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makes any warranty, express or implied, or assumes any legal liability 
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ABSTRACT

A conceptual design study has been performed for a sodium cooled,
233graphite moderated, thermal power-hreeder reactor utilizing the Th-U 

breeding cycle. Several aspects of the design of the system are considered 

but no attempt has been made to supply all the details. It appears that the 

design presented is feasible and will allow the production of economic power 

as well as full utilization of thorium resources.

This report is based upon studies conducted for the Atomic Energy 

Commission under Contract AT - 11 -1-GEN-8.
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I. INTRODUCTION

A previous report described a general survey study conducted on Th-U 

power breeder reactors. In that report the economic advantages of such a 

reactor were established as well as its ability to utilize essentially 100 per cent 

of the thorium supply. An underlying assumption was made that the study con­

sider only those designs which are within the scope of engineering feasibility at 

the present time. It is the intent of this report to describe a conceptual design 

based on one of the cases studied in Ref. 1.

The case selected is a 1000 megawatt unit employing a square lattice with

8 inches between adjacent elements. The fuel elements consisted of seven
2333/4-inch diameter Th-U rods clad in zirconium of 0. 020-inch wall thickness. 

There may need to be a thin (0. 005 inch) bonding layer of either sodium or 

NaK between the thorium and the zirconium tube. If a satisfactory metallurgical 

bond can be obtained between the thorium and zirconium, the sodium or NaK 

bonding layer can be omitted. Since this depends upon future developments, 

the use of a bonding layer has been used in this study. The seven rod element 

is hung vertically within a 0. 035 inch wall zirconium coolant channel. Each 

cell of the moderator is also contained within a thin walled (approximately 

0. 035 inch) zirconium can so that any sodium penetration of the graphite due 

to a coolant channel failure will be localized to one cell.

The pertinent physical and nuclear data for this reactor are listed in 

Table I while Table II lists the heat transfer characteristics. Figures 1 and 2 

are reproduced from Ref. 1 with the selected design point indicated.

233There is, of course, a start-up problem with any Th-U reactor since
233U does not occur naturally. Reference 1 discusses this problem in consid­

erable detail. Four possible methods are discussed. They are as follows:

1.

2.

233 . 233Produce the required amount of U in a special U

production facility.
233Produce the U in the breeder itself using slightly enriched uranium

233and thorium, stockpiling the U until enough has been produced.



3.

4.

2 33Same as (2) except the U is fed back as it is produced.
2 3 5Purchase sufficient U (<90%) and alloy it with the thorium.

Method 1 is the most expensive method since the best current estimates^
233place the cost of producing U between $100 and $200 per gram. The time

involved with method 2 is around 10 years and with method 3 around 20 or
25 years.^ The last method appears to be the most economical and most

233practical way to acquire the required U

II. DISCUSSION

A. General Arrangement

The system consists of a reactor, a series of heat exchangers and steam 

generators, two turbogenerator units and their associated auxiliaries. The 

reactor is graphite moderated and reflected and cooled by liquid sodium (see 

Fig. 3). The reactor core is made up of 516 individually canned moderator 

units. Each moderator unit contains a 3. 0 inch inside diameter coolant channel 

into which the fuel element is suspended. The moderator units are surrounded 

by 324 reflector units likewise individually canned but containing no coolant 

channels. The moderator and reflector units are 8 inches square by 15 feet 

long. These units are contained within a core tank which is 23 feet in diam­

eter by approximately 25 feet high with 1 inch thick walls. The lower ends of 

the canned core units are indexed and laterally supported by a tube sheet which 

is welded to the core tank. The upper ends are laterally supported from guide 

tubes while the clearance between cans is maintained by ridges rolled into the 

can walls.

The fuel elements consist of clusters of seven 3/4-inch diameter thorium- 

uranium rods. Each rod is clad with a zirconium tube. Each fuel element is 

suspended vertically from the upper biological shield by a hanger rod and 

shield plug. The fuel element, hanger rod and shield plug make up an integral 

unit. This arrangement eliminates the necessity of making a remote connection 

to the fuel during the fuel changing operation.

