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1. INTRODUCTION

In April 1959, the United States Atomic Energy Commission initiated, through
its Oak Ridge Operations Office, the design and construction of the Experimental
Gas Cooled Reactor (EGCR). The responsibility for the design of the facility
has been assigned to Kaiser Engineers with Allis-Chalmers Manufacturing Company
as nuclear subcontractor. The Oak Ridge National Laboratory was assigned the

responsibility for the detailed design of the reactor fuel and the reactor con-
trol rods. Union Carbide Nuclear Company was assigned the responsibility for
the detailed design of the emergency cooling system and the procurement of the
equipment for the emergency cooling system, the reactor fuel, and the reactor
control rods. The Laboratory also served as technical advisor to the AEC in a
continuing review of the detailed design. The H. K. Ferguson Company was
selected as construction contractor, and the Tennessee Valley Authority was
selected to operate the facility for the Atomic Energy Commission. The design
of the plant was based upon previous design studies of gas cooled reactors by
Allis-Chalmers, Kaiser Engineers, and the Oak Ridge National Laboratory.

Based upon preliminary hazards analyses reported in ORO-196, construction of
the EGCR was initiated in August 1959. Construction is scheduled for com-
pletion in the fourth quarter 1964.

The E&CR is designed with sufficient flexibility that it may be operated solely
as a power generating facility or as a combined power generating and experi-
mental facility. Provision is made for the future addition of experimental
loops. The plant will be operated without loops at least until 1966. At that
time, if experimental loop facilities are to be added to the plant, a supple-
mental Hazards Summary Report which considers the experimental loop facilities
will be prepared.

This Hazards Summary Report consists of two volumes. Volume I contains a de-
tailed plant description and the results of analysis of credible accidents and
the associated hazards. Volume II describes those programs established by the
operator to assure the safe operation of the reactor. Included is a descrip-
tion of: the organization and training; the testing program prior to and
during reactor start-up; and those programs associated with normal and emergency
operations, including routing plant tests and inspections, maintenance, decon-
tamination, waste disposal and fuel handling. Radiation standards governing
all operations are defined, and the radiation control measures required to meet
these standards are described.

A summary of important EGCR design data (without experimental facilities) is

given in Table I.

TABLE I

Summary of Important Design Data

Reactor thermal power . . . . . . . . . . . . . . .- . . 84,300kw

Blower heat of compression . . . . . . . . . . . . . . . 4000 kw
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TABLE I (continued)

Power to steam generators . . . . .

Gross electric power . . . . . . . .

Plant auxiliaries - power requirement

Plant efficiency

Gross . .

Net . . . . . . . . . . . . .

Reactor coolant . . . . . . . . . . .

Reactor core coolant flow
(not including annuli) . . . . .

Reactor core coolant flow
(including annuli) . . . . . .

Total coolant flow . . . . . . . . .

Coolant charge . . . . . . . . . . .

Fuel channel outlet gas temperature

(at rated power) . . . . . . . .

Fuel channel inlet gas temperature
(at rated power).....-....

Reactor outlet gas temperature
(at rated power) . . . . . . . .

Reactor inlet gas pressure
(at rated power) . . . . . .

Reactor outlet gas pressure
(at rated power) . . . . . .

Coolant system pressure drop

(at rated power) . . . . . .

Steam flow (100% load) . . . . .

Pressure at throttle . . . .

Temperature at throttle . . . .

Fuel loading (U in U0 2).- . . . . .

Fuel enrichment (initial core) . . .

88,300 kw

29,500 kw

7600 kw

34.7%

25.9%

helium

395,000 lb/hr

. ." ." ." ." ." ." ." ." ."

. ." ." ." ." ." ." ." ." ."

. ." ." ." ." ." ." ." ." ."

. ." ." ." ." ." ." ." ." ."

. ." ." ." ." ." ." ." ." ."

. ." ." ." -" -" ." ." ." -"

. ." ." ." ." ." ." ." ." ."

. ." ." ." ." ." ." ." ." ."

. ." ." ." ." ." ." ." ." ."

. ." ." ." ." ." ." ." ." ."

" " " " -" -" -" -" -" -"

lb/hr

lb/hr

lb

1075 F

510 F

1043 F

313.7 psia

303.4 psia

16.75 psi

256,000 lb/hr

1250 psig

900 F

12.23 metric tons

2.46% U2 35

Fuel enrichment (equilibrium core) . . . . . 2.25% U2 3 5 in U 2 38
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TABLE I (continued)

Reactivity requirements - (keff) - initial core

Operating temperature (equilibrium Xe and Sm) . . . .

Operating temperature (clean)

Cold, clean . . ........

Cold, clean with all rods in

Fuel element heat flux

Maximum . . . . . . . . .

Average

Neutron flux (thermal)

Maximum . . . ........

Average ........ .

Neutron flux (non-thermal)

Maximum . . . ........

Average . . . . .......

Maximum-average flux ratio

Axial ...........

Radial ........

Control rods (25 positions available

Shim ...........

Regulating (maximum) . . .

Absorber . . . . . . . . .

. ." ." ."

. ." ." ."

. ." . ."

1.8 (1.7 - 2.0)

1.35 (1.2 - 1.35)

. . . . 21

. . . . 16

. . . - 5

.. boron carbide

)

Cladding . . . .. . . . . . . . 0. type 304 stainless steel

1-3

1.087

. .1.115

1.161

. .0.920

174,000 Btu/hrft2

64,400 Btu/hr"ft 2

1.92x 1013 n/cm2 -sec

0.78x 1013 n/cm2*sec

4.29x 1013 n/cm2.sec

1.63x 10l3 n/cm2 -sec
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."

."
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2. SUMMARY AND CONCLUSIONS

2.1 Philosophy and Limitations

The principal function of the EGCR is to demonstrate the power production
capability of a gas-cooled nuclear reactor and to obtain information which can
be applied to the design and operation of future gas-cooled nuclear reactors.
The electrical power produced by the EGCR will be fed into the AEC distribution
system at Oak Ridge.

The EGCR is designed with sufficient flexibility that it may be operated solely
as a power generating facility or as a combined power generating and experimental
facility. Power plant operation will normally be as a base-load plant, with all
reactor thermal power passing to the turbine. However, the plant can be oper-
ated as an independent power plant, not connected into the AEC distribution
system which is connected to the TVA network.

When operated as a test reactor, reactor power is fixed by the requirements of
the experiments. The turbine can be operated at any power level equal to or
below that of the reactor. If the turbine cannot use all the steam produced
from reactor heat, the excess steam is diverted to the main condenser by a
steam dump system.

Refueling operations can be accomplished while the reactor is operating. Oper-
ations involving removal and replacement of control rods and control rod drives
can also be carried out with the reactor in operation.

Reactor refueling will normally be performed by the reactor charge machine which
is located below the reactor. The charge machine can remove, reposition, or
replace all the fuel assemblies in a fuel channel during a single charge machine
cycle. Refueling may also be accomplished, but at a slower rate, by the reactor
service machine located above the reactor. The service machine can reload a
complete fuel channel but the operations are such that the fuel assemblies are
individually removed from the channel and stored within the machine. Therefore,
the service machine requires a longer period of time to refuel a channel. The
primary function of the service machine is to perform routine service operations
such as removal and replacement of control rods and control rod drives. Since
both machines can have simultaneous access to the same fuel channel, both
machines can be used to dislodge a fuel assembly which has become jammed within
a fuel channel.

When the reactor is shut down and depressurized, the service machine can be
used to insert viewing equipment for the remote examination of internal compon-
ents of the reactor. The viewing equipment is to be obtained at a future date.

The reactor and the reactor coolant system are entirely contained within a
pressure-tight containment shell. This building shell is designed to limit
release of radioactive fission products to the surrounding environment in the
event severe accidents occur. The containment design is predicated on a maxi-
mum leakage of 0.3% of the contained volume per 24-hr day at an internal
pressure of 9 psig.
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During normal reactor operation, the containment building is not isolated
from the atmosphere, since both the building ventilating air and the biological
shield cooling air are exhausted to the plant stack.

To assure that the philosophy of containment is not violated during accidents,
all containment shell penetrations, except the fission-product removal system,
which do not contain a pressurized medium or which do not include normally
closed valves are fitted with double isolation valves. These isolation valves
are automatically closed on high stack effluent activity signal or low reactor
coolant system pressure signal. The penetrations which terminate in pressure
containing systems are fitted with remote manual operated valves which can be
actuated from the main control room.

The philosophy of the reactor safety system design requires complete independ-
ence of the safety system from all other systems. The safety system continu-
ously monitors all vital plant parameters and initiates safety actions to shut
down the plant if pre-set limits are reached. The actions of the safety system
are completely automatic. No operator action is required to protect the reactor
prior to thirty minutes after an accident. Multiple instrument channels with
coincident circuitry are employed to assure utmost reliability.

Safety system components have been specified so that failure of a component
results in an action in the safe direction. In addition, control system
components have been specified so that failure of a component does not result
in a hazard with serious consequences to the public.

The design of the EGCR requires operating personnel within the reactor building
for reactor refueling operations, reactor servicing operations, and general
maintenance. To avoid over-exposure of personnel to radiation, the reactor
coolant system is shielded to permit continued occupancy even if the coolant
system were to contain as high as 1000 curies of activity. Coolant system
leakages into working areas have been considered and are adequately diluted
by frequent air changes.

To assure utmost safety following reactor incidents, a large and more than
adequate supply of water from several sources is available for afterheat removal
over an extended period of time. The exterior of the containment shell is pro-
vided with a spray system which is capable of reducing the pressure within the
containment shell in a few hours. This pressure reduction results in decreased
activity release to the environs since leakage from the containment shell is a
function of the internal pressure. The fission-product removal system also
assists in the reduction of the internal pressure.

Where practicable, all equipment and services vital to the safe operation of
the facility have been duplicated by installed spares and/or alternate sources
of supply. Operating philosophy is such that the reactor operator will shut
down the reactor upon failure of the vital operating equipment item or service.

The entire plant will be shut down annually for inspection and preventive
maintenance even if no component failures have occurred during the operating
period prior to the scheduled shutdown.

2.2 Description of Facility

The EGCR is located on a bluff overlooking the Gallaher Bend of the Clinch
River near Oak Ridge, Tennessee. The facility includes buildings for plant
equipment, shop, laboratory, and office space. The arrangement of the facility
is shown in Figures 2.2.1 and 2.2.2.

The reactor pressure vessel, the reactor coolant system, and the steam
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generators are housed within the steel containment shell (Figures 2.2.3 and
2.2.4) which prevents spread of radioactive materials in the event of an
accident which breaches the reactor coolant system. Also housed in the reactor
building are the charge machine and the service machine. The charge machine is

located in a vault below the reactor vessel, and is used to fuel the reactor.
The service machine is located in a vault above the reactor vessel and is used

to remove and install control rods and control rod drives, instrumented fuel
columns, experimental fuel assemblies, neutron sources, and a viewing system.
The service machine can also perform reactor fueling functions in the event the
charge machine is not available, but only at a reduced reactor power level.

The reactor is a heterogeneous graphite moderated, helium cooled reactor which

uses uranium dioxide fuel slightly enriched in uranium 235. During steady-state
full power operation the reactor coolant outlet temperature is nominally 1043 F
and the inlet coolant temperature nominally 510 F. The reactor coolant outlet
temperature is controlled by varying reactor coolant blower speed, while the
inlet temperature is controlled by positioning of the reactor control rods.

All major steam, condensate, and feedwater system equipment (except the two
steam generators and their surge tanks) is located in the turbine building
(Figures 2.2.5 and 2.2.6). The turbine building is a three story conventional
metal siding building. A large portion of this building is devoted to the
turbine-generator room which consists of a high bay area serviced by an over-
head bridge crane. The turbine-generator room contains the turbine-generator
unit, 13.8 kv and 2.4 kv switchgear, the generator exciter, and a general shop
area.

The area below the turbine-generator room contains secondary cooling system
equipment, emergency power diesel generators and the 480 v switchgear. The
failure-free power supply including the battery room is located on a mezzanine
below the turbine-generator room floor. The remainder of the building is
devoted to the fuel storage room, water control laboratory, instrument repair
shop, counting room, first-aid, change and locker rooms. Personnel access to
the reactor building from the turbine building is through a personnel air lock
which is designed to allow egress from the reactor building without releasing
a significant amount of the reactor building atmosphere.

The reactor service building is a continuation of the turbine building. This
building contains three major areas: the spent fuel storage area, the service
machine and charge machine dismantling area, a maintenance area for the service
and charge machines, and the heating plant. Charge machine and service machine
components can be placed in an upright position in the maintenance area to per-
mit maintenance, reassembly and testing.

Equipment can be transferred between the reactor service building and the

reactor building through an equipment air lock which is large enough to accom-
modate the internal assemblies of either the service machine or the charge
machine.

The reactor heat removal system consists of two identical reactor coolant
circuits, or loops, each capable of removing 50% of full reactor thermal power.
One steam generator and one axial flow blower are installed in each circuit.
Although the reactor is not designed to be operated with only one coolant
circuit in service, isolation valves are installed in each circuit adjacent
to the inlet and outlet nozzles of the reactor vessel to permit circuit
isolation for inspection, repairs, and for continued core cooling following
certain accidents.

Steam from the two steam generators leaves the reactor building in two 6-in.

steam lines, one from each generator. These lines are combined into one common
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steam main external to the reactor building. The steam main is routed overhead
to the turbine building. Steam from the main flows either to the turbine, or
through a series of desuperheaters to the main condenser. Condensate is re-

turned to the steam generators through a reheater and the deaerator. Valves
in the individual steam lines and in the individual feedwater lines can be used
to complete reactor building isolation in the event of failure within a steam
generator which might result in the entry of radioactivity in the steam system.

The turbine-generator will deliver 29,500 kw with 1250 psig, 900 F steam at the
turbine throttle, 1-1/2 in. Hg. condenser vacuum, and specified extraction flows.
Generated electrical power will be distributed into the AEC distribution system
for use in the Oak Ridge area.

The control building (Figures 2.2.7 and 2.2.8) contains the control centers for

the reactor plant, steam plant, and electrical system. Space has been allocated
for loop control centers associated with the future installation of experimental

loops. The control room ventilating system is arranged to minimize entry of
radioactivity following the MCA and is isolated from the surrounding environment
following an accident which isolates the containment shell.

The remaining buildings on the site are the river pump station, the chlorination
building, warehouse and other miscellaneous structures. The river pump station
houses two circulating water pumps, four service water pumps and two fire
protection water pumps. These pumps draw the water from the Clinch River. The
chlorination building contains a chlorinator for treating the cooling water
drawn from the Clinch River to control algae formation within the cooling water
systems and equipment.

2.3 Inherent Safety

The EGCR possesses a number of features which render it inherently safe and
stable. Some of these features arise naturally from the characteristics and
configurations of the materials, while others were intentionally incorporated
into the design.

The temperature coefficient of reactivity consists of the fuel temperature
coefficient and the moderator temperature coefficient. The coefficient
associated -with the fuel, resulting from Doppler broadening of the resonance
absorption peaks, is strongly negative and acts immediately. The coefficient
associated with the moderator is initially negative, but becomes positive as

plutonium inventory accumulates. In the equilibrium core, the moderator
coefficient is approximately equal in magnitude to the fuel coefficient; however,
the moderator coefficient acts very slowly. The reactor is therefore inherently
stable to transients. The temperature coefficient which is associated with the

coolant is negligible.

Another characteristic of the EGCR which enhances its inherent safety is the

large heat capacity of the fuel and the graphite moderator. If the reactor
were shut down from full power operation and none of the afterheat removed,

the temperature of the entire core including the fuel heats up so slowly that
no fuel element failures occur for at least one hour. Further, the average
temperature of the core would only increase approximately 16 F/hr for the first
50 hr after shutdown. This large heat capacity also acts to damp temperature
transients.

Another safety characteristic is natural convective coolant flow after normal
shutdown or scram in the pressurized condition. This characteristic results
from the large core coolant flow area and from the relationship in placement
of the steam generators relative to reactor core. After reactor shutdown
natural convection cooling alone is adequate to prevent fuel temperatures from

2-10
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exceeding design temperature limitations. After three hours it might be
necessary either to provide forced cooling or to depressurize partially to
prevent the reactor vessel top nozzles from exceeding design conditions. Should
the service machine be connected to a top nozzle it might be necessary to have
some forced cooling after one hour to prevent overheating of that nozzle.

2.4 Instrumentation and Automatic Features

2.4.1 General

The EGCR instrumentation consists of three distinct systems which are designed
to perform specific functions.

a. Reactor Safety System
Function: To shut down the reactor in any situation which is potentially
hazardous to the plant, operating personnel, or the public.

b. Plant Control System
Function: To control the reactor and steam systems during normal
operation.

c. Indications and Alarms
Function: To indicate and record plant operating parameters and to
direct the attention of the reactor operator to abnormal conditions.

The reactor safety system and the plant control systems are completely inde-
pendent. Each system includes its own detectors and circuitry; neither system
is dependent upon the other for proper operation, nor does failure of any
portion of one system affect the operation of the other system in any way.

2.4.2 Reactor Safety System

The reactor safety system which includes those instruments and associated
devices measuring critical reactor and plant parameters, generates signals
and takes automatic actions to avoid abnormal conditions which are unsafe or
potentially unsafe. The system utilizes coincident circuitry to minimize
the possibility of unnecessary scrams due to a faulty safety system channel.

Transistors and magnetic amplifiers are employed throughout the safety system
to assure reliability, speed and sensitivity. Except for neutron flux in the
start-up range (two channels5 a minimum of three channels are installed for
each measured variable. The output from each channel is fed to each of three
mixer stages. The output of each mixer stage is fed to three power stages
which actuate the scram relays. Thus, to initiate a reactor scram, a minimum
of two trip signals associated with a specific instrument channel must be
applied to the mixer stages. A minimum of two trip signals from the mixer
stage output must be applied to the power stages. Two out of three power
stages must trip to initiate scram action.

The safety system utilizes components of proven reliability and each component
is arranged to fail-safe. Fail-safe features and reliable instruments and
system components provide the EGCR with a safety system which will adequately
protect the reactor against improper operation. The safety system does not
require any assistance from operating personnel to perform its basic function
of shutting down the reactor. The use of coincident circuitry allows frequent
testing of each individual safety channel, and, when necessary, maintenance
can be accomplished without affecting reactor operation or reducing the effec-
tiveness of the protection supplied by the safety system.
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2.4.3 Plant Control System

The control system includes those instruments and devices which measure plant
variables and act to maintain the measured parameters within prescribed limits.
The reactor control system, like the reactor safety system, utilizes reliable
instruments and components. Two reactor parameters control the reactor power
and temperature within the system. Inlet coolant temperature controls reactor
power; outlet coolant temperature controls the speed of the reactor coolant
blowers which regulate the temperature within the system. A deviation from
the inlet temperature set point produces an error signal to a controller which
alters control rod positions and a deviation from outlet coolant temperature
set point varies reactor coolant blowers speed to bring the reactor outlet
coolant temperature to the set point. Both inlet and outlet coolant temperature
set points are reset by reactor power level.

The reactor control system uses multiple channels with auctioneering circuits
to operate from those signals which indicate the highest temperatures. This
auctioneering prevents reactor operation above design power or in excess of
design temperatures in the event of an instrument failure.

2.4.4 Indication and Alarms

The remainder of the instrumentation, which only measures a parameter or per-
forms process control or minor local control, is considered plant process
instrumentation. Alarms are installed to alert the operator of any approach
to an off-design condition.

2.5 Specific Safety Features

The inherent safety of the EGCR, combined with limited rate of reactivity
insertion by control rods and the completely independent and reliable safety
system, afford adequate protection against nuclear excursions. A number of
design features have been incorporated to assure plant safety.

The maximum rate of reactivity insertion due to manipulation of the control
rods, has been carefully selected so that reactor components cannot be damaged,
even in the event of uncontrolled rod withdrawal. Short reactor periods are
precluded. Analogue computer simulations for rod runaway accidents in the
source, intermediate, and power ranges indicate that the shortest reactor
period that could occur is approximately 0.6 sec.

The reactor safety system generates signals to shut down the reactor in the
event of operator error, malfunction of the control system, or equipment fail-
ures which would cause the plant to approach an unsafe condition or to exceed
its design limitations. The safety system is designed for extreme reliability
by the use of multiple channels measuring the same parameter and the use of
reliable components. Output signals from these multiple channels are passed
through coincidence circuitry so that at least two signals which indicate need
for scram action are required to scram the reactor. Malfunction of one channel
will fail safe, i.e., will be in the direction of a scram.

One of the more important safety features is that of containment of radio-
activity. There are three containment barriers to the release of radioactivity;
the fuel element cladding,reactor coolant system and the containment shell.

The fuel element cladding material is type 304 stainless steel for which
extensive strength data up to 1800 F are available. A statistical analysis
has shown that during normal operation, the probability is negligibly small
that the fuel cladding temperature of any fuel element in the reactor will
exceed 1752 F. Further, the fuel programming is such that the internal fission
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gas pressure within the fuel element will not exceed the external coolant
pressure during normal conditions. However, due to the ever-present possibility
of faulty fuel elements or of abnormal conditions, fuel element cladding fail-
ures may occur, resulting in the release of fission products into the reactor
coolant.

The reactor coolant system will contain the radioactive material within the
confines of the coolant system. This system is shielded so that up to 1000
curies of activity may be distributed throughout the system without exposing
operating personnel to radiation activity above established tolerance for normal
occupancy. Controlled venting and helium make-up may be used to reduce coolant
activity.

To limit the release of radioactive material to the atmosphere, the entire
reactor coolant system is located within a steel containment shell. The shell
is designed and tested for a leakage rate not to exceed 0.3% of the contained
volume per 24-hr day at an internal pressure of 9 psig. Where pipelines and
ventilation ducts penetrate the building, remotely operated isolation valves
are installed to assure complete containment or controlled venting through the
fission product removal system. These valves are actuated either manually from
the main control room, automatically by a signal from the stack activity monitor,
or from an indication of low reactor coolant pressure. Air locks are installed
for personnel and equipment access so that containment integrity is not violated.

As an aid in the prevention of excessive fission product contamination of the
reactor coolant during normal operation, a burst slug detection system is
installed. This system detects the presence of failed fuel elements and
determines in which core fuel channel the failed element is located. Since the
charge machine is capable of refueling during reactor operation, the fuel assem-
bly containing the failed fuel element can be removed from the reactor to pre-
vent continued release of fission products into the reactor coolant system.
Thus, reactor coolant activity can be maintained at a low level with a corres-
ponding decrease of the associated radiological hazards.

Two major factors contribute to operational fuel element failures. These are
the build-up of pressure within the fuel element due to the accumulation of
gaseous fission products and the reduction of fuel element cladding strength
at high operating temperatures. To prevent operational fuel element failures
due to internal pressure build-up, the fuel exposure is limited to prevent the
internal pressure from exceeding the external or reactor coolant system pressure.
The normal operational fuel clad temperature limitation was selected to be
1800 F. This temperature limitation was used to determine long-term (non-
accident) fuel element failures during operation. An indication of fuel clad-
ding temperatures is obtained from the individual fuel channel outlet gas
thermocouple readings, the pneumatic temperature monitoring system, and from
readings obtained from four instrumented fuel columns located in the reactor
core. The surface temperature of the fuel elements of the instrumented fuel
columns indicates the approximate surface temperatures of the fuel elements in
the adjacent fuel channels. Thus, the control rod pattern can be adjusted to
keep steady-state fuel cladding temperature below the long term operating limit
of 1800 F. The orifices which control flow to the fuel channels can also be
adjusted during operation to control fuel element cladding temperatures. Thus,
during normal operation, the stainless steel fuel cladding will contain the
fission products, and the reactor coolant system will contain only the fission
products released from occasional random fuel element failures and the activity
induced in reactor coolant impurities.

Throughout the auxiliary helium systems, check and excess flow valves are

installed to prevent rapid depressurization of the reactor coolant system in
the event of piping leaks or equipment failures. Each reactor coolant circuit
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includes remotely operated isolation valves at both the inlet and the outlet
connections to the reactor vessel so that it is possible to isolate a faulty
circuit and to provide shutdown cooling of the reactor with the sound circuit
or the emergency cooling system.

All critical mechanical equipment, with the exception of the reactor coolant
blowers and the condenser circulating water pumps, has an installed spare which
can serve as a stand-by in the event of failure of the equipment in operation.
Transfer to the stand-by equipment is automatic. In addition, all critical
equipment except the reactor coolant blowers and the condenser circulating water
pumps, is supplied with emergency power or is driven by steam or internal com-
bustion engines. In the event of failure of an operating unit, the reactor is
manually shut down using the spare unit and remains down until both units are
operable.

The reactor coolant blowers and the condenser circulating water pumps are so
sized that each unit supplies 50% of the required flow. Each of these units
is supplied with power from separate sections of the electrical distribution
system.

Except for the 13.8 kv single bus, a split power bus distribution system is
used to reduce plant power interruptions which could occur through the failure
of control circuits and electrical switchgear. Complete loss of equipment
connected to the 2.4 kv bus, or any of the emergency 480 v bus will not occur
as the result of isolated switchgear or control failure, or a bus fault.

In the event of a total power outage, vital loads are maintained by emergency
power supplied by two diesel driven generators directly connected to the
emergency 480 v buses.

Failure-free power for instrumentation and control is supplied by a 250 v
battery bank which powers two 250 v d-c - 125 v a-c motor-generator sets. Power
for emergency lighting is supplied from a 125 v battery; power for switchgear
operations is supplied from a separate 250 v battery which can be switched if
necessary to the failure-free bus. The battery banks are kept fully charged
by trickle chargers.

Non-vital plant equipment is connected to the normal 480 v bus. Outage of
equipment on this bus by a single electrical failure is possible; however, such
an outage will not result in hazardous operation of the facility.

2.6 Operational Procedures

A summary of reactor and plant operating procedures are included in Hazards
Summary Report Volume II. Certain portions of the operating philosophy have a
direct bearing upon plant safety and have influenced the design of the EGCR.

Basic operating policies which were defined before detailed reactor design was
initiated are as follows:

a. The primary function of the EGCR is to produce information for the
United States Atomic Energy Commission Gas-Cooled Reactor Program.
This will be accomplished in two phases:

1. During the initial phase of reactor operation, the approach to the
design points will be accomplished slowly and with extreme caution.
Efforts will be concentrated on obtaining data on all phases of
operation to ascertain that all equipment is functioning as designed.
This slow deliberate approach to design conditions is required to
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meet the objective of obtaining the maximum amount of information,
quite aside from safety considerations.

2. During the second phase, reactor operation will be at the design

point with the core under as stable conditions as possible. The

objective will be to generate information from long-term tests of
the core by periodic removal and inspection of fuel assemblies.

b. Operation as a power generating plant will be demonstrated by electri-
cally connecting the plant to the transmission line which is connected
to the AEC distribution system. During certain test periods, it will
be possible for an X-l0 load to be isolated from the balance of the AEC
distribution system and TVA network. The reactor and turbine generator

can operate at varying loads and load rates of change imposed by X-10
operations to demonstrate load carrying capability. These tests and
operating conditions will be established as a scheduled and programmed
demonstration.

c. If, during normal operation, the plant becomes isolated from the ex-
ternal distribution system so that the only electrical load is that of
the plant auxiliaries, excess steam will be dumped to the condenser.
Reactor power and steam flow to the turbine will be reduced to the
level corresponding to the power requirements of the plant auxiliaries.

d. Operation and control of the reactor and all other main process equipment

will be controlled from the main control room. The control room is
designed to permit personnel to remain at the controls during all
credible accidents.

e. Although most operations will be controlled from areas outside the
reactor building, personnel will be required within the reactor building
for operation of either the service machine, the charge machine, or for
general operation and maintenance functions. Access to the building will
be permitted only on the approval of designated supervisors. To afford
adequate reactor plant protection, automatic safety devices are installed

so that no single operator error or credible combination of operator
errors will result in severe damage to the reactor or result in hazardous
conditions.

f. Personnel will be protected by use of dosimeter and film badges, pro-
tective clothing, respiratory equipment, and adequate administrative
procedures. The operator will maintain personnel exposure records for
all employees associated with the EGCR. Radiation monitoring systems
installed at various locations in the plant assure adequate warning of
abnormal conditions. In addition, all plant personnel will receive
instruction in the fundamentals of radiation hazards and operational
safeguards.

g. All plant effluents will be monitored to limit introduction of activity
into Clinch River, or environs to levels which will not result in an
undue hazard.

h. Samples of reactor materials will be removed from the reactor vessel
during scheduled shutdowns to permit evaluation of the effects of
radiation.

2.7 Maximum Credible Accident

The maximum credible accident for the EGCR is defined as that accident having
an associated release of fission product inventory which would not be exceeded
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in terms of dose to the public, during the lifetime of the facility by any
other accident whose occurrence is credible (Section 8.]4).
The maximum credible accident for the EGCR occurs as the result of a breach of
the reactor coolant system. Helium escapes into the containment shell from the
coolant system. The MCA is defined as a depressurization accident which sup-
presses core coolant flow for 30 sec and causes internal failure of the steam
generator in that coolant circuit which contains the failure.

Once coolant flow is re-established, air is assumed to be introduced into the
coolant system through the breach in the piping. This air introduction results
in additional heat release due to oxidation of the graphite in the core
structure.

It has been calculated that 330 fuel elements in the core will fail with the
attendant release of fission products to the interior of the reactor building.
Subsequent activity release from the containment shell is limited such that
there is reasonable assurance that the plant can be operated without undue
risk to the health and safety of the general public (Section 9.8).
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3. SITE DESCRIPTION

3.1 Location and Surroundings(1)

The EGCR is located on the Clinch River in Oak Ridge, Tennessee, at Clinch
River Mile 32.5(2)(3) from its confluence with the Tennessee River at Watts Bar
Lake.

The Clinch River and its tributaries flow generally in a southwesterly direc-
tion and drain an area of 4413 mi2 in Tennessee and the extreme southwestern
corner of Viginia. The Powell River, a principal tributary, roughly parallels
the Clinch, joining the latter a short distance above Norris Dam. The Emory
River, its second largest tributary, flows in a southeasterly direction and
joins the Clinch River at Mile 4.4. The Clinch and Powell Rivers originate in
the ridges of western Virginia near the Kentucky and West Virginia state
boundaries. From there to Oak Ridge, the drainage area of 3343 mi2 has an
elongated, finger-like shape; the length being some 190 mi and average width
about 18 mi.

The northwestern boundary of the drainage basin is formed for the most part by
the crests of the Cumberland Mountains, which range from about 2500 to more
than 4000 ft above sea level. The southeastern boundary for the most part
follows Clinch Mountain and Black Oak Ridge. The terrain in the basin is
characterized by a series of long ridges running approximately parallel to the
Cumberland and Clinch Mountains. The tributaries of the Clinch River flow
parallel to it for long distances before joining the river. Slopes along the
principal ridges are frequently steep, but almost all the land at the lower
elevations is rolling. Much of the basin, particularly on the steeper slopes,
is covered by second-growth forests.

The EGCR site location and plan are shown in respectively increasing scale in
Figs. 3.1.1, 3.1.2 and 2.2.2. The plant is on the downstream right bank of the
Clinch River at river Mile 32.5 from the Tennessee River and is completely
within the federally-owned and -controlled Oak Ridge area. It is approximately
18 mi west of the center of Knoxville and 5.5 mi south of the residential popu-
lation center of the city of Oak Ridge, 2 mi east of the closest concentrated
operating area (the X-10 area, operated by Oak Ridge National Laboratory), and
3.5 ml south of the Y-12 plant (another AEC operation). The site is in Melton
Valley on the graded top of a bluff adjacent to the Clinch River near the apex
of Gallaher Bend, about 9.4 river miles upstream from Melton Hill Dam. Melton
Valley, in this area, consists of hilly, partially-wooded terrain with an
average elevation of 845 ft above sea level. When the Melton Hill Dam is com-
pleted and put into operation by the Tennessee Valley Authority (TVA), the
river water level adjacent to the site will rise from its present normal eleva-
tion of 750 ft to 795 ft. The EGCR and the dam will be operated by and under
the surveillance of TVA. The land across the Clinch River from the EGCR is
privately owned, and the nearest uncontrolled approach on private land will be
approximately 1060 meters distant across the lake which will form in what is
now Gallaher Bend. The only uncontrolled land within several miles of the site
is primarily farming land and is served by unimproved roads only. Inside the
government-owned area the nearest thoroughfare is Bethel Valley Road, an
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The prevailing wind regimes reflect the orientation of the broad valley between
the Cumberland Plateau and the Smoky Mountains, as well as the orientation of
the local ridges and valleys. The gradient wind in this latitude is usually
from the southwest or westerly, so the daytime winds tend to reflect a mixing
down of the gradient winds. The night winds represent drainage of cold air
down the local slopes and down the broader Tennessee Valley. The combination
of these two effects, as well as the daily changes in the pressure patterns
over this area, give the elongated shape of the typical wind rose at a chan-
neled valley station.

Considerable variation can be expected both in wind direction and speed within
small distances in Melton Valley because of local irregularities in the ground
contours, as well as the presence of the broad river valley which intercepts
land valleys and ridges. It is concluded that at night or in stable conditions
the winds tend to be generally northeast and east-northeast and rather light in
the valley, regardless of the gradient wind, except that strong winds aloft
will control the velocity and direction of the valley winds, reversing them or
producing calms when opposing the local drainage. In the daytime, the surface
winds tend to follow the winds aloft, with increasing frequency as the upper
wind speed increases. Only when there are strong winds aloft or when the wind
flow is parallel to the valleys is extrapolation of air movements valid for
distances of the order of miles. In a well-developed stable situation, how-
ever, a very light air movement will follow the valley as far downstream as
the valley retains its structure, even though the prevailing winds a few
hundred feet above the- ground are in an entirely different direction. In
general, air transport from a valley location will be governed by the local
valley wind regime but with modifications depending on the degree of coupling
with the upper winds.

A review of the meteorological data(4) for the Oak Ridge area shows that it is
highly improbable that winds greater than 100 mph would ever be approached at
the EGCR site. Values of the wind speeds and diffusion constants which were
employed in the atmosphere dispersion calculations are listed in Table 3.3.2.
These values were selected by the Oak Ridge Office of the U. S. Weather
Bureau(5)(6) to establish a reasonably conservative basis for dispersion calcu-
lations for typical lapse and inversion conditions. Extreme meteorological
conditions would be expected to produce ground concentrations and/or exposures
in excess of those calculated from these parameter values, but these conditions,
i.e., calms, fumigation, etc., exist for only a small fraction of the total
time in this area.

TABLE 3.3.2

Meteorological Parameter Values for
Atmospheric Dispersion Calculations

Parameter Lapse (weak) Inversion

Mean wind velocity, u (m/sec) 2.3 1.5
Stability parameter, n 0.23 0.35
Diffusion constant, C (mn/2) 0.3 0.3
Diffusion constant, CZ (mn/2) 0.3 0.033

The average annual rainfall above the Oak Ridge Reservation is 47.2 in., based
on data at 23 stations where records have been kept for 20 years or more. At
five of these stations in the Clinch River Basin, where there are continuous
precipitation records for 40 years or more, the average annual rainfall for the
Tennessee Valley above Chattanooga for a 67-year period amounts to 50.8 in. in
the extreme northeast to 54.2 in. in the southwest. Below Norris Dam, average
rainfall ranges from 44.9 to 59.6 in./year. In East Tennessee daily rainfalls
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vary widely over small areas. The annual rainfall at the site averages approxi-
mately 54 in., with a monthly distribution as shown in Table 3.3.3.

The average annual Clinch River runoff computed for 1921-1932, considered
typical of long-term conditions, amounts to 5270 cfs measured near the EGCR
site. This is equal to 21.4 in./year on the drainage area, or about 45% of the
average rainfall.

TABLE 3.3.3

Average Monthly Precipitation at X-10 Site, 1944-1951

Month Rainfall (in.)

January 6.1
February 5.9
March 5.3
April 3.7
May 3.8
June 3.6
July 4.5
August 4.1
September 4.1
October 3.0
November 4.7
December 4.8
Annual 53.6

3.4 Hydrography

The principal surface stream in the vicinity of the EGCR is the Clinch River,
which forms the southeastern boundary of the Oak Ridge area. The area imme-
diately to the west of the site drains into Bearden Creek which discharges to
the Clinch River at a point less than 1 mi below the site. This point is with-
in the Melton Hill reservoir.

The Clinch River is considered to be a navj ble stream, although river traffic
has been virtually nonexistent since l945. ) The Clinch River joins the
Emory River at Kingston, and the combined stream then flows another 4.4 mi
before discharging into the Tennessee River, which, at this point, is part of
the Watts Bar reservoir. Downstream from the reactor site numerous uses are
made of the river water by both municipalities and industries, as shown in
Table 3.4.1. The first downriver water consumer is the K-25 plant, whose water
intake is located at river Mile 14.4 (that is, 18.1 mi downriver from EGCR).
Representative flows of the Clinch, Emory, and Tennessee Rivers are shown in
Table 3.4.2. The local flow pattern in the Watts Bar reservoir during the
period May-September is profoundly modified by the differences in water tempera-
ture of the Clinch River and Watts Bar reservoir. When the Clinch River is
significantly cooler, stratified flow conditions due to density differences may
exist, the cooler water flowing on the bottom beneath the warmer. This phe-
nomenon markedly affects the travel time of water through the reservoir and
complicates the analysis of flow. In addition, during the period of stratified
flow some Clinch River water may flow up the Emory River as far as the Harriman
water plant intake.

Melton Hill Dam(7) is under construction on the Clinch River at river Mile 23.1
from the confluence of the Clinch and the Tennessee Rivers in Watts Bar reser-
voir near Kingston, Tennessee. It will create a reservoir extending 44 river
mi to Eagle Bend, about 8 mi above Clinton, Tennessee, and will impound about
118,600 acre-ft of water at its normal maximum level of 795 ft, with a shore
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Coimmuni

ORGDP - K-2

Harriman

Kingston St
(TVA)

Kingston

Watts Bar D

(Resort vil
TVA steam

TABLE 3.4.1

Community Water Systems in Tennessee Downstream from ORNL Supplied by Intakes
on the Clinch and Tennessee Rivers or Tributaries

Intake Source Approx.
Population Stream Location Rem

5 Area 2 7 9 5 c Clinch R. CR Mi. 14 Industrial plant

5931a Emory R. ER Mi. 12 Mouth of Emory R

eam Plant 5 00b Clinch R. CR Mi. 4.4

Tenn. R.

Tenn. R.)am
lage and
plant)

TR Mi. 570

TR Mi. 530

arks

water system.

., CR Mi. 4.4.

River used for supplementary supply.

Dayton

Cleveland

Soddy

Chattanooga

South Pitt sburg

Total

3 500a

16,19 6a

2000b

13 0,009 a

4130a

168,061

RC

HR

TR

TR

Richland Cr.

Hiwassee R.

Tenn. R.

Tenn. R.

Tenn. R.

Mi.

Mi.

Mi.

Mi.

3

15

488

465

Opposite TR Mi. 505.

Mouth of Hiwassee R. is at TR Mi. 500.

Metropolitan area served by City Water
Company

TR Mi. 435

a1 9 6 0 Report of U. S. Bureau of the Census.

bBased on published 1957 estimates.

CBased on August 1962 data.

W>



TABLE 3.4.2

Flows ,in Clinch, Emory, and Tennessee Rivers, 1945-1951

Clinch River
Miles 20.8 & 13.2
Max. Mean M.

Mile 4 . 4 a
Max. Mean Mm.

Flow (cfs)
Emory River
Mile 12.8

Max. Mean Min.

Tennessee River
Mile 529.9

Max. Mean Min.
Mile 465.3

Max. Mean Min.

70,700 14,400
88,800 15,800
26,700 9450
13,300 5620
19,700 4700

9280 3320
12,800 3400

8760 4800
13,000 4940
14,200 5300

40,500 5830
60,300 11,700

Jan.
Feb.
Mar.
Apr.
May

June
July
Aug.
Sept.
Oct.

Nov.
Dec.
Oct.
Apr .c
May
Sept.

2120
2250
1830
752
520

262
281
378
462
150a

556
593

50,000
69,000
15,400

6600
13,100

5300
9230
3060
5500
5040

4450
4550
2910
1800
1610

396
360
177
224
93

27,800 1100
33,300 2720

181,000
204,000
100,000
43,700
38,300

32,100
87,500
37,600
39,900
67,100

178
468
507
249
58

14
21
4
2
1

2
24

22,900
27,700
12,700

8540
8080

7420
7630
8390
8450
9200

12,700
27,000

I

47,700
50,800
32,400
23,800
20,000

18,900
19,600
21,400
22,200
23,500

15,800
17,900
13,300

5200
3000

8200
6500
9900
6900
9800

128,000 25,400 10,300
112,000 41,000 11,800

34,900

20,400

218,000
195,000
148,000
82,000
95,900

32,800
106,000
43,300
54,400
72,800

63,900
67,900
44,200
27,700
28,800

25,500
26,400
28,100
30,100
29,700

23,200
19,700
19,500
13,200
17,900

18,900
15,400
17,800
17,100
16,300

167,000 34,000 13,600
139,000 53,600 21,100

45,900

27,800

aFlows shown for Clinch River Mile 4.4 include Emory River Flows.

bBy agreement with TVA, a flow of not less than 150 cfs has been maintained in the Clinch River at Oak Ridge

since August 28, 1943.

cNonstratified flow period.

dStratified flow period.

8960
10,100

5850
3400
2750

2820
2930
4520
4620
5130

1620
1230
690
306
298

224
259
374
341
150b

9730

4230

2520

553

4430 453
8360 569

6600

3530

W



line of about 144 mi. At Gallaher Bend (the EGCR site), its width will be about
4000 ft and its maximum depth about 60 ft. The estimated date of closure(8) of
the dam is May 1, 1963.

In the Clinch River below Melton Hill Dam, the TVA proposes to maintain a chan-
nel at least 11 ft deep by 200 ft wide to the Tennessee River, requiring
dredging maintenance of approximately 3 to 7 total river miles.

The elevation of the EGCR site is, as stated above,845 ft. Minimum, normal, and
design flood levels of the Clinch River and Melton Hill reservoir at. the site
are listed in Table 3.4.3. Under no credible conditions could the site become
flooded.

TABLE 3.4.3

Water Stages at the EGCR Site Before
and After Filling Melton Hill Reservoir

Feet above mean sea level

Before After

Low 745 790
Normal 750 795
Flood (maximum) 780 797

The Clinch River sediments show moderate to high specificities for nearly all
fission products, thus providing a safety factor in the case of an accidental
release of radioactive cations, since they continue to remove fission products
from solution. This is an important factor for limiting the concentration of
activity for downstream water users; the mechanical filtering of sediments from
the water in a water-treatment plant could be expected to remove further sub-
stantial percentages of activity from the water. On the other hand, quantita-
tive predictions of the latter effect are open to question at present because
of the lack of sufficient experimental supporting data, and the effect might
vary widely for different treatment plants.

As stated above, all drainage from the EGCR site will enter the Melton Hill
reservoir either directly or via Bearden Creek.

3.5 Hydrology and Geology

Melton Valley in which the EGCR is located is underlain by the Conasauga shale
of the Middle and Upper Cambrian Age. The more resistant rock layers of the
Rome formation, steeply inclined toward the southwest, are responsible for Haw
Ridge, which parallels the valley immediately to the northwest. These layers
dip beneath the shales.of the Conasauga group in Melton Valley. The shale
layers in the area are in keeping with the general structure of the surrounding
area, as reported in a geological survey of the area(7). Thin layers and lenses
of limestone are common but are generally irregular in distribution. However,
there are no persistent limestone beds in the upper strata of the shale layers
and, consequently, no underground solution channels or caverns to permit rapid
and free discharge of water underground. These generalizations have been sup-
ported by test drilling at the site, as reported below.

The dominately clay soils of the Oak Ridge area are generally of low permea-
bility so that surface runoff of water is rapid. Observations in test wells in
soil down valley from the reactor site show that the Conasauga shale, although
relatively impermeable, is capable of transmitting small amounts of water

through the soil : distance of a few feet per week. Furthermore, all the
active isotopes, excepT for ruthenium, apparently become fixed in the immediate
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vicinity of the point of entry into the soil. It is concluded that such ground-
water flow as may exist below the surface in the soil surrounding the site will
be small and slow (a few feet per week) and that natural chemical fixation will
reduce the level of the activity of mixed nonvolatile fission products more
than 90%.

The Conasauga shale formation is an extensive formation h ch is quite hetero-
geneous in structure and relatively low in permeability. 9) The depth and ex-
tensiveness of the formation provide a large capacity for decontamination of
any contaminated liquid reaching it, and the slow rate of percolation improves
the efficiency of decontamination by ion exchange and radioactive decay. How-
ever, the heterogeneity of the formation makes difficult the prediction of
patterns and rates of the movement of water and hence of the fission products
contained therein. It has been noted, however, that most of the seepage.is
along bedding planes parallel to the strike.

There is very little probability of ground-water contamination in areas removed
from the ORNL site, and there are no developed ground-water resources in the
area. The lack of ground-water resources is due to the fact that formations
present are, for the most part, too impermeable to hold or transmit any signifi-
cant quantity of water.

The general site geology has recently been supp emented by forty-five core
drillings on the site. Analyses of these cores 10) have verified the presence
of the Conasauga formation beneath the site. The base of the Conasauga is a
dark red or maroon silty shale with numerous thin beds of laminae of fine-to-
medium-grained, light-gray crystalline limestone, with no indication of solu-
tion channels. Based on the cores from the site, it was concluded that founda-
tion-bearing loads, 15 to 20 ft below the surface, may be 6 tons/ft2. In
general, the overburden consists of badly weathered or rotten shale overlain in
places by ancient alluvial deposits. The foundation loading of 6 tons/ft2 is
for relatively fresh and unweathered shale.

3.6 Seismology

In both the design of existing facilities at ORNL and the design of dams and
power houses by TVA in East Tennessee, no allowance for earthquake forces has
been made. Oak Ridge has been classified by the U. S. Coast and Geodetic
Survey as subject to earthquakes of intensity mm-6 measured on the modified
Mercalli Intensity Scale.

Information on the frequency and severity of earthquakes in East Tennessee has
been obtained both from Lynch11) of the Fordham University Physics Department,
and from Moneymaker(12) of the Tennessee Valley Authority. Both sources indi-
cated that such shocks as occasionally occur in the region are quite common
over the world and indicate a very low level of seismic activity. Consequently
earthquakes, although considered in the design, will not affect operation of
the EGCR.

'he TVA records show that the Appalachian Valley from Chattanooga to Virginia
has an average of only one or two earthquakes a year. The maximum intensity
of any of these shocks is six on the Woods-Neuman scale. A quake of this
magnitude was experienced in the Oak Ridge area on September 7, 1956, and was
barely noticeable by either ambulatory or stationary individuals. Structures
were completely unaffected. For any one location such as Oak Ridge, the ex-
pectancy of an earthquake of this type should be one in every few years.

The Fordham University records indicate as even lower quake frequency; however,
the recorded severity of the observed quakes is the same. Lynch further con-
cluded "that it is highly improbable that a major shock will be felt in the
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area (Tennessee) for several thousand years to come."

A design seismic loading of 0.05 g lateral and 0.025 g vertical, based on mm-6
intensity earthquake, was set as a result of a conference(13) held July 2, 1959,
attended by representatives from ORO (AEC), the U. S. Coast and Geodetic Survey,
Kaiser Engineers, and ORNL, and subsequent correspondence. The selected value
is greater than that of any recorded shocks and is intended to cover any that
might reasonably be anticipated in the foreseeable future. Other meetings held
with Dr. Housner, California Institute of Technology, verified the adequacy of
the selected seismic design basis. A complete seismic analysis has been made
of the reactor pressure vessel and core.( 4)

3.7 Population Distribution

The total population of the four counties (Anderson, Knox, Loudon, and Roane)
closest to the site is 370,145 of which 177,255 are concentrated in cities with
populations greater than 2500 persons. The rural population density in these
four counties is about 135 persons/mi 2 . Table 3.7.1 lists the 1960 U. S.
Census populations in the 14 counties nearest the site, with a total population
of 589,639. Knox County accounts for 247,974, or 42% of this total. From
Figures 3.1.1 and 3.3 the significant fact is evident that no population con-
centrations lie in the cones df the most frequent wind directions.

In the area controlled by the AEC, the X-10, K-25, and Y-12 plant sites are
approximately 2 mi west, 6.5 mi west, and 3.5 mi north of the EGCR site re-
spectively. The closest concentrated residential area is the Gamble Valley
area of Oak Ridge, 4.1 mi from the EGCR site, while the population center of
the city of Oak Ridge is approximately 5.5 mi north of the site. The edge and
center of the city of Knoxville are about 15.5 and 18 mi east of the site re-
spectively. The population in the uncontrolled areas across the Clinch River
from the site is small, as shown in Table 3.7.2.
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TABLE 3.7.1

County and City 1960 Census Populations, Population
Densities, and Distances from EGCR Site

Population

Popplation DensityDistance from EGCR
Area (Persons per mi Boundar Centerd
(mi2) Over-All Ruralb (Miles)

Anderson

Blount

Campbell

Cumberland

Knox

Loudon

McMinn

Meigs
Monroe

Morgan
Rhea

Roane

S

Scott
Union

ol

59,660
Clinton 4943
Oak Ridge 27,169

57,031
Alcoa 6395
Maryville 10,348

27,861
Lafollette 6204

18,931
Crossville 4668

247,974
Fountain City 10,365
Knoxville 111,827

23,530
Loudon 3812
Lenoir City 4979

33,503
Athens 12,103
Etowah 3223

5154
23,207

Sweetwater 4145

14,308
15,795

Dayton 3500
38,981

Harriman 5931
uth Harriman 2884
Rockwood 5245

15,244
8460

589 , 6 3 9 f

338 176.5 81.5

584

447

679

517

28e
240

435

213
665

539
335

379

549
212

6132

97.7 69.0

62.3

27.9

479.6

4000
98.0

48.5

21.0

243.3

61.4

4.1

15.5

77.0 41.8

24.2
34.9

26.6
47.2

102.9

27.8
39.9

96.2

24.2
28.7

26.6
36.7

65.5

27.8
39.9

59.0

populations greater than 2500 (total, in above counties, is 227,841).

bExclusive of city populations.

cEstimated, to nearest part where density rises sharply from rural.

dEstimated, to center of area of county or center of most densely popu-
lated area of city.

eEstimated area, from map.

fCounty total.
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County Citya

13
14

5.5
25
18
19
34
31
40
41
18
19
18
13
15
10
40
37
46
41
28
26
24
42
50
15
16
16
23
39
34



TABLE 3.7.2

Population in Uncontrolled Areas Nearest the EGCR

Number of Number of People Number of People
Distance (mi) Residences Adults Children Cumulative

0 to l 0 0 0 0

1 to 1.5 4a,b ga 14a 22

1.5 to 2.0 la,b 4d 26

2.0 to 2.5 1 4c,d 56d 82

2.5 to 3.0 4 7c,d 180d 262

aB'y on-site count (L. A. Mann, June 1960).

bAll within sector east-to-east 30 deg. south.

cAll within sector east 30 deg. north to east 60 deg. south.

dPart count, part estimate.
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4. REACTOR DESIGN

4.1 General Reactor Description

The reactor, Figure 4.1, consists of a graphite core structure, fuel assemblies,

and control rods, all contained within a carbon-steel pressure vessel. The

pressure vessel is supported within a concrete compartment which comprises the

biological shield. The biological shield is penetrated by the top and bottom
nozzle extensions of the pressure vessel, the reactor coolant piping, shield

cooling ductwork, and process instrument tubing and wiring.

The core, i.e., moderator-reflector structure, consists of 120 structurally

independent graphite columns, each 19 ft 4 in. high. The columns are arranged

to form a right circular cylinder, approximately 16 ft diameter and 19 ft 4 in.
high. The fuel channels, arranged on an 8-in, square pitch, are 5.25 in.

diameter. The control rod channels are 4 in. diameter, arranged on a 24 in.

square pitch, with one control rod channel located at the core center. There

are 234 fuel channels and 25 control rod channels which are oriented as

indicated in Figure 4.3.2.1.

The moderator-reflector structure is supported by the core support plate which

rests upon a grid supported by the reactor vessel lower head. The plate is

pierced by 234 holes, one for each fuel channel. In the completed structure

the graphite columns are located on the support plate by keys. Coolant gas

leakage at the base of a graphite column is minimized by a bellows seal

inserted between the support plate and the graphite at each fuel channel.

The tops of the graphite columns are positioned by a restraint lattice, which

maintains the spacing between the tops of the columns but which allows each

individual column to accommodate thermal expansion and irradiation induced

dimensional changes in the graphite.

A top grid structure and two plates are placed above the graphite structure.

These plates support and protect the extensions for the fuel channels and

control rod channels, position the lower end of the control rod shrouds, and

support the burst slug detection system tubing and the leads from other core

instrumentation.

To permit refueling of the reactor from either above or below, the passages

through the top and bottom grid plates must be large enough to allow the
passage of fuel assemblies. Dummy assemblies at the top and bottom of each

fuel column are locked to the fuel channel extension and the bottom plate

fuel channel insert respectively, to position the fuel column within the
active region of the core. The top and bottom dummy assemblies are unlocked

and removed from the core by the service and charge machine respectively when

the reactor is to be refueled. Normally, only the bottom dummy will be removed

and the fuel channel refueled by the charge machine. If the service machine is

to be used for refueling, only the top dununy will be removed.

