PMAN ABOVE thows layout of ihree turbine.
Qenarotors on circulor platiorm, with olher
equipmeat orronged crouad central reactor
below

SECTION SELOW Indicoter refation betwesn
reacior, other ualti, Nole “breaks,” stightly

lorger wale.
[
Steom
[ ~FER
B0 o

HIAVY-WATIR-COOLED RIACTOR feeds 18 steam genercters, whick supply thres
80-mw turbings with 180.pslo saturoted steam, Design minimlaes heovy-waler needs

Controt rody Presiure requicror to _
. mointain lised control DyO-pump speed
4o " e = Servomechenitm
LSS

Speed contron_ [ pgm)
otoam presswe

FLOW CIREUITS OF LIGUID-COOLED RIACTOR newd eantrols lar sate operation. 8ypass
oround turbine leads stenm to sondenser on o sudden load drop and on low foads
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two right-circular graphite cylinden
with adjoining end Ffaces parallel to
cach other on the same center line,
These cylinders contain notural-ura.

. nium slugs arranged in a lattice. The
slug channels parallel the cylinder *

axes. The cooling gon (hclium) entery
the smali gap between the two cylinders

and divides its flow outward through °

the two reactor sections. A pressurized
steel shell encases this assembly.

The two core sections, each 35 ft dia
and 10 ft thick, contein about 98§
tons of high-purity high-density graph.
ite. About $00 tons of lower grade car.
bon surrounds the core sections and
acts as a reflector.

Uranium-metal fuel slugs have o
center hole and fins resting on the slug-
channel surfaces. It was assumed heat
generntes uniformly within the metal,

and flows uniformly from all parts of:

the surfaces. Maximum metal termapera.

ture Is limited to 1000 F to prevent-

phase tronsformation at 1200 F. More
reactor power could be realized by de.
veloping an alloy and cosing that
could withstand i \ P

of about 1300 F.

Coolant. Helium was selected be.
cause it has no chemical-combination
propertics with uranium and has a
zero neutron-obsorption eross section,
Pressurizing the helium to 10 atmos.
pheres reduces the power needed to
transler o fixed quantity of heat.

Roactor Shell. Openings in the 44.
ft-dia sphere allow feeding uranium
slugs into the graphite core. Tubes
connect the end of each fuel channel
in the graphite to fittings in the sphere
wall. Special closures prevent helium
loss at 10 atmospheres and 750 F.

Other openings allow circulating
helium through the shell, inserting con-
trol rods and instruments, removing
irrodiated uronium stugs.

Shiolding and Ventltatlon. A con-
erete  radiation shield (having the
shape of a modified Quonset hut) com.
pletely encloses the reactor sphere. Ten
feet {rom the sphere charging face a
verticnl A-ft-thick concrete wall, sup-
ported on rollers, moves with ex-
pansion of the tharging tubes plercing
it and the sphere. Six feet from the
other side of the aphere stands the op-
posite 8-ft-thick concrete wall.

Hot air inside the shield rlses
through a direct-connected stack. This
intai inside

L 4 i ¥
the shicld, causing all air to leak into
the shield. This air becomes radioac-

tive and must be diluted before being -

discharged to atmosphere.

Charging and Dlscharging. Two
channels ot o time may be charged by
a 6-cylinder charging machloc in a se-
quence operatlon. The cylinders move

POWER

r charge into the sphere channels
pressure. The irradiated

thel!

Jhelium
:{,t:‘edmp out of the core on the far
side ond accumulate at the bottom of

the sphere. They are removed through
pyéssure tocks into the storage :9nal
tocated below the sphere.

Roactor Control. The more impor-
tant resctor instruments measure pow-
er level, reactor period, temperature
and pressuse of helium. Manueal and
semiautomotic movement of contt?l
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out of the boilers. Twelve bl

lium e led to selecting 525

75,000 cfm each, supply total helium
flow. Half the blowers are steam-tur-
bine driven, others are electrically
driven. Over-all dimenslons of blower
and drive are about 20 It long, 9 It
wide, 9 ft high.

While helium does not become radio-
active, it might carry particles of ac-
tive materials. Removable concrete
blocks, 2 ft thick, used for shielding
permit maintaining boilers and blow-

rods regulates the reactor, A

itioni intoi helium
::mpemmre at the boiler inlet. Remote
indicators on the ¢ontrol board show
their position. The rods are moved with
enough energy storage to operate them
severn) times, over their full travel
after an auxiliary power failure.

Right vertically mounted boron-steel
safety rods drop into holes in the re-
actor grephite when released by nor.
mally energized clutches. They quick-
ly stop reactor operation when (1)
neutron density exceeds sale value (1)
reactar gas-outlet temperature exceeds
safe level (3) reactor ges pressure
drops suddenly (4) wuxiliary power
fails () reactor period becomes short-
er than minimum value (6) helium-
coolant flow stops (7) automatic trip
button is pressed.