The upper shield is divided into seven beam type shielding slabs each 

weighing approximately 12 5 tons. Each slab contains about 6 inches of mild



steel thermal shield and about 7 feet of heavy concrete biological shield. The 

slabs contain vertical holes on 8 inch centers through which the fuel is loaded 

and unloaded. The 24 control and 12 safety rods operate in regular fuel chan­

nels (which, of course, contain no fuel). The control and safety rods are 

driven from units located below the upper surface and near the ends of the 

shielding slabs. The rods operate within thimbles which extend down inside 

the coolant channels so as to exclude sodium and sodium vapor from the drive 

mechanism. The safety rods fall by gravity and are stopped by a sealed shock 

absorbing mechanism.

The core cooling system consists of 16 parallel primary coolant (sodium) 

loops and 8 individual secondary coolant (sodium or NaK) loops each having 

two pumps and heat exchangers in parallel. Eight separate 125 megawatt 

steam generator units are used to drive two 150 electrical megawatt turbo­

generators. A preliminary plant layout is shown in Fig. 4.

B. Moderator and Reflector Elements

A typical canned moderator element is shown in Fig. 5. The canned re­

flector elements are similar except they do not have a fuel tube or a guide tube 

at the upper end.

The elements are graphite contained within a zirconium can. The can 

wall and coolant tube wall thickness is 35 mils. There is a 15 mil gap between 

the graphite and can wall and a 5 mil radial gap between the coolant tube and 

the graphite. The gaps allow for thermal expansion, radiation growth and 

necessary clearance for assembly.

The coolant tube is swaged to 3-1/4 inches inside diameter at the upper 

end to fit a sleeve which connects to a perforated stainless steel guide tube 

which has been annealed or normalized to minimize warping. The sleeve should 

be made of a material which will not self weld or gall when in contact with the 

guide tube and sodium at temperatures up to 12 00° F. Pilot plant experience 

may indicate that guide tubes are not needed and therefore any problems 

associated with guide tube warping and galling will be eliminated.

A stainless steel indexing and supporting fixture fits into the lower end 

of the moderator elements. Orifice holes are provided in the fixture to allow 

the appropriate amount of coolant to flow up along the outside of the canned



A

elements. If the space between the cans become plugged with oxides or foreign 

material, or by the cans expanding and closing the coolant passages between 

them, the pressure on the bottom of the can would cause it to float. However, 

if the space between cans is maintained at 3/32 inch, the can will not float 

but will exert a 250 pound downward force on its support when operating at the 

design power level. If the space between cans were increased to l/8 inch, 

the net downward force would be 315 pounds. However, if a higher factor of 

safety against the can floating were desired, it would probably be better to 

add more weight to the can then to increase the spacing above 3/32 inch. By 

installing properly designed filters and cold traps in the primary cooling 

systems, the problem of the space between the cans being plugged with oxides 

or foreign materials will be minimized. If the gas pressure inside the can is 

below atmospheric, the can walls will remain collapsed against the graphite 

blocks. Therefore, before sealing the cans, they should be outgassed by 

evacuating at a high temperature, and an inert gas bled in until desired pressure 

is reached. This pressure would be low enough so that the final pressure due 

to temperature rise and irradiation for the expected life of the reactor would 

not exceed 1 atmosphere absolute.

C. Fuel Elements

The fuel elements are made in 7 rod clusters 10 feet long. Each fuel 

rod is 0. 800 inch OD, including a 20 mil tubular shell of zirconium and a 

5 mil sodium bond around the 3/4-inch diameter thorium-uranium rod. The 

rods are firmly pinned together at the upper end and are guided at the lower 

end by a spider. The spider is fastened only to the central rod and allows in­

dependent vertical movement of the lower end of each rod. The rods are later­

ally supported by an arrangement of short deformed tubes, wire and bands at 

three places along the element. A conical flow restricting device and fuel 

guide is mounted below the spider at the lower end of the fuel element. The 

flow restricting device is required to control the flow in a particular channel 

in accordance with the power produced in the channel.