A cluster of seven cylindrical stainless steel tubes supported within a
graphite sleeve forms one fuel assembly. Each stainless steel tube is filled
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with pellets of uranium dioxide enriched in U235 to form the fuel element.
Each of the active fuel channels is loaded with six fuel assemblies and one top
and one bottom dummy assembly.

Reactor operation is normally controlled by 21 control rods. During reactor
servicing with the service machine it is necessary to remove one control rod
to permit access of the service machine fuel handling mechanism or other tools
into the reactor vessel top plenum. Sufficient reactivity control is available
in 20 control rods to permit removal of one control rod.

The reactor pressure vessel is fabricated of carbon steel and is 20 ft inside
diameter, and 45 ft 8 in. inside height. The cylindrical shell of the vessel
is fabricated of 2-3/4 in. thick plate. The 4-in. thickness of the top and
bottom heads was dictated by reinforcement requirements for the nozzles located
in both heads. A 1-in. thick stainless steel temperature barrier, sealed at
the lower grid plate with a gas seal and closed at the top with a hemispherical
head, is installed between the reactor core and the carbon-steel pressure
vessel. The space between the pressure shell and the temperature barrier forms
a coolant annulus through which 510 F helium is passed to limit the temperature
of the pressure vessel to or below the design temperature of 650 F.

The bottom head of the pressure vessel has 31 nozzles, 21 of which are used for
fueling. The remaining nozzles are used for coolant inlet connections, instru-
ment penetrations, and future experimental facilities. Each of the fueling
nozzles is fitted with a gas tight closure which is removed by the charge
machine to gain entry into the reactor vessel lower plenum for fueling opera-
tions.

The top head of the pressure vessel is penetrated by 45 nozzles. These nozzles
are used for coolant piping, control rods, instrumented fuel columns, future
experiments, burst slug detection tubing and core thermocouple penetrations,
and surveillance specimens. Twenty-five nozzles are used for control rod drive
plugs, eight nozzles are used fo' instrumented fuel columns, and two are used
for surveillance specimens to monitor radiation effects on reactor materials of
construction.

The coolant gas enters the pressure vessel through two inlets in the bottom
plenum and flows upward through the core into the top plenum. The heated gas
leaves the reactor vessel through two coolant outlets. These outlets consist
of internally insulated carbon steel pipe. The insulation is held in place by
a stainless steel liner which also provides a smooth-inside flow surface.

4.2 Fuel Assemblies

4.2.1 General Description

The fuel assemblies for the EGCR consist of a cluster of seven fuel elements
supported within a graphite sleeve (Figure 4.2.1.1). Each element consists of
a 0.020 in. thick type 304 stainless steel tube containing U02 pellets. The
graphite sleeves are 5 in. OD, 3 in. ID and have a stacked length of 29 in.
Since the sleeves fit loosely in the core moderator fuel channels, there may
be a small angular misalignment between stacked assemblies. To prevent coolant
leakage from the inside of the sleeve to the annulus between the sleeve and
moderator, the ends of the sleeves are shaped to form a ball-and-socket type
of seat with the top end conical and the bottom end spherical.

The cluster is supported in the sleeve by a stainless steel spider at the top
which also locates the individual elements relative to one another and to the
sleeve. The spiders are centered in the sleeves by radial tabs which fit into
radial slots in the sleeves. The bottom spider does not carry any load except
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for a side reaction caused by operating temperature gradients in the cluster
which may cause the individual fuel elements to bow. Only three of the seven
elements (alternate outer elements) are welded to the bottom spider. The off-
set of the centering bar between the outer bosses on the bottom spider is used
to force flow to the center element and to induce flow mixing in the outer part
of the assembly. Figure 4.2.1.2 shows one of the six outer elements.

The outer elements differ from the inner element only in the design of the
spacer. The spacer for the central element is a thin ring only and does not
have the pad or the two protruding tabs. The primary purpose of the spacer
is to prevent bowing of the rods due to thermal gradients within the cluster
and thus add thermal stability to the design. The configuration of the spacer
was dictated by both vibration and flow considerations. The pad between the
outer elements and the sleeve provides a large-bearing surface between the
graphite and steel and reduces the possibility of damage to the sleeve by
vibration. The large pad also serves two additional purposes: (1) by blocking
part of the area in the outer flow area of the cluster it forces coolant into
the inner area around the central element where the gas temperature will be
highest, and (2) it induces turbulence and mixing in the region between the
outer elements and the sleeve reducing the temperature gradients within the gas
in these regions. Without some form of induced mixing, the temperature of the
gas midway between the outer elements and along the sleeve tends to run much
colder than the average across the channel.

Each of the elements contain 36 cored U02 pellets, each 0.707 in. OD by
0.323 in. ID by 0.750 in. long. There is also one MgO pellet 3/16 in. long
at each end of the UO2 column to protect the stainless steel end caps from the
high central U02 operating temperatures. The end caps are pressed into and
welded to the cladding.

Figure 4.2.1.3 shows one of the U02 pellets. The nominal clearance between the
pellets and the clad is 0.004 in. The tolerance on the ID of the clad and the
OD of the pellet is 0.001 in., thus the diametral clearance can vary from
0.002 to 0.006 in.. These close tolerances are necessary to prevent the forma-
tion of wrinkles in the clad in the high temperature region of the reactor
where the clad creeps and collapses onto the U02. It has been found that
0.002 in. minimum clearance is necessary to assure easy loading of the pellets
into the tube.

The hollow center in the U02 fuel pellets is an expansion volume to reduce the
fission gas pressure build-up within the elements. For a given heat flux the
removal of the central core of the U02 pellets reduces the temperature and
therefore the fractional release of the fission products. The central void
leaves a storage volume for the fission products released. This volume is
sufficient to prevent the pressure within the elements from exceeding the
average external coolant pressure of 300 psia for the design life of
10,000 Mwd/MT (see Section 4.6.6).

As shown in Figure 4.2.1.3 the ends of the pellets are dished to reduce axial
expansion of the column of fuel pellets. The results of tests on columns of
clad U02 fuel pellets have shown that the axial growth of square-end pellets
depends on the central temperature of the pellets, and that by dishing the ends
the axial growth is reduced. The use of the dished pellets allows for the
differential growth in the highest power region of the core where the central
temperature and, therefore, axial expansion is greatest; thus no additional
"head room" at the top of the element is necessary. Since the central and
outer temperature of the pellets in the lowest flux regions is very nearly the
same, the effect of the dished ends on the relative growth is nil and the
elimination of the initial clearance reduces the size of the end gap in the
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upper assemblies so that no wrinkle is formed. The nominal depth of the
chamfer at the ID of the pellet is 0.005 in.; the OD of the chamfer is 0.600 in.

4.2.2 Material

The support sleeves are manufactured from Speer nuclear grade 901-RYL graphite.
The boron content does not exceed'1.0 ppm and the total ash content is less
than 0.1%. The average density of the graphite is greater than 1.65 g/cm3, and
the minimum density is 1.60 g/cm3 . The minimum tensile strengths in the direc-
tions parallel and perpendicular to the direction of extrusion are 1000 psi and
800 psi, respectively. The minimum flexural strength parallel to the axis of
extrusion is 1800 psi.

The fuel element tubing, end caps, mid-plane spacer, lower spider, top spider,
and the flanged bushing and screw are made of type 304 stainless steel, with
carbon content of 0.04 to 0.08%. Maximum boron and cobalt contents are speci-
fied as 10 ppm and 0.2% respectively.

The fuel pellets are made of uranium dioxide, sintered to a minimum density of
10.30 g/cm3(94% of theoretical density). The maximum oxygen to uranium ratio
is 2.02 and the minimum total uranium content is 88.0%. The sum of the
impurities may not exceed the equivalent thermal-neutron capture cross section
of 20 ppm of natural boron. The content of carbon or nitrogen in the U0 2 may
not exceed 500 ppm each, and the calcium and aluminum content are less than
100 ppm each.

The magnesium oxide pellets are prepared from refractory magnesia, sintered

to a density of 2.6 i 0.6 g/cm3 .

4.2.3 Fabrication and Inspection

The graphite for the fuel assembly sleeves is extruded as solid cylinders of
random lengths which are then graphitized at a minimum temperature of 2800 C.
After graphitization the cylinders are machined to the final dimensions. The
nuclear purity of the graphite is confirmed by in-pile tests at Hanford on
samples taken from each graphitizing furnace lot. Tensile tests are also per-
formed on 24 samples from each furnace lot. Each sleeve is weighed, and
visually inspected after machining to determine compliance with the require-
ments of density, dimensions, and surface finish.

The fuel tubes are seamless stainless steel, manufactured from pre-inspected
tube blanks that have been extruded or pierced. The tubing is cold drawn,
with intermediate anneals during fabrication. After drawing to the final size
the outside surface of the tubes are polished to a 320-grit finish or finer.
Each tube is subjected to a rigorous inspection to assure complete and exact
conformance to the specification. Eddy current tests for discontinuities and
air gage inspection for inside diameter are performed on random lengths of
tubing. After cutting to length, each tube is subjected to dye-penetrant
inspection for surface imperfections and dimensional inspection for straight-
ness, end squareness, length, and wall thickness.

The U02 pellets are cold compacted, pre-fired to remove the binder and lubri-
cant, and sintered at a minimum temperature of 1650 C. The sintered pellets
are wet ground to the specified diameter, dried in a vacuum drying oven, and
stored in desiccators or other moisture-proof containers. The pellets are
subjected to extensive acceptance tests to assure conformance to specifications.

Pellets representing each blending batch of U0 2 powder are analyzed for im-
purities and total uranium and assayed for isotopic enrichment. In addition,
pellets from each sintering furnace lot are analyzed for 0/U ratio, carbon and



nitrogen. All pellets are visually inspected to assure uniformity. One pellet
of each hundred is measured and weighed to determine the bulk density. An
additional one-percent sample is heated and weighed to confirm the dryness.
The stack height and stack weight of each column of pellets is recorded.

The end caps and spacers are machined from stainless steel bar stock and are
subjected to dye-penetrant, visual and dimensional inspection. The spiders are
precision cast and machined to the final dimensions. The spiders are inspected
by radiography, dye-penetrant and visual means.

The fabr c tion of the fuel elements has been demonstrated to be straight-
forward. U) A mid-plane spacer is brazed to each tube and the bottom end cap
is welded in place. The stack of 36 fuel pellets, plus a magnesium oxide
spacer at each end, is then loaded into the tube. The tube is placed in a
helium-filled chamber where the top end cap is inserted and welded. Inspection
consists primarily of dye-penetrant and radiographic examination and helium
leak tests of each weld. Fuel elements showing leaks in excess of 7x10-9
standard cm 3 /sec of helium are rejected.

Completion of the fuel assembly consists of orienting the fuel element spacers,
welding the fuel elements to the top spider, inserting the fuel elements into
the graphite sleeve, and welding the fuel elements to the bottom spider. The
shear pins are then inserted and welded to the top spider. Inspection of the
fuel assembly consists primarily of passing a gage between the fuel elements
and between the elements and the sleeve to assure minimum spacing. The fabri-
cation records on the fuel assemblies and all component parts will be made
available to the reactor operator for use in fuel programming and fuel failure
analysis.

4.2.4 Support in Reactor

Dummy assemblies at the top and bottom of each fuel channel serve to position
the column of six fuel assemblies within the active region of the reactor core.
Figure 4.2.4.1 shows the design of the bottom dummy assembly. The weight of
the fuel column is transmitted to the fuel channel insert through three
retractable support legs in the bottom dummy assembly. The fuel channel bottom
insert is supported by 1/8-in. shoulder in the core bottom plate.

The support legs are sized so that the total weight of the fuel column can be
supported by one leg.

The bottom dummy assembly is unlatched from the fuel channel insert by the
charge machine fuel ram. The outer portion of the ram is raised until it
contacts the shell of the bottom dummy assembly and the fuel column is raised
to its uppermost position in the fuel channel. The uppermost position is
reached when the ball lock assembly in the top dummy assembly is restrained
by the core fuel channel extension (Figure 4.2.4.2). With the fuel column in
its uppermost position, the central portion of the fuel ram is raised to
retract the support legs. The fuel ram is then lowered and the contents of the
fuel channel, except the top dummy, can be withdrawn into the charge machine.
Loading a column of fuel is the reverse procedure.

When the bottom dummy assembly is in position in a fuel channel, the lock
actuating shaft is held in a locked position by a coil spring.

When the lock levers are retracted by the fuel ram, the lock actuating shaft
is mechanically coupled to the central portion of the fuel ram to prevent
extension of the support legs during transit. The fuel ram is uncoupled from
the lock actuating shaft when the shaft is within 1/2 in. of its lower or
extended position. Thus the fuel ram cannot be lowered away from the fuel
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column until the support legs are fully expanded. This feature of the design
precludes withdrawing the fuel ram when the support legs are not fully extended.

The top dummy assembly (Figure 4.2.4.3) is installed in the top of the core
fuel channels by the service machine. When the fuel channel is empty, the top
dummy assembly is supported by a 1/16-in. shoulder on the assembly which rests
on the steel insert in the top of each fuel channel (Figure 4.2.4.2). When the
fuel channel is loaded, the top dummy assembly is supported on the top fuel
assembly.

Ejection of the top dummy assembly from the channel is prevented by a ball lock
assembly. The ball lock is unlatched by the service machine fuel grapple with
a vertical upward motion. The surface on the latch actuator just behind the
locking balls, when the latch actuator is in its locked position, is slightly
recessed. This recess transforms any upward force on the top dummy assembly
into a locking force on the latch actuator.

4.2.5 Fuel Channel Orifices

The coolant flow to core fuel channels is individually regulated by means of an
adjustable orifice in each of the bottom dummy assemblies so that the coolant
gas temperature leaving each fuel channel is 1075 F at full reactor power. The
orifices are adjusted prior to installation of fuel into the core and also
after installation of the fuel within a fuel channel. The adjustment is per-
formed by the charge machine. Coolant temperatures are measured by a thermo-
couple at the exit of each fuel channel. Coolant flow within each fuel channel
is divided between the inside of the fuel assembly sleeves and the annulus
formed by the outside of the sleeves and the inside of the fuel channel. This
division of flow is accomplished by means of a fixed orifice in the bottom
dummy and a narrow annular flow path formed by the top dummy and the fuel
channel insert. These restrictions are so sized that the temperature of any
exposed graphite will not exceed 1100 F at full reactor power.

The adjustable orifice shown in Figure 4.2.4.1 regulates coolant flow by the
positioning of the tapered plug relative to a fixed orifice. Female threads in
the plug engage male threads on a hollow shaft located within the plug. The
hollow shaft is permanently attached to the body of the dummy. The plug is
locked to the hollow shaft by a positive clutch and spring action, except
during adjustment. The plug is raised or lowered by the charge machine fuel
ram which engages the drive shaft, raises the shaft to disengage the clutch,
and then rotates the shaft to position the plug. The bottom dummy assembly
remains locked in the fuel channel insert during orifice adjustment.

The tapered surface of the plug is designed to maintain a linear relationship
between number of rotations of the shaft and the coolant flow through the fuel
channel over most of the controlled flow range. The largest deviation from
linearity occurs near the wide-open position where more rotations are required
for a given change in coolant flow.

Mechanical stops limit the minimum orifice-plug flow area so that fuel cladding
temperatures cannot exceed design value at full-power operation. The fuel
channel power varies from 0.20 Mw to 0.50 Mw from near the outer edge of the
core to the central regions. For purposes of flow orificing, the core has four
zones based on fuel channel power generation as follows:

Zone Fuel Channel Power (Mw) Flow Range (lb/hr)

1 0.20 - 0.28 1000 - 2500
2 0.29 - 0.35 1300 - 2500
3 0.36 - 0.42 1600 - 2500
4 0.43 - 0.50 1900,- 2500
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The flow to the moderator coolant annulus is supplied through fixed orifices in
the bottom dummy, downstream of the adjustable orifice. Flow in this annulus
is also restricted at the top dummy assembly, by means of a long narrow annular
passage (7 in. long x 0.015 in. wide) formed by the outer surface of the top
dummy and the inner surface of the core fuel channel insert. The orifices and
restriction are so sized that for a fuel channel operating at the maximum antic-
ipated fuel channel power, the coolant flow in the annulus will be 150 lb/hr.
Under these conditions, the pressure drop across the bottom dummy orifice is
about 50% of the total core pressure drop and the pressure drop across the top
dummy orifice is about 50%. For the lower power fuel channels, moderator
coolant flow is reduced proportionally to the fuel column coolant flow. Thus,
the distribution of coolant between fuel and moderator remains approximately
constant over the full range of adjustable coolant flow. ORNL is running tests
to confirm the distribution of coolant between the fuel and the moderator over
the full range of adjustable flow.

4.3 Reactor Core Structure

The core of the EGCR consists of 120 structurally independent graphite columns
supported upon and keyed to a 3-in. thick plate which is bolted to the core
support grid. The columns are positioned at the top by a restraint lattice
which maintains the vertical alignment of the graphite columns. Fuel channels
are bored into those graphite columns which form the moderator section of the
core. A gas seal, graphite-to-plate, installed at the interface of the graphite
column and the support plate at each fuel channel, minimizes coolant leakage
from the fuel channels to the gaps between the graphite columns. The graphite
structure is peripherally restrained by a restraint structure located at the
core mid-plane. Figure 4.3 shows a cutaway model of the entire core structure.

4.3.1 Design Criteria

The primary functions of the core structure are:

a. To provide the structural framework to maintain the nuclear fuel in
a critical configuration and to position control rods

b. To slow the fast neutrons to thermal energies and maintain the fission
chain reaction

c. To permit efficient removal of fission heat by the reactor coolant.

The design requirements of the core structure are:

a. To fulfill the above three functions under all conditions of operation

b. To provide for detection of faulty fuel elements and the removal and
replacement of any or all fuel

c. Tb permit insertion of control rods for all credible operating
conditions

d. An operating life of 20 years (All core components which are not readily
replaceable must be designed for operation with a core fuel channel out-
let coolant temperature of 1200 F, coincident with the equivalent of
10,000 thermal cycles between temperatures associated with 20% and 100%
power operation.)

e. To withstand a lateral ground acceleration of 0.05 g and a vertical
ground acceleration of 0.025 g.
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4.3.2 Component Descriptions

a. Graphite Stack Configuration

The 120 graphite columns are arranged on the bottom plate in form of a
right circular cylinder 15 ft 10-1/8 in. diameter and 19 ft 4 in. high.
Figure 4.3.2.1 is a plan of the core arrangement and indicates the shape
of the individual columns. These columns form both the reactor moderator
and reflector, although there is no physical line of demarcation between
the two regions. Sixty-eight columns contain core channels; the remain-
ing 52 which comprise the reflector have no core channels. Most of the
columns are of nominal 16 in. square cross section. To form a reasonably
smooth cylinder, the peripheral columns are modified from the basic
square cross section. The moderator columns include 234 - 5.25 in.
diameter fuel channels, 25 - 4 in. diameter control rod channels, 18
1.5 in. diameter flux scanner channels, and 4 - 3 in. diameter neutron
source channels. In addition to these channels, two 11 in. diameter and
two 6-4 in. diameter holes are included for the future installation of
experimental loops. Two 11 in. diameter holes are included for future
use as large in-core irradiation facilities. The experimental channels
have removable graphite plugs.

The moderator and reflector are manufactured of nuclear grade graphite
with an average density of 1.70 g/cc and with limitation of 0.8 peen
boron and 0.1 percent ash (by weight). The principal dimensions and
design features of the graphite stack are:

Moderator
Equivalent diameter ..................
Active height ..................

Reflector Thickness
Top or bottom ..................
Side ..................

Fuel Channels
Number ....... .
Lattice pitch ...............

Diameter ..................
Control Rod Channels

Number ..................
Pitch ..................
Diameter....... .........

Flux Scanner Channels
Number ..................
Diameter ..................

Large Experimental Channel
Number ..................
Diameter ..................

Small Experimental Channel
Number ..................
Diameter ..................

Neutron Source Channel
Number ..................
Diameter ..................

A comprehensive analysis of the stresses in
discussed in Section 4.3.4.

11 ft 10-1/8 in.
14 ft 6 in.

2 ft 5 in.
2 ft 0 in.

234
8 in. square

5-1/4 in.

25
24 in.
4 in.

18

1-1/2 in.

4
11 in.

2
6-1/4 in.

4
3 in.

the core graphite is

b. Bottom Support Plate
The bottom plate, Figure 4.3.2.2, is a perforated carbon steel plate
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(ASTM-212-B), 3 in. thick and 16 ft 2 in. in diameter and has the
following principal functions:

1. Locate and support the core structure by bridging the space
between the beams of the bottom grid.

2. Support the bottom dmnny assemblies and fuel columns.

3. Locate and restrain the bottom of the graphite core columns.

4. Afford sealing surfaces for the graphite-to-plate seals at each
fuel channel.

5. Permit access to core fuel channels and experimental channels.

The bottom plate is located in the 510 F environment of the bottom
plenum. A maximum mechanical stress of 12,200 psi and 0.070 in.
deflection of the plate occurs when there is no gas flow through the
reactor. The thermal stress in the plate does not exceed 300 psi.
Thus, the total stress of 12,500 psi is well within the allowable stress
of 17,500 psi for the specified material.

The bottom support plate is bolted to the core support grid structure
so that pressure differentials across the core will not result in
levitation of the core structure. Cast inserts, shrunk into the plate
at each fuel channel location include a support and locking surface for
the bottom dummy assemblies which support the weight of the fuel column.

The bottom of each graphite column is positioned by a square key which
projects upward from the top surface of the bottom plate. This key fits
into a recess in the bottom of each graphite column.

c. Core Restraint Lattice

The core restraint lattice is a Type 304 stainless steel grillwork
16 ft in diameter, 10-1/2 in. high, which is recessed into the top of
the graphite core to position and restrain the tops of the core columns.
The lattice consists of nine cast segments which are flush-riveted to
form a rigid assembly. Figure 4.3.2.3 shows the restraint lattice;
Figure 4.1 shows its installed location in the core structure.

The lattice positions the tops of the graphite columns relative to the
core fuel channel extensions and the reactor vessel top nozzles.

The principal loads on the restraint lattice are lateral, compressive
loads directed generally toward the center.

The magnitude and duration of the loads on the lattice depend upon the
behavior of the graphite as it bows and as the graphite bowing is
restrained by the peripheral restraint bands. The lateral loads are
zero at initial start-up. As irradiation induced dimensional changes
accumulate in any one graphite column, the stress in that column
increases until the limiting value is reached at which time the load
imposed on the lattice either becomes constant or ceases altogether.

The most critical lattice member is designed with a factor of safety
of two, based upon a rupture stress of 4000 psi at 1200 F for 165,000
hours.
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d. Top Grid Structure

The top grid structure, Figure 4.3.2.4, consists of a type 304 stainless
steel grillwork, a ring girder, seismic keys, and core channel extensions.
The structure performs the following functions:

1. Positions the restraint lattice with respect to the reactor vessel

2. Transmits seismic loads from the restraint lattice to the reactor
vessel

3. Supports and positions the burst slug detection piping, core fuel
and control rod channel extensions, and protective core plates

4. Provides a stable platform for service machine indexing

5. Holds down the reactor fuel in the event of a depressurization
which results in fuel levitation coincident with increased pressure
across the core.

The top grid structure is designed to a limitation in overall deflection
of less than 1/4 in. over the design operating life of 20 years. The
design basis is the creep strength of type 304 material at 1200 F for
165,000 hours. This deflection will not impair core structure integrity
or interfere with fuel and control rod channel access.

e. Peripheral Restraint Assembly

The peripheral restraint assembly consists of three horizontal steel
bands which encircle the graphite core structure at the level of, and
slightly above, and slightly below the core mid-plane. The restraint
bands are supported by eight stanchions spaced symmetrically around the
core. The peripheral restraints are designed to limit to one inch or
less any displacement which results from bowing of the graphite columns.

The environment of the peripheral restraints is that of the reactor
coolant which is in the annulus between the core and the temperature
barrier. The temperature in this region is not expected to exceed 900 F.

Chrome-molybdenum steel, ASTM A-387 D, is used for the bands and the
bearing pads which contact the graphite. Total stress in the bands,
including hoop stress and local bending stress, is 19,000 psi, which
affords a factor of safety of three based on ultimate tensile strength
of 57,000 psi at 900 F.

The stanchions which support the restraint bands are made of structural
steel, ASTM A-242. Stresses in these members are very low.

f. Core Gas Seals

The core gas seals, Figure 4.3.2.5, are located at the bottom of each
fuel channel at the interface of the core graphite and the bottom
support plate. The seals minimize leakage of coolant from the fuel
channels and thus assure minimum by-pass of core coolant. The seals
are designed to be effective against the normal operating pressure
differential of 10.25 psi. Burst tests on prototype seals indicate
that the seals can withstand pressure differentials as high as 1000 psi
without failure. The seals are also designed to accommodate tilting of
the graphite columns which results from differential expansion between
the bottom plate and the restraint lattice.
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The gas seal is a welded bellows assembly with flanges on each end. The
seating faces on the flanges are machined to a fine finish and flatness.
This finish and flatness combined with comparatively high unit seating
pressure effects a gas seal between the graphite and the bottom support
plate.

Seals of the specific design employed were tested under conditions
approximating reactor operating conditions. Test results s oy a maximum
seal leakage at reactor operating conditions of 0.64 lb/hr.( 2 )

g. Core Instrumentation

1. Burst Slug Detection (BSD) Tubing - In Reactor

One burst slug detection (BSD) gas sampling tube is installed- from
each of the 234 fuel channel extensions. Tubing connections to the
top fuel channel extensions are effected with Swagelok fittings and
are located at one of eight elevations which lie between the grid
top and intermediate plates. Tubes from fuel channels in the north
half of the core penetrate the reactor pressure vessel through one
of the two reactor vessel BSD-thermocouple nozzles. Tubes from fuel
channels in the south half of the core, penetrate the reactor vessel
through the second BSD-thermocouple nozzle. Tube supports placed
at various locations along the tube runs maintain tube spacing and
prevent application of bending moments about the connection points.
Split ferrules are welded to the tubing where the tubing rests on
the support to prevent damage to the tube in the event of relative
motion between tube and support.

The tubing within the reactor is kin. OD x 0.049 in. wall seamless
tubing and is fabricated of the same material as the core grid
structure, type 304 stainless steel. Operating conditions for the
tubing are 1075 F (max) with an external pressure differential of
150 psi. The tubing is designed for 1200 F service.

The pneumatic temperature measuring (PTM) system requires flow
nozzles located within the reactor vessel. Since the burst slug
detection system (Section 7.4.4) and the PTM system (Section 7.4.5)
use the same gas sampling tubing, the PTM system primary nozzles
are installed in the burst slug detection tubing, just downstream
of the connection to each fuel channel extension.

2. Core Structure Instrumentation

The core structure temperature instrumentation (Section 7.4.2)
consists of metal-sheathed thermocouples attached to the grid and
lattice structures and the fuel channel extensions, and inserted
into the tops and bottoms of certain graphite columns. These thermo-
couples are used to collect temperature information to verify
design calculations and to enable the reactor operators to achieve
optimum reactor performance.

Eighteen flux scanner channel liner tubes are permanently installed
in the core to permit measurement of thermal neutron flux levels
during reactor operation. These tubes enter the reactor vessel
through nozzles located in the bottom head of the reactor vessel and
terminate within the core near the top of the graphite.
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4.3.3 Fulfillment of Design Requirements

a. General

The graphite portion of the core structure serves as moderator and re-
flector, and acts as the structure to maintain fuel channel lattice
pitch. The channels in the graphite serve as flow paths for the reactor
coolant.

Fuel and control rod replacement are accomplished by the charge machine
and service machine respectively (Sections5.9 and 5.10). These machines
are capable of removing fuel even though the sleeve of a fuel assembly
becomes jammed in the fuel channel.

Detection of defective fuel is accomplished by the Burst Slug Detection
System.

Seismic loads are of minor concern with this design. Stresses in the
graphite as a result of design seismic disturbances do not exceed 50 psi.

All metal components of the core structure are designed with a degree of
conservatism which will positively assure a 20-year life. These compo-
nents are designed for 165,000 hr of 1200 F operation.

b. Control Rod Freedom

The tops of the graphite columns are positioned by the restraint lattice
to assure proper alignment between the core channels and the reactor
vessel top nozzles. Thermal expansion effects of the lattice and top
head are distributed so that misalignment between the outermost control
rod channel centerline and the centerline of the corresponding nozzle
does not exceed 5/16 in. This could increase to 7/16 in. depending on
the vessel tolerances, which is slightly in excess of the 3/8 in. radial
clearance between the control rod and the core channel wall, and indi-
cates that under some conditions the control rod may touch the side of
its channel at the top.

To reduce the possibility of binding between a control rod and graphite,
articulated control rods are specified to assure that rod insertion can
not be prevented in the event of contact of the control rods with the
graphite.

The design of the peripheral restraint bands is such that bowing and
distortion of graphite columns is limited to a maximum of one inch.
This maximum amount of misalignment of a control rod channel does not
prevent entry of the articulated control rods into the core control rod
channels.

c. Fuel Assembly Freedom

It is possible that the graphite columns will bow, twist, or otherwise
deform to some degree, distorting the fuel channels. These deformations
are expected to be small and the clearance between the fuel assembly
sleeves and the fuel channel wall is sufficient to prevent jamming.
However, the fuel assembly is designed for removal by the charge machine
and/or the service machine even in the unlikely event that some of the
fuel sleeves become jammed in the channels.
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d. Graphite Column Life

Analysis indicates that some of the graphite columns may crack after
about seven years of reactor operation. In 68 of 120 columns, stress
levels will never become high enough to cause cracking. The remaining
52 columns are those ip a roughly annular zone straddling the moderator
reflector interface.(}) Even though the likelihood of column breaking
is remote, the core structure is designed so that the reactor will re-
main operable.

If a column were to crack, the parting surfaces of the break would not
be straight or smooth. Therefore, the probability of displacing one
piece with respect to the other is remote. This is true even during a
seismic disturbance.

Each moderator column contains two, three, or four fuel channels. The
presence of the very rugged, one inch thick, fuel assembly sleeves in
each channel assures that the two parts of a cracked column cannot be
laterally separated by more than 1/4 in. except in the very unlikely
case that the location of the column crack exactly coincides with the
joint between fuel assemblies. Even if a column breaks at the exact
location of the fuel joints, and is displaced by an earthquake, the
peripheral restraints insure that the relative lateral displacement of
the broken sections cannot exceed one inch. This amount of displacement
would not jeopardize the safety of the reactor in any way. If the frac-
ture were located near the top of the core, the portion of the column
above the break could levitate. However, with the orificing of modera-
tor annulus coolant flow at both the top and bottom dummy assemblies,
this possibility is minimized. If a crack develops and the fuel channel
coolant leaks from one channel, the flow at the bottom dummy assembly
will increase; pressure drop across the bottom dummy will increase and
pressure drop across the fracture will decrease. Thus, the bottom ori-
fice chokes the flow and limits the possibility of levitation.

Control rod freedom is not jeopardized by a cracked column since the
articulated control rods can penetrate a curved channel. This capa-
bility, together with the large clearance between control rod and its
channel, assures insertion capability.

Fracture of a moderator column is considered a minor detect because
minor coolant leakage is the only consequence of this failure. Such
cracks would not be smooth and coolant leakage must follow a very
tortuous path. Hence, although a slight degradation of performance
might result, the reactor core components would not be endangered.

In the event that column fracture is noted during periodic inspection,
special tools will be designed to permit repair of the defective column.
The repair would be effected through the reactor vessel top nozzles with
the reactor shut down and depressurized.

The core design fulfills all the design requirements; the only un-
certainty involved is the lifetime of the graphite columns.

4.3.4 Structural Analysis of Core Graphite

a. Behavior of Graphite

Fast neutron irradiation of graphite induces changes in the structure
and binding of the crystallites, which in turn results in dimensional
changes of the graphite body. Contraction in the direction parallel to
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the axis of extrusion occurs at all temperatures. At temperature below
approximately 300 C, growth occurs in the direction perpendicular to the
extrusion axis. At temperatures above 300 C, a small amount of growth
in the perpendicular direction occurs for short irradiation exposures,
followed by a continuing contraction as irradiation exposure accumulates.

The rate of contraction or shrinkage is nearly linearly dependent upon
the fast neutron flux, and in a more complicated and less well under-
stood manner upon the temperature of the graphite, type of coke used in
manufacture of the graphite, and type, size, distribution, and degree of
orientation of the coke particles. The shrinkage rate also depends upon
the manufacturing processes, particularly the graphitization temperature.
While the effect of all these factors cannot be quantitatively predi-
cated, sufficient data have been accumulated by Hanford Laboratories to
predict the behavior of certain types of graphite.(3) For the EGCR type
graphite, which is manufactured from a needle-type petroleum coke, the
latest Hanford data indicates the following shrinkage rates:

Perpendicular to extrusion axis: 0.0001 in./in. per
1000 Mwd/AT.

Parallel to extrusion axis: 0.0002 in./in. per
1000 Mwd/AT.

None of the data relates to irradiation exposures equal to the life of
the EGCR core.

In addition to the dimensional changes, irradiation of graphite produces
changes in the mechanical and physical properties, such as modulus of
elasticity, thermal expansion and thermal conductivity.

The fast neutron flux distribution in the reactor core is such that
there are effectively two superimposed flux gradients across the indi-
vidual columns. As indicated in Figure 4.3.4, the actual flux shape
may be regarded as the sum of a linear component plus a component of
higher order variation. Since the shrinkage is directly proportional
to neutron irradiation, these curves may also be regarded as variation
in strain. The linear component causes the graphite columns to bow,
and if the bowing is prevented by external restraint, the stress
generated is proportional to the thickness of the column.

The other component of shrinkage variation is the complicated higher-
order one due to the fine structure of the neutron flux within a lattice
cell. The severity of this component cannot be significantly reduced,
even by slicing the graphite into strips smaller than the 8-in. cell
dimension. This problem is inherent in the use of graphite as a
moderator. The stress from this component is therefore not under the
control of the reactor designer.

b. Stress in the Graphite

The major cause of stress in the EGCR graphite is non-uniform fast
neutron flux, which causes non-uniform shrinkage of graphite components.
Differential shrinkage in a component develops both tensile and com-
pressive stresses. Stresses due to other causes (seismic disturbances,
thermal gradients, local bearing loads, etc.) are minor compared to
those due to the long-term effects of neutron irradiation.

An extensive study was made to examine the probable effects of
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radiation-induced shrinkage of graphite upon the life of the EGCR
core.(3) Although the best available data were used in the calcula-
tions, the necessity to extrapolate beyond that data render the conclu-
sions of the study speculative and subject to experimental confirmation.
In the course of the study of the radiation shrinkage effects, it was
necessary to establish values for the mechanical properties. As with
the shrinkage data, it was necessary to extrapolate beyond existing data
for stress-strain relationships, creep rates, and effects of temperature
and irradiation on the properties of the graphite. Because of the com-
plexity of the graphite columns and of the neutron flux within the
columns, it was necessary to set up a simplified analytical model and to
make some simplifying assumptions. The model was established by dividing
the 16 in. square graphite column into four 8 in. square segments, each
containing a fuel channel. The assumption was then made that this cell
would behave in much the same manner as a hollow, thick-walled cylinder.

The irradiation shrinkage-induced stresses are of two distinct types:

1. Internal stresses caused by the variation of tl.e fast neutron flux
along the radius of each unit cell consisting of a fuel channel and
surrounding graphite moderator

2. Stress caused by restraint of bowing which is related to the over-
all fast-neutron flux gradient between opposite faces of a graphite
column.

The variation of the fast neutron flux along the radius of each cylindri-
cal fuel cell causes differential shrinkage between the fuel channel
surface and any other point within the graphite. The resultant stress
pattern along any radius of a fuel channel is similar to the stress
pattern of a beam in flexure. The presence of from two to four fuel
channels in the columns complicates the problems of calculating stresses.
However, the simple cylindrical model is considered adequate to describe
stresses around any one channel. In those portions of the column cross-
section where geometrical fit between model and actual column is not
exact, or where the models assumed for adjacent channels overlap, the
shape of the neutron-flux gradient gives rise to compressive stress.
Since graphite is known to be much stronger in compression than in
tension and since the flux gradients of adjacent channels do not greatly
differ, it is concluded that the stresses computed for the model of one
channel, when considered separately from the remainder of the column,
will not differ greatly from the stresses which result from the more
complicated mathematical treatment of the entire column cross-section.
Similarly, the over-all stress distribution will not be greatly affected
by recombining the various models which have been separately considered.

The second major stress problem caused by a differential shrinkage of
graphite is that of bowing of individual graphite columns. Bowing re-
sults from the over-all flux gradient from face to face of any column.
Since the inward faces (those nearest the center of the reactor core)
are subjected to a higher flux, their fibers shrink more than those of
the outward faces. The effort of the column to accommodate these rela-
tive shrinkages results in bowing. The bow is generally outward,
because the shape of the flux gradient tends to shorten on the inner
face more than the outer face.

If every column were free to bow fully, complete accommodation of all
shrinkages would occur. Only minor stresses would be generated in-
ternally in a column because of non-linearity of the over-all gradient.
However, the closely fitting peripheral restraint bands which encircle
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the core limit the extent of column bow, but the accumulation of dif-
ferential fiber shrinkage continues with continued irradiation exposure.
The "restrained bow" is equivalent to an inward deflection of the column
from its fully-bowed state. If the columns are considered to behave
elastically, the imposed elastic stress can be calculated by the standard
stress and deflection formulae.

In sixty-eight of the 120 columns, stresses are not significant. The
remaining 52 columns are those in the roughly annular zone centered on
the moderator-reflector interface. On the basis of the elastic model
analysis, it was found that in certain of the 52 columns noted above,
stresses would reach the maximum fiber rupture stress of graphite in
flexure, namely, 1800 psi. Based on this maximum stress criterion,
some columns were found to reach a limiting stress in about 7 years
(shrinkage rates of .02%/1000 Mwd/AT parallel and .01%/1000 Mwd/AT per-
pendicular).

c. Relief of Stresses

Since graphite is known to behave plastically to some extent, further
investigations were made to estimate the effects of creep. Information
in published literature and results from other laboratory tests indicate
that the stress in the graphite will build up to about 1000 psi and
level off at this value. (4) Subsequently, the local effects of radia-
tion shrinkage and restraint of bowing would be relieved by plastic
elongation or creep. Maximum strain, not maximum stress appears to be
the limiting factor.

If creep occurs and if stress levels are below the limiting value, the
time to failure of the column, subjected to the severest flux gradients,
will be approximately 13 years, based on a limiting strain criterion.
Column life may be longer because both creep rates and strength are
believed to be enhanced by irradiation.

4.3.5 Inspection

During the annual scheduled shutdowns, selected channels in the reactor
core can be inspected with the reactor in a depressurized condition.

Borescopes, gages, and other optical tools inserted through the reactor
vessel top nozz 7 es will be used to assess dimensional changes in the
core structure. (26)

4.3.6 Research and Development

A continuing investigation is being carried on by the USAEC at Oak Ridge
and at Hanford to evaluate the properties and behavior of graphite under
conditions of service in the EGCR and in future gas-cooled reactors of
EGCR type.

4.4 Control Rods and Drives

4.4.1 General Description

Each control rod is supported from a cable which is wound on a cable drum in
the control rod drive mechanism. The general arrangement of the drive is shown
in Figure 4.4.1.1. The drive mechanisms are installed in the reactor vessel
control rod nozzles, and are supported from a ledge within the nozzles. During
installation and removal, the support is transferred to the breech closure.
The drives can be individually removed and replaced by the service machine
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while the reactor is operating at full power.

Each drive mechanism is packaged within a circular steel housing which fits
within a reactor vessel control rod nozzle. The lower end of the housing is
filled with high-density concrete which serves as a neutron shield. Additional
shielding surrounding the cable drum, minimizes gamma radiation levels at the
top of the nozzles when the irradiated cable is wound upon the cable drum.

The control rod drive is cooled by a flow of 125 F helium through the mechanism.
The gas enters near the top of the control rod nozzle, flows downward into the
control rod shroud, into the open center of the control rod, and is finally
exhausted from the lower end of the rod to gaps between the graphite moderator
columns or to the reactor vessel upper plenum.

The rapid insertion of the control rod, which is necessary during scram, is
accomplished by release of a clutch which allows the rod to fall under approxi-
mately 0.6 g. The scram clutch is released by interruption of d-c power to the
clutch. When the rod reaches approximately the core midplane, a scram control
mechanism which is permanently geared to the cable drum decelerates the control
rod over its remaining travel into the core.

A removable shroud is installed with each control rod. The shroud fulfills the
following functions:

a. Prevents control rod flutter which could result from turbulent gas
conditions in the upper plenum

b. Contains and directs helium coolant into the control rod

c. Supports the control rod shock absorber which absorbs the energy of a
rod which falls as a result of a cable failure.

The shock absorber and shroud arrangement is shown in Figures 4.4.6.1 and
4.4.6.2. The shock absorber assembly consists of an inconel collet and a
control rod adapter attached to the top of each control rod. Normally, the
shock absorber is not engaged since the mechanical crash stop in the drive
mechanism limits rod travel into the core. In the event of a control rod
drive cable failure, the adapter engages the fingers of the collet to dissipate
the energy of a falling control rod. The shock absorber is designed to stop
the control rod without exceeding the design deceleration forces of the control
rod proper.

The control rod design for the EGCR is shown in Figure 4.4.1.2. The rod is
approximately 20 ft long, 3-1/4 in. OD, and has an absorber length of about
15 ft. The rod is hung from the drive mechanism by a 3/16-in. stainless steel
wire cable and is vertically positioned within a 4-in. diameter control rod
channel in the core graphite. In the absorber section, annular rings of hot-
pressed B4 C, each 3 in. high are encased in type 304 stainless steel tubing.
The tubing is vented through a metallic filter so that no pressure differential
will exist across the tubing walls. The control rod is made in segments and is
therefore sufficiently flexible to insure entry of the rod into the core even
if the channel is not straight. The segments are supported by a stainless
steel support rod which occupies a central position within the segments.
Annular ball-and-socket joints between segments permit the segments to rotate
relative to each other. The segments are kept in contact by a top compression
spring to minimize coolant out-leakage at these joints. The central rod is the
primary structural element of the control rod and is designed to withstand a
deceleration of 25 g.

Spacers are welded to the inner tube at the mid-point and at the bottom of each
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segment to assure a 5-ft free length of the support rod which will readily bend
to give the desired degree of control rod flexibility.

Other features of the design are intended to minimize reactions between movable
components and to facilitate insertion into the reactor core. To ensure that
this flexibility is maintained throughout the 20 year lifetime, one face of
each of the ball-and-socket joints is coated with Hastelloy C weld deposit to
prevent self-welding at these joints. All stainless steel surfaces in contact
with the B4 C are copper plated to prevent any reaction between boron and stain-
less steel at elevated temperatures. The bottom end of the rod is fitted with
a tapered nose piece to prevent the possibility of a rod hang-up during
insertion.

4.4.2 Materials

The materials specified for the components of the control rod and the control
rod drive are all in accordance with applicable ASTM, NEMA or AISI specifica-
tions. Materials testing to assure quality control is required. The following
materials are specified:

a. Control Rod Drive Housing - Carbon Steel, ASTM A-212 Grade B

b. Shielding

1. Neutron

High density concrete with ferrophosphorous aggregate placed by
the grouted-aggregate concrete method.

2. Gamma

Cast from melted pig lead conforming to ASTM B-29, chemical or
acid lead. No reclaimed or refined secondary lead is permitted.
The lead is examined for voids by gamma graphing or gamma probing
methods.

c. Cable Drum - Carbon Steel, AISI-4140

d. Gear and Bearing Assemblies

1. Gears

All gears are either AISI-440-C or Nitralloy 135. Gear engagement
will be made by alternating AISI-440-C with a Nitralloy 135 gear so
that there is a dissimilarity of metals between the rubbing surfaces.
The gears are hardened by malcomizing or nitriding to obtain required
hardness for long life and trouble-free operation.

All spur and bevel gears are 20 degree pressure angle to AGMA
Standards and all gears are ground to a surface finish of 32 rms or
better. Where bevel and internal gears cannot be ground, they are
machined and vapor or wet blasted to a finish of 32 rms or better.

All mating gears are lapped to insure full contact. Epicyclic
gear sets are lapped and fitted as sets. All gears are manufactured
in accordance with AGMA Case II Standards.

2. Bearings

All ball and roller bearings are fabricated of AISI-440-C and M-2
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tool steels. Alternate balls or rollers of AISI-440-C vacuum melt
and M-2 tool steel vacuum melt are used in all bearings. Retainers.
or spacers are prohibited. All bearings have an even number of
rollers or balls so that only dissimilar materials rub against each
other. Bearing materials are hardened to assure required hardness
for long life and trouble free operation.

Vented sealed bearings are used to permit pressurizing and depressur-
izing of the surrounding bearing environment without damaging bearing
seals.

e. Electrical Components

All electrical components are specified to be suitable for the environ-
mental conditions and irradiation levels which exist within the reactor
vessel control rod nozzles. Electrical windings are insulated NEMA
Class "B". Internal wiring and cable are specified to be manufactured
from either of the following acceptable types:

1. Irradiated polyethylene insulation with irradiated polyethylene
jacket suitable for continuous service at 135 C without becoming
brittle. Cables are 20 AWG stranded tinned copper conductors, equal
to Anaconda Wire and Cable Company "Hyrad" cables.

2. Silastic 80 (silicone) insulation with overall jacket of glass braid
with silicone lacquer. Cables are 20 AWG stranded tinned copper
conductors.

f. Seals

Shaft seals are of the "0" ring type which have a previous history of
effective sealing. "0" rings are also used to effect a gas seal between
electrical connectors and the breech closure.

g. Thermocouples

Thermocouples consist of Chromel P - Alumel alloy wires, insulated with
magnesium oxide beads, and are encased in a type 347-H stainless steel
sheath.

h. Cable

The control rod drive cable is fabricated of type 304 stainless wire in
accordance with Mil - C - 5124.

i. Control Rod Poison

Boron carbide is formed by hot pressing into annular rings, 3.1 in. OD,
2.6 in. ID, and 3.1 in. high with a minimum density of 2.0 g/cm3 or 80%
of theoretical density.

j. Control Rod Cladding

All type 304 stainless steel surfaces in contact with the boron carbide
are copperplated 0.0095 in. to prevent reaction of the boron with the
nickel in the stainless steel.

k. Control Rod - Load Bearing Members

The support spiders, central support rod, and the bottom guide are
fabricated of type 347 stainless steel.
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1. Control Rod Spring

An Inconel X spring is used to hold the sections of the control rod in
contact with each other to assure continuity of internal coolant flow.

4.4.3 Fabrication and Inspection

All welds are in accordance with recognized ASME practice and are radiographed
or dye-penetrant tested to assure soundness of the welds.

All materials are tested in accordance with ASTM Standards. Materials which
fail to meet the minimum requirements for chemical composition and strength
are rejected. Each component, sub-assembly and assembly is given a dimensional
check to assure conformance with the design drawings.

To assure proper functioning of the control rod drive and the control rod,
full size prototype tests are conducted to verify the attainment of design
objectives. In addition, specific components are individually tested to assure
performance before they are incorporated into a sub-assembly or the final
assembly. A continuing environmental test is being conducted at Oak Ridge
National laboratory which simulates actual reactor environment, except for
neutron irradiation.

4.4.4 Cooling

The control rod drives are individually cooled by a continuous controlled flow
of 125 F helium which enters the top of each reactor vessel control rod nozzle.
This flow divides and part of it flows downward in the annular space between
the control rod drive housing and the control rod nozzle. The remainder of the
gas flows through the mechanism to absorb heat generated in the mechanisms.
This coolant discharges into the control rod shroud and enters the interior of
the control rods. A coolant baffle is positioned between the top of the
control rod and the shroud to prevent bypass of the coolant directly into the
reactor vessel top plenum.

The gas flowing through the control rod absorbs about half of the heat generated
in the rod and is discharged from the bottom of the rod. The flow then combines
with the leakage from the reactor fuel channels and flows either through the
control rod channels or through gaps between moderator columns into the top
plenum.

Heat dissipated by radiation amounts to approximately one-half the heat
generated in the control rod and is facilitated by a black oxide coating on
the outside of the control rod, which increases the emissivity of the surface.
This heat-is radiated to the graphite and is dissipated to the coolant annuli
between the fuel assembly sleeves and the graphite.

The coolant flows required depend on the rate of heat generation in the rods,
the heat transfer rates obtained, and the maximum allowable temperatures for
the control rod components. Figure 4.4.4 shows the control rod stainless steel
clad temperature as a function of rod distance into the reactor core using the
maximum heat generation rate for a fully inserted rod. These curves were
computed on the basis of a maximum gas temperature of 500 F at the inlet to the
control rod. This temperature was conservatively estimated from the heat
absorbed from the rod drive mechanism and the control rod shroud by the coolant
gas which enters initially at a temperature of 125 F. The emissivity of the
outside surface of the blackened control rod was taken as 0.6 and that of the
graphite wall as 0.8. The graphite temperature was estimated by assuming that
the heat generated in the graphite after the insertion of a control rod is 70%
of the value before insertion. The axial heat deposition profile corresponds
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to a 62-in. bank insertion of the control rods. The temperature drop across
the gaps between the B4 C and the stainless steel tubing as well as the tempera-
ture drop across the B4C were considered in the calculations. Also, the
calculation included variations in these gaps due to differential thermal
expansion between B4 C and stainless steel as the temperature level changes.

The maximum allowable temperature for continuous operation for the stainless
steel in this application is 1600 F. Figure 4.4.4 shows that for the heat
generation rate of 7500 Btu/hrft of the rod length, a coolant flow of 75 lb/hr
through the rod is adequate. The 7500 Btu/hreft represents the maximum average
heat generation rate for any control rod and corresponds to the case of central
rod fully inserted. It is noted that even though the maximum temperature
reached under normal operating conditions is about 1540 F, the peak temperature
of the structural center support rod is only 1115 F.

An examination was made of the consequences of a coolant flow stoppage, although
this event appears to be very unlikely since a spare compressor and spare heat
exchanger are installed in the vessel cooling system. The maximum control rod
surface temperature with radiation cooling only is shown in Figure 4.4.4 to be
approximately 1800 F. Since the reactor would be scrammed if the vessel coolant
(also source of control rod coolant) were not available, this temperature would
only exist for a short time and would not damage the control rod. The stress
developed in the central support rod due to the weight of the control rod is
about 1150 psi, while the yield strength of type 347 stainless steel even at
2000 F is 7500 psi, thus giving a safety factor of at least six.

4.4.5 Dimensional Stability of Control Rods and Channels

The two primary functional design requirements of the control rod are inherent
stability under both mechanical and thermal influences. These requirements are
met by provision for articulation and for internal forced cooling. Rod articu-
lation allows the rod to bend if necessary as it fall into a bowed channel.
Internal forced cooling reduces hot-spot problems which would be more severe
than if the rod were externally cooled.

A source of thermal instability for which it is difficult to compensate by de-
sign is a non-uniform heat generation around the circumference of the rod due
to variations in the neutron flux gradient. These variations tend to induce
bowing of the rod. The maximum average temperature difference on the rod sur-
face around the circumference was computed to be 181 F. This difference causes
a bow of only 0.255 in. over a 5-ft control rod segment and thus cannot inter-
fere with the insertion of the rods into the reactor core.

Another possible source of thermal instability is the effect of contact between
a rod and the channel wall. However, the portion of the rod in contact with
graphite at much lower temperatures would be cooled and would tend to bow away
from the graphite. Thus the situation is stable and self-correcting.

A design feature which eliminates a possible source of mechanical instability
is the venting of the internal volume containing the B4 C to the reactor coolant.
The stainless steel tubing, therefore, experiences no pressure differential
across the wall. Also, since the central 3/8-in. solid rod is the primary
support element of the control rod, the tubing carries no appreciable load.

4.4.6 Control Rod Drive Mechanism

The principal features of the control rod drives are a cable and a drum which
is driven by an electric motor. An advantage of the drum-and-cable concept
over rigid means of rod support is that misalignment of the graphite core struc-
ture does not prevent entry of the rod into the core, since the cable is free
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to move laterally.

The control rod drive mechanism is housed in the upper portion of the control
rod drive plug assembly. This assembly is shown on Figures 4.4.1.1; 4.4.6.1;
and 4.4.6.2. The plug consists basically of an 80-in. long plug of high
density concrete for neutron shielding with space above the shielding for the
mechanism.