Holium Cycle. Helium leaves the
reactor sphere ot 650 F to enter the
boifers, Leaving boilers at 384 F it
enters gas blowers to be returned to

the.reactor. Multiple take-offs and the -
* need for reosonable duct sizes require

12 scparate circuita for the helium.
Bollers are -straight-through types
in which economizer, evaporating and
b eating ¢ y 1ned

ers. No radi ivity f from
helium to steam in the boilers,
Underground storage tanks, occupy-
ing 45 acres, store the helium, Miscel-
laneous buildings with total area of
15,000 1q [t house the valves, controls
end purifying equipment.
Turblne-Ganorator. The 650-F he-

Reoctor slrueturg
Fusl looding, lubes 2,000,000

$ 1,940,000

g are
into one continuous pass. A 3%-in.
feedwater line enters the shell through

" @ thermal sleeve and connects to a 6-

in. inlet header. From this header 48
one-in..OD tubes spaced on 2.in. hori.
zontsl centers form a bundle of 48
hairpin loops spaced on 2-In. vertical
centera. These tubes terminate in an
B-in. ateam header. There are 95 loops
in eoch of the circuits. The shell is
sbout 13 ft din end 23 ft, 6 in. long,
with 6-ft-dia Nanged openings at both
ends to which the helium ducts con-
flect,

Thete are 12 boilers, although 10
can develop full reactor power. Each
boiler.can produce 90,600 1b per hr of
250-paig 525-F steam from 109-F feed.
Water. This assumes 2.5-in.-Hg back-
bressure on main turbine.

Blowors. The axial-Row-type hell-
um blowers must run ot constant flow.
Flow variations must equal capacity
of one blower. Load variations with a
fxed number of blowers running are
mode by varying helium temperature

iy 1959

d)l,.

lastrumeniotion and controhs 1,200,000
Raw grophite, 2400 tons 1,000,000
Finlthed ‘graphite, 2100 lons,
machined and iastallad 1,260,000
Etevators, chorging equipment 300,000
Total reactor orsembty $ 7,700,000
Bollers, 13, accessorlas 4,033,000
Torbine-generotor, 60 mw, .
occassorien 4,305,000
Stock, 300- high 500,000
Waotar system, decontaminallon .
areo, waile torago 100,000
Buitdingn * 4,200,000
Helium system - {630,000
Elachle fadliitlon 1,725,000
tite, land, ek 4,315,000

Contingentier
Enginesring, 3%
Overhead, 15%

F for steam leaving the boilers. The
26S-psia pressure kept exhaust mois-
ture below 14.7%. At 2.5-in.-Hg back-
pressure the turbine generates 61,700
kw gross at 14,500-Btu.per-kwhr heat
rote. Electric auxilieries use 15,000
kw, leaving o net of 46,700 kw. Steam
auxiliories use an equivalent 12,000

Plant Controf. Automatic control-
rod adjustmenta hold renctor helium-
outlet temperature to 750 F. Adjuast-
ing feedwater flow varies the boiler
rating, and the boiler.outlet helium
temperatures. Boiler output determines
kw generation. Steam temperature
varies from 525 F at full loed to a
theoretical 650 F at zero load, A steam.

1) lates the tur.

;inn governing valves.
To achieve high plutonium produc.

‘tion the reactor should be held at full

power rating even while electric gen-
eration is reduced. A steam byposs
line around the turbine to the conden.
ser dissipates the heat in excess of that
needed by the turbine. The bypass au-
tomatically protects the reactor in
event of a turbine tripout.

Costs in Table I ore based on con-
ditions in the Middle West, They do
not include costs of fuel fabrication
and processing. Asauming a net output
of 45,000 kw, the Inatelled cost aver-
ages $8380 per kw.

Liquid-Cooled Reactor. This cylin-
drical unit, enclosed in a spherical
steel shell ot 800-psin pressure, uses
heavy water ap coolant, moderstor and
reflector. Fuel assembly is made up of

1 ts, each of
o group of uranium slugs in o thin
metal casing. These are placed In ver-
tical, cylindrical channels. Heat {rom
the i posses gh the thin

Grond tatal

Reactor $ 3,846,000
Heavy.waler tyitem 3,172,000
Heovy woter ($82 per Ib) 41,000,000
Hellum system 230,000

Total reactor perembly
Sleom-gensrator plont

Turbine.Qunerotor plant (240 mw) 14,285,000
Structural plant 10,024,000
Miscellaneous power equipment 342,000
Claciric facliivles 5,313,000
Site, olhar land casts 1425000
Mircellonecus, yord improvemants,
lempovary construction 1,740,000
Reseorch ond development 1,500,000
Contingencies 9,700,000
i 4,500,000
15,345,000
Grand total $119,000,000
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metal clodding to heavy water, pass-
ing In a vertical direction upward.
Heavy water flows between aad
through the {ue) channels. The flow be-
tween channels acts as the moderator;
traveling relatively slowly, it dis-
charges through the control-rod assem.
blies, The fuel elements hanging ver-
ticolly in the channels sre charged and .~
discharged through the cylinder top.
Fuel-element maximum- surface tem-
perature is 465 F when reactor-outlet
heavy-water temperature is 440 F.

An economic analysis showed 440.F
heavy water out ol reactor and 180-
psin steam pressure to be best. This
develops 1064 mw of heat in the re-
actor, The heavy-water system must
run at 800 psin. A 15-psi pressure drop
in the reactor develops 25-ft-per-sec
woter velocity.

A helium-blanketing system pro-
tects heavy-water surfaces in the re-

0