A typical fuel element is shown in Fig. 6. Each fuel element is suspen­

ded from the hanger rod and shield plug by the quick disconnect and short 

hanger rod shown.



D. Core Tank

A core tank is required to index and support the core elements and to 

confine the core coolant. The tank is supported on the lower thermal shield 

which is vertically supported on carbon blocks and laterally supported by 

steel rings as shown in Fig. 3.

The tank is made from 1-inch thick austenitic stainless steel plate. The 

lower tubesheet is made from the same material and is attached to the tank 

bottom by welding to pins which extend from the tank bottom up through holes 

in the tubesheet. The tubesheet is also welded to the tank wall. These welds 

need not be leak tight since some of the coolant is bypassed across the tube- 

sheet to cool the outside surface of the canned elements and the tank wall. A 

number of small leaks would not add significantly to the amount of coolant 

bypassed.

The upper end of the tank is sealed to a steel liner at the lower side of 

the beam type shield slabs by a flexible seal. This seal is made up of spe­

cially rolled rings approximately 24 feet diameter welded to form a large bellows. 

The seal is flexible to allow for thermal expansion in the tank.

The coolant pipes are welded to the tank wall at a level about 16 feet 

above the tank bottom. When the system is heated up, the coolant pipes apply 

a compression load to the tank. The bends in the piping reduce the loads and 

stresses, but counter weights and spring supports will also be required to 

reduce the loads on the tank. If necessary, the tank could be laterally supported 

at its upper end by hinge arrangements which allow radial and vertical move­

ment but resist lateral movement.

E. Core Cooling System

To contain the radioactive coolant in as small an area as possible and 

away from the steam generator units, the core cooling system is divided into 

primary and secondary cooling systems which are coupled by intermediate heat 

exchangers. There are 16 parallel primary loops. The coolant in each loop 

leaves the core tank through a 14-inch pipe, which has appropriately located 

bends to reduce stresses, and enters the lower end of a vertically mounted 

centrifugal pump. It leaves the pump through a 12-inch pipe and enters a



vertically mounted (KAPL hockey stick type) intermediate heat exchanger at 

the lower end. It flows from the upper end of the exchanger in a 12-inch pipe 

back to the reactor core tank at a level just above the top of the canned core 

elements. The 12-inch pipe is reduced to an 8-inch pipe which runs down the 

inside of the tank, through the lower tubesheet and ends. The coolant flows 

through the core and into the reservoir above the core to complete the circuit.

To reduce thermal stresses and heat loss, a 10-inch cover pipe shields the 

8-inch pipe from the high temperature coolant. The pipe is reduced in size 

so that it will not interfere with the reflector any more than is necessary.

The coolant velocity in most of the system is between 10 and 15 feet per second. 

In the 8-inch downcomer it is 30 feet per second. This increases the total 

flow resistance of the loop and therefore the pumping power approximately 

15 per cent above what it would be if the downcomer were made of 12-inch pipe.

The secondary cooling system transfers the heat from the primary coolant 

to the steam generators. The 16 horizontally mounted centrifugal pumps are 

located in the cold legs of the loops. There are eight steam generators each 

having a capacity of 125 megawatts and each receiving coolant from two pumps 

and primary heat exchangers placed in parallel. The superheated steam from 

the generators drives two 150 electrical megawatt turbogenerator units.

F. Control Rods

The reactor has 24 vertical control rods located as shown in Fig. 7.

A detail of the rod is shown in Fig. 8.