A single speed reversible, three-phase hollow shaft induction motor is used for
positioning the control rod. The motor armature is keyed to the shaft to drive
an epicyclic gear train. This gear train gives a speed reduction of 4096:1.
The motor speed under full load is approximately 820 rpm. An inner shaft with-
in the hollow shaft is keyed to both the output of the epicyclic gear train and
the scram clutch. The purpose of this clutch is to transmit power to the cable
drum drive gears. During normal operation the clutch is energized and rod
movement, either into or out of the reactor core, is controlled by power to the
drive motor. Upon reactor scram, the d-c power to the clutch is interrupted
thereby disengaging the clutch and the cable drum, and the drum drive gears are
then free to rotate and the control rod, under the force of gravity, will fall
into the reactor core. To control scram speeds a retarder is energized by a
d-c generator driven through a gear train coupled to the cable drum. During
normal rod movements the output of the generator is small and the braking
effect is negligible. However, during a scram, as the drum accelerates to high
speeds, the generator output increases, in turn increasing the braking force
applied to the drum by the retarder. This same gear train drives a camshaft
which operates limit switches and position switches which control the applica-
tion of the braking current to the retarder. No significant drag is exerted
on the control rod until it reaches a point 6 ft from the end of its travel.
At this point, a position switch is closed to apply generator voltage, through
a resistance, to the retarder. The rod motion is retarded to a velocity no
greater than 0.7 fps at the fully inserted position, irrespective of the eleva-
tion from which it is scrammed.

The crash stop, consisting of a crash arm rotated by a gear train driven by
the cable drum, engages a dog on the cable drum to positively stop the control
rod at the lower end of its travel. Rod deceleration does not exceed 4 g.

To prevent drifting of the control rod into the core during normal operation,
a normally engaged electric brake is used. The braking action is transmitted
to the epicyclic gear train to prevent rotation of the cable drum. The braking
action does not interfere with scram action.

Rod position is indicated by a synchro unit geared into the scram control
mechanism ring gear.

A manual drive shaft extends from the top of the control rod drive plug to
drive the drum and wind up the cable in the event of malfunction of the motor
to permit removal of a faulty drive mechanism. A manual rod lock drive shaft
operates a mechanism which locks both the control rod and/or the control rod
shroud to the control rod drive plug for removal (Figure 4.4.6.1).

Lead shielding above the drive mechanism shields the area from radiation from
the activated control rod drive cable when the cable is wound around the drum.

The control rod drive plug is equipped with a gas tight closure identical to
the closure described in Section 5.11.

4.4.7 Insertion and Withdrawal Rates

The control rod drive mechanism inserts and withdraws control rods at the
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single speed of approximately two inches per minute.

For a reactor scram the rods descend into the core under the influence of
gravity, the net acceleration being approximately 0.6 g. This scram speed will
be verified during the prototype testing of the completely assembled control
rod drive mechanism.

4.5 Reactor Pressure Vessel

The reactor pressure vessel consists of a pressure-containing shell, an inner
temperature barrier, a core support structure, an external support skirt, and a
number of nozzles in vessel heads.

4.5.1 Pressure Vessel Design Features

The pressure vessel is shown in Figures 4.5.1.1, 4.5.1.2 and 4.5.1.3. The
inside diameter of the pressure shell is 20 ft 0 in. The height inside the
heads is 45 ft 8 in. The wall thickness of the cylindrical portion is 2-3/4 in.
minimum and of the heads is 4 in. minimum. The vessel is designed for a
pressure of 350 psig at 650 F. The operating pressure is 300 psig and the
highest operating temperature of the vessel will be below 650 F, probably
approximately 575 F when operating at full power. The pressure shell is
fabricated of carbon steel, ASTM Designation A-212-57 T Grade B Firebox, with
impact properties conforming to ASTM Designation A-300-58,ultrasonically tested.

The vessel and all nozzles are externally insulated. Vessel construction is in
accordance with the ASME Boiler and Pressure Vessel Code Section VIII, 1959
edition, together with Addenda of 1960, including Case Interpretations 1270N
and 1273N, as well as the Tentative Structural Design Basis for Reactor Pressure
Vessels and Directly Associated Components, PB 151 987 including Addendum of
February 27, 1959. Where the nozzle design was such that radiographic inspec-
tion required by the ASME Code Case Interpretations would have been difficult
to interpret and would not have full assurance of weld quality, very extensive
magnetic particle, liquid penetrant, and ultrasonic inspections were conducted
instead.

4.5.2 Vessel Penetrations and Nozzles

The numbers, size, and location of the nozzles which penetrate the top head ano
the bottom head of the pressure vessel are established by service and opera-
tional requirements. The nozzles, extensions and closures are constructed in
accordance with the ASME Boiler and Pressure Vessel Code and the Nuclear Code
Cases as set forth under Section 4.5.1 above. In addition, all nozzle designs
are verified by thermal and stress analysis. All nozzles which terminate out-
side the reactor vault are double sealed and are equipped with vent connection
between the seals to preclude the release of reactor coolant. To maintain
continuity of shielding, all nozzles penetrating the biological shield are
stepped and fitted with removable shield plugs. Each nozzle which penetrates
the biological shield is externally cooled by air flow through the penetration
into the reactor vault. Table 4.5.2.1 indicates the quantity, size (at vessel
penetration) and service function for the top head nozzles.

All nozzles shown in Table 4.5.2.1, with the exception of the surveillance
specimen nozzles, also penetrate the head of the temperature barrier. Each
top head nozzle is insulated externally and internally and includes internal
liners, and connections for admission of coolant gas to maintain the tempera-
ture of the nozzle walls below 650 F. Two burst slug detection system and
thermocouple lead nozzles terminate within the reactor vault. Each of these
nozzles is penetrated by 117 stainless steel burst slug detection system
1/2-in. OD tubes, 127 stainless steel-sheathed 0.210 in. OD thermocouple leads,
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and one 1/2-in. OD PTM pressure tube.

TABLE 4.5.2.1

Top Head Nozzles

Quantity ID (in.) Service

25 11-3/8 Control Rods
8 8-1/8 Special Plugs
2 8-1/8 Experimental Loop
2 11-3/8 Experimental Loop
2 8-1/8 Surveillance Specimens
2 28 Burst Slug Detection System

and Thermocouple Leads
2 34 Reactor Coolant Outlet
2 11-3/8 In-Core Experiments

Table 4.5.2.2 indicates the quantity, size (at vessel penetration) and service
function for the bottom head nozzles.

TABLE 4.5.2.2

Bottom Head Nozzles

Quantity ID (in.) Service

12 16-7/8 Fuel Charge Nozzles
9 12-3/8 Fuel Charge Nozzles
2 7-3/8 Experimental Loop Nozzles
2 12-3/8 Experimental Loop Nozzles
2 11-1/2 Thermocouple Nozzles
2 11-1/2 Thermocouple and Flux

Scanner Nozzles
2 22 Reactor Coolant Inlet

Each nozzle penetrating the bottom head is externally insulated. Nozzle
cooling is not required. The temperature in this area will not exceed 510 F.

Each thermocouple and flux scanner nozzle terminates within the reactor vault.
These nozzles have penetrations as indicated on Figure 4.5.1.1 and in
Table 4.5.2.3 below:

TABLE 4.5.2.3

Bottom Head Thermocouple and
Flux Scanner Nozzle Penetrations

Nozzle Number of 1/8-in. Number of 3/4-in.
Location Thermocouple Leads Flux Scanner Leads

SE 24 9
NE 36 0
NW 31 0
SW 31 9

Two PTM probes from the top plenum leave through each of the two top head BSD
nozzles. The two pressure probes from the bottom plenum leave through bottom
head thermocouple nozzle No. 3 (NE). A manhole in the reactor coolant piping
affords temporary access to the vessel plenums prior to startup.
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4.5.3 Vessel Fabrication and Inspection

The pressure vessel, its internals and appurtenances, are completely fabricated,
stress-relieved, pressure-tested and leak-tested, at the fabricator's shop. For
this testing the top head was not welded to the cylinder but was aligned and
attached by inner and outer butt straps which were welded to the cylinder and
head.

Upon completion of shop testing, the top head is removed at the circumferential
head to cylinder joint to facilitate shipment and also to permit installation
of the reactor core in the field. After the installation of the core, the head
is refitted and aligned with the pressure vessel shell by use of external
alignment bars and welded. The alignment bars are removed following the stress
relieving of the weld. The field weld is made in shop-machined weld grooves.
When completed, the weld is radiographed, locally stress-relieved, pressure-
tested and leak-tested. Nozzle extensions are also fitted, welded, radio-
graphed, locally stress-relieved, pressure and leak-tested in the field.

Fabrication, testing and erection follow written procedures and sequences pre-
pared and approved in advance. All shop drawings and technical data covering
materials, welding, heat treating, cleaning, inspection, and all other pertinent
details were submitted for examination and approval prior to fabrication.

The fabricator's Quality Control Department inspectors physically examine all
materials, check dimensions, test welds, prepare records, and maintain the
standards and quality of work as set forth in the vessel specifications.

A Resident Inspector determines that all work satisfied the requirements of the
ASME Boiler and Pressure Vessel Code on behalf of the insuring agency. The
vessel will bear an official Code Stamp.

A Resident Inspector, on behalf of the Contracting Officer, determines that all
work satisfied the requirements of the design drawings, specifications,
calculations and all other supplementary documents.

The scope of inspection extends from mill examination of raw materials and
continues through fabrication, erection, and final field welding and testing.

Mill certificates, heat numbers, laboratory reports, and coupons were required
for raw materials where such records were applicable. Ultrasonic testing at
the mill was required for all plate and nozzle stub material.

Dimensional inspections were made, beginning with the original formed pieces,
during set-up on jigs, at intervals during welding, and before and after
stress-relieving.

All weld joints were detailed on shop drawings and welding procedure sketches
and the method, disposition of passes, welding rod identification, pre-heating,
post-heating, test methods and other pertinent data were stated and approved by
the Contracting Officer's representative prior to application. Welding pro-
cedures were qualified.

All welds are subjected to liquid penetrant testing at one or more stages of
completion. All pressure-containing welds except the top and bottom nozzle to
head welds are completely radiographed. The top and bottom vertical nozzles
are so closely spaced that it was not found possible to develop a fully mean-
ingful radiographic technique. The nozzle to head welds therefore were
examined by magnetic particle, liquid penetrant and ultrasonic testing, and
spot radiographing. The Resident Inspector examined all radiographs and
witnessed penetrant, magnetic particle and ultrasonic testing.
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Stress relieving during fabrication involved the furnace heating of the entire
heads, the two cylindrical sections, the grid plate and other parts. This is
supplemented by local stress relieving of all subsequent welds. The shop welds
which were locally stress-relieved were the circumferential weld of the two
cylindrical sections, the bottom head to cylinder weld, the dissimilar metal
welds of the nozzle extensions to the two BSD nozzle stubs, and the dissimilar
metal welds of the stainless steel thermocouple nozzle extensions to the four
bottom head thermocouple nozzle stubs. The procedures, temperature records
and all results are examined by the Inspectors.

Hydrostatic testing, strain gage and leak-testing are conducted in the
fabricator's shop, and are witnessed by the Inspectors. Certified copies of
all test reports are required for examination.

Erection of the vessel at the site is subject to continuous rigorous inspection.
Erection tolerances are maintained to insure alignment of the reactor core with
control rod and charge nozzles.

All welding of the top head and nozzle extensions, radiographing, stress-
relieving, pneumatic pressure and leak-testing are conducted using the proven
techniques and written procedures developed for shop fabrication and approved
for field erection prior to the performance of the work. Continuous and
rigorous inspection is conducted of all field work. Field welds which are
locally stress-relieved are the top head to cylinder weld, the nozzle extension
to nozzle stub welds for top and bottom nozzles, and the nozzle stub to piping
welds for the two helium inlet nozzles and two helium outlet nozzles.

The drawings, specifications, and fabrication procedures, together with material
samples and all documents of inspection, form a permanent written and film
record of the design and construction of the reactor pressure vessel. These
records will be maintained for the life of the vessel.

4.5.4 Mechanical and Thermal Stress Analysis

The pressure vessel design is verified by a thorough, comprehensive stress
analysis. Steady state stresses are limited to those allowed by the ASME
Boiler and Pressure Vessel Code. In addition, the combination of steady state
and cyclic stresses is evaluated on a fatigue basis, utilizing the Tentative
Structural esjgn Basis for Reactor Pressure Vessels and Directly Associated
Components. 29J

The basic configuration was checked by determining primary, secondary, thermal,
local membrane and bending stresses. Definition of these stresses and the
limits set on each type are given in the aforementioned Tentative Structural
Design Basis for Reactor Vessels and Directly Associated Components. These
stresses are computed on the assumption of elastic behavior as required in
Paragraph 3.3.1 of the above document.

All thermal stresses are considered transients and are treated according to
Paragraph 5.1.4 in the 1959 Addendum No. 1 to the Tentative Structural Design
Basis. The corresponding fatigue analysis uses the graphs and tables for
material properties and allowable stress values of the above cited Tentative
Structural Design Basis.

Resultant steady state and alternating stresses are separately computed in
accordance with the maximum shear theory. These stresses are combined
graphically on a fatigue diagram, Figure 5.2-1 of the Tentative Structural
Design Basis, to determine whether their combination results in a state of
stress which is considered to be safe. In computing the alternating stresses,
the effects of stress concentration and number of stress cycles are carefully
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evaluated.

A stress developed by an imposed load or pressure is considered a primary stress.
The stress may be direct, shear or bending. The basic characteristic of this
type of stress is that it is not self-limiting. Gross distortion or failure
will occur if a force is applied which results in excessive primary stress. The
average primary membrane stress, Sm, is limited to the allowable stress as given
in the ASME Boiler and Pressure Vessel Code, Section VIII. The combination of
primary membrane and primary bending stress is limited to 1.5 Sm.

A secondary stress is considered to be a direct, shear, or bending stress
resulting from constraint by an adjacent part or by self-restraint. The basic
characteristic of this type of stress is that it is self-limiting. That is to
say that local yielding will relieve the cause of the stress. Stress concen-
trations are not included in the computation of these stresses. The sum of
secondary membrane and bending stresses plus primary membrane and bending
stresses is limited to Sp.

A local stress is a stress in a small region usually resulting from a stress
concentration due to the configuration. These stresses are evaluated on the
basis of cyclic fatigue, as described in Paragraph 5.1 of the Tentative
Structural Design Basis. The alternating stress found in this evaluation is
limited to the value of Sa obtained from the S-N curve (allowable stress versus
number of cycles) for the material.

The allowable limits of the various classifications of stresses are defined
below:

a. Sm shall not exceed 62.5% of the yield strength in tension, or 33.3%
of the ultimate strength in tension, whichever is less.

b. Sp is the limiting stress for primary plus secondary stresses. The
value of Sp is set at 0.9 Sb, the limit of elastic behavior. The limit
of elastic behavior is the higher of the yield stress or the endurance
limit.

c. Sa is the allowable alternating stress value obtained from a considera-
tion of the number of stress reversals expected and the fatigue limit
of the material.

A fatigue diagram is used to determine whether all stresses, including stress
concentrations, are within limits. The construction of the fatigue diagram
is shown in the Tentative Structural Design Basis, Figure 5.2-1 and 1959
Addendum.

4.5.5 Vibration Restraints

Vibration restraints for the reactor vessel, shown in Figure 4.5.1.1, are used
to protect against resonant vibration, and consequent vibration magnification
with the reactor building structure. Vibration, generated by rotating equip-
ment in the reactor building, may possibly be carried to the core columns from
the building and reactor vessel. Other possible sources of excitation are gas
flow through the reactor coolant system and earthquakes.

The core columns have a frequency of approximately 22 cps. The unrestrained,
freestanding, reactor vessel has a natural frequency of 11 to 14 cps and the
reactor building as a whole has a natural frequency of 6 to 12 cps. The use of
struts between the top of the reactor vessel and the biological shield increases
the natural frequency of the reactor vessel to a value between 38 and 46 cps.
The restraint structure consists of pipe sections which are embedded in the
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concrete biological shield and which engage vertical keys on the reactor vessel.
The reactor vessel is free to expand vertically and radially but is restrained
from lateral movement.

The top grid structure of the reactor core is keyed to the inside of the reactor
vessel opposite the exterior vessel restraints. The top grid structure re-
strains the graphite core columns against lateral movement.

Analysis has shown that under earthquake conditions based upon past history at

Oak Ridge, the maximum stresses resulting from lateral earthquake loads are not
significant either in the reactor vessel or in the graphite core columns.
Therefore, relative motion of the top of the reactor with reference to its
foundation would be of the order of 0.002 in.

The structures surrounding the graphite core have natural frequencies with
sufficiently different ranges to avoid resonance between structures.

4.5.6 Reactor Vessel Support Skirt

The reactor vessel is supported by a cylindrical skirt 15 ft 8 in. GD by
6 ft 11 in. high which is fabricated from 2-in. thick carbon steel plate,
conforming to ASTM A-212 - Grade B. The skirt is attached to the bottom head
of the vessel by a continuous weld. Four 20-in. ID holes permit access during
erection and ventilation beneath the vessel during operation. Anchor bolts
embedded in the floor of the vault engage anchor lugs on the skirt. The skirt
is insulated to limit thermal gradients which could exist at the juncture of
the skirt to the vessel bottom head.

Comprehensive analysis of steady state loads and thermal stresses during
transient conditions indicate that the cumulative fatigue damage is considerably
lower than the permissible level resulting in a more than adequate safety
factor.

4.5.7 Temperature Barrier and Insulation

The temperature barrier, with its internal reflective insulation, insulates the
pressure vessel wall from 1050 F reactor coolant. This barrier, together with
the vessel cooling described in Section 4.5.8, maintains the vessel wall below
the design temperature of 650 F.

The temperature barrier is a cylinder with a hemispherical top head fitted
within the pressure vessel, concentric with the top head and cylinder. A 2-in.
wide annulus is provided between the temperature barrier and the pressure vessel
for passage of the vessel cooling gas. The barrier is constructed of 1-in.
thick stainless steel, ASME Specification SA-240, Type 304. All material is
initially ultrasonically inspected. The design of the barrier conforms to the
requirements of the ASNE Boiler and Pressure Vessel Code. Fabrication, testing
and inspection followed written procedures and sequences prepared and approved
in advance. These were given the same rigorous quality control and inspection
as used for the reactor pressure vessel.

Design criteria includes normal operation at 16 psi external at 750 F.

The temperature barrier is supported from the wall of the pressure vessel at
the level of the top of the reactor core by 24 support lugs. Eight of these
lugs also act as lateral restraints, and transmit loads from seismic or other
forces to the restraints external to the vessel. All supports permit radial
expansion.

A bellows seal at each top nozzle penetration permits expansion of the portion
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of the temperature barrier above the supports; a bellows section at the lower
end of the barrier permits downward expansion of the portion below the supports.

Reflective insulation is fitted closely to the interior surfaces of the tempera-
ture barrier cylinder, the temperature barrier top head, around the nozzle
stubs, and extends a short distance into the nozzles. The reflective insulation
consists of panels formed to match' the contours of the surfaces to which they
are attached. The panels are composed of multiple layers of thin sheets of
type 304 stainless steel separated by protrusion-type spacers, to form layers
which enclose stagnant gas. Face sheets of heavier gage stainless steel with-
stand thermal cycling, mechanically protect the thin inner sheets, and afford
support. The panels are attached to the barrier surfaces by welding studs.
The thermal characteristics and structural integrity of the reflective in ul -
tion have been verified by an extensive research and development program.(27 )

4.5.8 Vessel Cooling

The reactor coolant gas which flows in the annulus between the temperature
barrier and the pressure vessel wall maintains the vessel wall temperature
below 650F. This gas removes both the heat transferred through the reflective
insulation and heat generated within the metal by nuclear irradiation.

The coolant gas is supplied through a bypass system from the reactor coolant
inlet pipe with a pressure boost by the vessel cooling compressor. The vessel
cooling system design and components are described in Section 6.1. This coolant
gas, at approximately 500 F, enters the nozzles at a point just below the top
biological shield, flows downward within an annulus formed by the outer wall of
the nozzle and an inner stainless steel liner. At the lower end, the gas flows
past the bellows and into the annulus between the vessel wall and the tempera-
ture barrier flows downward through the 2-in. annulus between the vessel wall
and temperature barrier, and enters the bottom plenum where it mixes with the
incoming reactor coolant gas. The temperature of the vessel wall is monitored
by thermocouples attached to the vessel wall. Careful measurements of flow
patterns, pressures, and velocities, in a quarter-scale model have confirmed
the design bases and cooling adequacy.(28)

4.5.9 Nozzle Cooling

The walls of the top nozzles are cooled by the vessel coolant gas. The flow of
gas to th'e nozzle annuli mentioned in Section 4.5.8 is individually controlled
to maintain nozzle wall temperatures below 650 F. Temperatures are monitored
by thermocouples attached to the vessel wall at the junctions of all nozzles.
A- high temperature alarm will be activated when any thermocouple reading is
above design temperature.

The portions of all nozzles extending through the biological shield are cooled
externally by forced air flowing through the space between the nozzle and the
concrete shield. This air flow also cools the concrete shield.

All nozzles which penetrate the top biological shield are supplied with an
internal flow of 125 F coolant gas. This gas enters the interior of the nozzle
near the top end, flows downward in the annulus between the shield plug and the
nozzle wall, and joins the reactor coolant gas in the upper plenum. A portion
of the gas flows through the control rod drives and other internal mechanisms
and through a tube which penetrates each control rod drive plug. The design
includes a reactor scram on loss of coolant flow to the nozzles and also on
high temperature of coolant to the nozzle interiors.

Nozzles penetrating the bottom head are exposed only to the 510 F inlet gas;
thus there is no need for additional cooling.
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4.5.10 Seals Between Barrier and Pressure Vessel

Since the reactor vessel top nozzles penetrate the temperature barrier, seals
are installed to prevent leakage of vessel coolant gas from the annulus
between the temperature barrier and the vessel top head into the upper plenum.
These seals consist of bellows assemblies backed by labyrinth rings arranged to
permit axial and lateral relative movement between the nozzles and the tempera-
ture barrier. One seal is installed for each of the nozzles, listed in Section
4.5.2, with the exception of the surveillance nozzles which do not penetrate the
temperature barrier.

A bellows seal is located at the bottom of the temperature barrier to accommo-
date the differential expansion between the stainless steel temperature barrier
and the carbon steel pressure vessel. This seal is backed up by a narrow,
restricted-flow annular passage between the cylindrical sections.

Design criteria for the seals are 16 psi external pressure at 750 F, with a
minimum of 2000 cycles occurring in 20 years. Thorough and rigorous testing
and inspection during fabrication insure conformance to specifications and
maintenance of the quality of the bellows. Prototype tests have verified the
bellows design and performance capabilities.

The occurrence of a bellows failure does not create a serious condition, since
the result is only the small leakage of vessel coolant gas into the reactor
upper plenum. Such flow is restricted by the backup labyrinth seals at the
top head nozzles, and the narrow annulus at the bottom of the temperature
barrier.

4.5.11 Test Programs

Research and development programs have been conducted with reduced scale models
for verification of design adequacy. These experiments have confirmed the
mathematical analysis of the coolant gas flow through the vessel and core
passages, and the stress analysis of the top head. In addition, the programs
defined welding methods and procedures, confirmed the reliability of dissimilar
metal welds and multiple penetrations, and established the thermal character-
istics and strength of the reflective insulation.

Stringent prototype tests were required to proof-test all critical vessel
components such as bellows, top nozzle flange and closure and the bottom shield
plug seal and locking mechanism.

Surveillance specimens of vessel material will be irradiated within the vessel
during reactor operation, and will be withdrawn at scheduled intervals to be
examined for radiation damage.

4.5.12 Code Stamp

The completed vessel will bear an ASME Code Stamp, and will be covered by a
Data Report and Certificate of Inspection verifying compliance with Section VIII
of the Boiler and Pressure Vessel Code and the applicable nuclear code cases.
The Code inspection agency is Lumberman's Mutual Casualty Company.

4.6 Thermal Design Features

4.6.1 Flow Requirements in Core

Of the 84.3 Mw of heat generated within the core, 6.8% or 5.7 Mw is deposited
in the moderator, fuel assembly sleeves and control rods, with the balance
appearing in the fuel elements. A further breakdown of the heat deposition
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shows that about 1.6 Mw appears in the fuel assembly sleeves and 4.1 Mw goes
in the moderator and other reactor core components. Thus the total core
coolant flow of 427,000 lb/hr must be divided among that required to cool the
moderator region, that passing through the fuel assemblies, and leakage. The
control rod coolant is not considered a part of the core coolant flow since
this gas is part of that required to cool the shield plugs and reactor vessel
top nozzles. This flow passes down through the center of the control rods and
out the end of the rod into the control rod channel. The coolant after leaving
the bottom of the rods flows upward to the upper plenum and, therefore, provides
very little cooling for the moderator.

The primary means of flow distribution through the core is the bottom dummy
assembly in each fuel channel. The flow through each fuel channel is controlled
by a variable orifice in each dummy. The optimum manner of control is to set
the flow so that the maximum fuel element surface temperature in each channel
is the same, the simpler method of operation, however, is to orifice the flow
to attain equal exit gas temperature from each channel. This latter operation
method is employed.

The moderator coolant or annulus flow passes through two restrictions, one at
the bottom dummy and another at the top dummy. The restriction at the top of
the channel is effected by a close clearance between the outside diameter of
the top dummy and an insert sleeve in each fuel channel. As this clearance is
approximately the same for all channels, the control or adjustment will be made
by a seal and orifice arrangement in the bottom dummy. The primary function
of the upper restriction is to limit the annulus flow in the event that the
seating surface between fuel assemblies does not mate properly, in which case,
part of the fuel element coolant flow may leak into the annulus and into the
top plenum, and overheating of the fuel elements could occur.

Based on the expected range in reactivity that might be introduced by future
experiments and the effects of different control schemes, the flow required to
cool the moderator will be about 32,000 lb/hr. An additional flow of 400 lb/hr
for each of the future experimental tubes will be required. The leakage rate
across the seals between the moderator blocks and the bottom core plate is
expected to be 1000 lb/hr total. During the intermittent operations of fuel
charging and discharging, a total of 3000 lb/hr is required for the fuel
channel being serviced which is 1000 lb/hr more than the normal channel flow
of 2000 lb/hr. Thus the total flow which bypasses the fuel elements will be
about 37,000 to 38,000 lb/hr.

Although the design exit gas temperature from the pressure vessel is 1043 F,
the dilution of the gas leaving the core by coolant from the nozzles into the
upper plenum requires that the core exit gas temperature be 1050 F. To obtain
a mixed mean exit gas temperature of 1050 F from the top of the core, the
temperature of the gas leaving the center of the fuel channels must be higher
to offset the effect of dilution by the core leakage and bypass flow. Assuming
that 4.3 Mw are removed by the bypass flow and 80 Mw by flow through the fuel
assemblies, the required mixed mean temperature from the 234 fuel channels is
1075 F. This figure represents the maximum required since it includes the
maximum rather than normal bypass flow and probably also overestimates the heat
input to the fuel channels.

4.6.2 Temperature Distribution in Core

The graphite columns are cooled by helium flow in the annuli formed between the.
fuel assembly sleeves and the fuel channels in the columns. Approximately
32,000 lb/hr normally flows through the moderator coolant annuli during full
power operation. The coolant flow to moderator annuli is restricted by
orifices at the top and bottom dummy assemblies so that the flow for lower
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power regions of the core is reduced (Section 4.2.5). The criterion for fixing
moderator coolant flow is that exposed graphite surface temperatures must not
exceed 1100 F.

In general, the distribution of heat generation matches the neutron flux
distribution in the core and, therefore, depends on control rod position
and fuel composition. With the central control rod fully inserted and the re-

maining rods inserted 62 in., the maximum heat generation in a 16 x 16-in. cross
section moderator column is 90 kw.(5) The heat in the fuel assembly sleeves
is 35 kw, most of which is removed by moderator coolant. The maximum to
average axial heat flux ratio is 2:1; the peak occurs approximately five feet
from the bottom of the core. With this heating, a helium flow of 130 lb/hr
in each moderator coolant annulus of this column assures a maximum exposed
graphite temperature of 1100 F and an average temperature over the cross-
section of the block at the maximum point of 1175 F. The temperature distribu-
tion is shown in Figure 4.6.2. Temperature distribution in other columns is
similar, with slightly lower average temperatures due to lower heat generation.
The total moderator annulus flow required for this operating condition, if all
annuli are orificed to give 1100 F surface temperature, is 24,000 lb/hr. Since
it is not convenient to change orifices for all possible operation conditions,
additional coolant flow is used in those regions where flux distortions occur
due to motion of control rods or experiments.

The reflector columns are cooled by the helium in the annulus between the
thermal barrier and reflector, and by coolant flowing in the outer row of
moderator coolant annuli. Temperatures in the reflector columns will not
exceed 1050 F.

Conservative assumptions were used in calculating moderator and reflector
temperatures. A thermal conductivity of 15 Btu/hr-ft-F was assumed for the
graphite, which is the value estimated for the graphite after 20 years of
operation. The conductivity of unirradiated graphite is approximately
60 Btu/hr-ft F at operating temperature. Temperature distributions in both
moderator and reflector column cross sections were computed for two-dimensional
heat flow using a Teledeltos paper analog computer; axial distributions were
computed on a digital computer. This was necessitated by the irregular
geometries of most columns. In computing reflector temperatures, heat transfer
from column to column (across the gap between columns) was treated as conduction
in helium. In computing moderator temperatures, the outer surface of a column
was assumed to be insulated. No credit was taken for cooling by the control
rod coolant.

The moderator temperature will be monitored during operation by ninety thermo-
couples distributed throughout the core. Most of these are located in the
upper or hottest region of the core, but a few representative core columns
have thermocouples distributed over the entire length. Thus, it will be
possible to determine the effectiveness of the coolant flow distribution
during operation.

4.6.3 Fuel Element Heat Transfer and Mixing Correlations

The values of the heat transfer coefficient, both average and local, and the
calculated gas temperature asymmetries within the cluster, are based on several
different types of experimental data. These data include heat transfer and
mass transfer tests on a mock-up of the fuel element configuration, velocity
measurements on a 4/3 scale model, and mixing studies. All of these tests
were run with air as the coolant, at approximately the same Reynolds number,
rate of rise of gas temperature, and ratio of surface-to-bulk gas temperature
as for helium in the reactor. Neither the velocity distribution nor the
mixing studies have been completed, but preliminary results enable one to
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place limits on the range of gas and surface temperature variation within the
fuel element cluster.

In the analysis of the thermal and flow behavior of the EGCR design, each fuel
assembly was divided into three typical surface areas and the flow passage into
four sections, Figure 4.6.3.1. The average heat transfer coefficient was
determined from each of the three surfaces. The location of the line dividing
regions 3 and 4 is somewhat arbitrary in the region near the outlet. The
location which is shown in Figure 4.6.3.1 was found to give the best correlation
with the data.

Figure 4.6.3.2 shows the experimental results of local velocity data for an
L/De of 3.9 and a zero-degree orientation reduced to lines of constant velocity.
The elements are oriented exactly with those of the preceding assembly; this is
termed "zero-degree orientation". The ratio of the flow in regions 3 and 4
compared to regions 1 and 2 was determined by integration of the velocity
distribution over the areas. Values of the ratio of flows in the outer and
inner areas are given in Table 4.6.3.

TABLE 4.6.3

Ratio of Flow in Outer Flow Regions (3 and 4)
to Flow in Inner Flow Regions (1 and 2)

Conditions Ratio

Calculated at L/De = 0 1.69

Experimental at L/De = 3.9 1.58

Calculated, equilibrium 2.00

Calculated, equal velocity in
the outer and inner channels 2.13

The value of this ratio as the flow progresses over the first assembly is
expected to decrease from the entrance condition of 2.13 to 1.88 at
L/De = 3.9 and then to increase toward the equilibrium value. The dis-
continuity at the beginning of the next assembly is expected to cause the
ratio to decrease towards the calculated entrance value of 1.69.

In subdividing the cluster it was assumed that the heat and mas's transfer of
surface E (Figure 4.6.3.1) are affected by the flow in region 3. Flow region
4 is essentially an area of bypass flow. The data were then correlated by
using a modified Colburn equation of the form:

0.4
Nu5 = (ji) (Re5 ) (Pr)

s HB s sEq. (4.6.3.1)

where

Nu = Nusselt number,
Re = Reynolds number,
Pr = Prandtl number,
j = Colburn j-factor

and subscript s refers all physical properties of the gas to the surface
temperature, subscript H refers to heat transfer, and subscript B refers to
the surface of flow section in question. Rewriting Eq. (4.6.3.1) in the
form of a Dittus-Boelter type and referring the Reynolds number to the
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average cluster flow gives:

( D G \0.2 ( D G _. .
Nus = jHB Rea B B Rea B B a a Pr .

Eq. (4.6.3.2)

where

D = equivalent diameter,
G = mass velocity,
T = absolute temperature,
/L= viscosity

and subscript "a" refers the properties of the gas to average or bulk
conditions. For convenience let

DB G 0.2
CHBJBHB jRea B B

Da Ga/ Eq. (4.6.3.3)

and substitute in Eq. (4.6.3.2):

/ D G 08 T Ps 0.4
Nus = CHBBRea B.B\\p\

Eq. (4.6.3.4)

The mass transfer factor jM, (subscript M refers to mass transfer) is used in
the mass transfer-heat transfer analogy to determine the corresponding mass
coefficient CM. The experimental value of jM is corrected from the average
mass velocity to the local velocity. Thus:

3MBexperimental = MBcorrected
Eq. (4.6.3.5)

CNB =MBcorrected ReaM DB GB0.2

Da Ga Eq. (4.6.3.6)

Heat transfer coefficients obtained from heat transfer experiments with a
seven-element clust g and from heat transfer e riments with flow through
round tubes at NACA t ) and Stanford University were compared with the mass
transfer coefficient obtained for a completely simulated EGCR fuel element.
The values of CHB and CMB for the three surface areas and the average for the
cluster are shown in Figures 4.6.3.3, 4.6.3.4, 4.6.3.5, and 4.6.3.6. The
values of CHB from the NACA and Stanford reports are also shown. In general,
the agreement is within 7% between the heat and mass transfer coefficients
obtained from the experiments with clusters. The experiments agree with the
values from the NACA and Stanford reports, with the exception of the first half
of the center element, which is within 20%. All of the experiments except those
at Stanford were made with air. The Stanford data were obtained with nitrogen.

To apply the above correlations to the reactor requires a knowledge of the
properties of helium and the relative behavior of helium and air as coolants.
Figure 4.6.3.7 shows two curves for the thermal conductivity of helium. Prior
to 1960 the lower curve repr s t d what appeared to be the best consensus of
opinion as to this property. 2 '9) However, much of this information repre-
sented a theoretical extrapolation of room or low-temperature data to the
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higher temperatures. The upper curve is based on two reports(10)(ll) of ex-
perimental data. It is interesting to note that the upper curve agrees very
well with a calculated line computed from kinetic theory and viscosity data re-
ported by Nicklin.(12) Although the higher values of thermal conductivity now
appear to be correct, the lower values have been used throughout the thermal
analysis of the EGCR. The use of the lower curve thus results in computed fuel
element surface temperatures which are probably 60 F high.

A recent NASA report(13) compares results obtained for helium with that of air
and indicates that the helium data are slightly higher than for air. From
these reports it was found that the air data apply very well to helium at the
higher Reynolds number of interest with the agreement well within the error
introduced by uncertainties in the physical properties of the gases used.

Two preliminary conclusions can be drawn from the mixing experiments. First,
neither the midcluster spacers nor the top and bottom spiders when in the
aligned orientation appear to induce any gross mixing in the channel. Second,
the actual mixing agrees with that predicted from the turbulence or eddy dif-
fusivity type of mixing in a turbulent stream. The second conclusion thus
allows one to calculate the degree of mixing between the various flow areas
shown in Figure 4.6.3.1. For the EGCR configuration the following equation was
derived:

K = k -/ACp + 0.243,OV Eq. (4.6.3.7)

where:
K = total conductivity, Btu/hrft'F
k = thermal conductivity, Btu/hr-ft*F
A = viscosity, lb/hroft

C = specific heat, Btu/lb'F
= density, lb/ft3

V = velocity, fps

4.6.4 Fuel Element Temperatures

The thermal analysis of the fuel elements is divided into two parts; the deter-
mination of the nominal surface temperature of the elements along a channel,
and the determination of the temperature asymmetries within the elements. The
nominal surface temperature is determined by using the average gas temperature,
average heat flux, and average heat transfer coefficient at the axial position
being considered.

Because of the wide variation in flux profiles which may exist in the EGCR, the
thermal analysis of the fuel elements considered the many possible modes of
operation. The modes of operation and their effect on the axial and radial
flux profile are discussed in the nuclear design section (4.7).

In the analysis of the fuel elements the following design specifications were
used:

a. Temperature of the gas leaving the reactor vessel - 1043 F
b. Inlet gas temperature to the core - 510 F
c. Total flow through the core - 427,000 lb/hr
d. Maximum radial flux peak to average - 1.35.

In addition to these design specifications the following assumptions were made:

a. Mixed mean gas temperature leaving the top of the core - 1050 F.

b. Of the 427,000 lb/hr core flow, 387,000 lb/hr flows through the fuel
assemblies and 40,000 lb/hr through the annuli and core structure.
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c. Of the total heat generation rate of 84.3 Mw, 80 Mw is removed by the
fuel assembly flow and 4.3 Mw by the bypass flow.

d. The 80 Mw removed from the fuel assemblies is removed from the elements
and none from the sleeves.

e. Thermal radiation from the elements to the sleeves is negligible for
steady-state operations.

f. Loading is uniform.

The heat transferred from the fuel elements by thermal radiation(14) is shown
in Figures 4.6.4.1 and 4.6.4.2. The maximum heat flux in the fuel elements is
174,000 Btu/hr.ft2 . This corresponds to 34,000 Btu/hr'ft of element or 238,000
Btu/hr.ft of fuel channel. For an element surface temperature of 1475 F, a
sleeve temperature of 925 F and an emissivity of 0.6, the thermal radiation per
foot of fuel assembly is about 6500 Btu/hrft. Although this effect does not
greatly reduce the mean temperature of the cluster, it does have an appreciable
effect on the temperature asymmetries within the cluster. As seen in Figure
4.6.4.2, most of the thermal radiation is from the outer section of the outer
six fuel elements and reduces the local temperature in this region by about
30 F.

The assumption of a uniform core loading neglects the change in reactivity of
the fuel with time. For the EGCR this rundown of the fuel is expected to be a
maximum of 10%. This, then, means that the average or uniform core radial flux
distribution will have a 5% perturbation imposed on it. The manner in which
the reactivity changes with time is not known exactly, but the effect of this
assumption is to underestimate the surface temperature by a maximum of 25 F.

The maximum fuel element surface temperature for three modes of operating in
which the control rods are inserted to different depths into the core is shown
in Figures 4.6.4.3, 4.6.4.4, and 4.6.4.5. The central control rod is fully in-
serted and the remaining rods are operated as a bank which is worth 2.5, 1.6,
and 0.9%Ax respectively. The figures show the maximum nominal surface tempera-
ture as a function of the mixed mean exit gas temperature from the core. Two
operating conditions are shown; all orifices are set so that the exit gas
temperature from each channel is the same, and all orifices are set to maintain
the same maximum surface temperature in each channel. As can be seen from the
figures, the reduction in surface temperature by orificing for maximum surface
temperature is about 40 F. However, this latter method.of operation is more
difficult than the uniform exit gas temperature case, since it requires a
knowledge of both the radial and axial flux profile and is certainly more sus-
ceptible to operational errors. For these reasons, the mode of orificing for
uniform exit gas temperature was assumed for purpose of calculation.

As discussed in Section 4.6.1 the mixed mean exit gas temperature from the
channels will be 1075 F. Figures 4.6.4.6 and 4.6.4.7 are plots of both gas and
fuel element surface temperatures along the highest power channel in the core.
Figure 4.6.4.6 is for the bank of rods inserted to a depth of 62 in. from the
top of the core and with a worth of 2.5%&k and Figure 4.6.4.7 for a depth of
47 in. and worth of 1.6%edk. The maximum nominal fuel elements surface tempera-
ture and helium weight flow for each channel is shown in Table 4.6.4. The
channels are identified by their x and y coordinates and are measured in inches.
The values are given for one octant of the core only but are applicable to the
other seven since the fuel loading, experiments, and control rod pattern are
symmetrical. It is emphasized that these values are nominal only; variations
from the nominal value will be considered below.

Since flux peaking at the end of an element occurs where the heat transfer
coefficient is minimum and the surface temperature maximum, a three-
dimensional(15)(16) relaxation calculation was made to determine the tempera-
ture throughout the end of an outer rod of the cluster. The axial and radial
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TABLE 4.6.4

Gas Tem erature and Maximum TNoinal Surface Temperatures

Uniform Exit Gas Temperature
(1075 F)

Uniform Maximum
Surface Temperature a

Maximum Nominal Surface
Temperature, F

Channel
Group
X-Y

Flow
lb/hr

1589
2021
2283
2278
2140

1925
1669
1395
1223
2237

2236
2082
1859
1605
1359

1240
2255
2147
1957
1723

1474
1309
1988
1768
1515

1271
1134
1519
1257
1026

921

62-in.
Inser-
tion

1366
1416
1470
1468
1466

1454
1423
1404
1383
1470

1467
1461
1447
1420
1401

1381
1469
1467
1454
1426

1410
1398
1456
1431
1414

1385
1373
1416
1384
1367

1352

47-in.
Inser-
tion

1376
1402
1419
1417
1415

1400
1380
1361
1348
1418

1416
1409
1392
1378
1359

1347
1417
1416
1404
1384

1367
1356
1406
1388
1371

1352
1339
1375
1348
1334

1320

Flow
lb/hr

1448
1996
2379
2375
2218

1964
1663
1354
1171
2331

2322
2146
1882
1593
1317

1184
2346
2229
2003
1726

1446
1262
2038
1777
1491

1219
1072
1500
1203

961

846

a62-in. bank insertion, 1430 F
47-in. bank insertion, 1380 F
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variations were considered, and both the gas temperature and heat transfer co-
efficient were assumed to be constant around the circumference of the rod. The
results are shown in Figure 4.6.4.8 for peak power regions in the reactor. It
is seen that the end conduction through the MgO and end caps almost exactly off-
sets the increased generation rate. The effect of the flux peaking is to in-
crease the temperature only 5 to 10 F with the peak occurring about 3/4 in.
from the end of the U02 and completely vanishing 2 in. from the end.

In calculating the local temperatures within the fuel cluster the following
effects were considered:

a. Radial and axial heat generation gradient
b. Thermal radiation within the cluster
c. Variable heat transfer coefficient around the element and along the

channel
d. Gas temperature differences between the various flow passages
e. Eddy mixing between flow regions three and four (Figure 4.6.3.1)
f. Circumferential heat conduction around the graphite sleeve.

The eddy mixing from regions one and two to regions three and four was neglect-
ed, and the conduction through the elements was not considered, that is, the
flow of heat in the U02 pellets was assumed to be radial only. Regions one and
two were assumed to have the same gas temperature.

The net thermal radiation from the three surfaces is shown in Figure 4.6.4.2.
The heat transfer coefficients were determined from Eq. (4.6.3.4) and the total
conduction between regions three and four by Eq. (4.6.3.7). In applying the
conduction equation between regions three and four a mean distance for heat
flow, x, between the two regions was determined from the geometry of the system,
and the value of K/x was then treated as a heat transfer coefficient between
the two regions. The results of calculations combining all of these effects
are shown in Figure 4.6.4.9.

The temperature of surface E is not shown as it was found that its temperature
is very close to that of surface F. The difference between temperatures of
surface F and H gives the temperature difference around the outer elements
which leads to bowing of these elements.

The temperature gradients around the element which are encountered in practice
will not be as large as shown in Figure 4.6.4.9 since mixing between the inner
two and outer two regions will considerably reduce the difference in the gas
temperature between these regions and thus reduce the difference in surface
temperature of F and H at the top of a channel. At the end of the second
assembly where the heat generation is highest the conduction through the ele-
ment will reduce the temperature across the element by about 30 or 40 F so that
the maximum difference will be 80 to 90 F. At the top of a channel the dif-
ference will be well under 100 F.

In calculating the maximum temperature that the elements will reach, 75 F has
been allowed for local effects, which is greater by a safety factor of three
than the 25 F which was calculated (1500 F of Figure 4.6.4.9 compared to
1475 F for Figure 4.6.4.6).

A number of studies(17)(18) have been made to determine the effect of a tempera-
ture gradient across an element for both restrained and unrestrained cases.
Figures 4.6.4.10 and 4.6.4.11 were taken from Reference 17 and show the deflec-
tion of an element as a function of time for a constant temperature difference
of 100 F along its entire length.

Referring to Figures 4.6.4.9, 4.6.4.10 and 4.6.4.11, it can be seen that the
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maximum deflection of any element will be .020 to .025 in. The direction of
bow is different for the upper and lower elements. The permanent deflection of
the elements is the difference between the final deflection and the initial
elastic curve and will be about 0.010 in. As the fuel loading program is such
that the upper three and lower three assemblies are interchanged at their half
life, the permanent deflection of the elements at this time will be in the
direction to reduce the thermal gradients in the last half of their life. In
studying the thermal stability of such a cluster, it was found that a 0.001-in.
deflection of an element will cause an additional temperature difference of
approximately 1 F. Thus the design has sufficient restraint to prevent the
elements from reaching a point of thermal instability.

4.6.5 Fuel Element Hot Channel Factors

The term "hot channel factor" as used below refers to not only those factors
which affect the entire channel but also includes the local or "hot spot"
effects. The surface temperature of a fuel element at a point in the reactor
can be written as an explicit function of the physical characteristics of the
fuel assembly and the parameters of heat generation and transfer. The value
thus derived is the nominal value which is obtained in the case where all
parameters conform to their ideal values. The preceding section determined
this nominal temperature based on the mean or expected values of the parameters.
This section deals with the effect of deviations of the parameters from their
ideal or expected values. The mathematical justification of the procedure is
given in Reference 19.

The hot channel factors were determined for both the normal operating case and
for a channel with an additional 10% heat input. The factors were applied to
the highest power channel with 62-in. control rod insertion. These conditions
represent the most severe operating condition which can be visualized.

The largest single contribution to the hot channel factors is the uncertainty
in the heat transfer data which is considered to be 10%. The analysis of the
experimental results shows the data to be well within 10% of the correlations
used. In view of the reported results comparing coefficients of helium to air
and other gases and the conservative values used for the thermal conductivity
of helium (Section 4.6.3), the 10% is very conservative.

A total of 10 items were considered in the hot channel analysis. Each of these
items was treated as a random variable whose frequency function was assumed to
be rectangular. The assumption that the frequency functions are rectangular is
made for both simplicity and conservatism. When a dimension or design parame-
ter is specified as some value plus or minus a given uncertainty, it would be
expected that the actual value would lie within the plus or minus bounds speci-
fied and most probably would be peaked near the specified value. Rather than
attempt to anticipate the frequency function of each variable it has been
assumed that any value between the two extremes is equally likely, that is, a
rectangular distribution.

Table 4.6.5.1 lists the factors considered, the tolerance on each, and their
variances. Two cases were considered: normal operation and operation with an
additional 10% heat input. For normal operation the weight flow term is ex-
pressed in terms of five other variables which appear in this column. This is
due to the feedback from the exit gas temperature reading and the orifice
position. In the second case it was assumed that the channels receiving the
additional 10% power do not receive additional flow. These conditions re-
quired a different analysis in that there is no longer any feedback from the
exit gas temperature to the orifice position; thus the precision with which the
flow is known must be calculated for the normal operating case and then applied
to the new conditions. Orifices were assumed to be set for uniform exit gas
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TABLE 4.6.5.1

Hot Channel Factors

Outlet Gas Temperature: 1075 F
Maximum Surface Temperature: 1466 F
Film Temperature Drop at Maximum Surface Temperature: 621 F
Gas Temperature Rise to Maximum Surface Temperature: 335 F
Inlet Temperature: 510 F

Factor

Inlet temperature

Fission cross section

Radial flux

Axial flux

Fuel volume for length

Sleeve diameter

Fuel rod diameter

Heat transfer coefficient

Thermocouple error

Indicated thermocouple reading

Coolant weight flow

Normal Operation

Deviation Variance F2

+ 10 F 7.458

+ 2% 2.050

+ 1% 0.513

+ 2% 121.9

+ 1-1/2% 28.92

+ 1/6% 4.320

4/5% 59.23

+ 10% 1285

+ 25 F 452.0

+ 25 F 452.0

10% Above
Normal Operation

Deviation Variance F2

10 F 33.3

2% 147.6

-1 36.9

2% 147.6

1-1/2% 33.03

1/6% 5.23

4/5% 71.6

10% 1555

- 1314

O'= 57.8 Fa = 49.1 F
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temperature from all channels.

The variance of the sum of all the factors is the sum of the individual vari-
ances, and the standard deviation of the sum of all factors is the square root
of the variance. Thus, one has the standard deviation of some as yet unknown
frequency function. As the number of factors considered increases, the fre-
quency function of their sum must approach a normal frequency function. The
sum of five rectangular frequency functions very closely approached a normal
distribution so that the addition of another five factors can only further
decrease the difference between the actual and a normal distribution.(19) The
results listed in Table 4.6.5.2 are based on a normal distribution.

Table 4.6.5.2 gives the probability of the surface temperature of any one ele-
ment exceeding the expected temperature by the amount shown. The number of
assemblies in any channel whose peak temperatures are subject to these high
uncertainties is two, that is, there are only two assemblies in any channel
whose nominal temperature equals or approaches the maximum (Figure 4.6.4.9).
The number of individual elements per channel which are subject to the high
uncertainties is 14, and for normal operation the total number of elements in
the reactor is 3276. The values in Tables 4.6.5.1 and 4.6.5.2 assume a uniform
exit gas temperature from all channels so that the lower power channels will
have lower surface temperatures (see Table 4.6.4) and also smaller hot channel
factors. Thus the effective number of elements to which the probability
figures of Table 4.6.5.2 are applied will be considerably smaller. The number
of channels that may experience the temperature determined by the 10%-above-
normal case will be lir 'bed to those adjacent to an empty fuel channel, or at
most four channels. Thus the number of elements to consider for this case at
any one time is 56 (i.e., 4 x 2 x 7).

4.6.6 Fuel Element Pressure Buildup

The calculations to determine pressure builup were based on the diffusion
model proposed by Lustman and Booth.(30)(31) The model is represented by a two-
stage diffusion process. The first stage is a solid-state diffusion motivated
by a concentration gradient from uniform spheres which make up the oxide com-
pact. The spheres are conceived as being of theoretical density and having the
same total surface area-to-volume ratio as that of the fuel pellet. The second
stage is gaseous diffusion from the solid-state boundaries of the fuel pellet.
The latter stage is much more rapid than the first. Therefore, the release
rate is controlled by the solid-state diffusion, and consequently the fission
products, Xe and Kr, which have passed out of the oxide lattice are considered
to contribute to the pressure buildup in the fuel element.

The following data are used:

a. For normal operation Dt = 10-1 0 sec-1 at 1400 C and the activation energy
is 70 kcal/g-mole up to a temperature of 1600 C.

b. For long-time operation above 1600 C, 100% of the Xe and Kr is released.
c. For short-time operation and temperatures of 1600 to 1800 C, fission gas

release rate is linear resulting in a 2% release of Xe and Kr for the
first 1-1/2 hr and proportional to the square root of time thereafter
(the additional release between 1-1/2 and 9 hr will be 8%).

d. For short times between 1800 and 2000 C, Xe and Kr release is linear at
a rate of 1%/min.

e. For short times above 2000 C release is 100%.

The above design data are the result of analysis(20) of four types of experi-
ments:
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TABLE 4.6.5.2

Probability that the Surface Temperature
Exceeds the Mean Temperature Plus AT

Probability

ALT
F

0

10

20

30

40

50

60

70

80

90

100

110

120

130

140

150

160

170

180

190

Normal Operation
T = 1466 F

O = 49.1 F
Max. Dev. = 190 F

0.500

0 .420

0.342

0.270

0.207

0.152

0.1115

0.0770

0.0520

0.0335

0.0209

0.0125

0.0074

0.00405

0.00219

0.00111

0.00056

0.000275

0.000124

0.0000
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10% Above Normal Operation
T = 1562 F
O~= 57.8 F

Max. Dev. = 248 F

0.500

0.431

0.367

0.301

0.247

0.192

0.150

0.113

0.0830

0.0600

0.0415

0.0284

0.0189

0.0123

0.00775

0.00470

0.00283

0.00162

0.00093

0.00051



a. post-irradiation measurements of the rate of release of Xel3 3 or Kr85
from neutron-activated samples of UO2 over the temperature range of
1000-2000 C

b. post-irradiation puncture test of miniature LITR capsules, irradiated
under EGCR conditions

c. puncture tests of prototype EGCR fuel capsules after irradiation in the
ORR and the ETR

d. the instantaneous fission-gas release experiment in the C-1 lattice
position of the ORR.

The actual values of D? at 1400 C found from the experiments ranged from 10-10
to 10-14; thus the value which was used is an upper limit for the release rate.

These data were applied to the EGCR operating conditions to determine the U0 2
temperature and fission-gas pressure buildup.(21) The analysis included a
resistance equivalent to a 0.001-in. gas gap between the clad and the U0 2. The
transfer of heat across the gap by both conduction and radiation is accounted
for; thus, as the fission gases dilute the helium with which the capsule is
originally filled, the conductance is reduced. The variation in conductance
across this resistance for the element operating under the most adverse condi-
tions is from 2100 Btu/hr'ft2 *F at initial conditions to about 580 Btu/hr'ft2'F
at the end of the design life for the fuel.

