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The plant design is besed on the use of a heterogenecus pressurigzed
14ght water reactor having & heat output of L3000 kiiowatts at full power,
The primary plant is pressurized at 2000 pounds to prevent boiling in the care
during normal operation.

Steam is produced at 520 psia for driving & 3000 rpm, 50 cycle
turbine-generator having an output of 11,500 kilowatts.

The Resctor - The core of the reactor consists of fixed fuel elements fabricated
Trom slightly enriched urenium, The uranium ie in the form of an oxide and
ie cled with zirconium,

The urenium oxide is compressed into small cylindrical pellets, whioch are
gintere: and then ground to close dimensional tolerances, The oxide density is
above 90 per cent of theoretical density, The finsl pellet dimensions are
approximately 0.3" by 0.3". The pellets are loaded into zirconium tubes having
s well thickness of 0,03 inches and & length of 18 inches, Zircc.ium plugs
welded into the end of the tubes completely seal the fuel rod,

The fuel rods are assembled into a rod bundle that is spproximately
§ x € x 18 inches, The rods ere welded to end plates containing small openings
that permit water flow between end parallel to the individuel rode, Three rod
bundles eare asserbled irte & SL inch lorg fuel subassemdly, The bundles are
held together by four girconiu~ rods thet extend the full length of the sube
assestiye Tre mlrioriur ivif ert loceve: ai esch of the four corners of the
subassemb.y and are welded to tne fuel bundle end plates, One Tvel rod is
omitted at each corner of the fuel bundles to provide space for the girconium
rods, Transition pieces are fastened to each end of a fuel subassembly to per-
mit supporting the subassembly in & 2 1/2 inch circular opening in & bottom
stainless steel plate and & correpsonding opening in a top hold-down plate., The
primry coolaut flows through the center of the transition pieces, The total
length of a subgssembly is 60 incnes, including the end pieces.

The core consiste of 32 subsssemblies, and contains approximately
2000Kg of uranium having &n enrichmemt of about five per cent, The actual en-
richment has not been established and may be sigrnificantly higher or lower than
this figure, The core is being designed for a calculated life of 7000 hours at
full power,

The reactor is controlled by 12 neutron sbsorb.ng rods, The rod
material has rot been fixed, however a cobalt alloy, Haynes-25, is being cone
sidered, Rod extensions will be used to avoid weter hcles within tne core when
rods are withdrawn, The rods will be controlled by mechanisms located on the
reactor vessel closure, The two arm collapsible and the fixed roller nut
mechanisms are being considered,




The reactor core is located in a reactor vessel having an inside
diameter of S8 inches snd an overall height of 17 feet. The vessel will be
made of carbon steel clad with type 30L stainless steel, The vessel has a
full diameter closure that has to be removed during refueling operations, The
present design is based on & gasketed head with provisions for seal welding,

Water at L92 degrees enters the reactor vessel through two 12 inch
nozzles located above the top of the core., The coolant flows down through the
reflector and thermal shield regions and then up through the core. The coolant
velocity in the core is sbout 10 feet per second, and the total flow is
5,000,000 pounds per hour. Water leaves the vessel at €18°F through a single
16 inch nozzle,

The foolant System = The ccolant leaving the reactor vessel is carried to a
#ingle vertical steam generstor through & single 16" pipe, The stean generator
is approximately 5 feet in diameter and 27 feet high. The coolant is returned
to the reactor vessel through two 12 inch pipes. One 6250 gpm canned motor,

50 cycle pump end one check valve are located in each of the 12 inch pipes. No
main stop valves will be provided,

With the adopted primary loop arrangement, & very large percentage of
the impedance to coolant flow is common %o the two pumps. In case one pump is
lost, due to pump or power supply difficulties, the ccolant flow decreases to
70-80 per cent of the flow with two pumps in service, By comparison, the one
pump flow in e two locp plant is only 50-60 per cent of the flow with two pumps.
The higher single pump flow with the adoptel design has two distinct advantages,
First, more time ie eveileble to decreese the reactor output if & pump is lost
during fullepower opergtion, Trie is important because & reactor core is operated
gt & ligh power cutput per un.i viLume, anc damege to the core can result if its
heat output is not reduced Iollowing & reduction in coolant flow, The time availe
able to reduce the reactor output depends on the magnituce of the reduction in
coolant flow,

The second advantage of the higher single-pump flow is the larger pere
missible comtinuous plant output with one pump out of service,

The omission of main stop valves in the reactor plant eliminates the
most probable cause of a cold weter sccident, In a two-loop plant with main
stop valives, it is possible to operate the plant with the valves closed in one
loop. If this loop is returned to service, by opering the main stop valves,
cold water can be introduced into the reactor. This increaces the reactivity of
the core and can produce a hazardous condition,

In the edopted design all of the water in the primary coolant system
is meinteained at about the same tempersture, thus svoiding the most probable
cause of the cold water accident, It is proposed to have small openings in the
check valves, and to maintain s small flow through the 12 inch pipe even when
& check valve is closed, This flow will be sufficiemt to maintain tempersture
in the pipe., This mot only eliminates the possibility of an accident when the
check valve opens, but also minimigee thermal stresses ‘n the system by minie
mizing temperature differencee,