Constant speed drive units located near one end and slightly below the 

surface of the beam type shield slab turn horizontal shafts and worms which 

actuate worm gears attached to vertical Saginaw type screws. In the central 

beam slab each drive unit operates three control rods and in adjacent slabs 

each unit operates two control rods. As the vertical screw turns, it raises 

or lowers a ball nut. The nut is restrained from turning with the shaft by 

guide pins and grooves in the guide tube. A pull tube connects the ball nut 

to the control rod.

The control rod is made up of a stainless steel tube with boron steel 

rings surrounding it. The rod operates in a thimble which extends down through 

the reactor core inside a regular coolant channel. The rod is cooled by

12 T



conduction and radiation across a 20 mil helium annulus between the boron steel 

rings and the thimble. The thimble wall is cooled by the sodium coolant flow­

ing up the annulus between the thimble and the coolant tube. The major purpose 

of the thimble is to exclude sodium and sodium vapors from the drive mecha­

nisms.

The position of a control rod in the reactor is indicated by a counting de­

vice attached to the drive motor. The position of the control rod can be in­

dicated by measuring the number of revolutions the drive motor has made since 

the motor is connected to the rod through gears.

G. Safety Rods

The safety rod drive system is similar to that of the control rods except 

(1) the drive units are located at the opposite end of the beam slabs; (2) the 

horizontal drive shafts are 4 inches below those of the control rods; (3) each 

drive unit and shaft actuates only one safety rod; (4) a latch mechanism is 

incorporated in the Saginaw nut to release the safety rod and allow it to fall 

by gravity into a thimble extending down through the reactor core. See Fig. 9.

The safety rods are made of boron steel. Since the reactor shuts down 

when the safety rods go in, the cooling requirement for the safety rods is 

not as severe as it is for the control rods. Therefore, the helium annulus 

between the safety rod and the sodium cooled thimble is considerably larger 

than for the control rods.

A bellows sealed liquid metal shock absorber is located in the lower 

end of the thimble to decelerate and absorb the energy of the falling safety 

rod. This is also shown in Fig. 9.

H. Thermal Shield and Insulation

The thermal shield adjacent to the tank wall is made of mild steel slabs 

3 inches thick, 12 inches wide and 25 feet long. They are vertically supported 

at their lower end by a pad which rests on carbon blocks. They are laterally 

supported at their ends and centers by rods extending into the concrete foun­

dation. The rods extend through slotted holes in the slabs which allow for 

thermal expansion upward. The slabs overlap resulting in a 6-inch thermal 

shield thickness. The 6-inch thermal shield below the bottom of the tank rests

•• • • •• ••
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directly on carbon blocks. The outer portion consists of blocks 3 inches thick 

which overlap and are loosely pinned in place. The central section consists of 

two circular plates each 3 inches thick. The lower one is larger in diam­

eter than the upper one and has beveled blocks welded to it which form a ring 

to index and laterally support the upper plate. The upper plate is bolted and 

pinned to the tank bottom and the lower one is laterally supported from the 

foundation by two concentric steel rings; thus, the central portion of the lower 

thermal shield locates and provides lateral support to the core tank.

The upper thermal shield is supported from the beam type shield slabs 

above it. It consists of mild steel blocks 8 inches square by 4 inches thick. 

The blocks above fuel channels have holes cut through them into which the 

lower ends of the hole plugs fit.

Thermal insulation is placed between the thermal shield and biological 

shield or foundation wall to keep the heat losses to a minimum. Therefore, 

most of the heat generated in the thermal shield is radiated or conducted back 

to the core tank and liquid metal coolant. The estimated temperature of the 

thermal shield at different locations ranges from 500° F below the reactor to 

1210° F in the central portion of the upper thermal shield. The thickness and 

type of insulation material selected allows an average of approximately 

400 Btu/hr ft to flow across it. This is less than 15 per cent of the estimated 

heat produced in the thermal shield and amounts to a total of 390 kilowatts or 

0. 04 per cent of the total heat produced.