In selecting the gap resistance for the elements a number of factors were con-
sidered. The cold clearance between the clad and U0 2 pellets may vary from
0.002 to 0.006 in. on the diameter, that is, a mean gap 0.001 to 0.003 in.
Examination of the relative behavior of the clad and pellet under reactor
operating conditions shows that for the peak power region, which is of primary
concern, the U02 will outgrow the clad and close the gap. Figure 4.6.6.1 shows
the final hot clearance as a function of the cold clearance for 100% helium as
the fill gas, and for a conductance of 0.276 times that of 100% helium. This
latter conductance corresponds to the end of life of an element. The conditions
for this curve correspond to those existing at the highest temperature region
of the reactor where the fission-gas release rate is a maximum. As the fission
products are released from the U02, the contained helium is diluted and the U02
temperature increases and reduces the gap as shown by the lower curve of
Figure 4.6.6.1.

In addition to the U0 2 expansion effects, the gap is reduced by the tendency of
the clad to collapse onto the pellets. Tests have been carried out in which
the temperature gradient in the U02 was simulated by a tantalum resistance
heater inserted down the center of a stack of clad U02 pellets. The cladding,
when subjected to a mean temperature of 1400 F and an external pressure of 320
psia, collapsed onto the pellets within 24 to 36 hr. No longitudinal wrinkle
was formed, even though the original diametral clearance was about 3.010 in.

No hot channel factors were applied to the analysis of the U0 2 temperature for
fission-gas release. The U0 2 temperature is dependent on heat generation rate,
gap resistance, quantity of gases released, and U0 2 thermal conductivity. The
heat generation rate was assumed to be maximum (62-in. insertion of control rod
bank) for the entire life of a fuel element. The equivalent gap resistance
used is the same as that assumed in the Preliminary Hazards Summary Report(22)
and is believed to be conservative. The fission-gas release is calculated from
the conservative value of Df found from the experimental program. The value of
thermal conductivity is based on the data of Hedge and Fieldhouse.(23) Thus
the use of the upper expected value for three of the four factors affecting the
U02 temperature and fission-gas release leads to calculated values which are
conservative.

The internal temperature profile, fission-gas release, and internal pressure
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for each fuel assembly in the maximum power channel have been computed.(21)
The fuel loading program is that in which the upper three and the lower three
fuel assemblies are interchanged At 5000 Mwd/MT fuel exposure averaged over the
six assemblies. Table 4.6.6 gives, the results of these calculations when the
reactor is operating with the central control rod fully inserted, the balance
of the control rods inserted as a bank to a depth of 62 in., and with the fuel
channels orificed for a uniform coolant outlet temperature of 1075 F. The axi-
al temperature profile in. each assembly was computed from the average cladding
and U02 temperatures of the fission-gas release calculations, and the detailed
axial surface temperature and power distribution data. As shown in Figure
4.6.6.2, approximately one-third of the length of the U02 in channel position 4
has a small volume of U0 2 at the inner surface of the pellets which operates at
a temperature in excess of 2912 F (1600 C). At the end of life, when this
volume of U02 is a maximum it amounts to only 2% of the total oxide volume in
the capsule. The fuel exceeds 2912 F only during the last 120 days of irradia-
tion (total exposure time is 1040 days), and the assumption of 100% release of
the fission gases generated in this volume only increases the total internal
pressure from 178 to 192 psia and the average fraction of gas released from
9.1 to 10.5%. None of the fuel assemblies have final internal pressures in
excess of the reactor coolant pressure of 300 psia, and only the assembly in
position'4 during the last half of its exposure period noticeably exceeds an
internal pressure of about 100 psia.

4.6.7 Cooling Requirements During Refueling

Loading and unloading of fuel can be accomplished with either the charge ma-
chine or the service machine. Normally, the reactor is refueled with the
charge machine.

During refueling with either machine, coolant flow must be supplied to the
channel being manipulated, however, the coolant flow required depends upon
which machine is used.

For normal unloading at full reactor power with the charge machine, the coolant
flow is first increased above normal flow and then decreased as a function of
radial and axial position of the column in the core.

The method of controlling coolant flow through the charge machine is described
in Section 5.9.5. The system consists of a flow-control valve with a remote
reset from the charge and service machine control room which enables the charge
machine operator to manually reset the flow to the charge machine. The supply
pressure to the flow-control valve is constant. The flow-control valve is set
to give the maximum required flow for the channel when the annulus seal is
broken. When the moderator annulus seal is broken, the channel coolant flow
increases by approximately 45%, because the channel resistance is lower. A
large portion of the coolant flows in the moderator coolant annulus and thus
bypasses the fuel.

Prior to breaking the annulus seal, the pressure drop across the lower-power
channel is 16.7 psi. This is a maximum value for all the channels in the core.
This pressure drop results in a lifting force on the fuel columns of about 335
lb. The column weight is 500 lb and, therefore, the column cannot levitate.
When the annulus seal is broken, the flow increases to the set value and the
pressure drop across the fuel column decreases to about 10 psi.

The coolant flow is reduced manually by the operator at three other fuel po-
sitions; when the column is half out of the core, when the column is completely
out of the core, and when the fuel is in the charge machine.

Keeping the flow constant at the maximum required value would result in two
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TABLE 4.6.6

Results of Fuel Element Life Calculations for Maximum Power Channel

Fuel Assembly

A B C D

Initial assembly position within fuel
channel

Heat generation rate, Btu/hr - ft
Average surface temperature, F
Peak surface temperature, a F
Internal pressure at exposure period

midpoint, psia
Proportion of fission-gas released at

exposure period midpoint, %
Fuel exposure at exposure period mid-

point, Mwd/MT of uranium
Channel position of fuel assembly during

second half of exposure period
Internal pressure at discharge, psia
Proportion of fission-gas released at

discharge, %
Fuel exposure at discharge, Mwd/MT of

uranium

1 (top) 2

800
1080
1185

43

3.0

200

4

192
10.5

9600

4500
1120
1245
49

3.0

1300

5

107
3.6

10,100 9700

aValue given is 100 F above calculated maximum surface temperature to allow for hot spots.

1:-

Q;L

E

3

19,000
1270
1475
77

F

4

32,700
1350
1575
172

3.0

5

30,800
1150
1535

99

3.5

8800

2

6 (bottom)

14,900
765
1160
51

3.5

4300

3

5400

6

61
3.0

9400

1

66
3.4

9600

87
3.0

10,100 9700
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undesirable conditions: the pressure drop across the top fuel assembly would
approach the value at which the assembly would float as the column is lowered
out of the core, and the graphite column would experience unnecessarily high
temperature gradients over its cross-section due to the increased coolant flow.
Some over-cooling of the graphite is unavoidable when the annulus seal is
broken and annulus flow increases considerably, but in general it is desirable
to minimize over-cooling. Annulus exit coolant temperature is 750 F for this
condition compared with 1050 F for a normal fuel channel.

A minimum flow is established in an empty fuel channel to give approximately
750 F outlet coolant temperature. Thus, graphite column temperature gradients
would be about the same as those encountered during the initial part of the un-
loading cycle. The required flows during loading operations, as a function of
position of the fuel column, are the same as during unloading.

Unloading of fuel assemblies with the service machine is permissible only at or
below 20% reactor power and flow. The pressure drop across the reactor core
corresponding to 20% power and flow is not large enough to cause lifting of a
fuel assembly.

A fuel assembly removed from the core is held in the fuel channel extension at
the top of the core for ten minutes to allow fission products to decay before
transferring the assembly into the service machine. After this holding time,
the after-heat has decayed to a sufficiently low level that the fuel element
cladding temperatures remain below 1600 F, with all heat being transferred by
natural convection and radiation to the surroundings.

4.7 Nuclear Design Features

4.7.1 Neutron Source

The neutron source for the EGCR consists of four small antimony-beryllium
sources installed in special holes in the core graphite. These holes are
symmetrically located about the core vertical centerline on a radius of approxi-
mately 24 in. Axially, the sources are located with their mid-planes 12 in.
below the core mid-plane to minimize shadowing effects of the peripheral re-
straint bands on the nuclear instruments. The sources are installed in core
columns 270-43, -53, -68 and -78 (Figure 4.3.2.1).

To avoid the need for neutron shielding in shipping containers and the service
machine, the beryllium shells and the antimony capsules are separately in-
stalled in the reactor. The beryllium portion is permanently anchored within
the core graphite columns. The antimony capsules are inserted into the be-
ryllium shells by the service machine. The hoist mechanism requires that the
item to be raised or lowered must weigh at least 25 lb to insure satisfactory
operation of the load sensing devices. Therefore, a graphite extension is
added to the capsule to provide the necessary weight. The coupling between the
graphite and the capsule is of the quick-disconnect type and includes a safety
retaining ring which must be manually removed before the components can be
separated (Figure 4.7.1).

It is expected that material in the capsule will attain a temperature of 1200 F.
Therefore, the antimony charge is antimony tetroxide (Sb204) which is stable
to 1700 F. Other components of the capsules are stainless steel. The be-
ryllium is stainless steel clad on its inner surface to avoid interference with
the insertion or removal of the antimony capsule due to swelling or possible
oxidation spalling of the beryllium.

When the reactor is shut down by the largest available margin (k=0.85), the
four sources in combination provide a flux of 14 n/cm2 .sec at the detectors.
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This flux level is the minimum requirement for the nuclear instrumentation
system detectors. Reactivation of the antimony will not be required unless a
sustained reactor shutdown in excess of two months is experienced. Initial
irradiation of the antimony capsules will be performed in one of the ORNL re-
actors.

4.7.2 Control Rod Worth

The accuracy of EGCR control rod worth calculations was determined by comparing
the calculated results with experimental values obtained at Hanford using the
Physical Constant Test Reactor (PCTR).(32) In this experiment, a 16-cell array
of EGCR lattice cells was assembled and the multiplication factor of the assem-
bly with a reflective boundary condition was measured with a control rod in-
serted at the center. In this condition the assembly was equivalent to an
infinite array of control rod supercells with 16 lattice cells per supercell.

The results of this experiment verified the accuracy of the previously adopted
four-group model of the control rod. In this model the control rod is assumed
to be black to all neutrons below 4.5 ev, constituting the lowest two groups of
the calculation, and diffusion theory is applied in the upper two groups. For
geometrical simplicity the cylindrical rod was replaced in parts of the analy-
sis by a rod of square cross secti9n ith the same absorption area according to
the definition of Hurwitz and Roe. 24) The results of the comparison calcula-
tions(33) for heterogeneous and homogeneous models for the lattice cells and
for both square and round cross sections are given in Table 4.7.2. A compari-
son of the calculated and measured thermal flux distributions is shown in
Figure 4.7.2.1 for two traverses through the supercell.

TABLE 4.7.2

Comparison of Calculated and Experimental Values
of the Worth-of EGCR Control Rods in a

16-Lattice Supercell

Description
Control Rod Reactor Lattice Supercell Control Rod

Geometry Region Geometry A k

Square Heterogeneous Square 0.152
Square Homogeneous Square 0.154
Cylindrical Homogeneous Cylindrical 0.150

PCTR experimental value: Ak = 0.158 0.012

The calculations confirmed the accuracy of the control rod model, and the con-
trol rod worth calculations for the reactor followed the second line of Table
4.7.2. The core was treated as a homogeneous medium, and the control rods were
individually represented by square regions. Two-dimensional calculations of
the entire core were performed in this manner so that the effect of leakage,
for example, on rod worth was explicitly included. The shutdown worth of the
full 21-rod bank in the cold reactor was calculated to be Ak = 0.261. Figure
4.7.2.2 shows the variation ofAk with insertion of a full 21-rod bank. Figure
4.7.2.3 shows theAk per inch for various depths of insertion of a full 21-rod
bank.

4.7.3 Reactivity Requirements

The fuel enrichment for the initial core loading was determined by fuel cycle
economics by the requirement for adequate shutdown margin at highest reactivity.
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The reactivity conditions are given in Table 4.7.3 for the selected fuel enrich-
ment of 2.46%. These conditions o got consider the effects of future experi-
mental loops in the reactor core. 34)

TABLE 4.7.3

Reactivity Conditions in the EGCR Initial Core
with 2.46% Enrichment

k
Core Condition eff

Hot, equilibrium Xe and Sm 1.087
Hot, clean 1.115
Cold, clean 1.161
Cold, clean, 21 control rods 0.920

The reactivity lifetime of the initial core with this enrichment is determined
by the fuel management program; the anticipated average exposure is 7000 Mwd/MT.
This exposure requires that the first refueling operating begin after 30 months
of reactor operation and continue for approximately 1-1/2 years. The enrich-
ment of the feed fuel elements is 2.25% which is consistent with the design
burnup of 10,000 Mwd/MT. At this time the reactor will be operating on a
steady basis with an excess reactivity of approximately 0.01 in the hot reactor.
The shutdown margin for the cold reactor will, for this case, be approximately
twice as large as that given in Table 4.7.3.

Calculations of the Ak resulting from the withdrawal of individual control
rods indicate that any five rods may be withdrawn, or fail to be inserted, and
the reactor will remain subcritical for the cold, clean, initial core described
in Table 4.7.3.(35) Although the Ak upon insertion, for control rods near the
center of the core, is above the average per rod with all control rods in-
serted the Ak upon individual withdrawal is nearly the same for all rods.
This increase in relative importance of regions near the core boundary when all
21 control rods are inserted is due to two factors:

a. The large amounts of both epithermal and thermal absorption in the con-
trol rods cause the reactor to tend more toward reflector moderation.

b. The deletion of rods A, Q, Z, and K (Figure 4.7.5.2) at the core boun-
dary from the full 25-rod array places a number of channels near the
core boundary at a larger-than-average distance from a Qontrol rod.

The shutdown margin is therefore generous and will permit safe operation of the
reactor without unduly severe restrictions on the number of control rods which
may be removed.

4.7.4 Reactivity Coefficients

It is convenient to separate the reactivity coefficient for the reactor into
fuel and moderator components. The fuel component of the coefficient derives
from the effect of fuel element temperature in broadening the effective U 2 38
resonance line shapes. This coefficient is always negative. It is also fast
in the sense that it follows the reactor perturbation which produces it with a
time constant of the order of seconds. Experimental measurements of this co-
efficient for the EGQR lattice have been made at Hanford with the Physical Con-
stants Test Reactor. 36) These measurements covered the range of fuel tempera-
ture from room temperature to 500 C and were extrapolated to the average fuel
operating temperature of 950 C. In terms of the U 38 resonance integral, the
extrapolation was made by fitting the measurements with the following
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expression:

1 d1 2 8  = 2.90 x 10-3 T-0.4 8  Eq. (4.7.4.1)
I28 dT

where I28 is the U238 effective excess resonance integral and T is in degrees
Kelvin. The theoretical basis for this expression is given in Reference(25).

At the fuel operating temperature the following value is obtained for the fuel
temperature coefficient of reactivity:

ldk = -2.1 x 10-5/C Eq. (4.7.4.2)/dT

The moderator component of the temperature coefficient derives from the effects
of graphite temperature on multiplication factor through its influence on the
thermal'neutron spectrum. At the specified initial enrichment-of 2.46%, the
moderator coefficient has been computed to be -2.4 x 10-5/C for the initial
core. This 9oefficient becomes positive in the initial core at an exposure of
5000 Mud/MT.(45 )For an equilibrium feed of 2.20%, this coefficient was calcu-
lated to be +3.0 x 10-5/C. Due to the thermal characteristics of the reactor
this coefficient has a long time constant, of the order of minutes, and there-
fore its positive sign does not give rise to a hazardous situation.

4.7.5 Power Distribution

The reactor power distribution depends upon the manner in which the reactor is
operated, especially the manipulation of control rods.(37) It is also depend-
ent upon whether or not the future experimental loops contain fuel assemblies.
A large amount of analysis has been done on the core with loops, and certain
general conclusions and procedures apply whether or not the loops are operating.
Therefore, this case is also considered along with the more immediately useful
case in which the loops are not installed. The case without loops considers
EGCR fuel in the two central loop locations.

It is emphasized that insofar as the maximum power level in a channel is con-
cerned the possible operation of the reactor with loop experiments need not be
distinguished from operation without loop experiments. This does not mean that
the loops have a small effect on the power distribution. In fact, the effect
in general results in entirely unacceptable radial power distributions unless
deliberate corrective action is taken. The insertion of selected control rods
near the center of the core provides a straightforward and acceptable means for
making this corrective action. Regardless of whether the loops are present or
not the reactor power distribution will undergo periodic large changes in its
important integral properties. Specifically, the power generated in any chan-
nel will undergo significant variations when control rod patterns are changed
or experiments are inserted or removed from the core. In all cases the maxi-
mum allowable power for any channel is limited by the available cooling capa-
city, and this limit is unchanged by the presence or absence of loop experi-
ments. Once an operating configuration has been chosen for which the maximum
channel power is less than the allowable upper limit, the detailed distribution
of channel power throughout the core is important principally for the deter-
mination of individual orifice settings for coolant flow control.

The axial power distribution within an individual channel is principally deter-
mined by the manner in which control rods are inserted into the core and is
independent of the presence of loop experiments except insofar as the presence
of the experiments affects the control rod program. Once an operating proce-
dure has been established which maintains the characteristics of the power dis-
tribution within the acceptable limits, the distribution is typical with or
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without loops. In either case the detailed distribution is only one of the
very large set which is possible.

The power distribution is most easily discussed in terms of its axial and
radial components, which for purposes of discussion are assumed to be separable.
The radial power distribution is described by specifying the ratio of the power
in each fuel channel to the average power per channel, and the axial power dis-
tribution in any channel refers to the variation of the ratio of the power per
unit length to the average power per unit length for that channel. Both dis-
tributions are thus normalized to unity, as is their product.

The maximum allowable radial peak-to-average power ratio, 1.35, is determined
by the maximum capabilities of the reactor coolant blowers. If this value is
not exceeded, proper channel orifice adjustments provide coolant flows which
match the power generation in each channel. The maximum axial peak-to-average
power ratio cannot be uniquely specified, since the fuel element surface
temperatures depend on both the position of the peak and shape of the distribu-
tion as well as its peak-to-average ratio. Values greater than 2.0 must be
avoided to prevent excessive clad temperatures.

The most effective means of maintaining the radial power distribution within
its limit is full insertion of control rods near the center of the core, which
flattens the radial power distribution. The axial power distribution is pri-
marily dependent on the degree of control rod insertion. As is seen from
Figure 4.7.5.1, the axial peak-to-average ratio reaches a larger than accept-
able value when control by this means exceeds about Ak = 0.025.

The most satisfactory means for controlling the power distribution over the
necessary wide range of reactivity control has been found to result through use
of the following procedure. Step increments of reactivity are obtained through
the full insertion of selected rods near the center of the core, and continuity
in the range of control is obtained with slight insertion of the remaining rods
to equal depths as a bank.

If future loop experiments are operated in the core at power generation rates
as high as 1 Mw each, a large amount of radial power flattening will be re-
quired, which can be accomplished by full insertion of the central control rod.

Without loop experiments in the core the radial power distribution is consider-
ably flatter: For example, with no control rods inserted and a uniform radial
fuel distribution, the radial peak-to-average power ratio equals 1.38, and with
the central control rod inserted this ratio is reduced to 1.16. To operate the
reactor throughout the range from kexcess = 0.095 to kexcess = 0.010 which is
required in the initial core, one satisfactory sequence of control rod con-
figurations is given in Table 4.7.5.1. The identification of control rods is
as shown in Figure 4.7.5.2.

Although a number of different rod programs are possible, the program given in
Table 4.7.5.1 minimizes the required depth of bank insertion and is thus
favorable with regard to the axial power distribution. If excessive orifice
adjustment is required by this program, fewer configurations may be used, at
the expense of deeper bank insertion, by incorporating other pairs and triplets
of rods fully inserted.

Tables 4.7.5.2 and 4.7.5.3 present typical radial power distributions for the
reactor without loops, and Figures 4.7.5.3 and 4.7.5.4 present typical and
limiting axial power distributions for the reactor either with or without
loops.
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TABLE 4.7.5.1

A Possible Program of Control Rod Operation
for the First Core

Desired Range of
Control ( 0 k)

0.095
0.080
0.070
0.055
0.040
0.020

0.080
0.070
0.055
0.040
0.020
0.010

Fully Inserted
Rods

N, G, 0, T, M
N. F, H, U, S
F, H, U, S
G, T
N
none

Maximum Ak Required to
be Bank Inserted

0.015
0.010
0.015
0.015
0.020
0.010

TABLE 4.7.5.2

Radial Power Distribution with a Uniform Radial Fuel
Loading, No Loops, and Control Rods

N, F, H, U, and S Fully Inserted

Radial Power Distribution in Indicated Channel (x,y)a

- x=12 x=20 x=28 x36 x44 x=52 x=60 x=68

4
12
20
28
36
44
52
60
68

0.611
0.842
0.956
1.046
1.131
1.177
1.158
1.079
1.006

0.842
0.876
0.879
0.942
1.065
1.136
1.129
1.068
1.024

0.956
0.879
0.653
0.683
0.962
1.075
1.079
1.064

1.046
0.942
0.683
0.682
0.939
1.036
1.025
1.003

1.131
1.065
0.962
0.939
1.011
1.082
1.039
0.958

1.177
1.136
1.075
1.036
1.082

1.158
1.129
1.079
1.025
1.039

1.079
1.068
1.064
1.003
0.958

1.006
1.024

ax and y are coordinates of channel in inches from center of reactor.

TABLE 4.7.5.3

Radial Power Distribution with a Uniform Radial Fuel
Loading, No Loops, and Control Rod N

Fully Inserted

Radial Power Distribution in Indicated Channel (x,y)a

x4 x=12 x20 x28 x36 x x52 x=60 x=68

4
12
20
28
36
44
52
60
68

0.698
0.976
1.111
1.159
1.146
1.084
0.986
0.869
0.785

0.976
1.068
1.139
1.162
1.137
1.071
0.972
0.867
0.807

1.111
1.139
1.162
1.156
1.116
1.042
0.942
0.874

1.159
1.162
1.156
1.130
1.080
1.004
0.902
0.833

1.146
1.137
1.116
1.080
1.042
1.013
0.912
0.805

1.084
1.071
1.042
1.004
1.013

0.986
0.972
0.942
0.902
0.912

0.869
0.867
0.874
0.833
0.805

0.785
0.807

ax and y are coordinates of channel in inches from center of reactor.
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4.7.6 Local Flux Distortion

Local flux distortions in the EGCR are primarily associated with the hetero-
geneous nature of the reactor lattice and the occurrence of discontinuities at
the ends of each of the six fuel assemblies in each fuel channel.

Two-dimensional lattice calculations have shown that the thermal flux trap
which results from an empty fuel channel produces an 8% increase of power in
the immediately adjacent channels. This condition occurs during fuel-handling
operations. In addition; during intermediate stages of fuel handli'g, power
peaking occurs at the end of a partially inserted fuel assembly.38) As the
fuel assembly is lowered into the charge machine the power density at the upper
tip of the fuel column is higher than the unperturbed power density at that
axial position by a factor of approximately 1.7. This peaking drops quite
rapidly to a factor of 1.1 within 1.5 in. of the tip, so that the power gener-
ated in the end pellet of the fuel is larger by a factor of 1.14 than in the
unperturbed condition at that axial position.

The discontinuous nature of the fuel columns causes peaking at the ends of each
fuel assembly during normal operation. This peaking has been measured experi-
mentally at Hanford with the Physical Constants Test Reactor and is illustrated
in Figure 4.7.6.1.(39)

The geometry of the EGCR fuel assembly gives rise to an asymmetric power dis-
tribution in the ring of six outer fuel elements. This effect is illustrated
in Figure 4.7.6.2. The power density at the outer surface of these elements is
larger by a factor of 1.26 than at the inner surface. This variation of power
density tends to cause bowing of the elements. A spacer is provided at the
cluster midplane as a restraint.

4.7.7 Reactivity Change During Fuel Handling

Removal of the fuel from a fuel channel causes a local increase in the modera-
tor-to-fuel ratio. Since the reactor is undermoderated relative to the maximum
reactivity condition this change causes a local increase in multiplication
factor and a net reactivity increase for the core as a whole.(40)

Analysis by two-dimensional lattice calculations shows that the maximum in-
crease in multiplication factor is Ak = +0.001 (0.1%). The predominant effect
is the increase in resonance escape probability for the lattice cells adjacent
to the empty channel.

4.7.8 Xenon Oscillation

It was found that spatial oscillations of the reactor power distribution due to
iodine-xenon effect will not occur'because of the relatively small size of the
core. Oscillations would be possible only if the moderator temperature coeffi-
cient exceeded the value of +53 x 10-5/C, which is greater at least by a factor
of ten than the value which is expected.

4.7.9 Reactivity Insertion

In addition to control rod withdrawal ad fuel handling, other sources of
reactivity insertion were investigated. 40)

a. Decrease in average fuel temperature
b. Leakage of steam into the coolant system
c. Flooding of the core with water.

A decrease in average fuel temperature affects the reactivity primarily through
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the doppler coefficient of the fuel. The magnitude of this effect was deter-
mined from the experimental measurements (PCTR) of k as a function of fuel
temperature. 36) The change in multiplication factor when the average fuel
temperature changes from the design operation point is shown in Figure 4.7.9.

Leakage of steam into the core and flooding with water produce increases in
reactivity because the increased moderation more than compensates for the added
poison. For steam, the excess k is essentially linear with steam pressure and
is +5 x 10-4 per 100 psi. Complete flooding of the core with water would in-
crease k by 0.06 (6%).

4.7.10 Fuel Lifetime

The reactivity lifetime of the EGCR has been calculated for three separate con-
ditions. In each case, it was assumed that the minimum operating value of the
multiplication factor is k = 1.01, which always allows peak xenon override, re-
quiring kexcess = 0.003, and allows full-power operation of the reactor for a
period of approximately 2 months without refueling. This operating margin pre-
vents jeopardizing the operation of the reactor due to an unscheduled outage of
the charge machine.

The following three conditions were analyzed:

a. Core uniformly loaded initially and operated until k = 1.01 with no
shifting of the positions of any fuel.

b. Core uniformly loaded initially, and fuel continuously repositioned
during operation in such a way that all fuel assemblies achieve the
same exposure during the operating period until k = 1.01.

c. Fuel of a specified enrichment fed to the core continuously at a rate
such that the multiplication factor is held constant at k = 1.01 and
the average exposure of the discharged fuel is 10,000 Mwd/NT.

For the initial EGCR core, with an enrichment of 2.46%, the computed lifetime
for conditions a and b are respectively 6600 Mwd/MT and 8200 Mwd/MT. The ex-
posure which will be achieved in practice by the initial core depends upon the
details of fuel management and control rod programming, but will fall within
the above limits, with the expected value near 7000 Mwd/MT. The feed enrich-
ment which will be required to obtain 10,000 Mwd/MT in the equilibrium cycle
described in condition c is 2.25%. The composition of the fuel at discharge
from the first core at 7000 Mwd/MT exposure and from the equilibrium core at
10,000 Mwd/MT exposure are given in Table 4.7.10.

TABLE 4.7.10

Fuel Composition at Discharge from the First Core
with 2.46% Enrichment and the Equilibrium

Core with 2.25% Feed Enrichment

Mass at Discharge (kg/MT of fuel)
Isotope First Core Equilibrium Core

U2 3 5  17.42 13.05
U2 3 6  1.28 1.66
Pu239 2.07 2.24
pu240 0.746 1.33
Pu 2 4 1 0.0523 0.126
Pu242  0.0120 0.0493

Additional analysis will establish the most advantageous mode of refueling the
core, both with regard to the equilibrium cycle and manner of operating the
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reactor for transition into the equilibrium cycle. The constraints upon the
analysis are the requirements for both an economic fuel cycle and an acceptable
power density distribution. The problem associated with the power distribution
is that of flattening the radial flux without detriment to the axial flux dis-
tribution.

For the equilibrium core a typical refueling procedure consists of loading
fresh fuel into a channel in an outer region of the core, shifting the fuel
assemblies from this channel into a central channel, and discharging the fuel
from the central channel. The replacement of fuel in the outer channel is to
be made when the fuel reaches an exposure of 5000 Mwd/MT, and as it is shifted
into a central channel its six fuel assemblies will be reversed in order in the
channel from position (1, 2, 3, 4, 5, 6) to (4, 5, 6, 1, 2, 3). The average
exposure in the central region of the reactor will thus be 7500 Mwd/MT and in
the outer region 2500 Mwd/MT, and a degree of radial power flattening will be
achieved. The inversion of fuel assemblies in the channel flattens the axial
exposure -variation, which is beneficial to the axial power distribution with
the control rods partially inserted.

The operation of the initial core is based on requirements for good fuel cycle
economics and efficient transition into the equilibrium cycle. In the ideal
case, the range of exposures and spatial variation of fuel composition at end
of core life should be identical to that for the equilibrium core. The wide
range of exposures required for this condition is difficult to achieve, and the
desired spatial variation cannot be obtained without some loss of core life,
since the placement of all of the highly irradiated fuel near the center of the
core represents a condition of lower reactivity than that with a spatially uni-
form composition. The ideal condition cannot be approached without resorting
to a program of fuel repositioning during the operation of the first core.

4.7.11 Nuclear Heating of Graphite and Control Rods(41)(42)(43)

A total of 5.7 Mw of energy is deposited in the graphite and in the control
rods. In addition, the absorption of neutrons by the control rods deposits
energy in the rods through the (n, a:) reaction with B10 .

The total gama-ray energy which is liberated in the reactor is broken down in-
to the individual sources in Table 4.7.11.1. The gamma rays from these sources
have been divided into six groups, and the escape probability from the fuel
assembly for each group calculated to give an effective source strength of the
fuel elements. The results are given in Table 4.7.11.2.

The sources given in Table 4.7.11.2 were used to obtain a detailed distribution
of gamma-ray energy deposition throughout the core moderator and reflector,
based upon the conservative assumption of four central loops each containing
experiments generating 1.1 Mw and with the central control rod fully inserted.
The total gamma heat deposition for this case is distributed throughout the
reactor as shown in Table 4.7.11.3.

TABLE 4.7.11.1

Gamma-Ray Sources in the Equilibrium Core
Energy

Source (Mev/fission)

Prompt fission and U235, pu239 and Pu2 41 capture 9.25
Fission-product decay 7.00
Stainless steel capture 1.74
U238 capture 2.50
U236, pu 240 capture 0.25

Total 20.74
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TABLE 4.7.11.2

Effective Gamma-Ray Source Strength of
Fuel Assemblies

Average
Group Energy

(Mev)

0.5
1.0
2.0
4.0
6.0
8.0

Escape
Probability

0.2237
0.44585
0.5698
0.5782
0.5584
0.5280

Totals

Total Source
(Mev/fission)

5.166
5.939
5.989
1.910
0.654
1.079

20.74

Effective Source
(Mev/fission) (w/cm)

1.156
2.648
3.413
1.104
0.365
0.570

9.26

4.720
10.810
13.933
4.509
1.491
2.326

37.79

TABLE 4.7.11.3

Distribution of Gamma Heat Deposition

Component

Graphite core columns
Graphite sleeves
Fuel elements (escaped energy which re-enters

other fuel elements)
Reflector graphite
Small loop tubes (future)
Large loop tubes (future)
Graphite plug in large loop tube location

Total

Energy Deposited
(Mw)

2.383
1.005
0.308

0.153
0.0113
0.0094
0.0059

3.88

Additional heating of the graphite results from the slowing down of fast
neutrons in the moderator and reflector. Based on an average fission spectrum
energy of 1.98 Mev and an average 1 of 2.53, which includes the plutonium iso-
topes, the total neutron heating is 5.01 Mev/fission or 2.16 Mw. Assuming that
the deposition is proportional to the fast-neutron flux, this energy is distri-
buted as shown in Table 4.7.11.4.

TABLE 4.7.11.4

Distribution of Energy Deposition Resulting
from Neutron Slowdown

Energy Deposited
(Mw)Component

Core graphite columns
Fuel element sleeves
Reflector graphite columns

Total

1.38
0.59
0.19

2.16

As shown in Table 4.7.11.5, the heat deposition in any control rod depends to a
considerable extent on the positions of all the other control rods. If any
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control rods are fully inserted into the core during full-power operation, they
will normally be either rod N, rods G, 0, T, and M, or rods N, G, 0, T, and M.
Although these rods may routinely be fully insertedi, any control rod may at
some time be fully inserted when the reactor is at full power.

TABLE 4.7.11.5

Axially Averaged Heat Deposition in Fully
Inserted Control Rods

Rods Rod Heat Deposition
Inserted Described (Btu/hrft)

N N 7340
G,0, T, M G 6165
N, G,0, T, M N 4465
N, G, 0, T, M G 5665
C, P, X, L P 4675

On the basis of calculations, the results of which are summarized in Table
4.7.11.5, the maximum anticipated heat deposition in each fully inserted rod is
tabulated in Table 4.7.11.6. Axial variation is as shown in Figure 4.7.5.4 for
a 62-in. bank insertion of the remaining rods.

TABLE 4.7.11.6

Maximum Anticipated Axially Averaged Heat
Deposition in Fully Inserted Control Rods

Heat Deposition
Control Roda (Btu/hrft)

N 7500
0, U, T 6500
P, V, Y, X 5000
Q, Zb 3000

aOne quadrant of core considered; other quadrants are identical.
bThese rods will not be installed in initial core.

When the bank of control rods is inserted 62 in. to give a A k of 0.025, the
total amount of heat deposited in the rods will be 1.0 x 105 Btu/hr. The
axially averaged heat deposition in each partially inserted rod for a repre-
sentative case is given in Table 4.7.11.7 and the axial variation is as shown
in Figure 4.7.11 which includes the peaking factor for the tip of the rod.

TABLE 4.7.11.7

Axially Averaged Heat Deposition in Bank-Operated
Control Rods, 62-in. Insertion (Rod N Fully Inserted)

Heat Deposition
Control Roda (Btu/hrft)

0, T 2570
U 2080
P, X 1700
V, Y 1410

aOne quadrant of core considered; other quadrants identical.
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4.7.12 Fast-Neutron Flux Distribution

The spatial distribution of the fast-neutron flux is of particular importance
in the EGCR due to radiation-induced volume changes in graphite and its effects
upon the reactor core design. Considerable work, both experimental and theo-
retical, has been done on this problem at Hanford, and from present results it
appears that the magnitude of the radiation induced volume changes in the
graphite is proportional to the integrated neutron dose above an energy of
about 0.2 Mev. A good correlation of experimentally measured shrinkage with
calculated fluxes results by using the conversion factor 1900 Mwd/AT equals
1 x 1020 nvt, where the dose (nvt) is measured above 1 Mev. The unit megawatt-
day per adjacent tonne (Mwd/AT) has been in common usage at Hanford in corre-
lating measured dimensional changes with exposure.

The fast-neutron distributions in the EGCR were calculated, both with multi-
group oI e-dimensional diffusion theory and four-group two-dimensional diffusion
theory. 44) A typical fast neutron exposure distribution for a lattice cell is
presented in Figure 4.7.12. The normalization is to the average power per unit
length for the fuel element. In addition to this fine structure, the fast-flux
distribution will contain the smooth variation which results from neutron leak-
age.

4.8 Reactor Experimental Features

4.8.1 General

The EGCR is an experimental and test reactor whose primary function is to
generate information for the development of advanced gas-cooled reactors.
There are numerous experiments and tests which will be an integral part of the
EGCR operation. Some of the more important tests will be those relating to
individual pieces of equipment and also to operation of the integrated gas
systems. Although this, in itself, is generally considered as normal operation
of the plant, the information obtained from the operation of the various com-
ponents will supply useful information for other generations of gas-cooled
reactors and is therefore one of the more important aspects of the information-
producing function. The EGCR will be operated under close supervision and
records will be kept on all phases of its operation.

Some of the experimental features of the reactor are future experimental loops,
instrumented fuel columns and surveillance specimens. The instrumented fuel
columns and surveillance specimens will primarily afford detailed information
about conditions in the reactor core. The experimental loops are intended to
derive information for future cores of the EGCR or for more advanced types of
gas-cooled reactors.

4.8.2 Service Machine Support for Experimental Facilities

The service machine, which is the basic supporting mechanism of the experi-
mental program, transfers the experiment specimens and assemblies to and from
the reactor core. There are basically three groups of in-core positions which
the service machine can operate on; eight fuel channels located coaxially with
the eight special nozzles, all other fuel channels, and the future experimental
loop through-tubes.

The first two of these groups of positions are cooled by the reactor helium
coolant stream. Experimental assemblies significantly longer than the standard
29-in. long fuel assembly can only be installed in the eight channels which are
coaxial with the special nozzles. The instrumented fuel columns are designed
for installation in these channels.
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All fuel positions in the core are accessible to the service machine and are
therefore potential locations for any experiment which can be properly operated
in the main reactor coolant stream and which can be assembled within the dimen-
sional envelope of the standard fuel assembly. Experiments requiring external
instrumentation can be located only in the channels directly below the special
nozzles.

The service machine is capable of installing and removing core-viewing equip-
ment, which is in the form of plug assemblies which fit into control rod noz-
zles. The viewing equipment is not included in the initial procurement, since
it will not be needed until after the reactor has been in operation. Once in-
stalled, this equipment is complete within itself and operates without assist-
ance from the service machine. The viewing equipment can only be installed
when the reactor is shut down and depressurized to pressures at or near atmos-
pheric. Three types of viewing plug have been designed; a channel-viewing plug
which can lower a television camera through the core channels, an upper plenum-
viewing plug for inspecting reactor components visible in the upper plenum, and
an illumination device to illuminate the upper plenum region.

4.8.3 Instrumented Fuel Columns

A single instrumented fuel column, containing four fuel assemblies may be lo-
cated in one of the eight channels which is directly below one of the special
nozzles. The purpose of the instrumented fuel column is to obtain information
about gas flow in the channel and temperatures of the gas, cladding and fuel.
This information is useful in indicating the approach of unsafe conditions and
as a basis for detailed analytical evaluation of thermal performance of the
core.

Two unattached fuel assemblies below the column complete the normal fuel load-
ing of six assemblies per channel. Thermocouples will be attached to some of
the assemblies in the column. A flow measuring device will also be provided in
the top dummy of the instrumented fuel column. From the flow and temperature
measurements it will be possible to check the analytical studies, and it will
also be possible to run a heat balance on the channel to determine the heat
generation in the fuel in the channel. This information may then be compared
with the flux measurements taken in the core in order to establish the accuracy
of such readings. The temperature of the fuel elements in positions 2 and 3
from the bottom of the core are of greatest interest since these fuel elements
attain the highest temperature. Fuel assemblies in positions 3 and 4 will be
instrumented to obtain both U0 2 central temperature and clad temperature since
the fuel assembly in position 2 cannot be instrumented. In addition to these
measurements, the local gas stream temperature will be obtained for fuel assem-
blies 3 and 5.

4.8.4 Experimental Loops

The experimental loops will not be installed until after 1966. However, pro-
vision has been made for the subsequent addition of the loops. The full des-
cription of the loops and their facilities will be given in a separate volume
of the Hazards Summary Report, which will be submitted prior to the installa-
tion of the loops. This section discusses only those loop components which are
an integral part of the initial reactor installation and which are of interest
to the hazard evaluation of the facility. A portion of a typical loop showing
the top and bottom nozzles and through-tube is shown in Figure 4.8.4. To per-
mit completion of the loops after the reactor has been operated, it is neces-
sary that each of the various components discussed below be installed during
reactor erection.
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a. Top and Bottom Nozzle Tee Sections

The top and bottom nozzle tees are welded to the reactor vessel during
field erection of the vessel and are surrounded by biological concrete
shielding. Access to this field weld at a later date is prohibited.
All nozzles must be installed in a particular sequence starting from the
central axis of the reactor pressure vessel.

The top nozzle inner tee is designed for 1100 psia pressure at 1075 F,
while the bottom nozzle inner tee is designed to operate at 1100 psia
at 975 F. The top outer tee is designed for 750 psia at 1050 F. The
bottom outer tee, the top and bottom nozzle blind flanges, and the bot-
tom nozzle ball-lock assembly are designed for 750 psia at 350 F. The
top nozzle breech closure is designed for 1100 psia at 350 F. (Elastomer
0-rings limit its operating temperature to 350 F.) The top and bottom
nozzle tees are designed to permit installation or removal of a through-
tube after the reactor has been operated.

b. Loop and Containment Piping

A large portion of the loop piping and its containment piping within the
reactor containment building is installed during field erection of the
reactor facility due to limited access to the pipe chases, and a high
radiation field after reactor operation.

The loop piping from the reactor containment vessel to the bottom nozzle
tee is designed for 1100 psia loop pressure at 975 F. The containment
piping around this section of pipe will operate normally with 350 psia
helium reactor pressure at 500 F. Its design pressure is 675 psia at
500 F. Since a through-tube will not be installed when the reactor is
scheduled to start operating, reactor gas will be in both pipes with the
ends capped. A sniffer section designed for 1100 psia at 975 F is in-
stalled at the junction of the containment vessel and loop cell wall.
This piping will be fabricated in sections consisting of loop piping and
insulation, and containment piping. The sections will be field-welded
to complete the loop and containment piping from the containment vessel
wall to the bottom nozzle tee.

The upper loop piping from the top nozzle tee to the cooler chase is de-
signed for 1100 psia loop gas at 1075 F. The containment piping around
this section of pipe will operate normally with a small positive pres-
sure for leak detection purposes. Its design pressure is 450 psia at
650 F. Both the loop and containment piping will be installed and
capped at the cooler chase during the interim period before the cooler
and other loop components are installed. Since a through-tube is not
installed during this interim period, reactor gas will be inside the
upper loop piping to the capped end at the cooler chase. The loop
piping from the bottom of the cooler chase to the containment vessel
wall is designed for 1100 psia loop gas at 975 F. The containment
piping around this section of pipe will also operate normally with a
small positive pressure for leak detection purposes and is designed for
450 psia at 650 F. Both the loop and containment piping will be in-
stalled from the bottom cooler chase to the containment building wall.
A dry inert gas at low pressure will be maintained in portions of the
installed piping that does not see reactor gas.

c. Nozzle Closures

A modified breech closure is installed in the top nozzle inner tee sec-
tion to seal loop gas from the containment after the through-tube is
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installed and to seal the reactor gas during the interim period prior to
completion of the loop. This closure will support shield plug or an in-
strumented fuel assembly. When the loops are installed, the closure
will support the shield plug and the loop test specimen.

To permit access to the welded breech plug in the bottom nozzle inner
tee section, the containment has a ball lock and crush-type 0-ring seal
backed up by a double 0-ring seal and flange located at the charge ma-
chine ceiling. A bottom shield plug and ball-lock assembly are handled
using the charge machine and a special adapter.

d. Interior Nozzle Cooling System

The purpose of the nozzle cooling system is to control the temperature
of the top and bottom nozzle outer tees and the reactor vessel nozzles
and nozzle extensions. The through-tube nozzle cooling system is part
of the vessel cooling system provided for the reactor to cool the gas to
the charge machine, service machine, reactor nozzles, and the reactor
vessel. Helium is extracted from the inlet.duct of the reactor coolant
system which is normally operating at 508 F. The fluid passes through
one of the two compressors of the system where the pressure is raised to
overcome system resistance. The fluid then flows through a cooler where
the temperature is reduced to 125 F. The helium then flows to a header
distribution system where it is distributed to each component. The
coolant for the top nozzle enters below the inner tee and flows down the
nozzle between the tube and the reactor pressure vessel nozzle extension,
discharging into the upper reactor plenum.

e. Leak Detection System to Top and Bottom Nozzle Outer Tees

Three seals are located at the top nozzles. The first seal is designed
as part of the breech closure and seals reactor gas from the secondary
containment when the through-tube is not installed. With the through-
tube installed, it seals loop gas from the containment piping. Double
0-rings on the blind flange seal the containment piping. Two connec-
tions for leak checking the seals are provided. One connection is lo-
cated between the breech seal and the first 0-ring on the blind flange
and is designated as the closure area, while the other connection is
located between the two 0-rings on the blind flange and is designated as
the double 0-ring area. The double 0-ring area line has a valve that is
normally closed and a pressure indicator upstream of the valve. This
line is connected to the leak-off and recovery system. The closure area
line, once away from the nozzle, has a tee connection that contains a
valve and is connected to a vacuum system. This valve is normally
closed. The line downstream of the tee has a valve that is normally
opened with a pressure indicator connected in the line. This line also
connects to the leak-off and recovery system.

In principle, the bottom seals are identical to those at the top except
that the closure seal has reactor gas instead of loop gas on the inside
at all times regardless of whether or not a through-tube is installed.
Both top and bottom blind flange seals must be connected to the leak-off
and recovery system before reactor startup in order to monitor the seal
areas.

4.8.5 Surveillance Specimens

Surveillance specimens are installed in the reactor vessel to monitor the
effects of radiation on the reactor materials. The surveillance specimens are
reactor pressure vessel steel specimens and graphite specimens.
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a. Pressure Vessel Irradiation Specimens

The EGCR pressure vessel is constructed of carbon steel, type SA-212,
grade B. The highest dose for the reactor vessel is in the region near
the horizontal midplane where the fast-neutron flux will accumulate to
approximately 1O18nvt. The temperature in the region is approximately
550 F. There are at present no test data on such material which are di-
rectly applicable to the EGCR design. Of particular interest is the
embrittling effect of irradiation. A number of surveillance specimens
are to be installed in tubes attached to the surveillance nozzles.
These tubes terminate in the annulus between the thermal barrier and the
pressure vessel, where the values of the flux and temperature are near
those which the vessel will experience. Removal of the specimens is
effected through the surveillance nozzles. The number of specimens and
the proposed conditions of the test are tabulated in Table 4.8.5. In
addition to the samples that are irradiated in the reactor, a number of
samples are to be provided from the vessel material for out-of-reactor
testing so that information from in-pile material tests can be corre-
lated with data obtained from the out-of-pile tests.

b. Graphite Specimens

To monitor irradiation effects such as irradiation-induced shrinkage,
buildup of stored energy, and oxidation rates, a number of graphite
samples will be placed in the core. These samples will be removed and
examined during the lifetime of the plant. The specimens will be placed
in central channels, roughly in the same position as the graphite fuel
assembly sleeves. The temperature at the specimens will be 500, 750,
and 1150 F at the bottom, middle, and top positions respectively.

4.8.6 Flux Scanners

It is expected that the power distribution in the EGCR may change markedly from
time to time, both as a result of changes in the control rod pattern and, in
the future, as a consequence of experimental loop operation. The need to know
the power distribution arises from the need to control the coolant flow distri-
bution. This control is effected by means of the adjustable orifice in each
fuel channel. Orifices will be adjusted to yield the same gas outlet tempera-
ture from all fuel channels. The flux scanner system s not a part of the
reactor safety system, nor the essential process instrumentation. It is an
operational aid which will greatly simplify the task of adjusting flow orifices
and will facilitate the interpretation of various experiments that may be per-
formed in the reactor. Since adjustment of orifices over much of the reactor
core will be a very laborious and time-consuming operation, and since orifice
adjustments will not be independent (that is, flow in one channel will be
affected by orifice adjustments in a large number of other channels), it is
necessary to predict orifice settings before undertaking large-scale readjust-
ments. The flux-scanner system will provide flux plots of the reactor core
which can be used to determine core heat generation and required coolant flows.

Thin-walled stainless steel tubes penetrate the core axially in 18 positions,
each equidistant from the four adjacent fuel channels. Wires, containing
manganese or copper, are driven into the core, activated, withdrawn, and
scanned sequentially by one of three scintillation counters. The quantity of
principal interest will be the integral of the flux distribution over the
length of the wire spanning the full height of the core. Any variations
greater than a few per cent that may occur in axial distributions will be de-
tectable. From the 18 flux readings it will be possible to confirm or correct
calculated flux distributions.
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TABLE 4.8.5

Sa nr~r' i

Specimen
Taken From

Base Metal

Base Metal

Base Metal

Base Metal

Base Metal

Base Metal

Weld Metal

Weld Metal

Weld Metal

Weld Metal

Weld Metal

Weld Metal

RPI HAZ (b)

Total

Exposure Time
in Reactor (year)

2

5

10

15

18

20

2

5

10

15

18

20

Radiation
Exposure (nvt)

1017

2.5 X 1017

5.0 X 1017

7.5 X 1017

9.0 X 1017

1018 (c)

(c)

1017

2.5 X 1017

5.0 X 1017

7.5 X 1017

9.0 X 1017

1018 (c)

(c)

(a)

(a)When base metal data indicate damage, specimens are withdrawn.

(b)Specimens are taken from the base metal and given the RPI treatment to
simulate material in the heat-affected zone.

(c)These specimens are to be exposed for a 20-year period or may be with-
drawn at an earlier time to be used in annealing tests if the data
obtained from earlier tests indicate the need for annealing the
pressure vessel to restore the impact strength of the pressure vessel.
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20

20

20

20

20

20

12

10

10

10

10

10

10

20

36

248

Number of
Subsize
Tensile
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3

3

3

3

3

3

2

3

3

3

3

3

3

2
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Each of the 18 tubes penetrating the reactor pressure vessel is routed through
the lower grid structure of the reactor to the appropriate position beneath the
graphite stack, and then passes up through the core. The tubes are closed at
the upper ends; the insides of the tubes are at atmospheric pressure. The tubes
are fabricated from type 304 stainless steel and are 1/2 in. OD and 3/8 in. ID.
They are designed to withstand 350 psi external helium pressure at reactor core
operating temperatures. Each tube contains isolation valves external to the
biological shield so that a defective tube can be isolated.
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5. PLANT DESIGN

5.1 Plant Layout

5.1.1 General

The EGCR building complex, as shown in Figures 2.2.1 and 2.2.2 consists of a
reactor building, experimenters' equipment cells, a reactor service building,
a turbine building, and a control building. Auxiliary structures and areas
include items such as the river pump station, the chlorination building, a
guardhouse, warehouse, the elevated fire protection water storage tank, the
warm waste retention basin, the helium storage area, a substation, an acid and
caustic storage area, the exhaust stack, equipment cells for emergency cooling

loop, purge system, and fission-product filter system.

5.1.2 Reactor Building

The reactor building is a steel pressure vessel which houses the reactor and
its biological shield, two steam generators, two reactor coolant blowers and
drives, the reactor coolant piping, shielded chases for future experimental
loop piping, the charge machine, the service machine, the charge and service
machine control room, gas purification equipment, an overhead crane, and bio-
logical shield cooling equipment. Elevations of the reactor building are
shown in Figures 2.2.3 and 2.2.4. The containment shell is a steel cylinder,
114 ft diameter, 216 ft 3 in. overall height, with a hemispherical dome and
a torospherical bottom. The height of the shell above grade is 147 ft.

A factor in establishing the shell diameter was the necessity to transpose the
service machine and the charge machine from a vertical to a horizontal position.

All floors in the reactor building are served by a multipurpose elevator for
passengers and freight, an enclosed stairway, a spiral type emergency personnel
escape chute which is adjacent to the personnel airlock, and by a bridge crane
(through removable floor hatches). The airlocks provide access to the reactor
building from the reactor service and turbine buildings; one is an equipment
airlock which is also suitable for personnel use, the other is an airlock for
personnel. These airlocks provide adequate safety and maximum operating con-
venience.

5.1.3 Reactor Service Building (Figures 2.2.5 and 2.2.6)

The major areas of the reactor service building are located on the ground floor.
The building is subdivided into two parts by a wall extending the full height
of the building. One subdivision houses the spent fuel storage basin, an over-
head service crane, maintenance, decontamination, and dismantling areas for
charge machine and service machine internals. The other subdivision of the
service building is connected to the turbine building and houses a maintenance
and storage area for spare charge machine and service machine internals, the
reactor building equipment airlock entrance, an overhead crane, and the reactor
operating personnel change room.
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5.1.4 Turbine Building (Figures 2.2.5 and 2.2.6)

The turbine building houses the turbine-generator, steam plant auxiliaries,
electrical equipment and heating and ventilating equipment. A health physics
monitoring and control station, a health physics laboratory, and the new fuel
storage vault are located at ground floor level on the side adjacent to the
reactor building. A utility corridor provides access to these rooms from the
reactor building personnel airlock. A separate change room is provided for
steam plant operating personnel.

The second floor contains the first-aid room, analytical laboratory, counting
room, instrument shop, lunch room, telephone equipment space, storage area,
and heating and ventilating equipment. The basement, ground, and second floors
of the turbine building are served by two enclosed stairwells and one combina-
tion freight and passenger elevator.

Roof ventilators, heating and ventilating system fans and the deaerator house
are located on the high roof of the turbine building. A 42-inch emergency
drain tunnel prevents flooding of the turbine building basement by providing
a gravity drain to the Clinch River.

5.1.5 Experimental Loop Equipment Cells

Experimental loop equipment cells are arranged in a horseshoe-shaped concrete
room 24 ft 0 in. wide by 15 ft 3 in. deep and 291 ft 0 in. in length external
to the reactor building. This structure is subdivided by seven steel bulkheads
into eight compartments of equal size. The cells are adjacent to the reactor
containment building on the inner edge of the horseshoe; a 12-ft wide access
tunnel is located on the outer edge of the horseshoe (Figure 5.1.5).

Each cell is equipped with two blanked-off penetrations which pass through the
containment building wall. Equipment may be placed in the cells through an
11 ft 6 in. by 26 ft 0 in. opening in each cell roof. A removable roof hatch
covers each opening.

Personnel access into each cell is through a roof penetration having a sealed
door at the cell ceiling. A portable air lock will be connected to the top of
the cell roof penetration for personnel entry.