Pressure ’o*.:,rt?. System - The pressure control system consists of a pressuriger
vessel containing & two- ".am mixture of steam and wat,er, replaceable immersion
heaters, and provisions Ior spraying coolant into the steam duwring positive
pressure surges., It eleo conteine spring loaded and electrically operated relief
valves which vent to the flash tank., The pressure contivxl system is designed

to maintain the normal operating pressure of 2000 psia at the reactor outlet
during steadv state operetion, The system must also accommodate coolant thermal
expansion and contraction and 1limit the "'"d pressure f{luctuations to an
allowsble range &t the reactor outlet during temperature excursions resultin
from normal power transients.
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to be added so as to maintain the coolent system pressure of 2000 psia. Water is
added by positive displacement righ pressure feed pumps discharging through a
filter to valves which determine where the water is to be added or used, The
rate of release and addition is sbout 5 gpm which is about 158 of the coolant
system volume, per hour, The charging and volume control system also provides
water of 3750 peia for hydrostatic tests of the coolant system and its associated
systems,

The water, which is supplied to the coolant system by this charging
system, is taken from the turbine electric plant condensate storage tank through
e demineraliger and dearrator to purify it., The purified water is stored in
a demineralized water storage tank which is covered with an inert gas blanket
of hydrogen.

Coclant Loop Evacuation System = To avoid contam! nating the coolant with dissolved
alr during %Ee Ti11ing operatior, the system is evacuated. A portable vacuum
pump is used, Connections are made to any high points where air could be trepped.
These connections consisi of manually operated, capped velves with a small section
of pipe instelled downstream. During plant operation this section of pipe ie

capped and seal welded,

Corrosion Inhibitor System = A gas is introduced into the coolant system &s &
means of reducing the rate of corrosion of the metal surfaces in contect with

the coolart, This gas is injected into the water entering the coolant system from
the coolan’ purification system, High pressure cylinders and manifolds are

prov:i ded to store the gas and control its rate of injection into the make-up
lines,

Sempi.ng System - The gampling system is designed w determine physical and
chemcal properties of the coolant and the steam from the steam generator. Such
things as conductivity, pH, concentration of suspended and dissolved solids,
radicactivity, and gquantity of dissolved gases can be checked, Sample connections
are made to the pressuriger vessel, discharge of the make~up pumps, the puri-
fication system, the coolant loop and the steam side of the steam generator,
Radiosctive material handling techniques are required for these samples,

Component Water Cooling System - The resctor shield tank, coolant pumps, control
roE %Hve mec sme &nd certain heat exchangers require cooling. Cooling water
48 obteined through the turbime condenser hot well and the system is designed to
operate independent of suxiliary power, if necessary.

Waste Disposal System = The design of an sdequate disposal system for redio-
active wastes from the.plant cannot be carried out properly umil complete infore
mation i aveilable on the finalized plant design and site, Therefore, the
redioactive waste disposal system, as proposed, includes only the facilities
needed to collect and store the ncrmal radiosctive 1iquid wastes until they can
safely be diluted and discharged.

GCaseous wastes are drewn from the pressuriger vessel and from the
flash tank. The relatively small amount of gas is passed through & condenser
end 8 charcoal filter and piped to the decontamination ares where it is diluted
with fresh air while being discharped from the stacke.

The ion exchangers in the coolant purificstion system will become
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highly rediosctive, When the resin ie exhausted, it must be removed from the
shell, placed in conteiners and disposed of in a suitable manner.

Reactor Shutdown Coo}%gg System - A reactor shutdown cooling system is provided
ssipa Tesctor decey heat during the following conditions:
1. Normal overnight shutdown
2. Extended shutdown
3, Fuel replacement

L., lose of all electric power during normal
plant operation

Fuel Handling Equipment - The fuel elemente of the reactor core continue to

produce both hest end intense gamma radiation after the plant has been shut

down. Therefore, when fuel subassemblies are removed from the reactor, they

must be cooled and the operators shielded from radiation throughout the opera-
tions of removal, handling and storage. Underwater fuel handling has been selected

as the best method for three reasons:

1. Water provides adequate cooling without interfering
with the mechanical handling of the core subassemblies.
2. Water provides the necessary radiation shielding,
but still permits guidance of tools by direct visual

observation,
3, Water is inexpensive and easily handled.

The top of the reector vessel cpers into the bottom of an unloading
tank., During normsl plent opersiicn, tiis tank is empty, During the fuel
rerlacer: -t operation, it ig fillec to esfficient depth to assure at least 15
. o7 & fuel e.resser:ly which has been raised clear of

i e = g.a» . v S -~
feet -7 waler avove the 0L

the reactor vessel,

The subassemblies are removed individually with a long-handled tool
in conjunction with an overhead crane, The subessemblies ar: than placed in a
deep water storage pit until such time as they can be semt to & reprocessing

pl"to

Reactor Plant Bnolosure - The reector plant enclosure surrounds that part of the
reactor piant Which contains the hot high pressure coolant, Its purpose is to
prevent the escape of vapor and gas or fission products to the stmosphere in
the remote possibility of & break or leak in the high pressure equipment.

The volume of the plant enclosure is dependent upon the energy stored
in the coolant and the maximum pressure which cen be tolerated in the enclosure.
The enclosure for this plant is sized 80 that the coolant volume of LOO cubie
feet and the contents of the steam generator can, in the event of a rupture,
fash to &n ecuilibrium mixture of water, steam, eir and gas without exceeding
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a pressure of 33 psig. This is accomplished by & vertical cylinder with a
spherical head, L2 feet in diameter and 90 feet in overall height,

B lldta

R, Lo Witzke, Manager
BTR Plant Project
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