The insulation material tentatively selected for the area below the lower 

thermal shield is carbon block. Carbon block was chosen because of its com­

patibility with sodium (in case of an accident) at the temperatures involved, its 

load bearing characteristics and low cost. The insulation material selected 

for the area between the side thermal shield and the foundation wall is Johns 

Manville Type LK-61 or an equivalent sodium and radiation resistant, rigid 

insulation material.

Since the area above the upper thermal shield is exposed to sodium 

vapor, radiation type insulation consisting of stainless steel sheets was selec­

ted. The sheets are spaced approximately 1 inch apart to reduce the con­

vection currents in the inert atmosphere between them. Sodium condensing on 

the sheets will drip back into the sodium pool. To prevent sodium from



freezing on the lower surface of the beam type shielding slabs, a gas tight 

layer of inert gas is enclosed by a thin stainless steel sheet welded to the lower 

surface of each beam.

I. Foundation, Shielding, and Shield Cooling

The foundation concrete is lined with a mild steel plate. Cooling tubes 

containing an organic coolant are welded to the steel liner to remove the heat 

conducted across the insulation and generated in the foundation concrete and 

steel liner. Since the reactor is entirely below ground, the earth and foundation 

concrete around the bottom and lower sides of the reactor provide adequate 

biological shielding. The foundation material is regular reinforced Portland 

concrete.. The thickness and reinforcing requirements will depend on the 

subgrade conditions at the site and the concrete temperatures. An allowable 

design temperature of 150° F has been selected as a reasonable maximum.

The beam type shielding slabs above the reactor are shown in Fig. 10. 

There are seven beams, the central ones being 28 feet long, 4 feet wide,

7 feet deep and weighing approximately 125 tons each. Each beam consists 

of a dense concrete filled steel shell with vertical tubes above each fuel tube 

in the reactor. Because of its depth, it is very rigid and the stresses in the 

steel and concrete are low. The maximum deflection at the center of a beam 

is 0. 20 inches. A 150 ton load (fuel transfer cask) at the center of the beam 

causes it to deflect 0. 05 inch. The weight of the beam results in a deflection 

of 0. 03 inch and a temperature differential of 7 5° F across the beam causes 

it to deflect 0. 12 inch.

The stepped spaces between beams are filled with steel shim plates to 

reduce radiation leakage. They are sealed at the upper face by thin, flexible, 

U-shaped steel strips welded to the beams. The flexible seal allows the beams 

to deflect individually.

The smaller rectangular shielding plugs located at one end of each beam 

cover the shield coolant piping system. The coolant will become radioactive 

and should therefore be passed through an intermediate heat exchanger. The 

heat from the secondary coolant could be used for heating the buildings or 

dissipated in a cooling tower.

• • • • • • ••
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J. Building and Plant Layout

The reactor building is shown in Fig. 11. It houses the reactor, new 

fuel storage, control rooms, primary coolant system, the pumps and surge 

tanks of the secondary coolant system, and other gas and coolant storage and 

handling equipment.

The reactor room is 70 feet long, 30 feet wide and 50 feet high. This 

high bay area extends another 30 feet to a 50 foot long reactor facilities build­

ing where the spent fuel cleaning and storing is done. The high bay area is 

therefore 150 feet long. If necessary, it could be divided by special doors 

large enough to allow the traveling crane and fuel transfer cask to move freely 

from one area to the other.

The control rooms are located at one end of the reactor building. There 

are three rooms, each approximately 30 feet square by 15 feet high and located 

one above the other with a service elevator connecting them. Each room over­

looks the reactor on one side and the outdoor turbine-generator units on the 

opposite side. The adjacent side of the two lower rooms overlook part of the 

primary and secondary sodium equipment.

Located on each side of the reactor room are the rooms containing the 

primary and secondary coolant equipment. Each of the two rooms is equipped 

with a 25 ton traveling crane used for installing, handling and repairing the 

equipment. The rooms are each 50 feet by 100 feet, making the entire reactor 

building approximately 100 feet by 130 feet.