Cell shielding provided consists of 2-ft thick concrete walls, a 2-ft 3-in.
thick roof slab, and a 1-ft 6-3/4-in. thick hollow steel bulkhead between cells.

5.1.6 Control Building (Figures 2.2.7 and 2.2.8)

The ground floor level of the control building contains the main control room
for the reactor and steam plant and a separate area for the future experimenters?
control and instrumentation equipment. The close proximity of the two control
areas will permit close coordination of future experimental loop operations
with plant operations. Located under each of these control areas is a basement
with space for instrumentation circuits. Offices are located on the second
floor.

5.1.7 Spent Fuel Storage Basin (Figure 5.1.7)

A basin for storing spent fuel assemblies and other radioactive components is
located at the west end of the reactor service building. The basin, 39 ft long,
12 ft wide and 20 ft deep is a concrete structure with stainless steel lining
on the bottom and extending one foot up the sides. Demineralized water is main-
tained at a depth of 19 ft for radiation shielding. Fuel assemblies, control
rods, experimental samples and other irradiated components removed from the
reactor enter the basin through a chute at the west end of the basin. A 6-ft
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square by 7-ft deep pit at the east end of the basin is used as the shipping
cask loading area. The depth of this pit permits loading the fuel assemblies
into the casks with an adequate' water cover. The basin is equipped with facili-
ties for performing the spent fuel and contaminated component handling opera-
tions.

5.1.8 Electrical Switchyard

The EGCR switchyard is essentially a transformer station. The switching
facilities for the 13.8 kv transmission line to the EGCR are located in the

X-10 area substation approximately 2.8 miles southwest of the plant site and
are further described in Section 5.7.2, External Electrical Grid. The switch-
yard contains the incoming line structure for terminating the BGCR 13.8 kv
transmission line and overhead ground conductors, the disconnect switch between
the transmission line and the EGCR main isolating transformer, the 25 Mva 13.8-
13.8 kv main isolating transformer and neutral grounding resistor and two
5 Mva, 13.8-2.4 kv station auxiliary transformers with their associated neutral
grounding resistors.

Lightning arrestors on the incoming line structure protect the main isolating
transformer and the ]GCR]3.8 kv bus from lightning surges on the 13.8 kv
transmission system. Dry-pipe water sprinkler systems are installed around
all transformers. There is adequate spacing between all transformers to deter
the spread of fire from one to another. A grounding grid with connections to
all equipment, lightning arrestors, structures and fences, and with intercon-
nections to the plant ground grid, is installed to assure personnel safety.

5.1.9 River Pump Station

The river pump station which is located on the bank of the Clinch River ap-
proximately 500 ft east of the turbine building is the source of condenser
circulating water, service water and fire protection water. The pump station
consists of a reinforced concrete structure which encloses the wet pump pits
and supports the vertical turbine pumps at operating floor level. A bridge
connects the pump station with the access road.

The structure is divided into two separate wet pits. The north pit contains
one 12,500 gpm circulating pump, two 1700 gpm service water pumps and the
gasoline engine-driven 2500 gpm fire pump. The south pit contains four pumps
identical to those in the north pit, except that the south fire pump is elec-
tric motor-driven. A bar screen, sluice gate, and a traveling water screen
are installed at the entrance to each pit. The two sluice gates between the

two pits are normally open and are closed only to permit access into a compart-
ment.

The gasoline engine and pump, engine controller, gasoline storage tank, and
electric-driven fire pump controller are housed in a concrete block structure
on the operating floor. Other equipment is mounted outdoors.

5.1.10 Stack

The exhaust stack is located northeast (plant grid) of the reactor building.
The stack, 200 ft high, is constructed of reinforced concrete and is brick-
lined. Its inside diameter is 9 ft 0 in. at the top and 11 ft 4 in. at the
base.

The stack exhausts ventilation and biological shield cooling air from the
reactor building and heating and ventilating air from the reactor service
building and experimental cells. It also is used for the controlled exhaust
of contaminated helium from the reactor coolant system pressure relief
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equipment. Stack monitoring equipment is installed on a platform at an eleva-
tion approximately 131 ft above grade.

5.1.11 Liquid Waste Storage Facilities

Storage within the reactor building is described in Section 6. Radioactive
liquid waste outside the buildings is stored in the warm waste retention basin
and the hot waste storage tank, both located approximately 150 ft northwest of
the reactor building. Radioactive wastes from any of the storage facilities
within the reactor building -can be pumped to either hot or warm waste yard
storage facilities through a distribution valve pit located near the hot waste
storage tank.

The warm waste retention basin is an open rectangular concrete tank divided
into two 45,000 gal portions by a concrete partition. Each half may be drained
through a gravity sewer to the service water return sump and thence to the
river.

The hot waste storage tank is a buried cylindrical stainless steel tank with
a 25 gpm, stainless steel, vertical, electrically-driven, turbine pump. The
hot wastes are transferred to tank trucks by use of hose and the above men-
tioned pump for ultimate disposal.

5.2 Shielding

5.2.1 General Criteria

Shielding thicknesses are specified to limit the dose rate in unlimited access
areas to 0.75 mrem/hr or less under normal operating conditions.

Limited access areas which require occupancy on a regular basis are the working
areas in the service machine room and the charge machine room. The shielding
design for the charge machine is based upon a full complement of spent fuel.
For the service machine, the design is based on shielding from the control rod
and shroud in addition to a full complement of spent fuel. The calculated
dose rate does not exceed 7.5 mrem/hr at one meter from the external surface
of the shields.

Other areas requiring occasional occupancy, and which would require restricted
access when the reactor coolant system is contaminated with fission products,
include the rooms containing the steam generators, helium blowers, purification
equipment, and BSD equipment rooms. Using the general design criterion of
1,000 curies of fission product activity in the reactor coolant system, the
maximum dose rate in the rooms containing reactor coolant piping or equipment
is calculated to be approximately 400 mrem/hr. The purification equipment is
not shielded and dose rates and allowable access will be determined during
operation. Sufficient space, however, has been allocated for shielding of
purification system components and piping in the event that operating experi-
ence indicates the necessity for this shielding.

The entire containment building is considered a restricted area and personnel
access will be governed by administrative control.

5.2.2 Reactor Biological Shield

The top and bottom reactor biological shield consists of a 7-ft thickness of
high density (285 ft3) ferrophosphorous concrete. Gaps around the control rod
nozzles and special nozzles attached to the reactor vessel top head allow for
thermal expansion of the vessel and nozzles with respect to the biological
shield. Similar gaps are provided around the bottom charge nozzles. To
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minimize the radiation streaming through these gaps, collars are attached to
the nozzles and the nozzle diameters are increased in discrete steps.

Each of these top and bottom biological shields consists of a steel grid struc-
ture filled with high density concrete. The concrete serves only as a shield
since the steel grid forms the structural member.

Ten feet of conventional concrete is used in the vertical biological shield
walls around the reactor vessel. The inside surface of the biological shield
is continuously cooled by the shield cooling air. A vertical gap one inch
wide, filled with resilient joint material, accommodates thermal expansion of
the inner four feet of the shield wall which absorbs most of the heating. All
ducting through the biological shield makes two 90 deg bends to reduce radia-
tion streaming from the reactor vault.

5.2.3 Shield Plugs

Shield plugs are inserted into all the reactor vessel access nozzles, both
above and below the reactor to prevent streaming of neutrons and gamma rays
through the biological shield, and thereby permit personnel access to the
service machine and charge machine areas. High density ferrophosphorous con-
crete is used in all shield plugs.

5.2.4 Coolant System

The reactor coolant system shielding consists of ordinary concrete walls
separating the outlet and inlet helium pipes, the reactor coolant blowers,
and the steam generators from adjacent areas. The thickness of these walls is
based on the assumption that 1000 curies of fission products with an effective
gamma energy of 1 Mev per disintegration are dispersed in the reactor coolant
system. The shielding for the reactor coolant piping is designed on the
assumption that the 1000 curies are uniformly distributed throughout the system.
The steam. generator shielding thicknesses are designed on the assumption that
the 1000 curies are concentrated within the steam generator.

5.2.5 Control Room

Concrete shielding, approximately 2 ft 6 in. thick, is installed between the
control room and the containment building to permit control room occupancy
following an accident. The building structure serves as shielding for the
remainder of the control room.

5.3 Reactor Containment

5.3.1 Containment Philosophy, Criteria and General Description

The containment system for the EGCR serves to protect the public against
radiation exposure in excess of established safe values by limiting the activi-
ty which can be released by any credible occurrence. In general, dispersal
by atmospheric discharge is permissible up to the limit of public exposure
(Section 9.1).

The building is designed not only to contain reactor coolant which would be
released following a coolant system failure, but also to contain nuclear and
chemical energies which could be released. The maximum release does not re-
sult in internal pressures greater than 9 psig or in shell temperatures in
excess of 200 F.

The containment system includes a steel pressure vessel which surrounds the
reactor complex.
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Numerous penetrations are necessary for electrical and instrumentation leads
for heating and ventilation ducts, and for the connection of the reactor com-
plex to its auxiliary systems and to the turbine-generator system. Isolation
valves installed in certain lines penetrating the shell complete the isolation
system. These valves require closure in the event of abnormal or accidental
release of radioisotopes from the enclosed reactor system.

A criterion for plant design requires that the reactor operator should not
be relied upon to take action from the control room within thirty minutes in
the event of an accident or forty-five minutes if corrective action requires
the operator to leave the control room. Therefore, the activity release during
these periods must not result in excessive doses outside the containment build-
ing. Any release, either controlled, abnormal, or accidental, which would
otherwise exceed the established safe level must be prevented by automatic
operation of the containment isolation system (Section 9).

The containment building surrounding the reactor complex is a 114-ft diameter
cylindrical vessel with a hemispherical top head and a torospherical bottom
head. The inside height is approximately 216 ft. The bottom head, approxi-
mately 70 ft below grade, is encased in concrete. The cylindrical portion
contains nozzles and penetrations required for ventilation, interconnection of
systems, and two air locks, one for equipment or personnel and one for
personnel only.

The containment building is designed to the ASME code (1) for an internal
pressure of 9 psig at 200 F. The shell and head plates are constructed of
SA-201, Grade B steel to A-300 requirements. All pressure stressed welds,
welds attaching penetrations to the shell, and welds which, if defective, would
represent a weakness in the structure are 100% radiographed except that mag-
netic particle or fluid penetrant inspections are used in the case of welds
not amenable to radiography. The entire structure is pressure tested to
11.25 psig with the air locks inplace, and is leak tested at 9 psig after
completion of all. penetrations. The leak rate, before installation of all
penetrations, over a 24-hr period is specified to be less than 0.5% of the
contained weight of air. A 96-hr leakage test was conducted on the containment
shell during April, 1962. The leakage rate was determined to be less than
0.1% per 24 hr.

5.3.2 Containment Building Design

The design of the containment building is in c nformance with the following
ASME Boiler and Pressure Vessel Code sections:(1

a. Section II, Material Specifications
b. Section VIII, Unfired Pressure Vessels
c. Section IX, Welding Qualifications.

In addition, the following ASME Nuclear Code Cases apply:

a. 1270N, General Requirements for Nuclear Vessels
b. 1271N, Safety Devices
c. 1272N, Containment and Intermediate Containment Vessels.

The following tabulation lists the loads, pressure, and temperature used in
the design:

Snow load 10 psf
Insulation 1 psf
Basic wind pressure, top head 40 psf
Basic wind pressure, cylinder 30 psf



Seismic, horizontal coefficient 0.05 g

Seismic, vertical coefficient 0.025 g
Internal pressure (design) 9 psig
Maximum temperature of contained gases 200 F
Minimum factor of safety for buckling 4
Equipment air lock:

Moving load on 4 sets of wheels
on an area 5 ft by 10 ft 120,000 lbs

Personnel air lock:
Floor live load 200 psf

Equipment and personnel air locks:
External pressure 2 psig
Internal pressure 9 psig
External pressure (inside building) 9 psig

The thickness of the bottom head includes a 1/16-in. corrosion allowance.

Erection of the containment building is in two stages, in compliance with ASME
Nuclear Code Case 1272N. The erection tolerances are such that the location
of the heads gnd cylindrical walls may vary from their theoretical location by
a maximum of - 2 in. Nozzles, air locks and pipe penetrations may vary from
theoretical elevation and plan locations by a maximum of 1/2 in. The side
walls must be plumb within 1 in. in forty feet.

5.3.3 Mechanical and Thermal Stress

Shell plates, air locks shells and head plates, reinforcement, and stiffners
conform to ASME Specification SA-201, Grade B, firebox quality and to ASME
Specification A-300 requirements. Forged steel flanges, including blind
flanges, are of material specified by ASME Specification SA-350 Grade LF-l.
Penetration flanges are of the raised face bolted type. Gasket material is
live rubber suitable for the temperature range of 0 to 200 F. Pipes and tubes
for penetrations, and other uses subject to stress due to pressure, conform to
ASME Specification SA-333, Grade C.

Structural shapes, plates and bars for temporary support and those not a part
of the pressure containing elements of the structure conform to ASME Specifica-
tion SA-7. Steel pipe for structural support and not a part of the pressure
containing elements conforms to ASME Specification SA-53. In addition to con-
formance to Specifications SA-7 and SA-53, the maximum carbon content of
material for welded members carrying primary stresses is 0.25%.

Allowable stresses used in the shell plate design conform with the ASME Boiler
and Pressure Vessel Code. Primary membrane stresses have an allowable maxi-
mum of 16,500 psi; however, for primary stress plus secondary bending and
thermal stresses the maximum allowable is 45,000 psi, as defined in ASME
Nuclear Code Case 1272N.

5.3.4 Fabrication and Inspection

All fabrication and inspection of the containment building shell, its various
penetrations, and the air locks are in accordance with the ASME Boiler and
Pressure Vessel Code, Section VIII, and Nuclear Code Cases 1270N, and 1272N.
Welders and welding machine operators are qualified and approved as specified
in the ASME Boiler and Pressure Vessel Code, Section IX.

Air lock door and frame assemblies are fabricated as complete shop-assembled
units which are field welded into place. All units are stress relieved and
all welds on the units are inspected prior to their installation into the
containment building walls.
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Nozzles and penetration reinforcements are shop welded into their respective
panels. This entire unit is stress relieved prior to field welding into place.

All pressure-stressed welds, those attaching penetrations to the vessel, and
those which if defective would represent a weakness in the structure, are
radiographed. Inaccessible weldq on containment shell penetration frames,
doors, air locks, and nozzles, and all other inaccessible welds that cannot be
radiographed are examined by magnetic particle or dye-penetrant inspection
methods.

All welds which are inaccessible during pressure testing of the containment
shell are radiographed and tested for leak tightness by a halide leak detector
test or similar method prior to being covered with concrete. All welds not
critical to the integrity of the pressure vessel are inspected in accordance
with the Standard Code for Arc and Gas Welding for Building Construction(2).

Pressure testing of the completed building consists of a pneumatic test con-
forming to the requirements of Part UG-100 or Part UG-101 of the.ASME Boiler
and Pressure Vessel Code, Section VIII. This test is performed in stages.
The building is internally pressurized to 3 psig to permit a soap test for
leakage. After the soap tests, the pressure is raised in steps to the test
pressure of 11.25 psig and held for 1 hr.

During the pressure test, readings of strain gages attached to the shell plate
are taken to check the theoretical stress calculations. Gages are attached
at the vertex of the top dome, at the junction between top head and cylinder,
at a typical stiffener ring, between typical stiffener rings, at the point
where the shell penetrates the concrete foundation, and at points directly
over the embedded support legs.

The two air locks are tested as follows:

a. Prior to pressurizing the containment building, air lock doors are
operated through a minimum of five complete cycles to demonstrate
that doors swing easily, interlocks work properly, signal lights and
energizing devices operate correctly, valves operate easily and cor-
rectly, and bearings have been lubricated.

b. The seals of all air lock doors are checked for leaks with soap solu-
tion with the doors subjected to a pressure of 3 to 5 psig. After all
detectable leaks have been corrected, the seals are retested.

c. After completion of the containment building leak rate acceptance test,
and before the building was depressurized, the inner door seals were
checked for leaks with soap solution. Then the outer air lock doors
are closed and the pressure in the air locks is raised to equal the
pressure within the containment building. The outer door seals are
then checked for leaks with soap solution. The air lock outer door
seal is-retested as specified above after each depressurization.

5.3.5 Leak Tests

The first leakage rate test was performed in April, 1962 after completion of
the containment building erection. The total temperature-corrected leakage
rate during a period of 24 hr was less than 0.1% of the contained weight of
air at 9 psig with penetrations blanked off and all vacuum relief valves,
pressure relief devices, and air locks in place.

A second leak rate test is required with all utility penetrations, dampers and
valves in place.
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The leakage.rate tests are conducted using the absolute temperature-pressure
method employing a water column approximately 30 ft high and located outside
the containment shell to measure shell pressure. A system of thermocouples
is installed inside the containment shell to measure the average air tempera-
ture and these readings are used to correct the shell pressure for variations
in air temperature. The air within the containment shell is stratified and
thermocouples are located so that each represents a known volume of air and
fans provide local circulation at each thermocouple location.

The relative humidity of the shell air is measured during the leak test to
detect possible excess and resultant condensation in any part of the shell.
Any condensation during the test renders the results invalid. The pressure
is determined by reading the water column to the nearest 0.1 in. E20, correct-
ing for temperature, and adding the barometric pressure converted to inches of
water.

Retest procedures require the reactor and auxiliary systems to be shut down.
Equipment or instrumentation presently installed in the plant will not be
damaged by retest pressurization. Pressure retest procedures are described
in Volume II under Routine Tests: Containment Integrity.

5.3.6 Missile Protection

Missile generation was carefully considered during the design of the EGCR.
During a release of reactor coolant, containing activity, it is imperative
that the containment building remain intact. No missiles generated as the
result (or cause) of the release may impinge on the containment building,
directly, or by ricochet from walls or equipment in the forward direction of
flight.

The containment building could only be damaged by missiles in certain regions
above the ground floor. The major items of the high pressure helium systems
are either below grade or enclosed within concrete rooms. The principal
exception is the service machine area, which is enclosed by concrete walls on
all sides but is open above so that the top head of the containment building
is exposed to potential missiles from the reactor vessel top nozzles, the
service machine, and associated piping systems, and from the blower seal water
system.

Potential missiles which could be generated during a release of reactor coolant
include valve stems, thermocouple wells, pressure instrumentation, blind
flanges, hatch covers, doors, shield plugs, fuel assemblies, instrumented
fuel columns, control rods, special unlocking tools, and the fuel assembly
grapple.

The metal thicknesses of the service machine vessel and its associated shield-
ing assure adequate protection against any missile which can be generated in
or under the machine.

All potential missiles associated with the exterior of the service machine and
with its piping systems, such as valve stems, instruments and thermowells, are
directed away from the exposed building shell.

A number of preventive features of the EGCR design greatly reduce the chances
of generating a missile:

a. all of the helium service lines connecting directly to the interior
of the service machine, have check valves installed near the service
machine pressure vessel. This limits the rate of depressurization of
the service machine in the event of a line rupture. In the helium
supply lines from the vessel cooling system two excess flow valves
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are installed in the upstream side of each flexible section. These
parallel supply lines preclude the possibility of one valve accident-
ally shutting off the flow of cool helium to the service machine.

b. When the service machine touches the top nozzle flange, two limit
switches on the service machine extension nozzle de-energize the ser-
vice machine bridge and trolley and operate the brakes on the crane.
The service machine seismic restraints also are engaged at this time.
These features prevent inadvertent movement of the service machine
while it is connected to a reactor vessel nozzle.

c. The service machine closure valve is interlocked to prevent opening
the closure valve when a pressure differential exists across the valve.
If the interlock should fail, the valve still cannot open because the
drive motor is not of sufficient capacity to meet the torque require-
ment with pressure differential across the valve. The motor would trip
out on overload.

d. Interlocks also prevent unlocking a top nozzle closure if a pressure
differential exists across the top nozzle plug.

e. The service machine is designed, fabricated and tested in accordance
with the ASME Boiler and Pressure Vessel Code (see Section 5.10). The
materials of construction for the service machine have nil-ductility
transition temperatures below the minimum expected ambient conditions,
including adequate allowance for the effects of integrated radiation
damage over the expected 20-year service life. This effectively pre-
cludes the possibility of brittle rupture and subsequent fragmentation
of the service machine pressure vessel. Thus, no secondary missiles
in the form of vessel fragments need be considered.

f. The service machine pressure vessel is protected against overpressuri-
zation by a relief valve. Further, during the period when the nozzle
plug is removed from a top nozzle the machine constitutes an effective
portion of the reactor coolant system. During this time, it also is
protected against overpressurization by the three relief valves on the
main reactor coolant system.

g. The removable sections of the service machine shielding (lead canned
in steel) are securely attached to the structure surrounding the ser-
vice machine so that they cannot become missiles in the event of a
sudden release of helium.

h. Multiple sets of contacts for each nozzle closure assure positive
indication of closure seating and rotation even if one set of contacts
should stick or be damaged.

i. The service machine drive units are enclosed in housings external to
the service machine pressure vessel. These housings constitute an
integral part of the service machine pressure vessel and are designed
to the same code requirements. Therefore, rapid depressurization of
the service machine cannot result from a seal or gasket failure on the
drive shaft.

Other potential missiles in the region of the top head of the containment
building are the valve stems on the high pressure helium lines to the blower
seal water head tanks. These valves are oriented so that the valve stems are
not pointed toward the shell or the head tanks.

The only remaining region where the building is exposed to potential missiles
from high pressure helium piping is at the vessel cooling system headers and
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flow panels. The valves in this region are also safely oriented.

Hatches and doorways are located so that the containment building shell would
not be hit directly by pieces of equipment generated as missiles within any
enclosed area. Hatches and doors are located so that they could not hit the
shell directly if they were to be blown off due to a sudden pressure surge
within rooms containing high pressure helium equipment or piping.

The anchorage of equipment both inside and outside the containment shell has
been investigated to assure that this equipment is properly anchored and can-
not generate a missile which would penetrate the containment shell.

5.3.7 Access

Access to the containment building is through two air locks shown on Figure
5.3.7. The equipment air lock is 11 ft in diameter, capable of accommodating
equipment items up to 50 ft in length; the other air lock is 7 ft in diameter
for personnel use.

The air locks are fitted with pressure doors which swing away from the barrel,
interlocks, pressure equalizing valves, gaskets, concrete floor, removable
decks, interior lighting, and all necessary equipment to make it operable under
design pressure and temperature.

The doors of each air lock are interlocked to allow operation of only one door
at a time from either side of the door, when pressure is equalized on the two
sides of the door. A mechanical linkage with the door locking mechanism auto-
matically operates the pressure equalizing valves. The door interlocks can be
over-ridden under controlled conditions. The override is key operated to pre-
vent inadvertent or unauthorized operation of the over-ride feature. The door
opening device is a hand pull.

Indicator lights are installed at two locations for each air lock door; one
set is visible from within the containment building, and the second set is
visible from outside of the exterior door. Each set of indicator lights
indicates "door closed and locked" and "door unlocked" for each door. Dupli-
cate indicator lights are installed in the main control room.

Each air lock contains a telephone, alarm horn switch and an emergency battery
powered light which is turned on by a failure of the normal lighting system.

In the event of a serious accident which might pressurize the interior of the
containment shell, personnel inside can get out of the shell via either the
personnel or equipment air lock. The time necessary to go through the person-
nel air lock with the shell under 9 psig pressure is approximately two minutes.
Escape time through the equipment air lock is not more than five minutes.
These times include the time required to turn the hand wheels, equalize pres-
sure, open and close both air lock doors.

A spiral type of emergency personnel escape chute is located adjacent to the
personnel air lock to facilitate evacuation of personnel from within the con-
tainment building.

5.3.8 Penetrations and Isolation Provisions

The containment shell penetrations and their isolation provisions are listed
in Table 5.3.8. These penetrations can be grouped into the following classi-
fications:
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a. Automatic Containment Isolation

These penetrations include lines which vent directly to the atmosphere
surrounding the containment shell, and lines which provide nonessential
services. The fourteen penetrations which vent directly to the atmos-
phere are each provided with two isolation valves in series.

b. Remote Manual Isolation

These penetrations are those providing essential plant services such
as main feedwater lines, main steam lines, instrument air, service
water, helium supply from the outside helium storage tanks, and carbon
dioxide from outside storage.

c. Normally Closed or Check Valves

Penetrations in this classification include electrical and instrumenta-
tion, the fuel discharge chute, equipment air lock, personnel air lock,
the bottom blowdown lines and miscellaneous drains from the steam
generator safety valves, decontamination lines, one containment shell
vacuum relief valve and the capped sump drain.

d. Terminate in a Closed System

Six of the eight experimental loop openings and seven of the eight
rupture discs between the experimental cells and the containment shell
are blanked off.

TABLE 5.3"E

Penetrations in Containment Shell

System or Service

Ventilation Intake

Charge Machine Room

Ventilation Intake
Blower Motor Room

Ventilation Intake
Blower Motor Room

Ventilation Intake
Biological Shield
Cooling Air

Ventilation Intake
Reactor Building and
Service Machine Room

Ventilation Discharge
from Charge Machine
Room

Number of
Penetrations

Penetration Closure
Classification

Automatic, fails closed
on loss of electric power
or instrument air, two
valves in series

t

i"

1

1

I"

i"

Valve Size
& Type

ECV-37-2,
ECV-37-4
36-in. butterfly

ECV-29-1,
ECV-29-7
30-;n. butterfly

ECV-29-4,
ECV-29-10
30-in. butterfly

ECV-27-2,
ECV-27-6
24-in. butterfly

ECV-41-1,
ECV-41-4
42-in. butterfly

ECV-37-1,
ECV-37-3
36-in. butterfly
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TABLE 5.3. (continued)

Penetrations in Containment Shell

System or Service
Number of
Penetrations

Penetration Closure
Classification

Ventilation Discharge
from Steam Generator
Room

Ventilation Discharge
from Steam Generator
Room

Ventilation Discharge
Biological Shield
Cooling Air

Ventilation Discharge
Service Machine Room

Sanitary Sewer

Hot Waste

1 Automatic, fails closed ECV-29-2,
on loss of electric power ECV-29-8

1

1

1

1

1

Warm Waste 1

Gas vent to stack
and diversion

Continuous Blowdown
from Steam Generator
C-1

Continuous Blowdown
from Steam Generator
C-1

Saturated Steam Sample
from Steam Generator
C-1

or instrument air, two
valves in series

i"

it

"1

I"

ft

It

Automatic, fails closed
on loss of electric pow-
er or instrument air,
two-3-way valves in
series

Automatic, nonessential
service, fails closed on
loss of electric power
or instrument air

I"

it1

20-in. butterfly

ECV-29-3,
ECV-29-9
20-in. butterfly

ECV-27-3,
ECV-27-7
42-in. butterfly

ECV-41-2,
ECV-41-5
36-in. butterfly

ECV-31-1,
ECV-31-2
4-in. piston oper-
ated ball valve

ECV-19-l,
ECV-19-20
2-in. diaphragm
operated ball
valves

ECV-19-10,
ECV-19-21
2-in. Diaphragm
operated ball
valves

ECV-14-32,
ECV-14-42
10-in. 3 way valves

ECV-10-14
1-in. diaphragm
operated valve

ECV-10-13,
1-in. diaphragm
operated valve

ECV-10-16
1-in. diaphragm
operated valve
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TABLE 5.3.8 (continued)

System or Service

Continuous Blowdown
from Steam Generator
C-2

Continuous Blowdown
from Steam Generator
C-2

Saturated Steam
Sample from Steam
Generator C-2

Helium Discharge to
Storage Tanks

Domestic Water

Fire Protection Water

pH Control Chemical
Feed to Steam
Generator C-1

pH Control Chemical
Feed to Steam
Generator C-2

Make-up to Experi-
menters? Cooling Water

Building Heating Hot
Water Supply

Building Heating Hot
Water Supply

Plant Air

Penetrations in Containment Shell

Number of Penetration Closure
Penetrations Classification

1 Automatic, nonessential
service, fails closed on
loss of electric power
or instrument air

1

1

I"

i"

111

1

1

it

ft

t

1

1

1

1

1

It

f

It

t

"1

Valve Size
& Type

ECV-10-12,
1-in. diaphragm
operated valve

ECV-10-15
1-in. diaphragm
operated valve

ECV-10-17
1-in. diaphragm
operated valve

ECV-17-9,
1-in. diaphragm
operated valve

ECV-21-12,
4-in. diaphragm
operated valve

ECV-21-13,
6-in. Diaphragm
operated butterfly
valve

ECV-8-26
1-in. diaphragm
operated valve

ECV-8-27,
1-in. diaphragm
operated valve

ECV-26-47,
1-in. diaphragm
operated valve

ECV-24-35,
4-in. diaphragm
operated valve

ECV-24-36,
4-in. diaphragm
operated valve

ECV-32-9,
3-in. diaphragm
operated valve



TABLE 5.3.8 (continued)

Penetrations in Containment Shell

System or Service

Helium Supply from
Storage Tanks

Service Water

Service Water

Service Water

Service Water

Instrument Air

Instrument Air

Main Steam Pipe
from Steam
Generator C-1

Main Steam Pipe
from Steam
Generator C-2

Feedwater Line to
Steam Generator C-1

Feedwater Line to
Steam Generator C-2

Number of
Penetrations

1

1

1

1

1

1

1

1

1

1

Penetration Closure
Classification

Remote manual, essential
service, fails open,
closes automatically on

low reactor coolant pres-
sure

i"

f

It

If

ft

it

Remote Manual, essential
service, fails without
change of position,
automatic upon steam
generator isolation

If

If

f

Valve Size
& Type

HCV-15-1,
1-in. diaphragm
operated valve

HCV-5-36, 12-in.
double acting
piston operated
butterfly valve

HCV-5-37, 12-in.
double acting pis-
ton operated but-
terfly valve

HCV-5-40, 12-in.
double acting
piston operated

butterfly valve

HCV-5-39, 12-in.
double acting
piston operated
butterfly valve

HCV-6-1, 2-in.
diaphragm operated
valve

HCV-6-2, 2-in.
diaphragm operated
valve

HSV-3-48,
HSV-3-182
6-in. motor
operated valves

HSV-3-49,
HSV-3-181
6-in. motor
operated valves

HSV-3-33,
HSV-3-179
4-in. motor
operated valves

HSV-3-32,
HSV-3-180
4-in. motor
operated valves
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TABLE 5.3.8 (continued)

Penetrations in Containment Shell

System or Service

Carbon Dioxide from
storage

Number of
Penetrations

Penetration Closure
Classification

1 Remote Manual, essential
service

Valve Size
& Type

HCV-30-1, 2-in.
diaphragm operated
valve

Electrical and Instru-
mentation leads

24,
24-in.
large
openings

Normally closed

Spent Fuel
Discharge Chute

Personnel Air
Lock

Equipment Air
Lock

Sump drain

Vacuum Relief for
Containment Shell

Vent from Steam
Generator C-1
safety valves

Drain from safety
valves of Steam Gen-
erators C-1 and C-2

Bottom Blowdown
from Steam
Generator C-1

Bottom Blowdown
from Steam
Generator C-2

Miscellaneous drains
from Steam
Generator C-1

Miscellaneous drains
from Steam
Generator C-2

1, 10-in. Normally Closed,
tube interlocked valves

1, 7-ft Normally Closed,
diam. interlocked doors

1, ll-ft Normally Closed,
diam. interlocked doors

1 Normally Closed,
capped drain

1 Normally closed or
check valves

1 Normally closed

1 Normally closed, by
steam generator
safety valves

1 Normally closed

1 Normally closed

1 Normally closed

1 Normally closed

10-in. motor oper-
ated gate valve at
upper end
10-in. quick acting
pneumatic lock at
lower end

See Section 5.3.7

See Section 5.3.7

No valves

One vacuum
relief valve

PSV-3-70,
PSV-3-80
Safety valves

1-in. V - 1231

2-in. V - 1231,
manually operated
stop valves

1-in. V - 1231,

i-in. V-1231,
manually operated
stop valves

3-in V-1247, and
3-in. V-1244, 3-in.
check and stop
valves in series

"1
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TABLE 5.3.8 (continued)

Penetrations in Containment Shell

System or Service

Decontamination Line

Decontamination Line

Experimenters' Cool-
ing Water

Experimental Loops

Experimenters? Cell

Fission Product
Removal System

Number of
Penetrations

1

1

1

8

8

1

Penetration Closure
Classification

Normally closed

Normally closed

Normally closed
or check valve

Terminate in a
closed system

Terminate in a
closed system

Normally closed

Valve Size
& Type

4-in. manually
operated valve

2-in. manually
operated valve

6-in. V-204,
6-in. check valve

6 42-in. bellows
jointed blank
flanged duct
2 42-in. bellows
jointed duct

7 rupture disc
pressure relief
device blanked off
1 rupture disc
pressure relief
device

2A-in. remote
manual vent to
stack

Closure of those penetrations which are classified under "automatic contain-
ment isolation" is initiated by high gaseous activity in the stack effluent,
low reactor coolant system pressure, and manual actuation of switch S-l. The
control circuitry for these automatic closure valves is shown in Figures
5.3.8.1 and 5.3.8.2. The relay contacts on these drawings are drawn in the
de-energized condition. For those penetrations which have two valves in series
the circuitry to each valve of the pair is independent from the point of coin-
cidence on.

Automatic closure on low pressure in the reactor coolant systems is effected
on coincidence of two out of three pressure detectors. The set point for low
pressure isolation is 225 psig in the intermediate and power ranges. When the
main reactor control mode selector switch is in the start-up position the low
pressure isolation is bypassed. When two out of three coincidence is obtained
from the pressure detectors the relay contacts in the low reactor pressure
safety system mixer stages PQ-12-409A and PQ-12-410A will open. One of these
mixer stages receives its power from failure-free motor generator No. 1 and
the other from motor generator No. 2. The trouble contacts for the low reactor
pressure system mixer stages PQ-12-409A and PQ-12-410A are arranged in parallel.
Thus, either motor generator No. 1 or No. 2 power source can fail and not
cause a false containment isolation.

The two stack monitors each have detectors for total gaseous gamma activity.
These detectors are utilized in a two out of three coincidence matrice to
isolate containment on high stack activity. The coincidence requirement is
such that containment isolation will be initiated on high stack activity from
two of the detectors located in the same monitor. A loss of power to the
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gaseous activity monitors will not cause a false containment isolation.

The closure time of the automatic containment isolation valves is two seconds
or less. These valves fail closed on loss of either instrument air or electri-
cal power to the solenoid valves.

The individual valves are equipped with lights which indicate in the control
room whether the valve actuator is in the "open" or "closed" position. In
addition, an alarm is sounded in the main control room if any of the automatic
isolation valves are "not fully open" or "not fully closed" (following an
isolation signal). The evacuation alarm system gives an audible alarm in the
reactor building, service building, turbine building, and control building
whenever containment isolation valves are closed.

The operator receives various information on which to evaluate whether contain-
ment isolation should be initiated by using switch S-l. High stack activity
alarms are received for particulate, gaseous, and iodine activity in the stack
effluent. There is a common alarm for high activity from building particulate
material. Similarly, there is a common alarm for high area activity in the
building due to gamma radiation. Two activity monitors are located in the
cold legs of the reactor coolant system and give an alarm on high coolant
activity. The operator has available in the control room numerous other items

of information and alarms which enable him to assess whether the seriousness
of a particular situation warrants manual closure of the containment isolation
valves.

Switch S-1 is a two-position switch, which in the open position, may be over-
ridden by the automatic closure signal, or by the hand controls when desired.

For the double-valved closures, a common hand switch operates both valves
during manual control. The hand control switches for these double-valved
closures are five-position switches marked as follows:

a. "open 1 & 2"

b. "close 1"

c. "automatic"

d. "close 2"

e. "close 1 & 2"

During-normal operation, the selectors must all be in the "automatic" position
in order for the automatic closure control to function. For testing or manual
operation, the individual valves may be operated by selection of the desired
function. The manual hand switches will over-ride all other controls.

The hand switch for the vent diversion valves, ECV-14-32 and ECV-14-42, is a
five-position switch with the following functions:

a. "divert 1 & 2 to stack"

b. "divert 1 to shell"

c. "automatic"

d. "divert 2 to shell"

e. "divert 1 & 2 to shell".
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The switches controlling the single automatic containment isolation control

valves are three-position, marked as follows:

a. "open"

b. "automatic"

c. "close".

The remote manual (nonautomatic) switches are simple "open", "close" switches
and are set as desired. They must be operator actuated to close the valve in
case containment is necessary.

5.4 Reactor Coolant System

5.4.1 General Description

The reactor coolant system, Figures 5.4.1.1 and 5.4.1.2, uses helium to remove
heat from the reactor core and to transfer this heat to water and steam in the
steam generators. The reactor coolant is circulated through two coolant cir-
cuits, or loops, each containing one steam generator and one reactor coolant
blower. The two reactor coolant blowers furnish a total flow of 430,000 lb/hr
with a pressure rise of 16.75 psi at 100% flow conditions.

The helium enters the reactor vessel at approximately 508 F and 315 psia and
leaves at 1043 F and 303 psia under full load conditions. The core design
pressure differential is 10.25 psi. Table 5.4.1 shows the design temperature,
operating temperature and pressure for each section of the reactor coolant
piping.

TABLE 5.4.1

Operating Conditions at 100% Reactor Power

Operating
Operating Design Pressure

Section Temp. (F) Temp.(F) (psia)

Reactor to attemperator outlet 1043 1200 303

Attemperator to steam generator 1043 1080 303

Steam generator to blower 483 600 298

Blower to reactor inlet 508 600 315

Bypass from blower to block valve 508 600 315

Bypass from block valve to attemperator 508 1080 303

5.4.2 Leakage Specification and Tests

All piping sections, valves, fittings, and other components are hydrostati-
cally shop-tested to conform to the r quirements of the ASA Code for Pressure
Piping, B31.1, 1955, Paragraph 121 (3. After erection, the system is pneu-
matically tested to 1.25 times the system design pressure. The pneumatic test
is followed by an evacuation test designed to verify tightness of the system.
The system is evacuated until the absolute pressure is fifty microns of mer-
cury, or less, and the vacuum exhaust line is valved off. The pressure in the
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evacuated system is continuously recorded. The maximum rate of pressure rise

from air in-leakage, after correction for temperature changes, must be no

greater than twelve microns for the four-hour period. For the reactor coolant
system, this pressure rise corresponds to an outward leakage of helium of less
than 1.5 scfh at operating temperature and pressure.

5.4.3 Eergency Cooling Provisions

Bnergency cooling to the reactor core and to the vessel wall, top nozzles,
service machine and charge machine, is supplied by the vessel cooling compres-
sors (Section 6.1). These compressors normally circulate 22,800 lb/hr of
helium (at reactor pressure) through the vessel cooling system. A portion of
this flow, 12,000 lb/hr, enters the top nozzle annuli and passes down through
the vessel cooling annulus into the lower plenum where it combines with the
reactor vessel inlet flow. The remainder of the vessel coolant bypasses the
reactor core after cooling portions of nozzles and other equipment and enters
the top plenum of the reactor vessel.

In the event of failure of the reactor coolant blowers due to a power failure,
the blowers coast to a stop. The diesel generators start automatically and
supply power to the vessel cooling compressors for afterheat removal.

The suction of the vessel cooling compressors is so located that it is neces-
sary to prevent direct flow from the bottom plenum of the reactor vessel to
the vessel cooling compressor suction point in order to maintain flow through
the reactor core. This is accomplished by the automatic closure of the block
valves in each reactor inlet pipe.

With this arrangement, flow for emergency cooling can be supplied by the
vessel cooling compressors. The reactor core flow is 12,000 lb/hr and the
remainder of the flow is distributed to the nozzle interiors, service machine,
charge machine and control rods. For further discussion of power failure see
Section 8.

5.4.4 Valve Leakage

Reactor coolant system valves are of the butterfly, globe, or gate type. The
butterfly type valves are an integral part of the reactor coolant piping and
are used for reactor loop isolation. The gate and globe valves are installed
in piping systems which are tributaries of the main reactor coolant stream.

All helium valves 4 in. and under in size have bellows type seals. The '6-in.
helium valves have double packing with a leak-off line from the space between
the sets of packing.

Valve stem leakage from each of the butterfly type reactor loop isolation
valves is controlled and almost entirely recovered by a double 0-ring arrange-
ment which forms a low pressure leak-off chamber. This chamber is connected
to the low pressure leak-off header by a 1/4-in. schedule 80 tube. Each
0-ring assembly is supplemented by double packing glands of mica impregnated
braided asbestos. The unrecovered stem leakage from these valves is negligi-
ble. Tight shutoff of the butterfly type reactor isolation valves is not
attainable because temperature considerations prohibit the use of resilient
seats. Metal-to-metal seats are specified for these valves.

Stem leakage for gate and globe valves in the reactor coolant system is also
negligible. All of these valves are bonnetless or have welded bonnets with
bellows seals. Valves three inches and larger have auxiliary outside packing
to prevent gross leakage in event of bellows failure. These valves are
capable of essentially leak-tight shutoff, and seal leakage is negligible.
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5.4.5 Reactor Coolant Blowers

Each coolant circuit of the EGCR has one axial flow type blower located in the
cold leg piping. Each blower has a 100% load speed of 6130 rpm. The head
characteristics of the blowers for various speeds between 20% and 110% load
speed are shown on Figure 5.4.5.1. The blowers are driven by a 3100 hp, 1800

rpm a-c induction motor operating through a fluid coupling and a speed increas-
ing gear.

The fluid coupling is used to control blower speed by varying the oil level
in the unit which varies the slip between the driver and driven elements of
the coupling. The unit is designed to control speed within i 0.5% at all
operating speeds. The speed increaser has a gear ratio of 1 to 3.89. A fly-
wheel is located between the gear box and the blower to increase the inertia
of the rotating parts. The inertia of the system is such that in the event of
a power failure, while the reactor is operating at 100% power, the coolant
blowers deliver a minimum of 20% flow after one minute. Figure 5.4.5.2 shows
the installation arrangement of the blower, speed increaser, flywheel, fluid
coupling, and drive motor.

The blower is a ten-stage axial flow compressor. Each stator and rotor stage
contains 41 blades and 35 blades, respectively. The blade material is a modi-
fied type 403 stainless steel turbine quality. The blades are attached to
both the rotor and stator by broached dovetails. An inlet volute distributes
the gas directly into the first stage rotor blades. The gas is discharged
from the tenth stage through a stator into a diffuser to convert kinetic energy
into static pressure. The overall blower efficiency at 100% load is 0.88.

Each blower system contains two lubrication systems. One system for the fluid
coupling unit provides both hydraulic oil to the coupling and lubrication oil
to the bearings. The other system supplies oil to the bearings of the main
drive motor, the gear speed increaser, the flywheel, and the blower. Each of
these two systems includes one spare oil pump to assure a lube oil flow in the
event of failure of the main lube oil pumps. Both systems use a light turbine
oil, 150 S.S.U. at 100 F. A separate lube oil reservoir is used for each
blower, main drive motor, and speed increasing gear. The fluid couplings have
an integral reservoir. The shaft couplings are sealed and grease packed and
are designed to operate continuously for 50 weeks in a 93.5 C ambient tempera-
ture.

The fluid coupling lubrication system consists of a 200 gpm shaft-driven main
oil pump, an a-c motor-driven pump,an integral reservoir, and two full-flow
oil coolers. The auxiliary motor-driven pump is rated at approximately 250 gpm
at 100 psig.

Table 5.4.5.1 gives some design data for the coolant blowers.

TABLE 5.4.5.1

Reactor Coolant Blower Design Data

Number of stages 10

Number of blades rotor 35, stator 41

rpm at full-load design 6130
(helium mass, flow 215,000 lb/hr)

rpm at 110% load 6750

5-28



I.IC

I.O0

i.Ol

.0

1.0'

REACTOR COOLANT BLOWER CHARACTERISTIC CURVE FIG. 5.4.5.1

5-29

- I I I I i 1 *JOY MFG. CO.
BUFFALO, NJ.

ESTMATEO PERFORMANCE JOY EGCR GAS CIRCULATOR
AXIAL FLOW COMPRESSOR lOAF 30 -

ADIABATIC EFFICIENCY

N O-.20% L A P NT - -C- -.- -A- - T. -SYSTEM MINIMUM SURGE CURVE
A-2%LOAD POINT __~J1!t2VI

B -60% LOAD PONT
C - 74% LOAD POINT -tJit SYSTEM PRESSURE DROP CURVE
0 - 100% LOAD POINT

8 E - 110 % LOAD POINT- - -- -

17.

T (INLET )
520

6 r P ( INL-E-T-

5

8

4

)3/

2

0

-1.--- -

COMPRESSOR CORRECTED GAS WEIGH T FLOW LBO SEC. W(CORR)

1.0!

I.og

0

I

0

(!)

0
U

1.0

I.0;

I.c

I.O



141.50
AIR INLET 68.50

[r1
r~ -- MAIN INDUCTION MOTOR

3 0 3100 HP 0 1800 R.P.M

34.00 2.50

52-- 48.00-1

65.25

L 57.00 -

L--

b

AIR OUTLET
25,000-30,000 CF.M

11.50

2.251

1
5.25

30.50

REF.
T

)4 7 W i

59.00

10.00 102.00

1-i
A ii -

_ ~3i

3.00 STEP
IN FOUNDATION

VARIABLE SPEED FLUID
DRIVE #316-CL.6

1I ii L 4I

II

1-44

~-+10.00E

Fl-

42.00

4.00

_.5.0 3 5.03
-- - 54.00 i e --- - 43.50 -- - +

BOX

- - - -

LI1 Efl
1.00 STEP-I
IN FOUNDATION

65.50
. INLET . DISCHARGE

26.00.-r 42.50 85.00TO
REMOVE

22.00 DIA. 22.00 DIA COMP. ROTOR

4-__

COMPRESSOR 36.45

45.00

ti-z
55.44

462.56 REF.

REACTOR COOLANT BLOWER & DRIVE TRAIN ARRANGEMENT

INSTALLATION ARRANGEMENT

JOY MODEL IOAF30 COMPRESSOR

5-30 
FIG. 5.4.5.2

F
AT

K--
I I I 1 I I I I I

I;--

do

---4

a l

5-30 FIG. 5.4.5.2

-- -

I



TABLE 5.4.5.1 (continued)

Reactor Coolant Blower Design Data

Power input to gas at 10% load

Brake horsepower at 100% load

Casing material

Rotor material

Blade material

Method of attaching blades

Bearing type and design life

Friction horsepower at 100% load

Running seal horsepower loss (shaft)

WK2

Critical speed of rotor

Tables 5.4.5.2 and 5.4.5.3 summarize the normal
characteristics of the reactor coolant blower.
section view of the blower.

1860 kw

2542

steel plate

4340 steel forging

turbine quality
stainless steel (403 modified)

broached-dovetail

sleeve - 20 years

32 hp at 6750 rpm (estimate)

17 hp per seal (estimate)

483 lb ft2

8300 rpm

and despressuried performance
Figure 5.4.5.3 is a cross

5.4.6 Blower Seal Leakage

Each reactor coolant blower is fitted with both static and running seals. The
static seals hold helium leakage below an allowable rate when a blower is not
running. The static seals consist of bellows welded to the inside of the
blower housing concentric to and at opposite ends of the drive shaft. The
static peals are actuated by helium at 2000 psia which expands the bellows and
seats their attached sealing rings against the rotor drum.

The running seals are water-buffered floating ring type. An extensive program
of testing was conducted to insure that these seals would provide a negligible
rate of helium leakage to the atmosphere along the rotating blower shaft with-
out introducing contaminants into the reactor coolant stream.

The buffering seal water flows into the seal cavity in a direction counter to
the leaking helium. Mixing occurs in the seal cavity and the helium carried
off in the liquid is recovered, purified and returned to the reactor coolant
system. The seal water is continuously filtered and demineralized before being
recirculated through the blower seal cavity.

5.4.7 Piping and Expansion Joints

The reactor coolant piping from the steam generator outlet to the blower, from
the blower to the reactor inlet, and the bypass line from the cold leg to the
block valve in the bypass line, is fabricated of carbon steel per ASTM Specifi-
cation A155, Class 1, Grade KC70, firebox quality, or ASTM Specification A212,
Grade B plate, manufactured in compliance with ASTM Specification A300.

The design pressure of this piping is 350 psig at a design temperature of 600 F.
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TABLE 5.4.5.2

REACTOR COOLANT BLOWER PERFORMANCE - NORMAL OPERATING CONDITIONS

Percent Load Operation

110 100 14 60 20

Suction pressure of He psia 296 298 297 295 288

Suction temperature of He F 483 483 464 450 425
Mass flow per blower lb/hr 236,000 215,000 159,000 129,000 43,000
Suction volume flow per

blower cfm 33,300 30,400 22,100 17,400 5,900
Pressure rise psi 20.2 16.75 9.2 6.0 0.8
Blower bhp

(Running seal loss not included) 3372 2525 1050 578 38.4
Blower flange to flange
efficiency % 87 88 86 84 62

Blower fluid horsepower hp 3340 2495 1021 556 33.4
Blower bearing lossesa hp 32 30 29 22 5
Blower seal losses hp 33 30 16 11 1.6
Input horsepower to blower hp 3405 2555 1066 589 40
Speed increaser losses % 1.674 1.912 3.00 3.129 9.09
Input to speed increaser hp 3463 2605 1099 608 44
Fixed losses in fluid coupling hp 45 45 45 45 45
Slip losses in fluid coupling hp 89 345 621 544 169
Motor power output hp 3597 2995 1765 1197 258

Motor efficiency % 93.3 93.3 91.6 88.9 64
Motor windage and friction losses hp 90 90 90 90 90

Blower speed rpm 6750 6130 4432 3620 1427
Motor speed rpm 1780 1783 1790 1793 1798

aBlower bearing losses include flywheel friction and windage losses.



TABLE 5.4.5.3

Reactor Coolant Blower Performance - System Depressurized

Conditions
Normal Abnormal
(Shell not (Shell
isolated) isolated)

Gas Air Air
Suction pressure psia 14.2 21
Suction temperature F 490 490
Minimum mass flow (one blower) lb/hr 40,000 40,000
Suction volume flow (one blower) cfm 16,510 11,190

Pressure rise psi 1.029 .677
Blower bhp (Running seal loss

not included) hp 104 49
Blower flange-to flange

efficiency 77.5 76
Blower fluid horsepower hp 93.5 43.8
Blower bearing losses a hp 10.5 5.2

Blower seal losses hp 6.5 3.06
Input horsepower to blower hp 110.5 52.1
Speed increases losses 10.51 11.1
Input to speed increaser hp 123.5 58.6
Fixed losses in fluid coupling hp 45 45

Slip losses in fluid coupling hp 188.5 148.4
Motor power output hp 357 252
Motor efficiency 71 63
Motor friction and windage

losses hp 90 90
Blower speed rpm 2745 1955

Motor speed rpm 1798 1798

Speed control + .5% + .5%

a Blower bearing losses include flywheel friction and windage losses.
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The allowable stresses are based upon the interpretation of Sectional Committee
B 31 of the American Standards Association on Code Case No. 35 regarding the
Code for Pressure Piping, ASA B31'.1-1955(3).

The piping from the reactor outlet to the steam generator inlet consists of the
following three sections:

a. Through the biological shield
b. From the biological shield to the attemperator
c. From the attemperator to the steam generator inlet.

The piping through the biological shield is fabricated from carbon steel pipe,
ASTM Specification A155, Class 1, Grade KC70, firebox quality. This pipe is
formed from ASTM Specification A212, Grade B plate, manufactured in compliance
with ASTM Specification A300. This piping is internally insulated with lami-
nated reflective insulation. The design pressure of the pipe is 350 psig at a
design temperature of 650 F. The allowable stresses are based on Code Case
No. 35, Code for Pressure Piping, ASA B31.1-1955.

The piping from the biological shield to the attemperator is designed for
1200 F. 'The piping from the attemperator to the steam generator is designed
for 1080 F. Both of these sections are designed for a pressure of 350 psig.
The piping is fabricated from austenitic steel pipe ASTM Specification A358,
materials type 304. The allowable 't esses are based on Code Case No. 34, Code
for Pressure Piping, ASA B31.1-1955 3).

The bypass line from the block valve to the attemperator is designed for a
temperature of 1080 F at a pressure of 350 psig. It is fabricated from aus-
tenitic stainless steel pipe, ASTM Specification A358, type 304. The allowable
stresses are based on Code Case No. 34, Code for Pressure Piping, ASA B31.1-

1955.

All piping welders are qualified in accordance with the ASME Boiler Code,
Section IX(l). All plate material is ultrasonically tested and all joints are
radiographed.

The equipment nozzles form the only anchors for the piping system. Each run of
piping between anchors is fitted with expansion joints. Intermediate guides
restrain the piping. The expansion joints are of the hinged, gimbal or pres-
sure balanced type. All joints have equalizing rings and internal sleeves.
The design of the joints prevents a large displacement of the piping if a bel-
lows element fails. All expansion joints are installed cold sprung, so that
the joints are relaxed at operating temperatures.

Positive limit stops are provided in the hanger design of the hot leg (reactor
vessel to inlet of steam generator) and cold leg (reactor vessel to the inlet
of the block valve) portions of the reactor coolant system. The stops will
prevent pipe movement in any direction in excess of one inch more than the
normal movement resulting from loading and thermal expansion. The movement
will be contained to this limit in the event of any pipe rupture.

5.5 Steam Generator

5.5.1 General Design Description

There are two identical steam generators in the reactor coolant system, one in
each coolant loop. Each of the steam generators, Figure 5.5.1, is a vertical
cylinder with a spherical steam drum, 102 in. ID, at the upper end. The 108-in.
ID cylindrical portion contains the helium inlet plenum and shroud, the tube-
field, the downcomer and the spherical mud drum. Each steam generator stands
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approximately 45 ft high. The design conditions are given in Table 5.5.1.

TABLE 5.5.1

Steam Generator Design Conditions

Pressure Temperature Hydrotest Pressure
Component (psig(F) (psig)

Shellside

Shell 350 650 525
Shell inlet 350 1130 -

Tubeside

Superheater outleta 1450 1025 2175
Evaporator 1450 650 2175
Economizerb 1450 650 2175
Steam drum 1450 650 2175
Mud drum 1450 650 2175

aExternal or collapsing pressure differential of 350 psi when the helium

inlet temperature is 1050 F.

bExternal orcollapsing pressure differential of 350 psi when the helium

outlet temperature is 510 F.

The helium inlet plenum is formed by the double walled inlet shroud and a por-
tion of the single walled shroud which encases the entire tubefield. The tube-
field consists of three principal sections; the superheater, the evaporator and
the economizer. The downcomer is a vertical pipe nominally 20-in. diameter,
which penetrates the tubefield, and connects the steam drum and the mud drum.

The codes and standards used in the design of the steam generators are listed
in Section 5.5.3, Stress Analyses.

Helium enters the steam generator at approximately the midplane of the steam
generator through a 24-in. inlet pipe. Under full load operation, the tempera-
ture of the inlet helium is 1043 F. The helium flows into the inlet plenum,
which vertically distributes the incoming helium, and passes into the super-
heater section of the tubefield.

The helium flows across 10 rows of non-finned, chrome-moly tubes in the super-
heater section, across six rows of non-finned tubes and 13 rows of finned tubes
in the evaporator section and, finally, across 17 rows of finned tubes in the
economizer section.

The helium flows out of the tubefieldshroud through a full length opening and
into the annulus formed by the shroud walls and the pressure shell. The cooled
helium, at 483 F, leaves the steam generator through a 22-in. nozzle located
just below the inlet nozzle.

Feedwater is pumped through the economizer tubes where it is heated to just
below the saturation temperature. From the economizer, the heated water
enters the steam drum section and flows through the downcomer to the mud drum.
The water is heated to the saturation temperature and a portion of the water is
converted to steam as it flows upward through the evaporator section to the
steam drum. Water which is not converted to steam recirculates back through
the downcomer with water from the economizer. The ,steam is separated from the
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water in the steam drum and piped from the drum to the superheater inlet. The
dry saturated steam entering the superheater is heated from approximately 582 F
to 903 F. The pressure is 1295 psig at the superheater outlet.

The steam generators contain an integral water trap; that is, all of the water
in the steam generator, including that in the steam drum, can be contained in
the bottom of the shell at a level just above the bottom of the floating head.
The trap prevents large amounts of entrained water from being carried over into
the reactor coolant blowers or into the reactor if leaks develop in one or more
tubes. In the unlikely event that several tubes rupture in a manner such that
the full feedwater flow is pumped into the shell side of one steam generator,
the automatic loop isolation on the flood level in that steam generator would
prevent filling the shell to the bottom of the helium outlet nozzle.

In case of fuel element ruptures in the reactor, some radioactive contaminants
may be deposited on the tubes or on other helium-side surfaces in the steam
generator. Access to the steam-water side of the tubesheets is permitted in
order to locate defective tubes, plug tubes, and perform other maintenance
operations. Access to the upper tubesheet is through a manhole in the steam
drum. A manhole in the bottom of the pressure shell allows entrance into the
mud drum. During repair, personnel within the steam and mud drums are shielded
by the 12-in. thick top and bottom tubesheets and a shield plug inserted in the
downcomer hole at the time of repair.

Should it become necessary to enter the helium side of the generator, manholes
in the pressure shell and the double walled helium shroud permit entrance to
the tubefield.

5.5.2 Heat Transfer Characteristics

The heat transfer characteristics for the steam generator are given in Table

5.5.2.1, and the heat transfer surface for each section is given in Table
5.5.2.2. Performance curves for the steam generator are shown on Figures
5.5.2.1, 5.5.2.2, 5.5.2.3, 5.5.2.4, and 5.5.2.5.

TABLE 5.5.2.1

Steam Generator Heat Transfer Characteristics
(Fouled Condition)

Percent of load

100 60 20
Limiting temperature approach F

Superheater 140 84 32

Evaporator 50 27 8

Economizer 64 39 16

Overall theoretical heat coefficient based on outside
surface, Btu/hr- ft2' F

Superheater 112 80 40

Evaporator 100 73 38

Economizer 103 74 37

aSuperheater outlet temperature is constant at 903 F.

Example: The limiting approach temperature for the superheater
section at 100% load is 1043 F - 903 F = 140 F.
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TABLE 5.5.2.2

Steam Generator Heat Transfer Surface
(Based on outside surfaces of finned and

non-finned tubes, for one steam generator unit)

Tube Size and Outside Suface 2
Section Type of Surface Area (ft-) Totals (ft2)

Superheater 1-in., 12 gage, non-finned
U-tubes 1460 1460

Evaporator lin. non-finned tubes 1380
1-in. finned tubes 4020
3/4-in. finned tubes 1000 6400

Economizer 3/4-in. finned tubes 1350
3/4-in. finned U-tubes 3750 5100

Total surface per unit 12960

5.5.3 Stress Analyses

The steam generators are designed in accordance with:

a. The ASME Boiler and Pressure Vessel Code; Section 1, Power Boilers,
for the tube (water-steam) side, and Section VIII, Unfired Pressure
Vessels, for the shell (helium) side. The Nuclear Case Interpretations
were also applied(1 l

b. The ASA Code for Pressure Piping.(3 )
c. The TEMA Standards.( 4 )
d. The Tentative Structural Design Basis for Reactor Pressure Vessels

and Directly Associated Components (5), with the exception of mechanical
and thermal stress analyses noted below.

The calculated thickness of the pressure parts are based on a, b, and c above.
Actual resultant stresses in steam generator components under steady state and
transient conditions are not rigorously covered in a, b, or c; therefore, item
d was used as a guide in the design since that document more thoroughly covers
the conditions.

The mechanical and thermal stress analyses(8) for the steam generators are on
the same basis as the reactor pressure vessel, Section 4.5.4, with the excep-
tion that in the definition of the allowable limits of the various classifica-
tions of stresses, the values of Sp (limiting stress for primary plus secondary
stresses) are set at two times the limit of elastic behavior Sb, instead of
0.9 times Sb*

Stress computations were made for all critical areas within the steam generator.
These analyses showed that the steam generator design meets the stress analysis
criteria established for transient and steady state conditions.

5.5.4 Fabrication and Inspection

Fabrication and inspection procedures, including assembling of tubes to tube-
sheets and other components in a clean area, are carefully reviewed by the
plant designer prior to the initiation of fabrication. Inspection includes
ultrasonic examination of all pressure containing parts,including the tubing.
Where satisfactory radiographs of welded joints cannot be obtained, magnetic
particle or dye-penetrant testing in accordance with MIL-STD-271 is required(61
All welding is in accordance with ASME Boiler and Pressure Vessel Code,
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Sections I, VIII and IX, including Nuclear Cases.(1)

5.6 Steam System and Heat Dump

5.6.1 General Description and Operating Conditions

Superheated steam leaves the superheater of each steam generator at a pressure

of 1295 psig and a temperature of 903 F. After penetrating the containment

building, the 6-in. lines from the two steam generators are combined into one

8-in. main steam header which delivers steam to the turbine building. See

Figure 5.6.1.1. Each 6-in. line is equipped with a nonreturn valve and two

motor operated stop valves which also serve as containment isolation valves.

Two excess flow valves with bypass Venturi are provided in each 6-in. steam

line downstream from the steam generator. In the event of a steam line rupture

the steam flow from each steam generator will be limited to 140,000 lb/hr. The

temperature, pressure, and flow of superheated steam in each line is indicated

on the local steam generator control panels and is also indicated, and recorded

in the main control room. Each line has a drain and vent for use during

start-up, and a superheated steam safety valve which is set to relieve at 1390

psig. Electromatic relief valves on each line are used for blowdown of steam

generator pressure and relief of high pressure at 1315 psig (sensed at turbine

inlet). The electromatic relief valves open automatically upon a loss of nor-

mal power, and upon low water level in the steam drum of either generator, for

the purpose of reducing steam pressure to allow feedwater flow from the shut-

down feedwater pumps (Section 5.6.7). These valves can also be remotely ope-

rated from the main control room.

The 8-in, main steam header supplies steam to the steam turbine, to the gland

seal system, to the steam-driven auxiliary oil pump, to the air ejector equip-

ment, and to six desuperheating stations (Figure 5.6.1.2).

Steam is supplied to the turbine at a pressure of 1250 psig and a temperature

of 900 F. Steam for heating purposes is extracted from the turbine at the

9th, 13th, and 16th stages. With the turbine at full load, the turbine 16th

stage extraction supplies wet steam at approximately -1 to +1 psig to the low

pressure heater, for condensate heating. The extraction steam pressure and

temperature decrease with turbine load. The low pressure heater is a shell and

tube heat exchanger installed vertically with the ,water channel side up and

steam on the shell side. The heater shell side is vented to main condenser

since it is normally under vacuum conditions. Extraction steam is condensed

in the heater and the drains pass through the drain cooler, into the main

condenser. The drain cooler is a horizontal shell and tube heat exchanger with

low pressure heater drains being cooled from 210 to 104 F in the shell side by
condensate passing through the tube side. A level control valve in the drain

return line to the main condenser regulates flow to maintain a drain level in

the bottom of the low pressure heater (Figure 5.6.1.3).

With the turbine at full load, the 13th stage extraction supplies steam at

approximately 40 to 46 psig to the deaerator for condensate heating and

deaeration. Reverse current valves (air-operated check valves FCV 1-73A and
FCV 1-73B) in the extraction line are automatically closed by the turbine trip

circuit to prevent reverse flow in extraction lines from overspeeding the tur-

bine when the main turbine stop valve is tripped. They also prevent reverse

flow when steam is supplied to the deaerator from other sources. The deaerator
is an open type feedwater heater which receives condensate from the low pres-
sure heater, deaerates the condensate with steam, and heats the condensate to

the saturation temperature corresponding to the pressure at which the deaerator
is operating. Non-condensable gases are vented from the top of the deaerator

to the atmosphere,

At low turbine loads, pressure in the 13th stage extraction is insufficient to
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to maintain deaerator pressure above atmospheric. Therefore, at a deaerator
pressure of 5 psig, deaerator steam supply is shifted from the 13th to the 9th
stage extraction line and, at this and all lower turbine loads, deaerator pres-
sure is maintained constant at 5 psig by a pressure control valve.

During dump and emergency shut down operation, steam is supplied to the deaera-
tor from a steam atomizing desuperheater, C-11.

The 9th stage extraction supplies steam to the building heating hot water
generator. The extraction line pressure and temperature vary with turbine load;
at full load the pressure is approximately 120 to 135 psig and the temperature
is approximately 475 F. Air-operated check valves (FCV 1-105A and FCV 1-105B)
in the extraction line automatically close to prevent reverse flow from over-
speeding the turbine when the main turbine stop valve is tripped. These valves
also prevent reverse flow when steam is supplied to the hot water generator from
desuperheater, C-41, which occurs when the 9th stage extraction line pressure
drops below approximately 90 psig (Section 5.6.3).

The building heating hot water generator is a shell and tube heat exchanger with
steam on the shell side and building heating water on the tube side (Section
6.6.5). The exchanger shell side is vented to the deaerator. Extraction steam
is condensed in the exchanger and the drains are discharged to the deaerator
through a temperature control valve (Figure 5.6.1.3). The hot water generator
duty is controlled by varying the generator surface available for heat transfer.
The drain water level in the generator is controlled by throttling of the drain
flow to the deaerator by the temperature control valve. By this means, the hot
water leaving the generator is maintained at a constant temperature of 300 F.
Abnormally high water level in the generator actuates a high level alarm in the
main control room.

Pressure and temperature at the point of extraction from the turbine and pres-
sure at the respective heater is indicated in the main control room for each
extraction line. In addition, pressure and temperature at the heater are
indicated locally, and temperature at the turbine is indicated locally.

5.6.2 Turbine and Main Condenser

The turbine is a 25,000 kw (nominal rating), 19 stage, 3600 rpm condensing unit,
driving a 13,800 v generator. The turbine-generator was previously in service
at the Oak Ridge K-25 power plant.

In the EGCR application, the turbine-generator gross output is approximately
29,530 kw, at 1.5 in. Hg condenser pressure, and with a steam consumption of
254,840 lb/hr. This steam flow is equivalent to 100% reactor thermal output.

Steam to the turbine passes through the stop valve, turbine leads, into the
steam chest, and then to eight turbine control valves which are in the upper
and lower halves of the high pressure shell. These turbine control valves are
operated by a hydraulic control system which operates on 150 to 165 psig oil
from the main oil pump, which is geared to the turbine shaft. This pump also
furnishes lubrication oil to the turbine bearings. A steam turbine driven
auxiliary oil pump, is automatically started if the main oil pump fails to
supply lubrication and control system oil. This pump is also used during
turbine start-up and shut down.

For turbine start-up, and for purposes of load limiting during operation, the
turbine can be controlled with the load limit hand wheel either at the turbine
or from the main control room. The load limit hand wheel can set the control
valves in any position below that which corresponds to the governor setting.
If the speed rises to the governor setting, the governor takes over control
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and prevents further opening of the control valves.

The speed governor setting is changed by the synchronizer motor (speed changer),
either at the turbine or from the main control room. The synchronizer is used
to synchronize the unit with the network and afterward to vary the load on the
unit. The synchronizer, or speed changer as it is often called, has the effect
of raising or lowering the governor droop characteristic without affecting the
shape or slope of the characteristic. That is, the synchronizer does not
affect the general relationship between load and speed, but it does adjust the
absolute magnitude of that relationship.

During normal operation with the turbine-generator connected to the external
network,' the turbine control valves are not operated by the speed governor.
The speed governor is set at its highest setting (65 cps), and initial steam
pressure at the turbine control valve controls the position of these valves
so that 1250 psig steam pressure is maintained upstream from the stop valve.
Thus, the turbine does not respond to any external load demand, but absorbs
all steam produced by the steam generators and delivers a corresponding
electrical output. Under this mode of operation, a change in turbine-genera-
tor electrical output is obtained by changing the reactor power level.
Turbine speed is maintained by the frequency of the connected network. If the
turbine-generator becomes disconnected from the outside network, control is
transferred from the initial pressure regulator to the speed governor, and
simultaneously the governor is reset to normal speed. When this occurs,
excess steam is dumped to the condenser (Section 5.6.4). The turbine is pro-
tected from over-speed by an emergency governor and two associated trip de-
vices. If the emergency governor trips due to overspeed, an oil trip valve,
the first trip device, dumps the oil from the operating cylinder -of the stop
valve, causing it to close. It also simultaneously dumps oil from a relay
trip valve which, acting through an air-oil relay, bleeds the air from two of
the four air-operated check valves on the extraction steam lines, causing
them to close. A hand trip valve permits manual accomplishment of the same
closure of the main stop and two of the air-operated check valves. This
valve can be actuated either locally or from the main control room. A vacuum
trip valve accomplishes the same purpose upon high condenser pressure. The
second trip device is actuated by the emergency governor upon overspeed and
acts through the hand-control mechanism to close the control valves. The two
additional air-operated check valves are closed by having their air pressure
bled off through an air valve that is operated from~the control valve camshaft.

The steam which is exhausted from the turbine is condensed in the main con-
denser, C-13. This condenser, like the turbine, was previously in service at
the K-25 plant. The condenser is double pass on the water or tube side and
single pass on the steam side. Steam enters the condenser at the top of the
center section, passes through the tube bank and under baffle plates near each
end of the condenser. The condenser has been completely retubed with 3580
arsenical admiralty tubes having a total cooling surface of 22,500 ft2. The
condenser pressure is 1.53 in. Hg abs with the turbine at full load (198,700,
000 Btu/hr, heat rejected to condenser) when supplied with 25,000 gpn of
ciculating water at 67 F and when the condenser is 85% clean.

Air is normally removed from the condenser by a two stage twin element air
ejector with inter and after-condensers. The steam supply for the air
ejector elements is taken from the 1250 psig main steam header after the
pressure is reduced to 350 psig. Steam which is condensed in the inter and
after-condensers of the air ejector is returned through control valves and
traps to main condenser, C-13.

The hogging ejector is arranged for automatic operation on loss of condenser
vacuum, in addition to manual control for rapid evacuation during startup or

5-50



during steam dumping (Section 5.6.4). The hogging ejector will cut in on
rising condenser pressure, at a pressure of 5 in. Hg abs. This automatic oper-
ation is designed to preserve condenser vacuum, so that the condenser may re-
ceive dump steam after a turbine trip. The hogging ejector is normally
supplied with steam from the steam main, after the pressure is reduced to 350
psig. The hogging ejector removes air and vapor from main condenser, C-13.
The combined steam and air from the hogging ejector is discharged to the atmos-
phere through a 16-in. atmospheric vent pipe (Figure 5.6.2). The priming
ejector and the condenser priming system is described in Section 5.6.6.

5.6.3 Desuperheaters

There are six desuperheating stations. One station, desuperheater C-il, is
located on the turbine building roof, and supplies steam to deaerator C-8
under certain conditions. Four other stations, desuperheaters C-9, C-10, C-12,
and C-41, are located on the turbine building mezzanine. The pressure reducing
desuperheater C-42 is installed in the neck of main condenser.

a. Desuperheater C-11

Desuperheater C-11 supplies steam to the deaerator during steam dumping
(Section 5.6.4) and during plant shutdown (Section 5.6.7). A pressure
reducing valve reduces steam pressure from 1280 psig to the pressure
required by the deaerator (approximately 40 psig at 100% reactor thermal
output) during steam dumping. The steam atomizing spray desuperheater
C-11 then reduces the steam temperature to 600 F. Desuperheating water
is supplied by the desuperheating water pumps.

b. Desuperheater C-10 (Steam Dump)

Desuperheater C-10 desuperheats dump steam from the main steam line to
400 F before entering the pressure reducing desuperheater C-42 in the
neck of main condenser C-13 (Section 5.6.4). A back-pressure steam
dump control valve maintains a steam pressure of 1280 psig, + 10 psi,
in the main steam line upstream from the turbine main stop valve.
During dump operation, at the full dump load of approximately 261,000
lb/hr of desuperheated steam leaving desuperheater C-10, pressure down-
stream from the dump valve is approximately 200 psig. This pressure
decreases at partial dump loads. Desuperheating water is supplied by
the desuperheating water pumps. Flow to the desuperheater at 100%
dump load is approximately 218,000 lb/hr of steam and 44,000 lb/hr of
water.

c. Desuperheater C-42

Pressure reducing desuperheater C-42, located in the neck of main con-
denser C-13, consists of inner and outer perforated pipes. Desuper-
heated steam at 200 psig and 400 F at full dump load flows into the
inner pipe, depressurizes through the pipe perforations and flows into
the annular space between the pipes. Water sprays in the annular space
reduce the temperature of the steam. The steam then flows through the
perforations in the outer pipe into the condenser. The temperature of
the steam entering the condenser is less than 175 F at full dump load,
and decreases at partial dump loads.

d. Desuperheater C-41

When pressure in the 9th stage extraction steam line is insufficient to
heat building heating water to 300 F, desuperheater C-41 supplies steam
to the shell side of building heating hot water generator C-7. With
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decreasing pressure in the extraction line, the pressure control valve
of the desuperheating station opens at approximately 60% load to con-
trol pressure at 90 psig + 5 psi.

e. Desuperheater C-9

Desuperheater C-9 is used to desuperheat the output of the steam
generators to 600 F before steam is discharged to the shutdown condenser
C-14 during plant shutdown (Section 5.6.7). This desuperheater may also
be used to absorb the steam generator output during start-up before
vacuum is raised on the main condenser.

During shutdown, a back-pressure control valve maintains a pressure of
135 psig in the main steam line. The pressure downstream from the con-
trol valve varies up to the maximum of 110 psig, depending on the load
and on the operating pressure in the deaerator.

f. Desuperheater C-12

Desuperheater C-12 is used during plant shutdown, when steam pressure
is 135 psig, to supply steam at 130 psig and 500 F for operation of the
steam-driven shutdown feedwater pumps J-6 and J-64. It is also used
during normal plant operation, when steam pressure is 1250 psig, to
supply steam at 130 psig and 500 F for steaming out the demineralization
plant activated carbon filters. Desuperheating water is supplied from
the shutdown feedwater pumps.

g. Accessories and Features of Desuperheaters C-11, C-10, C-41, C-9 and
C-12

Desuperheaters C-11, C-10, C-41, C-9 and C-12 have the following
features:

1. The discharge steam line from the desuperheaters is 1.25% chromium,
0.5% molydenum pipe for the length of run required to ensure com-
plete desuperheating to final desuperheat temperature. Spray water
for desuperheating is regulated by a temperature control valve hav-
ing a temperature element that measures final desuperheat tempera-
ture.

2. The main pressure control valve, atomizing steam control valve and
temperature control valve are installed with shutoff valves and
manually operated bypass valves. The bypasses are used for manual
operation.

3. One or more relief valves located downstream of the pressure control
valves protect the low pressure lines and equipment. Vent piping
from the relief valves discharge into the 16-in. atmospheric vent
pipe (Figure 5.6.2).

4. A steam trap drain is installed in the steam piping upstream and
downstream from each pressure control valve. The drain lines are
grouped into separate drain headers on the basis of drain pressure
ranges. All headers are piped to the miscellaneous drains tank,
F-43. Water is discharged from this tank to the main condenser
through a level control valve and steam is vented to the 16-in.
atmospheric vent pipe.

5. All control valve pressure and temperature controllers are located
in the main control room. Pressure and desuperheat temperature
indicators, as well as high desuperheat temperature alarms, are
located in the main control room. Temperature and pressure are also
locally indicated. Manual start-up and operation of the desuper-
heater from the main control room is possible.
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5.6.4 Bypass Steam Dump

When the steam turbine can no longer absorb the steam output of the steam
generators, the steam is discharged to the bypass steam dump which includes
desuperheaters C-10, C-11 and C-42 (Section 5.6.3), the main condenser, and the
condensate and feedwater systems (Section 5.6.5). Control of the turbine is
transferred automatically from the initial pressure regulator to the turbine
governor (Section 5.6.2). Steam pressure in the main steam line increases
from its normal value of 1250 to 1280 psig, at which pressure the steam dump
valve of desuperheater C-10 opens to pass steam to the main condenser to limit
main steam line pressure to 1280 psig. Opening of the dump valve initiates
operation of desuperheater C-10 and also opens the flow control valve supplying
desuperheating water, at main condenser temperature, to desuperheater C-42.
Coincident with the transfer of the turbine control to the speed governor, the
deaerator steam supply is transferred from turbine extraction to desuperheater
C-11. The subsequent controlled deaerator pressure is the same as the de-
aerator pressure was before the decrease or loss of turbine-generator load.
Thus, the temperature of feedwater to the steam generators is not changed by
the initiation of the dumping operation. This is accomplished by maintaining
the control valve pressure controller set point equal to the deaerator pressure
at all times. Upon opening of the control valve, the set point is locked into
the controller. The total of the subsequent deaerator steam flow, dump steam
flow and steam flow to the turbine are approximately equal to the previous
steam flow to the turbine.

Complete turbine trip out also initiates steam dumping. Turbine trip out
constitutes closure of the turbine stop valve, or closure of both the stop
valve and the turbine control valves. This action may occur due to a decrease
in condenser vacuum, turbine overspeed, manual operation, or a mechanical,
hydraulic or electrical failure in the control systems which operate these
valves. Dumping is initiated by the increase in the main steam line pressure
to 1280 psig and transfer of deaerator steam supply to desuperheater C-11 is
initiated by closure of the turbine stop valve. In this case the total of the
subsequent deaerator steam flow and dump steam flow to the condenser equals
the former turbine steam flow at constant reactor output.

Normal condenser pressure, with the turbine operating, varies from 1 to 2.5 in.
Hg abs. Since the turbine must be protected from exhaust end temperature in
excess of 175 F, steam cannot be permitted to enter the condenser if the con-
denser pressure is above 13 in. Hg abs. The dump valve is therefore not per-
mitted to open if condenser pressure exceeds 13 in. Hg abs or temperature ex-
ceeds 175 F, and is closed if this pressure or temperature is exceeded.

After turbine trip, if the turbine speed falls below its sealing speed of
approximately 1500 to 2000 rpm the turbine low pressure packing water seal
breaks and air is drawn through the packing into the condenser, raising the
condenser pressure.

The operator can reopen the turbine stop valve and operate the control valves
by the hand control to keep the turbine rotating above sealing speed. Other-
wise after the turbine speed drops and the low pressure water seal breaks, the
condenser pressure rises rapidly as air is drawn in through the low pressure
packing. Hogging ejector C-47 starts by the automatic opening of the control
valves in the ejector steam supply line and air-vapor suction line when con-
denser pressure reaches 5 in. Hg abs. The hogging ejector, together with air
ejector C-5, removes the low pressure packing air in-leakage from the condenser
to maintain condenser pressure at approximately 5 in. Hg abs.

5.6.5 Main Condensate and Feedwater System (Figures 5.6.1.1 and 5.6.1.3)
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The two full capacity condensate pumps J-2-1 and J-2-2, one operating and one
installed spare, are vertical, centrifugal, canned pumps. Each pump barrel is
embedded in concrete and extends vertically downward about 20 ft below the
basement floor level as required for the necessary net positive suction head.
The pumps take suction through 8-in. lines from the main condenser hotwell and
discharge in series through air ejector C-5, drain cooler C-4, low pressure
heater C-3, and into deaerator C-8. Each pump is rated at 620 gpm at approxi-
mately 158 psi total head.

Condensate flows, pressures and temperatures between the main condenser hotwell
and the deaerator during turbine loaded operation, dump operation, and shutdown
operation are indicated in Figures 5.6.5.1 and 5.6.5.2.

Normally, only one condensate pump is operating, and the stand-by pump starts
automatically on low discharge pressure or high condenser hotwell water level.
The same low pressure or high water level signal which starts the stand-by
pump actuates an alarm in the main control room. Minimum flow through the
pump is obtained by a flow control valve arranged to recirculate condensate
from the 6-in. condensate discharge line back to the main condenser. A level
control valve on the condensate discharge line throttles the condensate pump
discharge and maintains a normal water level in the condenser hotwell. The
hotwell is equipped with a local gage glass and also has level switches which
actuate high and low water level alarms in the main control room.

The desuperheater water pumps J-8-1 and J-8-2, one operating and one installed
spare, are horizontal centrifugal pumps which take their suction from the
condensate discharge line and discharge to the temperature control valves of
desuperheaters C-10, C-11 and C-41 (Section 5.6.3).

Drain cooler C-4 and low pressure heater C-3 are described in Section 5.6.1.
A common 6-in. bypass line permits both the drain cooler and the heater to be
removed from service for maintenance.

Local pressure indication is provided at the discharge of each condensate pump,
at the air ejector inlet and outlet, and at the drain cooler and low pressure
heater inlet and outlet. The discharge pressure of each condensate pump and
the inlet pressure to the air ejector are indicated in the main control room.
Local pressure indication is provided at the discharge of each desuperheater
water pump, and the pressure in their common discharge header is recorded in
the main control room. Local temperature indicators are installed at the
condenser hotwell outlets, at the air ejector inlet and outlet, at the de-
superheater water pump suction, and at the inlet and outlet of the low pressure
heater. Indicators are installed in the main control room for the air ejector
inlet and outlet temperature and for the outlet temperature of the low pressure
heater.

The deaerator contains 6000 gal of condensate at its normal level. On low
deaerator level (5000 to 5700 gal) makeup water is admitted to the main con-
denser from condensate storage tank F-7 by operation of a deaerator low water
level control valve. On high deaerator water level (6300 to 7300 gal) surplus
water is discharged from the condensate discharge line into the condensate
storage tank by the operation of a deaerator high water level control valve.
This surge, make-up, and overflow system will pass approximately 120 gpm either
way. A deaerator high water level dump control valve dumps water from the
deaerator outlet feedwater line to the blowdown tank, if the deaerator level
exceeds 7300 gal (Figure 5.6.5.3). The deaerator is equipped with local
pressure and temperature indicators and, in the main control room, with pres-
sure and temperature indicators, low and high water level alarm, and a water
level recorder. Condensate storage tank F-7, having a capacity of approxi-
mately 15,000 gal, is divided into two equal independent sections by a vertical,

5-55



B C

STEAM
DRUMS

STEAM
GEN ERATORS

CI 8 C-2

E-

Kl
ESUILDING HEATING

HOT WATER
GENERATOR C-7

9

D F G H J K

C . I

9TH STAGE EXTRACTION

13THSTAGE EXTRACTION -

16TH STAGE EXTRACTION

GLANC L EAK-0
ONLY WHEN DEAE
RECEIVES STEAl

STAGE EXTRA

8

DEAERATO I

10 24

LOW PRESSURE
HEATER

C-3

DRAIN COOLER. C
C-4

STREAM TUQ9NE

MAKEUP

--- 20 --
-FQOM TURBINE GLAND

L EAKO0F F 5
-- 19

7 II 2 4 I

-OF F FLOW, m - -

AER ATOR C O M D E N S E Q
M FROM 9 TH -----
,C TION

8 21 5)

AIR EJ EC"0k
C-5

22T4Joi
FEEDWATER PUMPS

-& J32

L M N 0 P Q R
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NO. D E S C DI P T 1 0N LS/R P51A *F. TUALBLB '2 PSA F BTU/LB L ; 8oPS1A 'F BTU/LB LB IHR PSIA F BTU/LB

I FEFDWATER TO STEAM GENERATORS 256,590 - 290.6 262.8 255,590 - 286.1'258. 49.750 --- 2582 '2299 47,1.50 - 241.5 213.3

2 SLOWDOWN FROM STEAM0U201S S.25013G R583S 5934 1.250 1360 583.5 593.4 750 111.2 577.4 5854 250 1269 574.5 581.2

3 MAIN STEAM AT GENERATORS 205.340 1310 02.8 L6 U 254.340 1310 9028 1438.3 149,00 1281.2 901 1438.3 49001 267 900 14383
4 STEAM TO AIR EJECTOR 500 1265 5 00 1A383 500 1265 900 1458.3 5001265 900 1436.5 500 1265 900 14383
5 AIR EJE.CTORDAINTO CONDENSER 500 - - 150 500 - - ISO 500 - - 150 Soo - - 150
S MAIN STEAM AT TURBINE 254,840 1265 900 14385 253840 1265 900 '1438 3 148500 1265 900 14385 46,400 1265 900 14585
7 95TH AGE EXTRACTION STEAM AT TURBINE o 14R880 149 477 1262 0 4060 24 360 1220
8 5TH1STAGE EXTACTION STEAIT TO DEAERATOR 0 0 0 4060 20 359 1220
9 5TH STAGETEXTRACTION STEAM TO5LD6.HEATNG 0 4.00 134.1 474 1262 0 0
10 HOTWATERGENERATORDRAINTODEAERATOR 0 14.880 134.1 349.7 321.3 0 A, 0
IL IOTHSTAGEEXTRACTIONSTEAM ATT2R INE 15260 61 523 1194 10570 57 314 1190 6160 35 276 1176 100 10 540 1310
12 GLANDLEAKAGE TO 3TH STAGE EXTRACTION 6500 --- 0718 1392 6,500 - 718 1392 3800 - 647 1356 1300 - 540 1310
1I STEASI TO DEAERATOR 19760 55 450 1259.1 1'070 5L.5 465 1266.9 3960 51.5 460 1244.7 406 020 359 1220
14 16TH STAGEEXTRACTION 51TEAAI1AT TURBINE Z5,150 15.6 215 1110 23,50 147 212106 11540 9.1 18.6 1095 1070 2.7 137.4 1090
15 GLAND LEAKAGE TO I6TH STAGE EXTRACTION 1,000 - 694 1380 L1'T 694 1S1380 540 - 627 1348 601 - 535 1,300
1G STEAM TO LOER PRESSURE HEATER 25150 14.0 209.6 ILLO 23150 13.2 20661 1106 11540 8.2 184 l095 1070 2.4 137 1090
17 LO PRESSUEHEATERDRAINTODRAINCOOLER 25.50 14.0 209.6 177.6 23150 15.2 206.6 174.6 11540 8.2 184 151.9 10701 2.4 132.9 100.8
18 DRAIN COOLER DRAIN TO CONDENSER 515 - 104.4 77.4- 23,1 5 - 104.6 72.6 1340 - 102.3 70.5 1070 - 108.8 76.7

19 MAKE-UPWATERTO CONDENSER 1250 - - - 1250 - - - 750 - - --- 250 - - -

20 TURNE EXHAUST TO CONDENSER 208.94 1511A 91.7 10038197,740 5S3.A. 91.7 1001.7 124460 15146 A. 91.7 998.2 41,210 156.A 917 104
21 CONDENSATE FROM CONDENSER 236.6 56.A. 917 59.7 223,640 1.5936A 91.7 59.7 139,790 1.56. 91.7 597 43090 I.5 .8. 91.7 597
22 CONDENSATE FROM AR EJECTOR 236,83c- 94 4 624 22364 -- 946 626. 39,790 -- 96 3 64.5 43090 106.8 74 7-

23 CONDENSATE FROM DRAIN COOLER 236,83 --- 105.5 736 2 1054- 04.2 732139. 790' 105.1 710 43090 1073 75.3
24 CONDENSATE FROM LOW PRESSU2E HEATER 236,8 - 204.6 172.6 223,64 - 2016 169.6 1397901 -- 181 148.9 4 30 - 131.9 99.8
25 FEEDWATER AT DEAESATOR 256590 55 287.1 256.3 255590 51.5 2826 2517 14975 315 253 221.7 47,150 20 228 196.2
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PERCENT OF STEAM GENERATOR THERMAL OUTPUT 100 PER CENT PERCENT
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NO. DESCRI PT ION LB /HR PSIA F 0 L6/ 8SIA *F TL

1 MAIN STEAM AT STEAM GENERATORS 255,510 133 902I437.512,23 0 900 14778
2 STEAM TO DESUPERHEATER C-Il1 36.250 5 814 1437.5 0

3 MAIN STEAM TO DESUPERHEATER C-1O 217.260 129 90014375 0
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DESUPERHEATER

6 DUMP STEAM TO CONDENSER 277.450as 175 1139.0 0
7 TURBINE GLAND SEALING STEAM 500 128900 1437.5 0
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central, dividing plate. A three-way valve on the tank inlet-outlet line,
remotely operable from the main control room, permits the use of only one
section of the tank at a time. Each tank section is fitted with a drain, an
overflow, and a remote water level indicator in the main control room. A low
water level alarm, common to both sections, annunciates in the main control
room.

An 8-in. line from the deaerator supplies feedwater to feedwater pumps J-3-1
and J-3-2 and shutdown feedwater pumps J-6, J-7, J-64 and J-65 (Section 5.6.7).
Feedwater pumps J-3-1 and J-3-2 are identical, horizontal, centrifugal, double
casing type pumps, each rated at 610 gpm at approximately 1440 psi total head
when pumping 287 F water. One pump normally supplies the total feedwater
requirements of both steam generators, while the second pump is on stand-by.
A continuous flow of hot feedwater through the stand-by pump is maintained by
a warmup line which circulates water from the pump discharge, through an ori-
fice and two globe valves, to the main condenser. The stand-by pump is auto-
matically started on low feedwater flow in the suction line of the operating
pump, and a low flow alarm is simultaneously actuated in the main control room.
Each pump has a recirculation line to the deaerator which maintains a minimum
flow of 70 gpm through the pump. The recirculation control valve can be
operated in two modes; modulating, to maintain the total pump flow at 70 gpm,
or two-position, set to open wide when flow through the pump falls to 70 gpm.
The operator chooses the mode of operation by a selector switch. Under either
mode, a low flow alarm is actuated in the main control room when the control
valve opens. Each pump has local indication of lube oil pressure, bearing
temperatures, suction and discharge pressure, and suction flow and temperature.
Indication of pump suction flow and discharge pressure, and the low flow alarm
are provided in the main control room. In addition, flow in the common 8-in.
suction line to the feedwater pumps is recorded in the main control room. Both
of the feedwater pumps are tripped by low deaerator water level (1000 gal).

The feedwater pump discharge lines combine into a common 6-in. discharge header
which divides into two 4-in. lines outside the reactor building, each supplying
one of the steam generators. Each 4-in. line has a feedwater regulating valve,
operated by a three-element control, with a hand-operated regulating valve in
parallel. Both of these valves are remotely operable from the main control
room. The three-element control system controls the feedwater regulating valve
by a steam generator drum water level signal which is modified by the ratio of
steam flow to feedwater flow. Pneumatic or electric failure in the three-
element control system causes the regulating valve to fail ??as is??. The hand-
operated regulating valves can be used for initial filling and start-up, and
during periods when the automatic valve is isolated for maintenance. Pneumatic
failure of the controller causes the manually actuated valve to fail closed.

A check valve and a motor-operated gate valve for containment iolation are
located in each 4-in. line inside the containment building. An additional
motor-operated gate valve is located outside the containment shell for isola-
tion. Two check valves in series are provided upstream of the regulating
valves. Piping ruptures upstream of these check valves can not affect the
integrity of the water supply from the feedwater tank and the shutdown feed-
water pumps which join the main feedwater line between the check valves and the
regulating valves.

Pressure and temperature of the water in the 6-in. feedwater discharge header
are recorded in the main control room. Flows and pressures in the 4-in, lines
to the steam generators are recorded in the main control room; pressure and
temperature are indicated locally.

5.6.6 Circulating Water System

Circulating water enters the upper half of the front water box of the main
condenser through a 36-in. pipe. It passes to the rear water box through the
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upper condenser tubes, reverses, and returns to the lower half of the front
water box through the lower condenser tubes. Water leaves the condenser
through a 36-in, pipe from the bottom of the front water box (Figure 5.6.6).
A description of the circulating water system exterior to the turbine building
is given in Section 6.11.2.

The priming ejector C-6, (Figure 5.6.2), removes air from the condenser tube-
side and from the circulating water system during initial filling of the cir-
culating water system. Steam is supplied to the priming ejector from the main
steam line. The steam-air mixture is discharged to the blowdown tank F-42.
Blowdown tank F-42 also receives the deaerator overflow dump, the steam
generator drums continuous blowdowns, and miscellaneous steam generator drains,
Water from the tank discharges to the floor drain system and steam from the
tank is vented through a 12-in. pipe to the atmosphere (Figure 5.6.5.3). The
ejector C-6 draws air from the top of the condenser water box inlet nozzle,
and from the high points in the circulating water supply and return lines
located just outside the turbine building. Sight tanks with gage glasses are
installed in the vacuum lines from the circulating water line high points.
These tanks are installed above the elevation of these high points so that the
operator can observe when all of the air has been evacuated from the circula-
ting water lines. A gage glass is installed on the condenser water box inlet
nozzle so air evacuation from the condenser can also be observed. Priming
during the initial filling of the circulating water system requires the man-
ipulation of manually operated valves.

During normal operation, the condenser tubeside and portions of the circulating
water piping are under a maximum vacuum of approximately 25 ft of water. A
system for continuous automatic priming removes air from the water. Vacuum
lines are installed from the top of the condenser rear water box, the top of
the lower half of the condenser front water box, and from the circulating water
line evacuation sight tanks referred to above. These vacuum lines are mani-
folded into two loop seals. A single 1-1/2-in. vacuum line runs from the out-
let of the loop seals to air ejector C-5, which accomplishes the continuous
priming. The loop seals prevent the drawing of circulating water (river water)
into the air ejector and subsequently into the steam side of the condenser.

The circulating water temperature and pressure are indicated locally at the
main condenser inlet and outlet. Circulating water pressure at the discharge
of the circulating water pumps in the pump house is indicated in the main
control room; a low pressure alarm is also installed in the main control room.

5.6.7 Shutdown Heat Removal System

a. General

The shutdown heat removal system removes the reactor decay heat follow-
ing reactor shutdown. The system is designed to handle 5% of full
reactor thermal power. The principal items of shutdown equipment are
shutdown condenser C-14; shutdown drain cooler C-29; desuperheaters C-9
and C-12; desuperheater C-11; shutdown feedwater pumps J-6, J-7, J-64
and J-65; and shutdown make-up pumps J-19-1 and J-19-2. Additional
items of equipment required for an emergency shutdown include feedwater
surge tanks F-51 and F-56 and their nitrogen pressurizing systems and
steam generator pressure blowdown valves PSV-3-103 and PSV-3-104.

During normal shutdown the operator can use the main condenser, main
feedwater pumps and other main cycle equipment instead of the shutdown
equipment for part of the shutdown period. Utilization of these com-
ponents, however, will become increasingly inconvenient as reactor
decay heat decreases.
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Under emergency shutdown conditions due to power failure, failure of the
main feedwater supply, or failure of the main condenser systems, the
shutdown system equipment must be used, and comes into operation auto-

matically. This operation is described under Emergency Shutdown later

in this section.

b. Shutdown Equipment and Cycle

Flows, pressures, and temperatures of steam and feedwater at the start
of the shutdown period, are indicated in Figure 5.6.5.2. Steam at 135
psig and 900 F flows from the steam generators through the pressure con-

trol valve of desuperheater C-9, which maintains the 135 psig in the
main steam line. After being desuperheated to 600 F in desuperheater C-9

(Section 5.6.3), the steam enters shutdown condenser C-14, where it is

condensed, Shutdown condenser C-14 is a vertical shell and tube heat

exchanger, with service water in the tubes and steam in the shell. The
condenser is vented from four locations along the shell to deaerator C-8.
A variable condensate level is maintained in the shell. Condensate
drains from the condenser pass through a flooded cooler, shutdown drain

cooler C-29, and into deaerator C-8. Shutdown drain cooler C-29 is a
horizontal shell and tube heat exchanger with service water in the tubes
and condensate drains in the shell. The drains are cooled so that upon
entering the deaerator and flashing, they do not create an excessive

pressure in the deaerator. The temperature of the drains leaving the
drain cooler are controlled by regulating the flow of service water
through the cooler with temperature controller TIC-2-ll and control
valve TCV-2-ll (Figures 5.6.1.3 and 5.6.6).

The condensate level in shutdown condenser C-14 is allowed to vary
freely so that the surface of tubes exposed to steam in the condenser
has the correct capacity for condensing the incoming steam flow at the
steam pressure which is required to cause the condensate to flow to the
deaerator. As steam flow to the condenser drops, the required condenser
duty drops and condensate level rises. Control valve LCV-2-40, in the
condensate drain line to the deaerator, is a two-position valve, nor-
mally fully open, which closes on low liquid level in the shutdown
condenser. The shutdown condenser has low and high level alarms which
annunciate in the main control room. Condensate level is also locally
indicated. The temperature of drains leaving the condenser and the
drain cooler are indicated locally and in the main control room. The
pressure of drains from the drain cooler is indicated locally.

The shutdown make-up pumps J-19-1 and J-19-2 supply make-up water to the
deaerator if condensate pumps J-2-1 and J-2-2 are not available. These

pumps can take suction from either the condensate storage tank or the
demineralized water storage tank. The horizontal, centrifugal, motor-
driven pumps each have a capacity of 29 gpm at a total dynamic head of
272 ft. Each pump discharges through a check valve and a gate valve into
a common discharge header. The header supplies make-up to the deaerator
through level control valve LCV-2-33A and also supplies make-up water
for other plant requirements through a separate line (Figure 5.6.1.3).
Valve LCV-2-33A is controlled by deaerator level controller LC-2-33,
which in normal operation, controls surge make-up valve LCV-2-33B, but
on loss of the condensate pumps, due to power failure or other reasons,
transfers its control to valve LCV-2-33A. Normal shutting down of both
condensate pumps also causes this transfer.

Both shutdown make-up pumps can be started and stopped from the main
control room. One selected pump is on stand-by and automatically starts
up on loss of both condensate pumps, simultaneously with the valve trans-
fer mentioned above.
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Each make-up pump has a recirculation line with a globe valve and orifice
for minimum flow. The two recirculation lines combine into a common line
which discharges, through a three-way valve remotely controlled from the

main control room, to one of the two sections of the condensate storage
tank. Pump suction temperature and pressure and discharge pressure are
locally indicated.

During shutdown operation, steam flow to the deaerator may be required to

keep the deaerator pressure above atmospheric, depending upon the pro-
portions in which cold make-up and hot condensate drains are supplied to
the deaerator. Desuperheater C-11 supplies steam required to maintain a
minimum pressure of 4 psig.

Each steam generator has its own independent system of shutdown feedwater
pumps and piping. The system for each steam generator is identical, with
the single exception that the suction piping for the shutdown feedwater
pumps for steam generator C-1 is normally lined up so that the pumps
take suction from the condensate storage tank, while the suction piping
for the shutdown feedwater pumps for steam generator C-2 is normally
lined up so that the pumps take their suction from the demineralized
water storage tank. The following is a description of the shutdown
feedwater system for steam generator C-1, only.

During shutdown operation, feedwater is supplied to steam generator C-1
by either shutdown feedwater pump J-6 or by shutdown feedwater pump J-7.
Each pump has adequate capacity to supply total shutdown feedwater re-
quirements. Pump J-7 is electrically driven and can be controlled both
locally and from the main control center and can be locked out locally.
Pump J-7 is arranged to start up automatically from any of the following:
low deaerator level (1000.gal), loss of power accident, or low level
in either steam drum (9 in. below normal level). After an automatic
start, the pump can only be stopped manually (either locally or from
the control room).

Pump J-6 is a horizontal duplex reciprocating steam driven pump and re-
ceives its 135 psig,500 F steam supply from desuperheater C-12. The
steam supply to the pump is controlled by a pump governor control valve
PV-1-110, which throttles steam supply to the pump to maintain a constant
pump discharge pressure. Pressure control valve PCV-1-lll, of desuper-
heater C-12 automatically opens and provides 135 psig steam to the pump
governor valve, and thereby starts pump J-6, from the same signals that
start pump J-7. Pressure control valve PCV-1-lll can also be made to
open and control manually from the control room. After automatic opening
of PCV-1-lll it can only be closed manually. (Desuperheater C-12 and
valve PCV-1-lll also supply steam, in the same manner, to steam pump
J-64, for steam generator C-2.) The steam cylinders, and the piping
from the desuperheater to the steam cylinders, are kept warm when the
pumps are not operating. A small flow of steam is maintained within

the piping by cracking the bypass valve around the desuperheater
pressure control valve (Figure 5.6.1.2) and allowing steam to flow
through the bypass lines around the pump and into the pump discharge
lines. Testing of the motor and steam driven shutdown feedwater pumps
is possible during normal plant operation.

Pumps J-6 and J-7 have several alternate sources of suction supply. The
valves on a common suction header are normally left in position so that
the pumps take their suction from the condensate storage tank on auto-

matic start-up. The suction header feeds each pump through a separate
check and gate valve. By manual manipulation of valves, supply to the
suction header can be changed from the condensate storage tank to the
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demineralized water storage tank. The supply to the suction header also
has a tie from domestic water. On low pressure in the header, pressure
control valve PCV-3-175 opens to supply domestic water to both pumps.
Valve PCV-3-175 remains open until its pressure switch is manually reset.
Valving is provided around valve PCV-3-175 to make possible periodic
checks for leakage across a closed valve. The pumps are provided with a
second suction header, feeding each pump through a separate gate and
check valve, which draws water from the deaerator feedwater discharge
line. This source of supply is used for normal shutdowns.

Each pump discharges through a check valve into a common line in which
control valve HCV-3-28 is installed. HCV-3-28 is normally wide open,
but can be modulated by hand controller HC-3-28 mounted in the main con-
trol room. The feedwater flow passes through two check valves and a
globe valve, and into steam generator C-1 feedwater supply line, down-
stream of the double check valves on that line. Thus feedwater supply 1
the generator is safeguarded in the event of a line rupture anywhere in
the main feedwater supply piping upstream of the 4-in. check valves.
A direct supply from HCV-3-28 to the common 6-in. main feedwater supply
line, with a normally closed valve, also is provided. This permits use
of shutdown feedwater pumps J-6 and J-7 to feed both steam generators
C-1 and C-2, if desired. (A similar cross-tie is provided from
HCV-3-162, on the discharge of pumps J-64 and J-65, to permit use of
these pumps to feed both steam generators, if desired.)

Each pump is installed with a pressure relief valve which protects the
pump against over-pressuring which could be caused by check valve leak-
age. Since pump J-6 is a positive displacement pump, its relief valve
also provides protection in the event the pump is started while the

discharge valve is closed.

Each pump is provided with a minimum flow recirculation line. Each line
is installed with a globe valve and an orifice (FX-3-5 and FX-3-ll) for
passing the minimum flow required by the pump.

In addition to supplying feedwater to steam generator C-1 during shut-
down, pumps J-6 and J-7 supply water to desuperheaters C-9, C-11 and
C-12. Control of desuperheating water flow is described in Section
5.6.3.

Separate discharge lines from each shutdown feedwater pump, each with a
check and globe valve, furnish water to a common header which feeds the
desuperheaters. The header is divided into three branches, each having
a temperature control water valve, supplying desuperheaters C-9, C-12

and C-11, respectively. The header is constantly pressurized by a
cross-tie line from the discharge of desuperheater water pumps J-8-1
and J-8-2.

c. Steam Generator Pressure Blowdown

In the event of a loss of electrical power, or on low steam drum water

level resulting from loss of normal feedwater supply, the steam gene-
rator pressure must be blown down to 150 psia so that the shutdown feed-
pumps can supply feedwater to remove reactor decay heat. To reduce
steam pressure, two pressure blowdown valves, PSV-3-103, and PSV-3-104,
are installed on each steam generator superheated steam outlet line.
These valves open automatically on electrical power failure or on low
water level in either steam drum and close when the steam pressure is
reduced to 150 psia. Simultaneous with the opening of these valves the
turbine stop valve is tripped through its solenoid device with a time
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delay adjustable from 30 sec to 2 min. These valves can also be remote-
ly operated from the main control room, if required, to relieve steam
pressure during normal start-up or shutdown. Manual operation of the
valve does not affect the turbine stop or dump valves, nor does normal
operation of these valves as relief valves affect the turbine stop or
dump valves.

Feedwater surge tanks F-51 and F-56 are used to supply feedwater to the
generators during pressure blowdown. The surge tanks are pressurized
with nitrogen which forces water into the steam generators as the steam
generator pressure is reduced. Each surge tank contains sufficient
water and nitrogen so that the drum levels are back to normal at the
termination of blowdown. The surge tanks are kept warm by recirculating
a small quantity of water from the tank to the deaerator.

A local instrument panel, mounted near each surge tank, indicates the
following tank conditions: surge tank water level and temperature,
temperature and pressure of the nitrogen in the surge tank, temperature
of water in the surge tank, nitrogen pressure in the nitrogen supply
line to the tank, and the nitrogen pressure in the nitrogen storage
bottle manifold.

Hand controllers HC-3-115 and HC-3-160 for controlling the valves in
the nitrogen supply lines to the tanks are mounted on a panel in the
main control room. Surge tank water levels, including low level alarms,
pressure and temperature of nitrogen in the surge tanks, and nitrogen
pressure in the storage bottle manifolds are indicated in the main con-
trol room.

The operator can observe the pressure, temperature, and water level in
the tank and determine if the quantity of nitrogen is correct. With
hand controllers HC-3-115 and HC-3160, the operator can supply nitrogen
make-up to the tanks as needed. Surplus nitrogen in the tanks can be
bled off by local manual operation of the tank vent valves.

To fill the nitrogen tank initially requires approximately 8700 scf of
nitrogen, supplied at a pressure of not less than 350 psig.

d. Emergency Shutdown

Two signals Automatically initiate a shutdown of the steam plant. One
is an electrical power failure signal and the second is a low steam
drum water level signal corresponding to a level 9 in. 1elow normal in
either steam generator steam drum. The low water level signal reflects
any condition in the steam plant which results in loss of normal feed-
water supply to the steam generators. These signals simultaneously
scram the reactor and initiate the following steam plant shutdown
action:

1. Both steam system pressure blowdown valves open to release steam to
atmosphere, and the turbine stop valve is tripped through its
solenoid device with a time delay which is adjustable from 30 sec
to 2 min. After ten to fifteen min the steam pressure is reduced
to 135 psig and the pressure blowdown valves close. During the
blowdown period, water is fed to the steam generators from surge
tanks F-51 and F-56.

2. Electric motor-driven shutdown feedwater pumps J-7 and J-65 start
and recirculate feedwater at minimum flow. When the steam generator
pressure approaches 135 psig the shutdown feedwater pump begins to
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deliver water to the steam generators. These pumps also start as a
realtof low deaerator water level (1000 gal) simultaneously with the
tripping of the main feedwater pumps.