The plant layout shown in Fig. 4 indicates that the basic area required 

for the plant is approximately 1000 feet square. The steam generator buildings 

are shown located 100 feet away from other structures because of the possible 

danger of explosion and fire. Each steam generator building houses four 

125 megawatt steam generators. Only a minimum of equipment would be 

located in these buildings. The pumps, deaerators, feedwater heaters, ex­

changers, condensers, etc. , would be located adjacent to the turbine-generator 

units. The turbine-generator units are located together for convenience and 

ease in installing and operating them. Their steam systems would be inter­

connected so that either turbine could be run from either group of steam gener­

ators. The major controlling units would be located in the control rooms in
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the reactor building. A traveling crane would be mounted over them for 

installing and maintaining the turbine generators and equipment.

The condensers could be cooled with ocean or lake water, or by water 

passing through cooling towers. The ground area required for a sufficient 

number of 2 5 foot high, induced draft cooling towers is approximately 

60, 000 square feet. The towers would require approximately 5, 000 gallons 

per minute makeup water when dissipating 7 00 megawatts.

III. CONCLUSION

It is believed that a feasible design has been described in this report
233which, when used with the Th-U cycle, can make possible economical 

production of useful electric power as well as the complete utilization of the 

thorium supply. The design has been carried through the conceptual stages 

only; it is recognized that a large number of details remain to be worked out.



TABLE I

PHYSICAL AND NUCLEAR CHARACTERISTICS

Diameter of active core 17 ft

Active length of fuel elements 10 ft

Number of fuel elements 508

Number of rods per element 7

Diameter of fuel rods 0. 750 inch

Fuel rod cladding 0. 02 0 inch zirconium

Coolant channel dimensions 3. 000 inch ID by 0. 035 inch 
wall zirconium

Lattice spacing 8. 0 inches

Reflector thickness approximately 3 0 inches

Thorium in core
235U required for core for initial loading

U233 needed in core (1% K excess)
233Fraction U in thorium

233Initial conversion ratio (with U )
23 5Initial conversion ratio (with U )

35800 kg

1074 kg

802 kg

0. 0224

1. 10

0. 88

Estimated attainable burnup 20, 000 to 30, 000 mwd/t

Number of control rods 24

Number of safety rods 12

Average to peak cell power 0. 56

Average thermal flux
r , „ 1 3 neutrons
5x10 ^

cm sec

Electrical power

Electrical output at 80% plant factor

3 00 megawatts
2.1 x 109 kwh/yr



TABLE II

HEAT TRANSFER CHARACTERISTICS (RATED POWER)

Central Cell

Sodium inlet temperature 500° F

Sodium outlet temperature 850° F

Sodium velocity 1 5 ft/sec

Maximum thorium temperature 1800° F

Sodium flow rate 118, 000 lbs /hr

Heat removal rate 372 0 kw

Reactor

Inlet temperature 500° F

Maximum outlet temperature 1000° F

Mixed mean sodium temperature 936° F

Sodium flow rate 25 x 106 lbs/hr

Total rated power 1000 megawatts

Throttle steam pressure 800 psig

Throttle steam temperature 825° F

Net power conversion efficiency 32. 2%



C
O

N
V

E
R

S
IO

N
 RAT

IO
1.3

SEVEN INCH DIAMETER RODS PER CELL

Zr CLADDING , Na COOLING
MAXIMUM SPECIFIC HEAT RELEASE 52.5 KW/KG THORIUM

SELECTED DESIGN POINT

IO-IN.

1800600 800 1000 
RATED POWER, MEGAWATTS

1200 1400 1600

Fig. 1. Conversion Ratio vs Rated Power

i >



C
O

N
VE

R
SI

O
N

 RAT
IO

SEVEN 0/4-INCH RODS PER CELL 

Zr CLAD, No COOLED

Kco IS POISONED VALUE 

NEUTRON TEMPERATURE

SELECTED DESIGN 
POINT

IO-IN.