3. The pressure control valve of desuperheater C-12 opens to control
steam flow, thus starting up the steam diven shutdown feedwater
pumps J-6 and J-64, which recirculate feedwater at its minimum flow.
When steam generator pressure approaches 135 psig, these pumps begin
to deliver water to the steam generators. These pumps also start as
a result of low deaerator level (1000 gal).

4. The control valve on the service water discharge line from the shut-
down condenser opens to start cooling water flow through the shut-
down condenser and shutdown drain cooler.

5. The control valve of desuperheater C-9 which supplies steam to the
shutdown condenser is permitted to operate and to supply steam to
the shutdown condenser to maintain a pressure of 50 psig downstream
of the valve. This normally requires only a small quantity of steam
flow, if any, through the valve. When the main steam pressure has
dropped to 175 psig the control valve changes from downstream control
to back pressure control, opening wide to admit full steam flow to
the shutdown condenser, and to maintain pressure at 135 psig up-
stream of the valve. This valve thus controls steam generator pres-
sure at 135 psig during shutdown.

6. The pressure control valve of desuperheater C-11 is activated. As
long as deaerator pressure remains above 4 psig this valve remains
closed. If deaerator pressure falls to 4 psig, this valve opens to
regulate steam flow to the deaerator to maintain the deaerator pres-
sure at 4 psig.

7. On electrical power failure only, the pressure regulating valves
open in the service water supply line to each diesel generator
jacket water heat exchanger and pass cooling water through the
exchangers, simultaneously with the start of the diesel engine-
generators.

8. On failure of electrical power to both condensate pumps only, the
selected shutdown make-up pump starts, and its discharge control
valve is activated. If it is desired to start a shutdown make-up
pump during an emergency shutdown due to low steam drum water level,
it can be remotely started by operator action from the main control
room.

All of the automatic actions listed in items I through 8 above do not
automatically reverse upon the termination of the initiating signal.
They can be reversed only by manual action, with the exception of the
pressure blowdown valves which close automatically when steam pressure
reaches 135 psig.

e. Steam Generator Isolation

Steam generator isolation following a failure internal to the generator,
or an external failure which might lead to a subsequent internal failure,
is required for the following reasons:

1. Prevent steam generator shell temperatures in excess of design
temperature

2. Limit in-leakage of water-steam into coolant system or the contain-
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ment building
3. Prevent release of contaminated coolant during steam side pressure

blowdown to 135 psig.

Loop isolation affects the following eight major components in each
loop:

1. One coolant blower motor starter
2. One helium outlet block valve
3. One helium inlet block valve
4. One vessel cooling compressor inlet valve
5. and 6. Two motor operated feedwater valves
7. and 8. Two motor operated steam valves.

In addition to the above, loop isolation will also be annunciated.

Loop isolation causes tripping of the blower motor breaker and simul-
taneous closing of the seven associated valves. The closing circuit to
the helium inlet block valve is interlocked so that the closing signal
becomes effective only after the blower motor breaker is tripped.

Three modes of loop isolation are provided:

1. Manual loop isolation
2. Automatic loop isolation on low-low steam drum level

(24-1/2-in. below normal level)
3. Automatic loop isolation on flood level in the steam generator.

5.7 Electrical System

5.7.1 Philosophy and Criteria

The design philosophy of the electric power systems is based upon the following
criteria for reliability:

a. No single fault or outage should cause a reactor shutdown or reduction
in thermal power, except where limitations of feasibility and economics
preclude provision of an alternative

b. No double electrical fault or outage, whether coincidental or sequential
should prevent safe, controlled shutdown, or emergency scram, of the
reactor.

Feasibility and economic limitations required that exceptions be made in the
following cases: loss of the single circuit transmission system when the
generator is not in operation or, conversely, loss of the generator if the
transmission circuit is out of service; loss of the single 13.8 kv plant power
bus; loss of one of the two reactor coolant blowers; or loss of any essential

component equipment or circuit if its duplicate standby or backup equipment or
circuit is out of service for maintenance or repair. Occurrence of any of
these conditions requires immediate shutdown of the reactor.

These criteria are based on the premise that the most important function of the
electrical systems is to assure safe operation and safe shutdown of the reactor.
Continuity of operation of the reactor and other systems within the plant are
secondary to the safety function. The relative order of importance of plant
operations from the standpoint of electrical system reliability is established
as follows:

a. Safe shutdown of the reactor from any start-up or operating condition
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b. Continuous operation of the reactor to avoid unnecessary shutdowns
c. Continuous availability of EGCR-plant generated power to the external

electrical grid system.

The requirements for electrical system reliability, established by the above
order of importance, guide the design of the various electrical systems. Con-
sideration was given to the relative likelihood of failures or malfunctions to
establish the basis for duplication of power sources, duplication of systems,
duplication of equipment, quality of equipment and system components, complexi-
ty of control and protective schemes, etc. The following relative order of
likelihood of failure or outage was used for these evaluations:

a. Equipment or component failure or malfunction (mechanical equipment,
motors, control devices, relays, etc.)

b. Loss of EGCR-plant generated power
c. Loss of transmission system
d. Failure of a vital feeder
e. Motor control center bus fault
f. Load-center bus fault
g. Transformer fault
h. Switchgear bus fault.

Some interchangeability was required in the above relative order depending on
the position of the system of the item under consideration and on the com-
plexity of the system. Duplication of feeders and equipment increases the
failure probability but decreases outage time. Consideration was given to
maximum safe outage times permissible in any given case and automatic transfer
devices were included wherever the requirement for minimum outage time offsets
the higher probability of failure introduced by the complexity of the auto-
matic devices and additional circuits. For these systems, quality of equipment
and components, and maximum simplification, were given further consideration
to minimize the probability of malfunction or outage.

5.7.2 External Electrical Grid

The power transmission system, Figure 5.7.2, which is external to the EGCR is
described herein only so far as it is likely to affect the EGCR. Therefore,
this description is limited to:

a. The power system electrical speed
b. Transmission system faults and the equipment used to protect the EGCR

against these faults
c. Protection against overloads on the EGCR electrical generator.

As shown on Figure 5.7.2 the EGCR, under normal conditions, is connected
electrically with the Oak Ridge and TVA transmission grid. The TVA system,
in turrr is electrically interconnected to other power systems. The total capa-
city of the interconnected systems is over 75,000 Mw. This total system ope-
rates at an electrical speed of 60 cycles, and the electrical speed is the only
system-wide parameter which can be affected by the internal action of any one
plant. This is true concerning the EGCR in its normal relationship to the
interconnected systems.

To control the electrical speed, each of the plants or systems in the inter-
connection contributes a portion of its power generation toward speed control.
This control is such that a sudden deficit between power demand and power gene-
ration on the interconnection systems of 1200 Mw will cause a frequency change
of approximately 0.08 cycle in system speed. Since sudden power deficits in
excess of 300 Mw are seldom encountered, the system speed usually does not
vary more than f 0.02 cycle from 60 cycles on a daily operating basis. For all
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practical purposes, therefore, the output of the EGCR electrical generator will
not vary because of normal operating conditions on the power system to which the
plant is connected.

On the other hand, if abnormal operating conditions occur on the external grid
which cause low system electrical speeds, the underfrequency relay at the EGCR
will trip breaker number S-1340 (13.8 kv line main breaker), leaving only the
station service electrical load on the EGCR generator.

A high system electrical speed will cause the overfrequency relay at EGCR to
trip breaker number S-1340, leaving only the station service electrical load
on the EGCR generator.

Relaying systems protect the EGCR from faults which occur on electrical equip-
ment and lines in the external grid. Three areas in the external grid are
considered: EGCR to X-10 line equipment protection, X-10 substation protection,
and protection of 161 kv lines, as it affects the EGCR.

The EGCR to X-10 line equipment has the following protection at the EGCR
(breaker S-1340):

a. Pilot wire differential current relaying (in connection with X-10 relay-
ing)

b. Directional overcurrent relaying for ground fault protection, current
polarized

c. Instantaneous and time overcurrent relaying
d. Time overcurrent relaying for transformer neutral ground faults
e. Transformer sudden gas pressure relaying
f. Transformer load-tap-changer protective devices
g. Remote tripping from a "b" finger of X-10 breaker number 264.

Additional relays in the EGCR 13.8 kv bus operate breaker S-1340.

The EGCR to X-10 line equipment has the following protection at X-10
(breaker 264):

a. Pilot wire differential current relaying (in connection with the EGCR
relaying)

b. Instantaneous and time overcurrent relaying
c. Bus differential relaying (on the X-10 bus)
d. Impedance relays coordinated with the carrier pilot relaying of the

X-10 - K-25 line (All ground faults and most of the phase faults on the
161 kv line at X-10 and K-25 will cause opening of breaker 264.)

e. Power directional (reverse current) relays in the circuits to breakers
874 and 884 will cause breaker 264 to trip on power flow from the EGCR
to the indoor 13.8 kv bus at X-10 or to the 161 kv power line at X-10
if, at the same time, there is low voltage on the power line. This
prevents electrically overloading the EGCR generator during emergencies

f. High speed reclosing of breaker 264 (one shot).

To summarize the X-10 - EGCR line protection, any fa.ut between X-10 and EGCR

13.8 kv bus opens breaker S-1340 at the EGCR and breaker 264 at X-10. If the
fault clears immediately, breaker 264 recloses. Breaker S-1340 can be reclosed
only after breaker 264 recloses, and then only by the operator who must re-
synchronize and manually close breaker S-1340 from the EGCR control room. If
breaker 264 locks out for any reason, it must be closed by local manual opera-
tion or by remote manual operation (via supervisory control) from K-25.

In addition to the protection with breaker 264 at X-10, the relaying which
affects the EGCR under normal operation includes protection for the 40,000 kva
transformer and its associated busses at the X-10 substation. (Breaker 204
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normally is open and, therefore, the 35,000 kva transformer and its associated
buses are not involved in the EGCR relaying.) This relay protection consists
of:

a. Transformer and bus differential relaying
b. Transformer sudden gas pressure relaying
c. Time and instantaneous overcurrent relaying on the bus
d. Time overcurrent protection against ground faults (This is secondary

or backup protection which functions when instantaneous overcurrent and
directional overcurrent relays fail to function properly.)

e. Directional overcurrent protection against ground faults
f. Thermal overload protection for the transformer.

The above relaying trips both the 161 kv breaker 884 and the 13.8 kv breaker
284 for faults between these breakers. The two breakers also operate for
faults on the EGCR, ORIC and HFIR 13.8 kv lines if the respective breakers;
264, 254 and/or 294;malfunction.

The basic 161 kv protection for X-10 and the K-25 - Elza line and tap consists
of the following (at K-25 and Elza station):

a. Carrier pilot relaying for phase-to-phase and phase-to-ground faults
b. Impedance type (backup protection) distance relaying
c. Ground fault relaying (backup protection)
d. High speed reclosing (one shot).

The above relay schemes open (and reclose one shot after a fault) breaker 904
at Elza station and breakers 924 and 926 at K-25. Power generation facilities
at K-25, one transmission line at K-25 and four transmission lines at Elza
station are the major elements of the local electrical grid. The relay pro-
tection associated with each of these transmission lines is very similar in
every respect to that described for the K-25 - Elza line. This protection
makes the service reliable so that, except for instances of extreme system
troubles on the external power network, the Elza and/or the K-25 161 kv buses
will be energized at all times. Major transmission troubles that may interrupt
service to and from the EGCR are expected to come from first, the 13.8 kv sys-
tem and second, the 161 kv circuit from K-25 to Elza station. Circuits in the
X-10 area have had only four power interruptions recorded since October, 1948.
The EGCR - X-10 circuit is a 1595 MCM aluminum line with two conductors per
phase. It is constructed on a wooden H frame equipped with two overhead ground
wires, and the entire construction was designed for 100 mph wind. The line is
well protected against normal hazards.

5.7.3 Plant Generator Facilities

The plant electricalgeneration facilities, a5 shown in Figures 5.7.3.1 and
5.7.3.2, consists of the 31,250 kva generator and the 13.8 kv generator bus
switchgear, which includes circuit breakers for the main isolating transformer
and transmission line, the two reactor coolant blower motors, the two auxiliary
power transformers and two feeders to the experimenters? power transformers.
The generator is a 13,800 v, three phase, 60 cycle, 3600 rpm, hydrogen-cooled
unit, nominally rated 25,000 kw, 0.8 pf, 31,250 kva, 0.9 short circuit ratio,
with 0.5 psig hydrogen pressure. Provision is made for operating at increased
hydrogen pressures up to 15.0 psig and a corresponding increase in generator
capacity up to 35,927 kva (115%).

Excitation for the generator field is supplied from a motor generator set con-
sisting of a 125 kw, 250 v, d-c generator with a 3 kw, 250 v, d-c pilot exciter
and a 400 hp, 1189 rpm, 2400 v induction motor. A motor operated, rheostatic-
type voltage regulator, electrically operated field circuit breaker with field
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discharge resistor, and necessary manually operated rheostats and control de-

vices control the generator excitation and afford either manual or automatic

control of the generator voltage. The motor of the exciter motor generator set

is connected to the 2400 v auxiliary power bus by a metalclad circuit breaker

in the auxiliary power switchgear.

The cooling system for the generator is a standard hydrogen cooling system.

Hydrogen is maintained within the generator casing at a pressure varying from

0.5 to 15 psig. Four hydrogen coolers, installed in the casing, remove heat

from the hydrogen. Hydrogen is stored in high pressure containers external to

the turbine building.

The generator is connected to the 13.8 kv generator bus switchgear by 2000 amp,

fully insulated, group phase, metalclad bus and a 2000 amp, 13.8 kv, air-break,
metalclad circuit breaker in the switchgear. Lightning arrestors and capacitors

for generator surge protection are connected by metalclad bus to the generator
main leads at a point near the generator terminals. The generator neutral
leads are connected by metalclad bus to neutral currenttransformers and thence
by cable through a 1000 amp, 8 ohm, 10 sec, neutral grounding resistor to the
plant grounding system. All metalclad buses for the main and neutral leads

are included in the zone of protection of the current differential relays for
the generator.

All devices for control of the generator, exciter and voltage regulator are

located on the electrical control desk in the main control room, including
remote controls for the initial pressure regulator, the turbine governor speed

changer, and the turbine load limiter. A push button is provided for manually

tripping the turbine initial pressure regulator reset solenoid and governor
reset solenoid. An emergency trip push button which trips the turbine stop

valve, the generator main breaker and the generator field circuit breaker is

also installed on the control desk.

Indicating instruments, recording meters, protective relays and alarm annun-

ciators for the generator, exciter and voltage regulator are located on a du-

plex switchboard in front of the control desk in the main control room. Posi-

tion indicators for the turbine load limiter and governor valves are included.

Protective relays for the generator include relays for detection of internal

electrical faults in the generator, or in the main or neutral leads. Operation

of any of these relays automatically disconnects and shuts down the turbine-

generator by tripping the turbine stop valve and the generator main and field

circuit breakers. In addition to the protective relays for the generator, the

turbine is equipped with protective devices which are arranged to trip the
turbine stop valve and generator breakers.

If the generator is in normal operation in parallel with the transmission sys.

tem, tripping of the turbine-generator does not affect the transmission circuit

which continuesto supply uninterrupted power for operation of the reactor and

plant auxiliaries. If the generator is in isolated operation to supply the

plant auxiliary power, tripping of the turbine-generator interrupts the power

supply for the plant auxiliaries and causes the two diesel engine-driven

emergency generators to be started automatically and supply emergency power to

essential auxiliaries.

A relay is provided to give an alarm in case of a ground on generator field

windings. In this case, immediate shutdown of the generator is not mandatory

and can be delayed to permit a normal shutdown at a convenient time.

Backup relays protect against motoring of the generator in the event of loss of

steam to the turbine and protect the generator from damage due to external

faults in the plant system or transmission circuit which may not be cleared
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because of failure of local protective devices. These relays disconnect the

generator by tripping the generator main and field circuit breakers only after
adequate time has been allowed to permit operation of local protective devices.
The turbine stop valve is not tripped for these conditions. The negative phase
sequence relays which measure current unbalance in the generator phases are
equipped with separately timed alarm contacts which close in advance of the
tripping contacts. The amount of advance warning depends on the magnitude of
unbalance, and in case of minor unbalances, will allow sufficient time for the
operator to endeavor to take corrective action.

The effects of tripping the generator by these backup relays are the same as
for the generator protective relays, with the added possibility that in some
cases the backup relays on the transmission circuit may also operate and inter-
rupt all power to the plant. In such a case, the emergency generators automati-
cally start and supply emergency power.

If the external power supply for the transmission system is lost while the gene-
rator and transmission system are operating in parallel, and the turbine is
operating on initial pressure regulation, the generator will probably become
overloaded or underloaded with a resulting change in speed and frequency. An
underfrequency or overfrequency relay disconnects the plant generation system
from the transmission system in such cases by tripping the circuit breaker for
the main isolating transformer and transmission line. The relays also trip the
initial pressure regulator and return the turbine-generator to governor control,
thus restoring normal speed and frequency. The turbine-generator continues to
supply power for operation of the reactor and plant auxiliaries.

A scram signal from the reactor safety system trips the turbine stop valve which
in turn trips the generator main and field circuit breakers to disconnect the
generator from the system.

The 13.8 kv generator bus switchgear consists of 10 units of standard metalclad
switchgear with a single section 2000 amp bus and eight air-break, metalclad
circuit breakers having an interrupting rating of 500 Mva, 21,000 rms amp at
13.8 kv and a momentary rating of 40,000 rms amp. The circuit breakers for the
generator and for the transmission line isolating transformer are rated 2000
amp continuous. All other circuit breakers are rated 1200 amp continuous. Two
units of the switchgear are auxiliary compartments for potential transformers.

The switchgear bus is equipped with bus differential relays. The zone of pro-
tection provided by these relays includes all eight circuit breakers connected
to the bus. In case of a fault on the bus or in a circuit breaker, the relays
trip all of the circuit breakers. Tripping of all circuit breakers interrupts
the power supply to reactor and plant auxiliaries and causes the emergency
diesel engine generators to start to supply emergency power.

The circuit breaker for the main isolating transformer and transmission line is
connected to the transformer by 2000 amp metalclad bus. This bus is included
in the zone of protection provided by the protective relays for the transformer

and transmission line. Control devices for the circuit breaker and the iso-
lating transformer tap changer are located on the electrical control desk in

the main control room.

Indicating instruments, tap-changer position indicator, recording meters, pro-

tective relays, pilot wire relays and alarm annunciators for the isolating
transformer and transmission line are located on the duplex switchboard in
front of the control desk.

The two circuit breakers for the plant auxiliary power transformers are equipped
with primary and backup protective relays and are connected by 15 kv armored
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cable to the primaries of the transformers. These cables are included in the

zones of protection provided by the differential relays for the transformers.
Further discussion of these circuits is contained in Section 5.7.4. Control
devices for these circuits are located on the electrical control desk in the
main control room. Indicating instruments, protective relays and alarm annun-
ciators are located on the duplex switchboard in front of the control desk.

Two circuit breakers are installed for the feeders to future experimenterst
auxiliary power transformers. Controls, instruments, relays and alarms are
identical to those for the plant auxiliary power transformers and are located
on the electrical control desk and duplex switchboard in the main control
room.

The two circuit breakers for the reactor coolant blower motors are equipped
with primary and backup protective relays and are connected by 15 kv armored
cable to the motors. The cables are included in the zones of protection pro-
vided by the differential relays for the motors. Undervoltage relays discon-
nect the motors in case of loss of power on the 13.8 kv switchgear bus. Volt-
age and current surge protection equipment is installed at the motor terminals.
Control devices, indicating ammeters and alarm annunciators for these motor
circuits are located on the helium switchramp in the main control room and
local controls are installed at the motors. Protective relays and indicating
ammeters for these circuits are located on their respective metalclad switch-
gear units. The control circuits for these motors are integrated into the
reactor instrumentation and control circuits.

5.7.4 Station Auxiliary Power System

The auxiliary power system, shown on Figure 5.7.3.1, consists of the dual 2.4 kv
and 480 v systems which furnish the normal power to the plant auxiliaries.

The 2.4 kv auxiliary power system is shown in more detail on Figure 5.7.4.1.
It consists of two 5000 kva, 13.8-2.4 kv auxiliary power transformers, the
two-section 2.4 kv switchgear, and associated transformer feeders and motor
circuits.

The primaries of the two 2.4 kv auxiliary transformers are supplied from cir-
cuit breakers in the 13.8 kv switchgear as described in Section 5.7.3. The
secondary of each transformer is connected by a 2000 amp metalclad bus through
a 2000 amp circuit breaker in the 2.4 kv switchgear to one section of the 2000
amp bus in the switchgear. The transformer secondary metalclad buses are in-
cluded in the zones of protection provided by the differential relays for the
transformers. The secondary neutral of each transformer is grounded through a
grounding resistor rated 600 amp for ten seconds. Each transformer is equipped
with a gas pressure relay for fault detection, in addition to differential re-
lays and backup phase and ground fault relays. Operation of any of these
relays trips the 13.8 kv primary breaker and the 2.4 kv secondary breaker for
the transformer in difficulty.

The 2.4 kv auxiliary power switchgear consists of 14 units of standard metal-
clad switchgear with a two-section 2000 amp bus, a 1200 amp bus tie circuit
breaker, four transformer feeder circuit breakers, one fire pump motor feeder
circuit breaker, and five motor starting circuit breakers in addition to the
two circuit breakers for the incoming secondaries of the auxiliary power trans-
formers. One unit of the switchgear is for the bus transition for the bus tie
breaker. All circuit breakers have an interrupting rating of 150 Mva, 36,100
amp at 2.4 kv and a momentary rating of 37,500 amp. All transformer feeder
and motor circuit breakers have a continuous rating of 1200 amp.

Each of the two sections of switchgear bus is equipped with bus differential
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relays. The zone of protection for each bus section includes all circuit

breakers connected to the bus section. The bus tie circuit breaker is in-

cluded in the zone of protection for bus section A. In case of a fault on a

bus or in a circuit breaker, the relays trip all circuit breakers connected to

the faulted bus section. The bus tie breaker is tripped from either set of

relays.

The bus tie breaker is equipped with backup relays to isolate the two bus

sections in case a feeder breaker on either bus fails to properly clear a

fault in its feeder. The bus section to which the faulted feeder is connected

is then cleared from the system by the action of the backup relays for the

auxiliary power transformer on that bus section tripping the transformer pri-

mary and secondary circuit breakers.

Two of the transformer feeder circuit breakers supply the primaries of the two

862 kva, 2.4 kv-480 v transformers for the double-ended 480 v normal power

load-center. Each breaker is connected to an opposite section of the 2.4 kv

bus. The breakers include overcurrent and ground fault relays. The other two

of the transformer feeder circuit breakers supply the primaries of the two 862

kva, 2.4 kv-480 v transformers for the dual 480 v emergency power load-center

(Section 5.7.5). Each breaker is connected to an opposite section of the 2.4

kv bus. The breakers include overcurrent and ground fault relays.

The fire pump motor feeder circuit breaker is connected to bus section A and

is equipped with overcurrent and ground fault relays.

The five motor circuit breakers are for the following: two circulating water

pump motors, one fed from each bus section; two feedwater pump motors, one

fed from each bus section; and one generator exciter motor-generator set, fed

from bus section B. Each of the motor circuit breakers is equipped with over-

current and ground fault relays.

Control switches for the two 2.4 kv auxiliary transformer circuit breakers,

the bus tie circuit breaker and the feeder circuit breakers for the fire pump

and the four 2.4 kv-480 v normal and emergency load-center transformers are

located on the control desk in the main control room. Indicating instruments,

annunciators and bus differential relays are located on the duplex switch-

board in front of the control desk. All other protective relays for these

circuit breakers are located on their respective metalclad switchgear housings

The control switch for the exciter motor-generator circuit breaker is located

on the control desk with the main generator controls in the main control room.

Protective relays and indicating instruments for this circuit breaker are

located on its metalclad switchgear housing.

Control switches and ammeters for the two feedwater pump circuit breakers and

the two circulating water pump circuit breakers are located on the steam con-

trol switch ramp in the main control room. Local controls for maintenance

purposes are located adjacent to the pumps. Protective relays and additional

ammeters for these circuits are located in their respective metalclad switch-

gear housings.

The double-ended 480 v normal power load-center is shown on Figure 5.7.4.2.

This load center consists of two 862 kva, 2.4 kv-480 v askarel insulated trans-

formers, each fed by a separate 5 kv armored cable feeder from separate bus

sections of the 2.4 kv switchgear previously described. The transformer

secondaries are connected through 1200 amp air circuit breakers to separate

sections of the bus in the 480 v metalclad switchgear. The secondary neutrals
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solidly grounded. The two bus sections are connected through a normally open
1200 amp bus tie circuit breaker. The two transformers and switchgear sections
are mounted together to form an integrated double-ended load-center with copper
bus bar connections between all units.

The tansformer secondary main breakers are provided with overcurrent relays to
assure coordinated tripping with the load-center feeder circuit breakers. on a
selective trip basis. A fault on a feeder is cleared by the feeder circuit
breaker without tripping the main circuit breaker. The main circuit breakers

trip for a fault on a main bus or if a feeder circuit breaker fails to clear a
fault on a feeder. The bus tie circuit breaker is equipped with short-circuit

trips only and is coordinated on the selective trip basis. The main circuit
breakers are interlocked with their respective 2.4 kv transformer primary cir-
cuit breakers so that tripping of a 2.4 kv breaker will trip the corresponding
480 v secondary main breaker.

Control switches for the two secondary main breakers and the bus tie breaker
are located on the duplex switchboard in the main control room. An annuncia-
tor on the duplex switchboard indicates loss of power on either section of the
480 v switchgear bus. Ammeters for the secondary mains, bus voltmeters and

protective relays are located on the 480 v switchgear.

The 480 v switchgear is equipped with nine feeder circuit breakers and two
motor starting circuit breakers as follows:

a. Two feeders for motor control center 4, one from each bus section
b. Two feeders for motor control center 5, one from each bus section
c. One feeder for motor control center 6, from bus section A
d. One feeder for motor control center 7, from bus section B
e. One feeder for future experimenters cooling water pump, from bus

section A

f. Two lighting feeders, one from each bus section

g. Two condensate pump starters, one from each bus section.

All feeder and motor starter circuit breakers are equipped with integral over-
current and short-circuit trip devices and are coordinated with the main break-
ers on the selective trip basis.

The two condensate pump motor breakers are electrically operated. They are
arranged to operate with either pump running under manual control and the other
pump on stand-by and so arranged as to automatically start on a pressure or
level signal in case of inadequacy or failure of the running pump. In case of
interruption of power to both pumps, the stand-by pump starts a soon as power
is restored. Control switches for these motors are located on the steam con-
trol switch ramp in the main control room and local controls for maintenance

purposes are provided at the motors.

The lighting feeder circuit breaker connected to bus section A is electrically
operated and is arranged in an automatic transfer scheme with a similar
breaker in the emergency power load-center. These two breakers feed one
lighting feeder distribution panel which supplies one-half of the plant light-
ing. The automatic transfer operation is normally completed in approximately
12 sec. In case of loss of all normal power supply, the total outage time is
approximately 22 sec if emergency diesel engine generator N-1-2 starts properly,
or a maximum of 37 sec if emergency generator N-1-2 fails to start or function
properly but generator N-1-1 starts properly. A selector switch in the normal
power load-center switchgear permits manual transfer of the load from the nor-
mal power center to the emergency power center, if necessary.

The lighting feeder circuit breaker connected to bus section B is manually
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operated and is key interlocked with a similar breaker in the emergency power

load-center. These two breakers feed the second lighting feeder distribution

panel which supplies the remaining half of the plant lighting. The key inter-

lock prevents closing both feeder circuit breakers at the same time. The load

can be transferred from the normal load-center to the emergency load-center by

tripping the normal breaker and transferring the key to the emergency breaker

to permit it to be closed. The same procedure is required to transfer the

load back to the normal load-center.

The six circuit breakers for the motor control center feeders are manually

operated. No interlocks or special controls are required for these feeder cir-

cuit breakers. These six feeders supply normal auxiliary power to 480 v motor

control centers 4, 5, 6 and 7. These motor control centers supply normal

power for non-critical plant auxiliaries and services which are not required

for an emergency shutdown or scram of the reactor.

The motor control centers are unitized metalclad structures with 600 amp main

buses, incoming main circuit breakers, combination type motor starters, feeder

circuit breakers, control transformers and control devices.

Motor control centers 4 and 5 supply plant process auxiliaries and have single

main bus sections with two incoming mains with large air circuit breakers.

The incoming mains are supplied from opposite sections of the normal power

load-center and the circuit breakers are key interlocked to prevent parallel

operation of the main feeders. The circuit breakers are manually operated and,

in case of loss of the operating feeder or load-center section from which it

is supplied, will require manual transfer to restore power to the control center

bus.

Motor control centers 6 and 7 supply building services and have single main bus

sections with single main incoming mains with molded case circuit breakers.

5.7.5 Emergency Power System

The plant emergency power system consists of a dual 2.4 kv - 480 v load-center

substation, two emergency diesel engine-driven generators, three 2-section

motor control centers, power feeders, branch circuits, motor circuits and con-

trol circuits to supply either normal or emergency power to essential plant

auxiliaries.

The dual 2.4 kv - 480 v load-center is shown on Figure 5.7.5.1 and consists of

two single-ended load-centers, each with its own transformer and metalclad

switchgear, arranged end to end to form an integrated unit with copper bus bar

connections between all components of each section of the load-center. There

is no bus tie between the two switchgear sections.

Each of the two emergency power load-center sections consists of a 862 kva,

2.4 kv - 480 v askarel insulated transformer throat-connected to the 480 v

metalclad switchgear. The neutrals of the transformers are solidly grounded.
Each transformer has a separate 5 kv armored cable primary feeder fed from

separate sections of the 2.4 kv switchgear described in Section 5.7.4. The

transformer secondaries are connected through 1200 amp air circuit breakers to

their respective switchgear buses.

The transformer secondary breakers are equipped with integral short-circuit

trip devices and overcurrent relays for coordinated tripping with the feeder

circuit breakers on a selective trip basis. A fault on a feeder is cleared by

the feeder circuit breaker without tripping the main circuit breaker. The

main circuit breaker trips for a fault on the main bus or if a feeder breaker

fails to clear a fault on the feeder. The main circuit breakers are
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interlocked with their respective 2.4 kv transformer primary circuit breakers
so that tripping of the 2.4 kv breaker trips the corresponding 480 v secondary
main breaker.

Control switches for the secondary main breakers are located on the duplex

switchboard in the main control room. Annunciators are located on the duplex
switchboard to indicate loss of power on either 480 v switchgear bus. Ammeters
and protective relays for the secondary mains and bus voltmeters are located
on the 480 v switchgear.

The two groups of 480 v switchgear for the emergency load-center are identical
and, in addition to the transformer secondary main circuit breakers, each
group includes two 2000 amp main circuit breakers for the two emergency gene-
rators and five feeder and two motor starting circuit breakers as follows:

a. Emergency motor control center 1
b. Emergency motor control center 2
c. Emergency motor control center 3
d. Failure-free power control panel
e. Emergency feeder for lights
f. Blower seal water pump motor
g. Vessel cooling compressor motor.

All feeder and motor starting circuit breakers are equipped with integral over-
current and short-circuit trip devices and are coordinated with the main
breakers on the selective trip basis.

The feeder circuit breakers for the emergency motor control centers and the
failure-free power panel are manually operated. No interlocks or special
controls are required for these feeder circuit. breakers since all of these
breakers are normally closed to provide dual feeders to the control centers
and the failure-free power panel. In the event of loss of power supply, either
normal or emergency, to either section of the emergency load-center, the buses
of the emergency motor control centers which were being supplied from that
section of the load-center are automatically transferred at the control centers
to the feeders from the section of the load-center remaining in operation. The
feeders to the failure-free power control panel require manual transfer at the
failure-free control panel as noted in Section 5.7.6. After power is restored
to the load-center bus section, the motor control center buses may be trans-
ferred back to their normal condition by manual controls at the motor control
centers.

The lighting feeder circuit breaker connected to switchgear bus A is manually
operated and is key interlocked with a similar ciruit breaker in the normal
power load-center to permit manual transfer of one-half of the plant lighting
load from the normal load-center to the emergency load-center as described in
Sections 5.7.4 and 5.7.7.

The lighting feeder circuit breaker connected to switchgear bus B is electri-
cally operated and is arranged in an automatic transfer scheme with a similar
circuit breaker in the normal power load-center to automatically transfer one-
half of the plant lighting load from the normal load-center to the emergency
load-center as described in Sections 5.7.4 and 5.7.7.

The circuit breakers for the two vessel cooling compressor motors are electri-
cally operated and are arranged to operate with either compressor running under
manual control and the other compressor on stand-by and arranged to start auto-
matically by a pressure differential signal in case of failure of the running
compressor. In the event of loss of normal power on both of the emergency
load-center buses, the stand-by compressor will start automatically if normal
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power is restored, or when emergency power is supplied to the switchgear bus to
which it is connected. A timing relay delays the automatic restart for 30 sec
after the bus is energized to delay the application of this motor-starting
load to the generator until the generator voltage and frequency have recovered
from the effects of the initial application of load. If both engine-generators
start and function properly, the total outage time for the compressor is
approximately 42 sec. If one engine-generator fails to start or if automatic
switching operations are not performed properly, the outage time for the com-
pressor is either 42 or 59 sec, depending on which compressor has been pre-
selected as stand-by and which generator fails. The control switches for the
motors are located on the helium control switch ramp in the main control room.

The circuit breakers for the two blower seal water pumps are electrically oper-
ated and are arranged for both pumps to be running normally under manual con-
trol. Following the loss of normal power on both of the emergency load-center
buses, one pump restarts automatically if normal power is restored, or when
emergency power is supplied to the switchgear bus to which it is connected. A
timing relay delays the automatic restart after the bus is energized to delay
the application of this motor-starting load to the generator until the genera-
tor voltage and frequency have recovered from the effects of the initial appli-
cation of load. Each pump has a timing relay, one set for 5 sec and the other
set for 7 sec, to prevent starting both pumps if power is restored to both
buses simultaneously. If both engine-generators start and function properly,
the total outage time for the pump is approximately 17 sec. If one engine-
generator fails to start or if automatic switching operations are not performed
properly, the outage time for the pump is either 17 or 19 sec, depending on
which generator fails. If both engine-generators start properly, the second
seal water pump may be restarted manually. The control switches for the motors
are located on the helium control switchramp in the main control room.

The two emergency diesel engine-driven generators are each rated 0.8 pf, 1500
kva, 720 rpm, 480 v, 3 phase, 60 cycle, and are each equipped with a belt-
driven 2140 rpm, 125 v, d-c exciter. Each generator can supply the emergency
load for the essential plant auxiliaries. Capacity is also available to supply
one-half of the plant normal lighting load. Both engine-generator units are
arranged to start automatically in the event of loss of the normal power supply
but if one unit fails to start or perform properly, the other unit will pick up
all emergency loads by means of automatic switching operations in the emergency
load-center and in the emergency motor control centers.

Each diesel is governed to maintain a speed of 720 rpm by an isochronous en-
closed hydraulic type Woodward governor.

The diesel engines and their accessories are arranged as shown on Figure
5.7.5.2. The diesels are General Motors Model No. 16-278A, 2 cycle, 16 cylin-
der, 8-3/4-in. bore x 10-1/2-in. stroke.

Each diesel is equipped with a shaft driven air blower, cooling water pump,
fuel oil pump, and lube oil pump. The exhaust gases are discharged through
silencers, and an exhaust pipe which leads to the turbine building roof.

Each diesel has a fuel oil day tank of 275 gal capacity, which is automatically
refilled from an outdoor underground storage tank on low day tank level by
automatically-operating transfer pumps and transfer line valves. The shaft
driven, positive displacement fuel oil pump takes suction from the day tank
and delivers fuel oil, through a strainer and filter to the supply manifold
which fills the cylinder fuel injectors. A stand-by, motor driven fuel oil
pump is installed in parallel with the shaft driven pump. The stand-by pump
automatically starts and delivers fuel oil on low fuel oil pressure.

The shaft driven, positive displacement, lube oil pump draws oil from the
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lube oil sump tank locatedbeneath the basement floor, and discharges lube oil

through a full flow type oil filter and a lube oil cooler, to a pressure regu-

lating and relief valve mounted on the engine. The valve keeps the lube oil

supply to the engine at 45 to 55 psig. Lube oil temperature is regulated by

bypassing lube oil around the lube oil cooler through an automatically operated,

three-way temperature control valve. A separate motor driven lube oil pump and

electric heater are installed in parallel with the other pumps, to circulate

warm lube oil through the engine at all times when the engine is not operating.

This pump and heater are automatically stopped when the engine is started.

The shaft driven, centrifugal jacket water pump delivers water through a mani-

fold to the various parts of the engine requiring cooling. The cooling water

discharges from the top of the engine and returns to the pump suction, after

passing through a jacket water cooler and the lube oil cooler. The jacket

water cooler is a horizontal shell and tube heat exchanger with jacket water in

the shell side and service water in the tubes. Jacket water temperature is

regulated by bypassing jacket water around the exchanger through an automati-

cally operated, three-way temperature control valve.

A stand-by, motor driven jacket water pump is installed in parallel with the

shaft driven pump. The stand-by pump automatically starts to deliver jacket

water on low jacket water pressure. A motor driven jacket water pump and

electric heater are installed in parallel with the other pumps, to circulate

warm jacket water through the engine at all times when the engine is not oper-

ating. This pump and heater are automatically stopped when the engine is

started.

The diesel engines are started by air. Each engine has an 18-f t3 starting air
reserve, normally charged to 450 psig. The receiver has sufficient air for

engine start-up. The engine is cranked continuously for 40 sec and is then

shut down if it fails to start. A solenoid start-up air valve, on the air line

from the receiver to the engine, is opened automatically when the engine is

required to start, and is closed'automatically when the engine reaches a preset

speed. If the engine does not reach the preset speed in 40 sec, the valve

closes, thus preserving some air in its receiver for additional manually super-

vised start-up attempts. A third air receiver is installed as a common stand-

by spare. This stand-by receiver can only be cut out manually by valve manipu-

lation. All three receivers are kept fully charged at all times by the three

start-up Air compressors, two motor driven and one gasoline engine driven.

Each compressor has an output of approximately 25 to 30 scfm of air and is

capable of recharging one receiver in 20 min from a reduced pressure resulting
from a 40-sec engine start-up. The two motor driven compressors run on pres-

sure switch control at all times to keep the air receivers charged. The motor

driven compressors receive power from either normal or emergency power. After

a power failure, and before emergency power is established, only the gasoline

engine driven compressor is available for use.

Each diesel engine is supplied with a local panel. The panel contains the
automatic start-stop control system. Mounted on the panel are a fuel oil

consumption meter, jacket water temperature and pressure gages, lube oil tem-

perature and pressure gages, start-up pressure gage, fuel oil day tank and lube

oil level indicators, and a start-stop switch. This switch is used only for

test running the engine for no-load tests. Visual and audible annunciators are

installed for high temperature in the lube oil, jacket water, and generator

bearings and windings; low pressure in the lube oil, starting air, jacket

water, and fuel oil systems; low level in the jacket water, fuel oil, and lube

oil systems; high fuel oil level; and low temperature in the lube oil and jack-

et water systems. These alarms are grouped and retransmitted to thecontrol room.

The generators are connected by 2000 amp metal enclosed bus ducts to the gene-

rator circuit breakers in the emergency load-center switchgear. Two main
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circuit breakers are installed for each generator, one in each of the two groups
of switchgear and the buses from the generators are arranged so that either
generator may be connected to either or both of the switchgear sections.

The neutrals of the generators are ungrounded to prevent tripping of feeder
circuit breakers for single ground faults during emergency operation of the
generators. Ground fault relays give an alarm in case of a ground fault in
either generator or on the emergency power system while it is supplied from the
generators.

All devices necessary for control of the generators, exciters and voltage regu-
lators are located on the duplex switchboard in the main control room. These
include circuit breaker control switches, engine governor speed changer control
switches, exciter field rheostats, voltage adjusting rheostats, regular transfer
switches, indicating instruments and alarm annunciators. The static components
of the voltage regulators are mounted inside the duplex switchboard.

Control switches are also installed on the duplex switchboard to permit manual
start and stop of the diesel engines from the main control room.

Protective relays for the generators consist of overcurrent relays and anti-
motoring relays. Operation of either type of relay trips both of the main cir-
cuit breakers for the generator in difficulty but does not shut down the engine.
These relays are located on the duplex switchboard in the main control room.

Control relays in the emergency load-center initiate automatic starting of the
engine-generators in the event of the loss of the normal power to both of the
load-center buses. The relays and the potential transformers supplying them
are arranged in duplicate pairs and are circuited so that failure of a trans-
former or relay will not give a false starting signal during normal operation
and will not prevent initiation of the starting signal when required for emer-
gency operation. The relays have a time characteristic to prevent initiating
a starting signal in case of a transient voltage dip in the normal power supply.
In the event of the complete loss of the normal power supply, the relays oper-
ate in 1.1 sec to initiate the starting signal.

Each engine-generator unit has a complete independent set of starting relays
and control devices.

The engine-generators are expected to accomplish the starting cycle and reach
full voltage and frequency within 10 sec after the initiation of the starting
signal. As soon as a generator, for example generator N-1-1, has reached rated
voltage and frequency, the main circuit breaker for the secondary of the trans-
former supplying emergency load-center bus A is tripped and the generator main
circuit breaker to connect generator N-1-1 to bus A is closed. Similar opera-
tions connect generator N-1-2 to bus B if both engine-generators start and
function properly. These operations are fully automatic and require approxi-
mately 1.1 sec to complete. The total time from the loss of normal power to

application of emergency power to the load-center buses therefore is approxi-
mately 12 sec.

If one engine-generator, for example generator N-1-2, fails to start or func.
tion properly, or if its main circuit breaker fails to close within 15 sec after
generator N-1-1 has reached rated voltage and frequency, the generator main
circuit breaker to connect generator N-1-2 to bus B is blocked out electrically
to prevent closing and the generator main circuit breaker to connect generator
N-1-1 to bus B is closed after the main circuit breaker for the secondary of
the transformer supplying bus B has been tripped. Generator N-1-1 then supplies
both buses A and B. Similar operations connect bus A to generator N-1-2 if
engine-generator N-1-1 fails to start or function properly, or if its main
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circuit breaker fails to close. The total time from the loss of normal power
to the application of emergency power to the second bus in either case is

approximately 27 sec.

The generator main circuit breakers and the transformer secondary main circuit
breakers are equipped with manual control switches and synchronizing switches
located on the duplex switchboard in the main control room. The circuits are
so arranged that the emergency generators may be synchronized and operated in
parallel during a normal power outage of long duration.

Provision is made for temporary paralleling of one or both of the generators
with one, but not both, of the load-center transformers to permit uninterrupted
load transfers back to the normal power supply when it is restored after an
outage. In this case, either or both of the generator circuit breakers con-
nected to a load-center bus is automatically tripped 30 sec after the trans-
former secondary main circuit breaker for that bus has been closed if prior
action has not been taken by the operator to discontinue the parallel opera-
tion by manually tripping the appropriate circuit breakers.

The provision for temporary parallel operation also may be used to make an
uninterrupted transfer of a load-center bus from its normal power transformer

to one of the engine-generators if it is necessary to take the transformer out
of service for maintenance.

If one of the load-center transformers is lost due to a fault in a transformer
or its feeder, or due to loss of power on the 2.4 kv switchgear bus supplying
the transformer, the large motors and motor control centers supplied by the
transformer will be automatically transferred to the other transformer. If
the transformer cannot be restored to service within a reasonable time, one
of the engine-generators can be started manually and connected to the dead bus
section to share the load and serve as the alternate source of power. In this
case, the generator is not paralleled with the operating transformer. Part of
the combined load on the operating transformer can be transferred to the gene-
rator by starting the vessel cooling compressor which is fed from the bus
supplied by the generator and by making manually controlled transfers of the
emergency motor control center buses.

Motor starters or feeders for duplicate plant auxiliaries are connected to
oppositebus sections in the motor control centers. In general, motor starters
for duplicate auxiliaries are arranged to operate with either one running on
manual control and the other on stand-by, and so arranged as to automatically
start the stand-ty by a level signal, pressure signal, or other signal, in
case of failure or inadequacy of the running auxiliary. In the event of loss
of normal power to both of the control center bus sections, the stand-by
auxiliary automatically starts as soon as power is supplied to the bus section

to which it is connected.

The two main circuit breakers and the bus tie breakers for each of the three
motor control centers are electrically operated and are equipped with manual
control switches and automatic transfer control relays. The control relays

for each motor control center include a synchronism check relay to prevent
closing all three breakers to parallel the incoming feeders when they are out
of phase, as would be the case if one were supplied from the normal power

supply and the other were supplied from one of the engine-generators.

During normal operation, both main breakers for a motor control center are
closed and the bus tie breaker is open. A manually controlled uninterrupted
power transfer can be made if the voltages are in phase by setting a selector
switch to select the main breaker to be tripped and then closing the tie
circuit breaker. The selected main breaker trips as soon as the tie breaker
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closes. If one of the main breakers is tripped manually before the tie breaker

is closed, the tie breaker closes automatically as soon as the main breaker is

open but power will be interrupted during the transfer.

The main circuit breakers can be closed only by manual control, and only if

power is available on the incoming main feeders. The automatic transfer relays
function in the closing circuits of the bus tie circuit breakers and in the

tripping circuits of the main circuit breakers. If the power supply to either

section of the control center bus is lost, the main breaker for that section

trips and the bus tie breaker automatically closes if the other bus section is
energized. Annunciators on the duplex switchboard in the main control room

indicate loss of power on the individual control center bus sections, and also

indicate when an automatic transfer occurs.

In the event of the simultaneous loss of power on both main feeders to a control

center, the automatic transfer operations are blocked for approximately 20 sec

after voltage is restored on the first main feeder to be energized. The block-
ing becomes ineffective immediately after power is restored on both feeders.
The blocking is necessary in the case of a total power outage, to prevent

unnecessary automatic transfers and to allow the emergency engine-generators to

start and the necessary switching operations to be accomplished at the emer-
gency load-center so that the emergency loads are accepted in the proper se-

quence.

If both engine-generators start and function properly after a normal power
outage, power is restored to both buses of the motor control centers in approxi-

mately 12 sec.

If one engine fails to start, power is restored to one bus section in each motor
control center in approximately 12 sec and to the other bus section in approxi-

mately 27 sec if the required switching operations at the emergency load-center
are properly completed. If the switching operations at the load-center are not
completed within 20 sec after the first generator is in operation, the blocking

relays in the control centers time out and initiate automatic transfer of the

main and tie breakers in the control centers to transfer the de-energized bus

section to the energized main feeder. The total outage time in this case is
approximately 32 sec.

Since the controls for the duplicate auxiliaries are arranged so that the
stand-by unit starts automatically when power is restored after a total power

outage, the outage times for the different auxiliaries may vary depending on
which units are selected for stand-by. The outage times may be either approxi-
mately 12 sec, 27 sec, or a maximum of approximately 32 sec. The maximum time

of 32 sec occurs only if one engine-generator fails to start, if the required
switching operations at the load-center are not completed, or if one feeder to
a motor control center fails or is out of service. The same conditions apply

to the auxiliaries which are not duplicated or which are supplied by feeders
from the motor control centers but are not equipped with automatic transfer

controls. The outage times for these auxiliaries is approximately 12 sec, 27

sec, or a maximum of approximately 32 sec for the same circumstances.

5.7.6 Failure-Free Power System

The failure-free power system, Figure 5.7.6, consists of a 120-cell, 250 v
battery, two duplicate rectifier-chargers, two duplicate d-c/a-c motor-generator
sets, buses, circuit breakers, feeders and controls, to furnish 250 v d-c and
120 v a-c for critical instruments, motors and equipment.

Each of the duplicate rectifier-chargers is supplied by a separate feeder from
separate sections of the 480 v emergency load-center. Each rectifier-charger
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is rated 50 kw and is capable of recharging the battery while supplying the
normal continuous 250 v d-c load on the failure-free bus. In normal operation,
both rectifier-chargers are in operation with their d-c circuit breakers closed.

The failure-free battery is rated at 600 amp-hr at the eight-hour rate with a
one-minute discharge rate of 550 amp. Under normal conditions the battery
floats on the 250 v d-c bus with the rectifier-charger carrying the load and
maintaining charge on the battery. If the 480 v supply to the rectifiers is
lost, the battery accepts the entire load on the failure-free bus. The battery
has sufficient capacity to carry the normal failure-free load for a minimum of
three hours and will carry the maximum possible failure-free load, including
both reactor coolant blower stand-by lube-oil pumps, for one and one-half
hours.

The rectifier-chargers, 250 v d-c bus, feeder circuit breakers, control de-
vices and related instruments are located in the failure-free power control
panel adjacent to the battery room. The battery is connected to the center
of the bus with fuses installed on each side of the connection so that a bus
fault cannot cause complete loss of the 250 v d-c power. One rectifier is
connected to each section of the bus. All circuit breakers in the a-c/d-c
circuits for the rectifiers areequipped with alarm contacts which actuate in-
dividual annunciators at the failure-free control panel and a common annuncia-
tor at the duplex switchboard in the control room. Feeder circuit breakers
are installed in the panel to supply 250 v d-c failure-free power to the
turbine-generator hydrogen control panel, experimenters future failure-free
panel, the two reactor coolant blower stand-by lube-oil pumps, and to the
motor starters for the two d-c/a-c motor-generator sets.

The two failure-free motor-generator sets are rated 10 kw, 250 v d-c to 120 v
single phase, 60 cycles a-c. The a-c output of the generators is regulated
as follows:

a. Voltage = 120 v f 2.5%
b. Frequency = 60 cps 0.5 cps
c. Transient response rate = 12 v per sec max
d. Maximum transient deviation f 12 v and f 1 cps.

The feeder circuit breakers and d-c motor starters for the two motor generator
sets are segregated on the two separate sections of the 250 v d-c bus. The
d-c feeder breaker, the d-c motor starter and generator a-c breaker for each
motor generator, have alarm contacts for individual local annunciation and for
common annuciation with other failure-free breakers at the duplex switchboard
in the control room. All controls, regulating devices and instruments for the
motor-generator sets are located on the failure-free control panel.

The a-c output from each motor-generator set is carried by a single feeder to
two failure-free reactor instrument power supply panels in the main control
room. The outputs of the two motor-generator sets are not synchronized.

Each of the two instrument supply panels includes a manually-operated, double-
throw transfer switch and both of the feeders from the motor-generator sets
are connected to each switch so that either set may supply either, or both,
of the instrument supply panels.

The rectifier-charger and d-c distribution panels for the 250 v d-c switchgear
control battery are located in the failure-free control panel, but are not part
of the failure-free power system. The rectifier-charger is rated 14 kw and
has adequate capacity to supply the normal continuous loads on the battery

while recharging the battery. The battery is rated 300 amp-hr at the eight-
hour rate, with a one minute discharge rate of 315 amp, and has ample capacity
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for a large number of multiple operations of electrically-operated circuit

breakers of all types in the plant. A manually-operated double-throw switch
is included in the panel to transfer the switchgear control load from the
switchgear battery to the failure-free battery in the event that the switchgear
battery should become discharged due to an extraordinarily long outage of its
rectifier-charger. The rectifier-charger outage time that will allow the bat-
tery to become discharged cannot be estimated accurately because of the wide
variation which is possible in circuit breaker operations, but would be at
least 3 hr even in an extreme case. The d-c distribution panels have branch
circuit breakers for d-c control power feeders to the 13.8 kv, 2.4 kv and 480 v
switchgear, motor control centers, duplex switchboard and control panels. Du-
plicate feeders for critical switchgear, motor control centers, duplex switch-
board and control panels are supplied from a similar distribution panel con-
nected to the 250 v d-c failure free bus. Automatic transfer switches located
at the critical equipment will transfer the control load to the failure-free
battery in case of loss of the normal switchgear control power supply.

The rectifier-charger and d-c distribution panel for the 125 v d-c emergency
lighting battery are located in the failure-free control panel but are not a
part of the failure-free system.

5.7.7 Lighting System

The normal lighting is supplied by two separate distribution systems. Each
system is fed from a separate bus in the normal load center. Each lighting
distribution panel has an alternate source of power if the normal source is
interrupted. One system is automatically transferred to the emergency load-
center and the other system can be manually transferred.

Incandescent lighting fixtures are used for general lighting, fluorescent fix-
tures for offices and control rooms, and mercury vapor fixtures for the high
bays.

In the main buildings, specific areas are lighted equally from the two systems
through individual lighting transformers and two-section lighting panels. In
addition, battery operated emergency lights are installed in all general areas,
control rooms, hallways, stairways and in illuminated exit signs. One section
of each local lighting panel automatically energizes the battery operated emer-
gency lights in its area when power to that panel is interrupted.

Loss of power on the normal load center bus automatically transfers one dis-
tribution panel to the emergency load-center bus if the bus is energized. If
the emergency load-center bus is de-energized because of loss of normal auxil-
iary power the diesel engine-driven generators automatically start and supply
power to the emergency load-center. In this case, the automatic transfer of

the lighting is complete within a maximum total outage time of 37 sec. Manual
transfer of the second distribution panel, in this case, is at the operator's
discretion and depends on the available emergency generating capacity.

During a total power outage, the emergency lighting battery will carry emer-

gency lights for approximately 50 min.

5.8 Fuel Handling

5.8.1 Fuel Movement within the Plant

The movement and handling of fuel within the plant is shown schematically in
Figure 5.8.1.1. Completely assembled fuel assemblies are delivered to the site
by truck and transferred to the new fuel storage vault. These new fuel assem-
blies are transported through the personnel air lock and to the fuel loading
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and rehearsal area on the second floor of the reactor building by elevator.
(Figures 2.2.3 and 2.2.4). In this area the assemblies are inspected.

After inspection, the acceptable assemblies are placed in the loading tube in
the rehearsal area and the tube is positioned to "mock-up" the core channel
which is to be serviced. The fuel is then transferred to the charge machine.
The charge machine is positioned under the pre-selected reactor nozzle for
the refueling operation.

At the completion of the charging operation, the charge machine contains spent
fuel. To discharge the spent fuel assemblies from the charge machine, the
machine is positioned under the spent fuel transfer mechanism shown in Figure
5.8.1.2. The spent fuel is discharged into the transfer mechanism, which in
turn discharges the spent fuel into the discharge chute.

Instrumented fuel columns are assembled prior to arrival at the site. The
packaged assembly is moved horizontally into the reactor building, raised to a
vertical position by the overhead crane and is suspended in the hatch in the
service machine room floor by use of special supports, part of which are on
the shipping frame.

After the instrumented fuel column is vertically suspended in the open hatch,
it is unpackaged and inspected. If the column is determined to be acceptable,
it is picked up by the service machine and installed in a pre-selected reactor
channel.

The only spent fuel assemblies which are normally removed by the service
machine are the instrumented fuel columns and regular fuel assemblies which
cannot be removed by the charge machine due to jamming or malfunction. These
fuel assemblies are lowered into the spent fuel transfer mechanism from above.
A cable cutter cuts the cables and thermocouple leads of the instrumented
column. Transfer to the discharge chute is accomplished in the same manner
as spent fuel from the charge machine.

While in the discharge chute, the spent fuel assemblies are monitored for
fission product release. After the monitors have indicated there is no
fission product release from the spent fuel they are permitted to enter the
spent fuel storage basin. The spent fuel assemblies are dismantled and stored
in the storage basin pending shipment to the processing plant.

5.8.2 New Fuel Storage

The new fuel storage vault (Figure 2.2.5) is 14 ft by 21 ft by 13 ft high and
is located on the ground floor at the west side of the turbine building.
Several months? supply of top and bottom dummy and new fuel assemblies may be
stored in the vault. The fuel assemblies remain in their vapor tight shipping
containers during storage. Handling procedures and storage facility configu-
ration preclude the possibility of a critical mass being formed. The fire
protection system within the vault uses carbon dioxide spray nozzles instead
of water to avoid the possibility of flooding the room.

5.8.3 New Fuel Inspection

After new fuel and dummy assemblies have been removed from their packages in
the fuel loading and rehearsal area, they are checked for dimensional conform-
ance to the specifications and are inspected for physical damage. Top and
bottom dummy assemblies are checked for satisfactory operation of their latch-
ing mechanisms and the orifice adjustment is checked on the bottom dummy
assemblies.
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5.8.4 Fuel Charging and Discharging

The normal fuel charging procedure is to replace three of the six fuel

assemblies in a reactor core fuel channel. The spent fuel removed from the

reactor is stored within the charge machine until the operation at the reactor

is complete.

5.8.5 Defective Fuel Assembly Test Facilities

Throughout the spent fuel handling procedure the fuel remains enclosed in a

gas-tight, shielded compartment to preclude release of fission gases into

occupied areas.

Fuel failures are possible in the charge machine during fuel removal, even

though cooling is supplied during the charge machine depressurization. During

the period of charge machine depressurization, the coolant gas flow is moni-

tored to detect a radioactive product buildup which would signify cladding

failure. If the sample contains excessive activity, it is released slowly

through absolute and iodine filters to the stack.

All spent fuel assemblies are monitored while they are in the discharge chute.

While in the discharge chute the spent fuel is in an air lock formed by the
gate at the lower end and the valve at the upper end of the chute. Water is

circulated around the spent fuel assemblies and past a detector. If a fission-

product buildup is detected, the assemblies are retained in the discharge chute

with water passing over them until the monitor indicates that outgassing has

ceased. The spent fuel assemblies are then allowed to enter the spent fuel

storage basin.

Spent fuel assemblies are monitored individually for indications of defective

cladding while in the storage basin. Defective assemblies are placed in

pressure-tight, all-metal containers in which they remain until they are

processed.

5.8.6 Spent Fuel Storage Basin

The storage basin, shown in Figure 5.1.7, is a concrete tank 39 ft long, 12 ft
wide and 20 ft deep, with stainless steel on the bottom and extending 1 ft up

the sides. A pit 6 ft square and 7 ft deep is located at the east end of the

basin. The basin is equipped with facilities which include the storage basin

service bridge, an underwater work bench, spent fuel monitoring tanks and rack,

a periscope, a tool mounting bracket, storage basin tools, spent fuel racks

and burst element cans.

Demineralized water, maintained at a depth of 19 ft, serves as a radiation

shield above the spent fuel, maintaining the radiation level below 0.75

mrem/hr at the surface of the water. Shipping casks are placed in the pit at
the east end of the basin for loading with spent fuel elements.

The possibility of fission gas bubbles from incoming assemblies is minimized
by the monitoring systems. The fuel racks are equipped with neutron poisoning

material to prevent inadvertent criticality. After a minimum of 100 days

storage in the basin, spent fuel is transferred to the shielded transfer casks.

5.8.7 Transfer Cask

Since the site at which the EGCR spent fuel elements will be reprocessed has

not yet been selected, the design of the fuel element transfer cask has not

been completed. The off-site shipping will conform to Federal regulations

governing protection against accidental criticality and radiation exposure.( )
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5.9 Charge Machine

The EGCR is designed for on-stream refueling. This function is performed pri-
marily by the charge machine, which is located in the basement of the contain-
ment building (Figure 5.9). After equilibrium core conditions are established,
with the reactor operating at full thermal power, the charge machine replaces
three spent fuel elements from a tore channel once every three days based on
the design fuel burnup of 10,000 Mwd/MT.

The reactor pressure vessel, described in Section 4.5, has 21 fuel charging
nozzles which extend vertically downward from the bottom head through the
bottom biological shield into the charge machine room. Each fuel charge nozzle
permits access to a group of up to 16 fuel channels depending upon the nozzle
location. The charge machine may be coupled to any of these nozzles for the
purpose of cycling fuel, adjusting orifices or to control coolant flow to a
fuel channel during service machine operation. Three additional nozzles are
provided elsewhere in the room for loading fuel into the charge machine, trans-
ferring fuel from the charge machine Lo the spent fuel transfer shaft and for
transferring a nozzle shield plug to or from the charge machine.

5.9.1 General Criteria

The charge machine performs two basic functions:

a. Refuels the reactor and re-locates fuel within the core
b. Adjusts the fuel channel orifices of the bottom dummy assembly.

The charge machine also has the capability of rearranging fuel assemblies with-
in the reactor core and of working jointly with the service machine in the
extraction of fuel assemblies wedged within a core fuel channel.

The charge machine is designed to avoid contamination of the reactor coolant,
damage to the reactor core or fuel assemblies as a consequence of charge
machine operations.

The charge machine pressure vessel and internal mechanisms are designed for a
510 F, 350 psig helium environment and to withstand the gamma and neutron
fluxes to which they will be subjected. The seismic design factors are 0.05 g
horizontally and 0.025 g vertically.

The charge machine room is a controlled access area. Therefore, all of the
charge machine operations except positioning, coupling and decoupling the
machine at a reactor nozzle are remotely controlled. The principal duties
which are carried out locally are charge machine positioning, coupling and
decoupling at reactor or other nozzles, and the leak testing of connections.

Personnel are not permitted within the charge machine room while a bottom
nozzle shield plug is removed and the reactor is operating. Limited emergency

access is permitted with a shield plug removed only if the reactor has been
shut down.

5.9.2 Charge Machine Design

The charge machine pressure vessel and its internal mechanisms are enclosed
within and supported by a steel shield. This steel shield is in turn sus-
pended from the carriage of a bridge crane. The bridge crane and its carriage
support the weight of the entire assembly and position the machine.
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a. Internal Mechanisms

Mechanisms contained in the charge machine pressure vessel perform the
following:

1. Remove, store and replace the shield plugs
2. Raise, index and lower the transfer tube
3. Raise, lower and store fuel assemblies and the bottom dummy
4. Actuate the latches and seals on the bottom dummy
5. Adjust the fuel channel orifice on the bottom dummy.

The charge machine mechanisms which carry out the above operations con.
sist of a shield plug ram with a shield plug latching and unlatching
device in the head; a transfer tube to guide the fuel ram and fuel in
transit; a fuel ram and associated devices; and a magazine with storage
cylinders capable of containing a total of 12 fuel assemblies, two
bottom dummies, one used shield plug and a replacement shield plug. The
fuel ram includes mechanisms for latching the bottom dummy, adjusting
the fuel channel flow orifices, actuating the moderator coolant annulus
seals, and a weight sensing device. All internal mechanisms are mounted
on a central rotating column which permits indexing and operation of the
mechanisms. All internals are structurally integral so that they can be
removed from the pressure vessel as a unit, Figure 5.9.2.

Research and development programs have verified the selection of limit
switches, electrical cable and anti-friction bearings. Transducers were
selected on the basis of previous reactor experience. ASTM A7 carbon
steel or equal is used for the structural members. M series tool steels
are used for bearings and gears, and AISI 4140 steel for shafting.

The internal mechanism central support column is supported on a thrust
bearing mounted in the top head of the charge machine pressure vessel
and is centered and restrained by a bearing in the bottom head. During
installation and removal, the static weight of the mechanism rests tempo-

rarily on the bottom head. The mechanism is removed from the vessel by

disconnecting all helium and electrical leads, removing the top head,
and then withdrawing the mechanism upward out of the vessel.

b. External Drives

The motor and gear reducer drives for the internal mechanisms are
mounted externally to the pressure vessel shell in pressurized blisters.
Bearings and gears used in the motor blisters are lubricated with oil
and grease selected for their high temperature stability and resistance
to radiation damage. Contamination of the reactor coolant system is
minimized by maintaining a balanced pressure between the blister and the
vessel and by the use of shaft seals. The external drive units are
designed for an operating temperature of 250 F. Conduction and radia-

tion of heat maintains the unit below this temperature. Power to the

drives is 3 phase, 60 cycle, 208 v. Drive units include motor, reducer,

coupler drive and coupling as required.

c. Pressure Vessel

The charge machine pressure vessel consists of a cylindrical shell 8 ft
6 in. OD with a bolted flanged top head and a welded, dished bottom
head. The overall height is 36 ft 10 in. When the charge machine
pressure vessel is attached to the reactor with the shield plug removed,
it becomes a part of the reactor coolant system. As such, it is de-
signed to operate at 510 F at an internal pressure of 350 psig in
conformance with the ASME Boiler and Pressure Vessel Code, Section VIII,
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1959 edition, including nuclear code case interpretations(1)

Special consideration was given to the top head because it is subjected
to the static and dynamic loading caused by the internal mechanisms.

The interior of the bottom head was designed to give lateral guidance
to the internals and to support the internals during installation and
removal.

The heads and shell are fabricated of ASTM A-212 Grade B carbon steel

manufactured to ASTM A-300 specifications. The flanges are low carbon

steel forgings to ASTM A-105 specifications. The vessel has nozzles
for penetration of the mechanism drive shafts and service leads. All
nozzles on the pressure vessel pass through the charge machine shielding.
Nozzles are fabricated of carbon steel forgings, pipe or plate con-
forming to ASTM A-105, A-106 Grade B or A.212 Grade B, respectively.

d. Nozzles and Services

The reactor attachment nozzle consists of a ball valve and an expansion
joint made up of a double bellows,which permits vertical movement for
attachment of the charge machine vessel to the reactor charge nozzle.
The bellows is actuated by 5 psig air which pressurizes the void between
the two bellows convolutions. The ball valve seals the charge machine
and also permits a convenient leak testing of the reactor shield plug
and the reactor-charge machine coupling without pressurizing the entire
vessel.

All electrical and piping leads to and from the internal mechanisms en-

ter the vessel through a service nozzle in the top head. The nozzle is
flanged and can be removed so that the service leads can be disconnected.

The drive nozzles are equipped with blisters which house the drive units
and have bolted flanges to permit the removal of the blisters for access

to the drives only when the charge machine is depressurized.

The blower nozzle is large enough to permit removal of the blower fan
and may also be used as a manhole.

The helium inlet nozzle is used for pressurizing, evacuating, venting
and supplying coolant. Except for a shut-off valve on the charge
machine, the valving required for this nozzle is located outside of the
charge machine room.

Decontamination spray nozzles are used for supplying decontamination

solution to the interior of the charge machine vessel. Three nozzles
are located circumferentially on 120 deg spacing around the vessel at
each of six elevations.

The supply lines for coolant and gas for mechanism operation are dis-
connected before the charge machine is moved. The actuating helium
for the operating cylinders inside the machine is supplied from pres-
surized helium bottles mounted on the charge machine. These bottles
are pressurized at the fuel loading shaft position.

The pipe connections to the charge machine are made by the use of flexi-
ble hose or bellows. The helium coolant supply connection is accom-
plished by the use of a manifold and flexible connections for attach-
ment to the building piping and the charge machine vessel.
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e. Vessel Support and Crane

The vessel is equipped with eight support brackets welded to the shell

on 45 deg centers so that the vessel can be mounted on the cast steel
shield. Rollers placed between the brackets and the shield permit radial
expansion of the vessel. The vessel is leveled by shimming at these
supports. The cast steel shielding which surrounds the pressure vessel
is supported by the carriage of the crane.

The charge machine is mounted on a bridge crane which has a span of 30
ft. The travel speed of both the bridge and carriage is variable from
0 to 5 fpm. The power leads to the bridge and carriage are mounted on
a flexible metal cable tray, avoiding the use of collector shoes and
power rails. The crane is fitted with ladders, platforms and catwalks
for operating and servicing the charge machine.

The crane bridge and carriage have sufficient braking capacity to hold
against the lateral forces caused by a 0.05 g seismic acceleration.

5.9.3 Charge Machine Operation

As discussed under Section 5.9.1, most charge machine operations are controlled
remotely, since personnel are not permitted in the charge machine room when a
shield plug is removed and the reactor is operating. The internal mechanisms
are controlled from the control console which is located in the charge and ser-
vice machine control room on the second floor of the reactor buildin6 . To

insure the reliability of the charge machine, all electrical circuitry and some
gas operated actuating cylinders are duplicated.

a. Local Operations

The operations which are executed from the operators platform on the
charge machine are:

1. Positioning the charge machine bridge and carriage
2. Removal of the blind flange from the reactor charge nozzle

3. Charge machine nozzle attachment and seal leak testing
4. Charge machine nozzle detachment and seal leak testing
5. Replacement of the blind flange co the reactor charge nozzle
6. Attachment of hose connections and helium inlet lines.

By use of transits, the charge machine may be positioned within 1/32 in.
of a selected point.

b. Coupling and Leak Testing

Removal of the reactor vessel charge nozzle blind flange is preceded by
a reactor nozzle leak test to insure seal integrity against leakage of
contaminated gas from the reactor. When seal integrity has been assured
the operator raises the blind flange elevator, uncouples the flange and
lowers it away from the reactor. The operator can maintain a negative
pressure behind the main shield plug outboard 0-ring seal to minimize
gas leakage into the room if the seal leaks during the operation.

When the blind flange has been removed, the reactor-charge machine
coupling is made. This operation and the subsequent leak testing of
the seals is controlled from a panel located on the top platform of the
charge machine. The operation consists of pressurizing the annulus be-
tween the concentric bellows of the nozzle to 5 psig, thus raising the
top nozzle flange into mating position with the reactor nozzle flange.
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The Conoseal joint is then made-up and the pressure between the con-
voluted sections of the concentric bellows is relieved. Following the
prescribed seal leak test procedure, which uses the pressure taps between
the double seals, the seal is leak tested. When the integrity of the
seal is proved, the charge machine is pressurized with helium. The
reactor coolant helium purity must be maintained while the charge
machine is functioning with the reactor. It is necessary, therefore,
that the charge machine be purged by evacuating to 1.5 mm Hg before
being pressurized with helium from the high pressure helium storage.
At this time all personnel are required to leave the charge machine room.

c. Remotely Controlled Operations

Following the coupling of the charge machine to a reactor charge nozzle,
the leak testing of the connection and pressurization of the machine,
the operation of the charge machine internal mechanisms is controlled
remotely. After the intended operations are complete, the shield plug
is replaced, the ball valve is closed, and local control at the charge
machine is resumed.

d. Leak Testing and Decoupling

Personnel enter the room to check the shield plug seals at the station
at the north end of the charge machine room. If seals are satisfactory,
the charge machine is depressurized to approximately 20 psia. The
presence of personnel in the room during depressurizing is not re-
quired. The space between the valve and the shield plug is evacuated to
remove radioactive gas before the charge machine is detached from the
reactor. If shield plug seals are unsatisfactory, the new shield plug
is replaced by the old shield plug.

Detachment of the charge machine nozzle and the subsequent replacement
of the blind flange require manual operation around the nozzle. To
prevent personnel overexposure, when fuel is stored in the machine,
the shield plug ram positions the lead-in-steel plug in the upper end
in the nozzle just below the ball valve. This plug blocks radiation
through the nozzle.

It is necessary that the hose and pipe lines be disconnected prior to
moving the charge machine. The helium supply line is evacuated prior
to disconnection to preclude exposing personnel to radioactive gases.

e. Maintenance of External Drives

During normal operation personnel access to the machine area is permit"
ted if the shield plug is in the reactor nozzle. During emergencies,
the seals and a system of pure helium buffering permit servicing the
blister-contained components. However, such servicing while the charge

machine is connected to the reactor requires that the reactor be shut
down and depressurized.

f. Transfer of Fuel to Transfer Mechanism

The procedure followed during the transfer of spent fuel to the transfer
mechanism is the same as above except that evacuating, attaching lines,
pressurizing and depressurizing are not required. Personnel must leave
the room during operation to prevent exposure as the spent fuel passes
through the nozzle.
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5..9.4 Shielding

Shielding around the charge machine protects personnel from the radiation
emanating from 12 spent fuel assemblies which may be stored within the machine
and charge machine components activated by their insertions into the core. The
shielding thicknesses permit personnel in the machine area to perform the
locally controlled operations and to effect any necessary repairs external to
the pressure vessel with spent fuel in the machine. However, the shield plug
must be in the reactor nozzle, or the reactor must be shut down, before per-
sonnel can be permitted in the charge machine room. The calculated dose rate
one meter from the surface of the shield is 7.5 mrem/hr, based on the radiation
which exists 1.5 hr after removal of the fuel assemblies from the reactor.

The shielding for the charge machine is fabricated from ASTM A-216 cast steel.
Casting techniques are controlled by inspecting the shield section for voids.
The thickness of the shield varies from 6 to 17.5 in., to permit personnel
access to the charge machine room when the machine contains spent fuel assem-
blies. The shield is fabricated in sections which overlap at the joints so
that the shielding effectiveness is maintained continuously around the vessel.
Special split rings insure the shielding integrity at the nozzles. Each nozzle
interior is designed with shield plugs and off-set radiation streaming paths to
provide radiation attenuation equivalent to that of the unpenetrated shielding.

5.9.5 Heat Removal and Gas Cleanup

The heat generated in the fuel assemblies must be continuously removed during
the handling of the fuel, at the reactor and the subsequent transfer to the
storage basin. The removal of heat from the fuel assemblies falls generally
into three phases during the handling operations:

a. Cooling of the fuel while in the core channel and the charge machine
transfer tube

b. Cooling of the spent fuel during storage within the charge machine while
connected to the reactor, in a pressurized helium environment

c. Cooling of the fuel while stored in the charge machine and during the
subsequent transfer to the spent fuel storage basin in an environment
of low pressure helium or air at atmospheric pressure.

The criterion for establishing the method of heat removal is that the fuel
element cladding must be maintained at a temperature below 1800 F while in the
core and during transfer except that during transfer in air the graphite sleeve
must be maintained below the temperature at which oxidation could occur.

The most critical cooling period occurs during the fuel handling in the core
and fuel transit through the upper part of the charge machine transfer tube.
At this time, the fuel is fissioning and the heat to be removed approaches
1.5 x 106 Btu/hr for a central core channel. When the transfer tube boom is
positioned under a core channel, the normal coolant flow from the lower plenum
is blocked and the required coolant flow must be supplied through the charge
machine. The charge machine supplies helium at 350 F and 315 psia which is
ducted to the base of the transfer tube through the chamber of the fuel storage
magazine. The coolant flow is initiated after the transfer tube is raised and
the fuel magazine and fuel ram are under the transfer tube. The transfer tube
is not boomed out until the coolant flow has been started. The helium flow
continues until the transfer tube boom is retracted and clears the fuel
channel. There is no coolant flow through the charge machine when the fuel
ram is not under the transfer tube.

The helium supply available from the vessel cooling system is 4200 lb/hr, which
is in excess of the required maximum flow. A flow of 2350 lb/hr inside the
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fuel sleeve maintains the fuel cladding temperature below 1000 F during removal;
a flow of 3500 lb/hr through the transfer tube is sufficient to assure this
flow after the moderator coolant annulus seal has been broken and the flow
around the fuel column is increased.

The potential problem of levitation of the fuel during removal has been inves-
tigated. The coolant flow through the channel being loaded or unloaded is
limited to 3500 lb/hr. The fuel does not levitate at this flow, but the signal
from the fuel ram head indicates less than the full weight of the assemblies
being lowered due to the buoyant effect of the helium flow. The amount of
buoyancy depends upon the orifice setting in the bottom dummy. The fuel in
the outer channels is buoyed up more than those in the central channels since
the orifice flow area is smaller. The coolant flow is reduced stepwise as the
column of fuel assemblies is lowered.

During the loading of fuel channels, the coolant flow is increased stepwise
as the column is raised. After the fuel is positioned in a core fuel channel
and the ram stored in the charge machine, the transfer tube boom is retracted.

Once the spent fuel assemblies are stored within the charge machine, natural
convection is adequate to keep the fuel cladding temperature below 1000 F, the
maximum temperature at which the charge machine may be depressurized without
rupture of the fuel element cladding. A conservative thermal analysis of the
fuel cladding temperatures indicates that natural convection cooling will limit
fuel cladding temperatures to less than 950 F in a pressurized helium environ-
ment.

After depressurization of the charge machine pressure vessel, natural convec-
tion can not remove sufficient heat to cool the stored spent fuel and maintain
the fuel cladding below the maximum allowable temperature and a blower is
provided.

It is possible that the gas in the charge machine may become contaminated with
fission products while handling assemblies which contain ruptured fuel elements.
Provisions are made for detecting excessive radioactivity in the charge machine
and in the gas being transferred from the charge machine to the helium transfer
system. Should excessive radiation be detected, the gas is discharged through
filters to the vent stack, otherwise the gas is transferred to storage. The
decontamination provisions discussed in Section 5.9.10 can be used to remove
fission product deposits on the charge machine surfaces.

5.9.6 Seals and Flanges

The bolted closures of the charge machine vessel use two Viton B 0-rings to
effect a seal. There is a pressure tap between the 0-rings to vent possible
helium leakage across the first seal to the low pressure recovery system.

Nozzles which require coupling and uncoupling during operation are equipped
with Conoseal joints. These joints are gasketed and have a leak tightness

specification of 7 x 10-8cm3/hr of helium with a pressure differential of 400
psi at 500 F.

5.9.7 Fuel Assembly Positioning

During remotely controlled operations, the charge machine operator is continu-
ally informed of mechanism functions by limit switches which control pilot
lights, and by motor running lights which indicate the operation of each motor.
All of the electrical circuitry and some of the instrumentation is duplicated.
Where information is critical for continuous operation of the reactor, over-

lapping instrumentation is supplied.
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Positions of the internal mechanism and its detailed units all are. indicated
on the charge machine control console. Some of the indicated mechanism posi-
tions are listed below:

a. Neutral position (The neutral position of the internal mechanisms is
the condition with the two shield plug chambers of the magazine
equidistant from the attachment nozzle and with the shield plug ram
centered on the nozzle.)

b. Shield plug loading positions
c. Shield plug latch and unlatch
d. Transfer tube hoisting position
e. Transfer tube azimuth
f. Transfer boom position at the reactor fuel channel
g. Fuel loading positions
h. Transfer tube latches
i. Bottom dummy latch and unlatch
j. Fuel ram load weight indication
k. Fuel ram elevation indication and required target positions for ram

operations.

The three rotating components of the internal mechanism are positioned by ro-
tating the central support column. The transmitter which signals the angular
position of the central column continuously indicates position.

The position of the shield plug ram during hoisting and lowering through
specific check points is indicated by pilot lights controlled by limit switches
mounted on the ram guides. Contact with the shield plug and actuation of the
latching device are indicated by pilot lights controlled by switches mounted
in the ram head.

The position of the transfer tube is indicated at its terminal points by pilot

lights controlled by limit switches mounted on the transfer tube support plat-
forms. Guides assure proper alignment during travel and a self-centering
tapered mast assures proper positioning at the upper limit of travel. Azi-
muthal indexing of the transfer tube is performed by rotating the tube by a
geneva mechanism, operated by a compressed helium pneumatic cylinder, which
positions the inner tube with respect to the outer mast. Helium cylinders
position the boom outward against the stop at the bottom of the selected fuel
channel and raise the inner tube to seat the boom in a charge tube casting.
Pilot lights controlled by limit switches signal each movement made in index-
ing the transfer tube.

Movement of the fuel ram is indicated by limit switch controlled pilot lights
which signal intermediate and terminal positions. These limit switches are
mounted on the fuel storage tube and are cam actuated. Continuous indication
of ram travel is afforded by a position transmitter mounted on the fuel ram
drive mechanism. Contact with the fuel and verification that the fuel assem-
blies are bearing fully on the ram head are signaled by a weight sensing
transducer mounted in the ram head. The weight signal readout indicates the
number of fuel assemblies supported by the ram.

The number of revolutions made by the bottom dummy orifice adjusting drive is
indicated by a counting mechanism located on the control console.

Additional indicators show mechanism drive unit operation and clutch engage-
ment. The operator can determine failure of the mechanisms in most cases by
comparing the signals received at the console with the control action taken.

5.9.8 Valves

All valves are located external to the charge machine pressure vessel and

5-106



operate at the ambient conditions in the charge machine room. Only those
valves in contact with helium are discussed in this section.

The valve packings used helium service on the charge machine are of two types:
bellows sealed packing for valves smaller than 4 in., and double packed stem
with a lantern ring leak-off which limits leakage to the atmosphere. The
leak-off from the double packed valves is piped to the low pressure helium re-
covery system. The body and bonnet materials are either forged or rolled steel
in compliance with the specified applicable codes and standards.

All valves have metal-to-metal seating surfaces and back-seating provisions.
End connections are welded.

For bellows sealed valves, the total permissible in-leakage with a fully ex-
tended bellows is 0.01 micron cfh, when testing valves in accordance with
MIL-STD-271A(6) and seat leakage is limited to 20 micron cfh. Double packed
valves, when tested at design pressure and in an unseated position, have a
total permissible leakage to the leak-off region of 0.1 scfh and leakage to
the atmosphere of 0.01 scfh. Total seat leakage does not exceed 3 scfh.

A sample valve of each valve number and type is subjected to cyclical life

testing at design pressure and temperature to ascertain if leakage rates and
bellows design are adequate for the valves selected.

5.9.9 Leak Tests

The charge machine pressure vessel is shop tested for leakage upon completion
of shop assembly, stress relief, and hydrostatic testing. The specified he-
lium leak testing procedures for the shop are in accordance with MIL-STD-
217A(6) or an air in-leakage sensitivity test. For the helium leak test the
gross allowable leakage is 0.1 standard cm3/sec and the air in-leakage does
not allow a pressure increase in excess of 3 microns/hr over a four-hour test
period.

The completely assemblied charge machine is again leak tested in the field
after erection. This test is identical to the air in-leakage shop test; but
includes in addition to a retest of the vessel, the sealed penetrations
(electrical leads, piping, etc.), drive housing blisters, nozzles and valves
(except the ball valve), manways and all other pressure containing units which
are structurally integral to the pressure vessel. The field test is unsuited
to the leak testing of two charge machine components; the ball valve and the
attachment bellows. These components are tested separately.

The attachment bellows are pressurized to 525 psig, immersed in alcohol, and
checked for gas bubble evolution for a five-minute period. Absence of bubble
formation during the test is accepted as proof of leaktightness. The ball
valve assembly is tested at full operating pressure and temperature for body
and seat leakage. The maximum ball valve leakage which is allowed is 0.01
scfh.

The above tests assure that the total helium leakage from the charge machine
is negligible.

5.9.10 Decontamination Provisions

Decontamination of the charge machine is not expected to be required more often
than once a year and then only for maintenance and replacement of machine in-
ternal mechanisms. Gross or general decontamination will take place in the
charge machine room.
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If a fuel element failure occurs within the charge machine either by pinhole
failure or mechanical damage, the machine is decontaminated prior to any
repairs or preventive maintenance. The decontamination process reduces the
activity level of the internal components to that point at which they may be
safely removed to the reactor service building for additional decontamination
and maintenance. The decontamination provisions in the machine reduce activity
to acceptable levels.

The decontamination equipment comprises a series of sprays which completely
wet the internals of the machine, the solution tanks which mix and heat the

cleaning fluids, the pumps, piping and necessary miscellaneous fittings. The
pumps, tanks and miscellaneous fittings which serve the charge machine decon-
tamination area are located in the reactor service building and are shown in

Figure 5.9.10.

Eighteen spray nozzles, each fitted with three spray heads rated at 14 gpm at
125 psig, introduce decontamination fluids into the vessel and distribute the
fluids over the internal mechanisms. The spray heads are the full-cone type
with a 91 deg apex angle arranged for overlapping spray patterns. Each spray
nozzle connection is normally fitted with an internal shield plug to complete
the continuity of the external shielding.

Two steel tanks of 2500 and 4000 gal capacity, designed to operate at atmos-
pheric pressure and 150 F temperature, are located in the reactor service

building. Each tank is equipped with a motor-driven mixer and heating coils
to condition the solutions prior to their injection into the spray system.

These facilities are described in Section 6.7.

Turco 4518 will be the basic decontaminating agent used in the system. This
material is an inhibited, mildly acidic oxalic acid and may be used on reactor
coolant piping, components and other equipment.

Commercial detergents may be used to remove particulate material and loose
contamination. Any of the many available non-foaming detergents are suitable
for this purpose. For the removal of uranium dioxide particles or dust, the
following solutions may be used.

a. Sodium oxalate perioxide solution containing:
Sodium oxalate 4% by wt
Hydrogen peroxide 3% by wt
Oxalic acid 0.7% by wt

The solution must be adjusted and kept at a pH of 5 by tie periodic
addition of 1M oxalic acid; otherwise, the solution deteriorates. The
corrosion rate on mild steel is approximately 0.0025 mil/hr.

b. Ammonium oxalate peroxide (a formulation similar to "a", based on
ammonia instead of sodium).

Ammonium oxalate peroxide at a pH of 4.5 is less expensive than sodium
oxalate and offers less of a waste disposal problem since it can be
decomposed to volatile products. The stability of both oxalates is
approximately equal at the same pH. The ability to dissolve uranium
dioxide is better for the ammonium compound, but its corrosion rate is

somewhat higher.

c. An alkaline solution containing:

Sodium hydroxide 2% by wt
Potassium permanganate 2% by wt (or 5% Turco 4502)
This solution will be used to remove ruthenium and cerium.
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The decontamination procedures for the charge machine are discussed in

Volume II of the Hazards Summary Report.

5.10 Reactor Service Machine

5.10.1 General

The reactor service machine operates within a limited access area located above

the reactor vessel. The general arrangement is shown in Figure 5.10.1.

The mechanisms within the service machine pressure vessel are controlled re-

motely from the service machine control console which is located in the service

and charge machine control room. The service machine permits access to the top

of the core through a reactor top nozzle.

Reactor pressure vessel penetrations are described in Section 4.5. Each control

rod nozzle permits access to as many as 16 fuel channels (depending on loca-

tion), as well as the control rod channel over which it is located. Each

special plug nozzle permits direct vertical access to a fuel channel. Each

experiment nozzle permits access to core locations reserved for future experi-

mental use. The service machine tools are designed to engage with the breech

type closures installed in the top nozzles.

Each reactor top nozzle flange is equipped with a backup blind flange designed

to contain reactor pressure. The space between the blind flange and the

closure is continuously monitored for leakage during reactor operation. Manual

operation is required to remove the blind flange and to connect or disconnect

the service machine to or from a reactor vessel top nozzle.

The service machine is designed to perform the following functions during full

power operation, except as noted:

a. Insert and withdraw control rod drive mechanisms, shrouds, shock

absorbers, and control rods for maintenance or access to the reactor

b. Load and unload reactor fuel (at or below 20% reactor power and flow)

c. Remove and install top nozzle dummy shield plugs

d. Install and remove temperature instrumentation for calibrating the

permanent fuel channel outlet gas thermocouples and the pneumatic

temperature monitoring system.

The service machine also can perform the following functions while the reactor

is shut down and depressurized to 5 psi$;

a. Remove and install an instrumented fuel column

b. Remove and install neutron sources

c. Install future remote viewing equipment to permit inspection of reactor

core channels and reactor vessel top plenum

d. Remove and install experiments

e. Retrieve control rods which have fallen into the reactor core as a

result of control rod cable failure

f. Work jointly with the charge machine in dislodging fuel assemblies

jammed in a reactor core fuel channel.

5.10.2 Service Machine Description

a. Pressure Vessel

The service machine pressure vessel is an upright cylindrical carbon

steel vessel approximately 71 in. ID and 52 ft high. All materials

stressed by pressure are ultrasonically and Charpy impact tested.
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Welds are x-rayed and tested by magnetic particle or dye-penetrant or
non-destructive methods during fabrication. After hydrostatic test the
vessel is helium leak tested.

The vessel is designed in accordance with the requirements of the ASME
Boiler and Pressure Vessel Code, Section VIII, 1959 Edition, including
nuclear code case interpretations(1). All carbon steel plate from which
the shell and nozzles are to be fabricated to ASTM A-212 Grade B Fire-
box quality and ASTM A-300 Specifications. The forgings for the flanges
are fabricated with materials to ASTM A-350LF1, (70,000 psi minimum
tensile stress).

The vessel is constructed in two flanged sections which are bolted
together at final assembly. The vessel is designed with flat top and
bottom head closures.

The principal vessel penetrations include the drive blisters, manholes
and the 12-in. bottom nozzle. Pressure tight electrical connections
are flanged to the top and bottom heads and to the drive blisters.
Helium leakage at all flanges is minimized by double gasketed joints
with helium leakoff connections between the gaskets. This space is
monitored and vented to the recovery system.

b. Closure Valve

A 12-in. diameter sliding disc valve is bolted to the inside of the
bottom flange of the vessel. It is designed to seal the interior of
the service machine pressure vessel from the service machine room. The
valve can effectively seal from either direction.

c. Expansion Joint

The service machine to reactor vessel connection is effected by a 12-in.
diameter flanged expansion joint which is bolted to the vessel bottom
head (Figure 5.10.2.1). The joint is designed to compensate for dif-
ferential thermal movement between the reactor top nozzle and the ser-
vice machine. In addition it is designed to minimize the pressure
thrust loads imposed on the reactor vessel nozzles, by controlling the
pressure between the two gas seals. Gas leakage past the upper seal
to a pressure control valve downstream of the bleed line maintains a
back pressure and controls the pressure thrust exerted by the joint.

The lower end of the expansion joint is flanged to match the flange on
the reactor vessel top nozzles. This flange is manually connected to
a reactor vessel top nozzle prior to service machine operations.
Raising and lowering of the flange to and from a reactor nozzle is

accomplished by actuating pneumatic cylinders.

d. Service Machine Crane

The pressure vessel is mounted on a movable bridge and trolley crane
which accurately positions the service machine over reactor vessel top
nozzles, storage holes, spent fuel transfer shaft, and the fuel loading
and rehearsal areas. Two-speed bridge and trolley drive motors permit
coarse and fine positioning of the service machine. Alignment of the
service machine and reactor vessel nozzles is controlled from local
pendants which position the service machine horizontally and which also
permit vertical adjustment. To prevent movement of the machine while it
is connected to a reactor vessel nozzle, bridge and trolley track shear
locks are applied automatically whenever current to the drive motors is
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interrupted. To insure that the crane drive units cannot be energized
during reactor servicing, electrical interlocks prohibit energizing
the drive units whenever the service machine expansion joint is not
fully retracted.

e. Tools and Mechanisms

The service machine tools and mechanisms are mounted on a turret which
rotates within the service machine pressure vessel. Indexing of the
turret positions the required mechanism or tool above the service
machine outlet nozzle. After a tool is selected and indexed over the
nozzle, the turret is locked in position. The drive which locks the
turret also unlocks the service machine closure valve. Figure 5.10.2.2
shows the arrangement of service machine tools on the turret.

1. Reactor Nozzle Closure Tool

This tool positions the breech lock segments of the nozzle closure
within a reactor top nozzle and compresses the closure gasket by
rotating the closure nut. Reversing the operation of the tool
releases the gasket and positions the breech for removal of a
top nozzle shield plug.

2. Plug Removal Tool

This tool removes top nozzle shield plugs from the reactor after the
closure gasket has been unseated and the closure breech ring posi-
tioned for withdrawal by the nozzle closure tool. The tool con-
sists of a grapple suspended from a crosshead supported on two
vertical ball screws. The grapple pawls engage the breech plug and
the crosshead is raised to withdraw the grappled plug into the
service machine. This tool can also replace shield plugs.

3. Plug Replacement Tool

This mechanism is identical to the plug removal tool and is used
to install a new or reconditioned shield plug into a reactor top
nozzle.

4. Fuel Chute

The fuel chute is designed to guide the fuel assembly grapple into
a core fuel channel to remove or install fuel assemblies. The fuel
chute operates in conjunction with the fuel hoist and grapple, and
guides the fuel grapple into a selected fuel channel. Access to the
reactor core is made through a control rod nozzle after a control
rod drive or shield plug has been removed from the nozzle. The
chute is a long tubular mechanism which is indexed and positioned
over reactor core fuel channels by remote control. The lower por-
tion of the chute contains a basket which can be radially positioned
over any of the sixteen fuel channels surrounding a control rod
channel. The fuel chute is also used to position other specialcom-
ponents such as the temperature calibration instrument and the
neutron source grapple.

5. Fuel Hoist and Grapple

The fuel hoist removes or installs fuel assemblies through the fuel
chute and into or from the reactor core fuel channels. New fuel is
stored in tubes within the machine. Spent fuel is stored in an
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additional tube within the machine.

The fuel hoist assembly consists of a cable and drum hoist, a
positioning mechanism, and a pneumatically operated fuel grapple.

The support cable is a braided flexible metallic hose through which
helium is supplied to the grapple at a pressure in excess of reactor
top plenum pressure. The grapple tool fingers are designed to en-
gage the top spider of the fuel assemblies and latch positively to
the spider when the helium pressure in the hose is released
(Figure 5.10.2.3). The fingers of the fuel grapple have vertical
projections which prevent release of grappled fuel unless internal
pressure is deliberately applied to the hose from the console and,
at the same time, the weight of the fuel is taken off the grapple.
Accidental release of the fuel while in transit is not possible.

A pivoted pulley within the machine positions the grapple and fuel
over the fuel chute, the internal spent fuel storage tube, new fuel
storage tubes, or the shielded experimental lifting tool position
within the service machine. The fuel hoist is also used to install
or remove the neutron source. The neutron source grapple replaces
the fuel grapple during these operations.

6. Instrument Hoist and Temperature Calibration Instrument

The service machine contains a fuel channel temperature calibration
instrument to measure the temperature of the coolant gas from any
reactor fuel channel. The calibration instrument is also used during
calibration of the permanently installed fuel channel outlet coolant
thermocouples and the pneumatic temperature monitoring system.

The instrument consists of a cage with an internal thermocouple.
The thermocouple leads are brought out of the cage into and through
a braided flexible metallic hose which supports the instrument.
The instrument is designed to be lowered into the fuel channel
extensions, using the fuel chute for positioning. The temperature
readings are made with the instrument resting upon the top dummy
assembly.

The instrument hoist is similar in construction and operation to
the fuel hoist, except that the instrument is permanently positioned
over the fuel chute.

7. Experiment Handling Tool

This tool is similar in construction and operation to the shield
plug removal tool, except that additional vertical travel is
required to enable the tool to raise and lower the long experimen-
tal assemblies and instrumented fuel columns. It is also used for
retrieving dropped control rods by removing the control rod shroud
containing the shock absorber and the dropped control rod.

f. Service Machine Drives

The drives for the internal mechanisms are mounted in blisters which
project radially and vertically from the pressure vessel. The drives
operate at service machine pressure and temperature.

Each drive has two motors, an electromagnetic clutch for each motor,
and a separate gear train terminating in a common output shaft. Each
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motor and each clutch is wired to independent electrical circuits.

Failure of one motor will not render the drive inoperative. Disengage-

ment of the clutch downstream of a defective motor and energizing of

the alternate control circuit permits the use of the alternate electric

motor. Each clutch is energized through duplicate d-c power circuits

and the excitation of the coils is controlled by a variable rheostat

adjusted to give the torque required to operate the specific mechanism.

The torque limiting capability of the clutch circuits precludes damage

to the mechanisms.

In addition to the rotation required of the drives, each drive blister,

other than blisters 4 and 8, is designed to extend and retract the

drive shaft from the blister to engage or disengage a gear coupling of

a mechanismmountedon the turret. The shaft extension mechanisms also

have duplicate motors and clutches to maintain power to the mechanisms.

In the unlikely event of failure of both motors, local manual operators

are available for use at each drive blister. However, the reactor must

be shut down to permit personnel access into the service machine room.

All drive mechanisms are fully enclosed in a gear box independent of

the pressure vessel cap and are lubricated by forced splash lubrication.

Lubricants compatible with the environment have been selected to mini-

mize contamination of the reactor coolant gas.

Each drive motor is electrically interlocked to prohibit movement of a

component which may damage any other component.

g. New Fuel and Spent Fuel Storage

New fuel is stored within the service machine in two vertical carbon

steel tubes. There is adequate storage space for six fuel assemblies

and one top dummy assembly. The spent fuel tube consists of two con-

centric carbon steel pipes with shielding lead poured in the 1-1/2-in.

annulus. This shielding attenuates the gamma radiation from the spent

fuel.

h. Electrical System

All control and power circuits which operate the mechanisms of the

service machine are duplicated. A failure of one limit switch, motor,

or other electrical device is automatically backed up with a duplicate

electrical component. Each circuit is individually fused. All criti-

cal positions of components are indicated on the control console. A

system of alarms, indicating lights, and instrumentation, and other

methods of indicating the condition of the machine have been included

in the design. A system of interlocks prohibit the operator from dam-

aging the machine by improper sequence of operation. In addition,

the mechanisms have been designed to include mechanical stops which,

in conjunction with the torque limiting clutches, will stall the

mechanisms before damage can occur. All motors are equipped with

current overload trips.

i. Process Instrumentation

Process piping and instrumentation permits evacuation and pressurization

of the service machine, and controls pressure and flow of helium coolant

to the service machine. All operations for evacuation, pressurization

and depressurization are manually performed in the service machine

room except for depressurization of the expansion joint. A pressure
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differential interlock prohibits opening of the doors of the service
machine room unless the pressure within the expansion joint and the
pressure in the service machine room are approximately equal.

5.10.3 Service Machine Operation

Prior to starting any operations with the service machine, an operational chart
is prepared which lists in detail all required steps in the servicing operation
contemplated. As each step is completed the service machine operator checks
off that step and proceeds to the next step.

To prepare the service machine for use, the components which are to be inserted
into the reactor are placed in the machine at the loading and rehearsal shaft
or over the hatchway in the service machine room floor. Operations which are
required at the reactor are duplicated at the rehearsal shaft by a rehearsal
with the required tools, mechanisms, and components.

The selected reactor top nozzle is then prepared for attachment to the service
machine. The vent line from the space between the reactor vessel nozzle
closure and the blind flange is closed and the closure gasket is tested for
gross leakage by noting pressure buildup in this space. If a gross leak is
evident, it is necessary to shut down and depressurize the reactor. Under
normal conditions and after test for gasket tightness, the space between the
blind flange and the top nozzle closure valve is vented, and the blind flange
is manually removed.

In the event a control rod drive shield plug is to be removed, the control rod
drive and/or the control rod shroud are manually locked to the plug prior to
removal of the electrical harnesses plugged into the drive plug. The service
machine expansion joint flange is then aligned with the nozzle.

The service machine flange is extended to the reactor nozzle by pressurizing
the expansion joint pneumatic cylinders, after which the service machine to
reactor vessel connection is effected manually. Release of the valve, pres-
surizing the pneumatic cylinders, automatically vents the cylinders to atmos-
phere.

When the expansion joint is not fully retracted, power to the service machine
bridge and trolley crane is automatically shut off by limit switches. The
service machine vessel is then evacuated to 1.5 mm Hg with the closure valve
closed, to remove residual air which would contaminate the reactor coolant.
The leak tightness of the flanged connections are then checked, after which the
space between the closure valve and reactor vent nozzle is pressurized with
helium. At the control station located outside and adjacent to the service
machine room door, the differential pressurecontrol system is activated to
maintain a balanced pressure between the reactor top plenum and the service
machine vessel. Upon attainment of pressure balance the power interlock is
satisfied and power is available at the console. All further operations are
remotely controlled from the service machine console.

The turret is rotated to position No 1 and the breech closure is unlocked with
the breech closure tool. The turret is then rotated in sequence to such tools
as are required to remove the breech closure and its associated plug and to
perform other servicing operations.

After servicing operations are completed and a new nozzle plug is installed
in the reactor vessel top nozzle, the closure valve is closed. From a valve
station outside the service machine room, the expansion joint is vented and
the nozzle closure is tested for leakage. In the event of unacceptable leak-
age, the expansion joint is pressurized, the service machine valve is opened,
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and the plug closure tool is reactivated to tighten the nozzle closure gasket.
With the breech closed and the expansion joint depressurized, access to the
service machine room door is permitted.

The service machine is next depressurized to a standby pressure of approxi-
mately 25 psig. The machine expansion joint flange is then manually discon-
nected from the reactor vessel top nozzle. The hose, electrical, and instru-
ment harnesses are disconnected and the crane is operated to reposition the
machine. The top nozzle blind flange is replaced and checked for leak tight-
ness.

The service machine may be moved while it is either pressurized or unpressu-
rized. The gaseous activity is monitored before relieving the gas pressure
to the recovery system. If the gas activity is excessive, the machine is
vented through filters to the stack.

The service machine is then moved to either the storage area or the fuel
unloading station and the reactor components stored within the machine are
removed.

5.10.4 Service Machine Shielding

The service machine shielding limits gamma activity to 7.5 mrem/hr at one meter
from the external surface of the shield under normal conditions. This is
based on the machine containing six spent fuel assemblies, one irradiated con-
trol rod and shroud, and the gaseous fission products released from seven
ruptured fuel elements, as well as neutron activated machine internals. Access
to the service machine room is not permitted when a shield plug is removed
from a reactor nozzle since no neutron shielding is provided.

The external shield consists of four parts: the upper vertical shield, the
lower vertical shield, the bottom shield, and the movable apron shield for
the nozzle. The upper vertical shield extends from the top of the vessel
downward for 24.5 ft, where it laps into the lower shield. The upper shield
thickness is 4-5/16 in., of which 2-7/16 in. is lead and of which the balance
is steel.

A heavy shield, 10-3/4 in. thick, is installed over the lower 30.5 ft of the
machine. The upper end of this shield terminates one foot above the highest
point to which a fuel assembly can be raised within the machine. Lead makes
up the bulk of the shield and is 7-7/8 in. thick. The balance is steel. The
shielding calculations considered the attenuation offered by the 7/8-in. steel
vessel wall. Due to the numerous penetrations, the 3/8-in. steel turret wall
is not considered part of the shield.

The bottom shield uses the 9-5/8-in. thick steel bottom plate as a portion of
its attenuating distance. The balance is 5-1/2 in. of lead, clad in 3/4-in.
thick steel.

The apron shield, consisting of 5-1/2 in. of lead and 1-1/2 in. of steel,
surrounds the service machine nozzle and reduces the dose rate outside the
service machine room to 0.75 mrem/hr when a spent fuel assembly is passing
through the nozzle. Sections of this shielding move on tracks and provide
access to the reactor nozzle flanges.

Internal shielding is included for the spent fuel and the instrumented fuel
column. Spent fuel is stored within the machine in a cask made from concen-
tric steel pipes arranged to form a 1-1/2-in. wide annulus which is filled
with lead. The total steel thickness is one inch. In addition, a 3/4-in.
thick steel patch is welded to the side nearest the vessel wall to provide
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additional shielding. Coolant is introduced through a tube which penetrates
the lead plug in the bottom of the cask.

The 12-ft high shielding for the instrumented fuel column is in the form of
a triangular cross sectional shell. The shell houses the ball screws and per-
mits passage of the hoist crosshead. Wall thickness is comprised of 2 in. of
lead and 7/8 in. of steel.

Under normal conditions the control rod shroud is stored in the lower portion
of the machine; however, in the event of broken control rod cable, it is
necessary to raise the shroud into the upper portion of the machine. This
condition contributes a maximum of 7.9 mrem/hr to the dose rate at the floor
level. Portions of the surface of the upper shield will show a maximum of
1.2 mrem/hr. Access to this region however, will be required only in the event
of both operating and spare drive motor failures.

In the event that the hoist fails and leaves the instrumented fuel column sus-
pended in the nozzle, the dose rate at the manual drive position (8 ft from
the centerline of the machine) is 2.0 mrem/hr. It should be noted that this
condition, although possible is improbable, since dual motorized drives are
available, one operating and one installed spare. If it becomes necessary to
use the manual drives, an improvised shadow shield will be used.

5.10.5 Service Machine Heat Removal

During operation, helium is supplied to the service machine at a pressure
slightly in excess of reactor vessel upper plenum pressure. The helium flow
is thus directed from the service machine downwards into the reactor vessel,
and maintains the service machine and internal mechanisms at a maximum tempera-
ture of 150 F. A portion of the helium supplied to the service machine is
diverted through the internal spent fuel shield when spent fuel is stored
within the shield. The helium coolant to the service machine is supplied
from the vessel cooling system. The gas is cooled to 125 F before being
directed into the service machine. During the turret operation, the service
machine closure valve is shut and the coolant gas is bypassed around the valve
into the reactor nozzle.

5.10.6 Service Machine Decontamination

The service machine is fitted with permanently installed internal headers and
spray nozzles through which decontaminating fluids can be sprayed throughout
the machine. Should the machine become contaminated, it is first thoroughly
rinsed with detergents and water and re-checked for radiation levels. If high
levels are noted, a chemical decontamination cycle is performed and is repeateI
until acceptable radiation levels are achieved. Decontamination wastes from
the service machine are piped to the hot waste system.

5.11 Top Nozzle Shield Plugs and Closures

Shield plugs are installed in the reactor vessel top nozzles to maintain the
integrity of the top biological shield to permit access to the service machine
room. Each shield plug, fitted with a breech type closure, can be installed
by the service machine. The plugs are designed to reduce radiation streaming
up the reactor nozzles and the capture gammas formed within the shield to a
dose rate of 0.75 mrem/hr measured at the level of the service machine room
floor.

The shield plugs which will be in place during reactor operation include
ferrophosphorus concrete for neutron shielding. This shielding reduces the
fast neutron flux to In/cm2 -sec; the equivalent dose rate is less than
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0.15 mrem/hr. This shield also assures adequate reduction of gamma radiation
originating in the core, reactor pressure vessel, and the biological shield.
The minimum thickness of concrete is 5-1/2 ft and occurs in the control rod
plug where all available space above the concrete is required for the rod
drive mechanism and a five inch thick lead shield. The lead shield is
necessary since the activated control rod cable is stored in a drum located
above the primary concrete shielding within the plug. All other plugs have
a minimum of 9 ft of concrete.

Penetrations through the concrete shield for installation of thermocouple
leads, control rod cables, locking mechanisms, drives, etc., are spiraled or
offset to reduce the neutron streaming to acceptable levels. Annular stream-
ing is reduced by designing for a maximum gap width of 1/8 in. and by pro-
viding two offsets in the annular path. At least three feet of concrete
extend above the first offset.

The breech closure which is located at the upper end of all reactor shield
plugs is shown on Figure 5.11. The closure consists of three major pieces:
the outer spline ring, the ball screw nut, and the nozzle closure plug. The
outer spline ring is free to rotate about the ball screw nut on two rows of
ball bearings. The ball screw nut is in turn coupled to the nozzle closure
plug by the ball screw. The entire assembly is locked and sealed to the
reactor top nozzles by rotating the outer spline ring. The spline segments
of the ring move under the matching spline segments on the nozzle extension.

The gas seal is effected by turning the ball screw nut which moves the nozzle
closure plug upward. This upward movement compresses a gasket located between
the plug and the outer spline ring. Electrical connectors pass through the
center of the closure on the control rod drive shield plugs and the instru-
mented fuel column shield plugs.
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