.01 .02 .03 .04 .05 .06 .07
FRACTION U233 IN THORIUM

Fig. 2. Conversion Ratio vs Fraction U 233 in Thorium

21



32 RFAM TYPE SHIELDING SLAB
4FT WIDE 7FT DEEP 7 REQ
SEE STOP926016

REMOVEABLE SHIELD PLUG 516 REQ.
Changer rod and fuel attached)

AFETY ROD SRDP-925014A ^
CONTROL ROD SRDP ORSOIS

8 FT.

15 FT

40 FT
PERFORATED STAINLESS-
STEEL TUBE

FJEL ROD HANGER-

-iMHiUlL

r

5 FT GAS
BLANKET

SODIUM
DEPTH 5FT

STL 12 IN. S3D1UM— 
INLLT PIPE 16 REQ. 

FL. XIBLE GAS SEAL- 

STL 12 IN. COVER PIPE-

16 REQ

STD. IQ IN. COVER PIPE 16 REQ:

STD. BIN. PIPE 16 REQ.------

T

FUEL CLUSTER-SEE SRDP 921032 -x

^ I

lL:

as

SOOI'JM LEVEL

fI FXIBLE SEAI

^SLOTTED HOLE TO ALLOW
FOP THERMAL EXPANSION

I3FT INSIDE RADIUS

■THERMAL SHIELD ANOHOR
BOLT 250 REQ.

mJ

3S

yumr
3oA

; -'J.-

STD. 14 IN. SODIUM OUTLET PIPE I6RE0

.MILD STEEL THERMAL SHIELD SLABS
3IN.xl2IN.x26FT LONG 

I IN. STAINLESS STEEL TANK
23 FT. INSIDE DIA.

■COOLING TUBES-ORGANIC COOLANT

l IN. MILD STEEL LINER

"■INSULATION-JOHNS MANVILLE TYPE LK6I

x-ZIRCONIUM CANNED MODERATOR UNIT 516 RFOx

.SEE SRDP 921034 
ZIRCONIUM CANNED REFLECTOR UNIT 324 REQ.

t-tube sheet

l IN. DIA ROE 12 IN LONG MACHINED TO lj IN. DIA. 

UPPER END-SPACED 2FT ON CENTERS -
WELDED AT BOTH ENDS 

DUBLE WALL INLET PIPE JOINED AT LOWER END
BUT NOT WELDED TO TUBE SHEET

SLOWER THERMAL SHIELD BLOCKS 
CARBON BLOCK-LOAD BEARING INSULATION

-LATERAL SUPPORT RINGS

-IN. BOLT 8 REQ. 

v—CENTERING PLATES AND THERMAL SHIELD

-2 IN. DOWEL PIN 20 REQ-

a

-INSULATION 'FEFj

L'-.,;Ty..O

I FT SIN 
INSIDE RADIUS

Igl 1
\ /

U 0 o L k A
o o o O o 0
o D o 0 0 o G
vJ o O 0 0 0
o o O o 0 o
o o O o o D 0 o o •V
o O 0 0 o 0 J 0 o o o
o O o O o J 0 o 0 o o
‘a O' c 0 o 0 0 o 0 o o 7
o- o p O o 0 0 -> o 0 o 0 /

o 6 Q o o 0 J 0 o G o c d

p o 8 a o 0 0 0 o 3 o G 0
■. .a :D o o o G 0 o o o o c

. o :C; c o 0 G c J o c o o
a :0; :0 p. o 0 0 0 o o o o o
0 0 0; :0. 0 0 c 0 o G o c o

o: a ■Q o o 0 o 0 0 0
Q o o c o 0 o 0 0 0 o o
■0 o o c o o 0 o 0 0 o

0 O 0 o G G 0
o o O o o 0 0 0 o o
oio 0 0 o c 0 o
cjo O 0 0 J G 0
o I o 0 o o o
op O 0 0 0
op O 1 3 2*

< s 1 -

-DOUBLE WALL PIPE

-THERMAL SHIELD (jREF)

/BIN.xS IN. x 15 FT LONG ZIRCONIUM
CANS GRAPHITE FILLED

^ODD SHAPED TT STL CANS
GRAPHITE FILLED

-3.00 IN. I D PROCESS TUBE 516 REQ.

.-Double flange boate - rolled

STD. 14 IN SODIUM OUTLET PIPE
16 REQ. (£EF)

-STD 12 IN. SODIUM INLET PIPE
16 REQ ®E_0 

- FLEXIBLE GAS SEAL (REF)

0 12 3 4 5 6

SCALE IN FEET

SECTION A A
ROTATED 90

Page 23
AY NORTH AMERICAN ~AV
/ V\ ATOM IC ENERGY RE5EA

J N \\ gtponr NONAA-ia-. |aa
StHue. A'-/' laBANNBV. F.SILL

P-17 - GENERAL 
ARRANGEMENT

ICflTf.B-ZtrSS |APM80V,

SRDP920025

Fi
g.

 3. G
en

er
al

 A
rr

an
ge

m
en

t



Fi
g.

 4. P
la

nt
 La

yo
ut



Fi
g.

 5. C
or

e E
le

m
en

t



FLOW DIVERTER
10 FT. 4 IN.

SCREWED JOINT PINS IN CENTER ROD ONLY1.125 IN.

ACTIVE FI JFI I FNCTH lOFTOIN.^ ORIFICE & GUIDE CONEQUICK DISCONNECT TERMINAL

-.005 IN. SODIUM BOND

SODIUM LEVEL -.020 IN. WALL
FUEL ROD HANGER ASSY-

HELIUM FH I FD EXPANSION SPACE L.750 IN. THORIUM DIA. FUEL CHANNEL
13 FT 6 IN.CLUSTER LENGTH

SECTION AA
7 ROD FUEL CLUSTER

LOCK BAND

SCALE IN INCHESLOCK WIRE

3 IN.I.D

DEFORMED TUBULAR- Page 29
FUEL ROD SPACERS NORTH AMERICAN AVIATION, INC.

ATOMIC CNCRSY VtSCABCH OCPTMEUT 
PO BOX 509 OOWH&yt CAUFO/&)JA

SECTION CC

P-17 FUEL ELEMENT

Fu
el

 El
em

en
t



o
O

' — o* —

5 0) 
__

w
__

■n

• 
•

••
••

••

cn o > r pi
01

z m n
C7> ^1 CO "H

’*
1

• 
• 

• 

• 
• 

•

S C
l E

;s
 

z
>

i

¥

Si

p OP tn OJ

O
 O

 O
O
 O

 O
O
 O

 O
 O

 O
 O

O
 O

 O
 O

 O
 O

O
 O

 O
 O

 O
 O

 O
o 

o 
o 

o 
o 

o 
o

o
o

o
o

o
o

o
o

O
 O

 O
 O

 O
 Q

 O
 O

o 
o 

o 
o 

o 
o

o 
o 

o 
o 

o 
o

o 
o 

o 
o 

o 
o 

o
o‘

o
'o

‘o
"o

"o
 o

o 
o 

o 
o 

o
o 

o 
o 

o 
o

o
U

o
 o

 o
'

o 
o 

o 
o 

o 
o

o 
o 

o 
o 

o'
oT

)'D
'

o 
o 

o 
o 

r 
o

O
 O

 Q
Q

p
 0

.Q
 Q

o 
o

g
 b

"~
6' 

5"
~o

"o
 

o 
6~

o“
o 

o 
o
o

 o

o 
o 

o 
o

o 
o 

o 
o 

o
p
ta

g
 

o
 o

 o
 o

o
W

o

o
' o

 o
 o

 o
 o

'
o

o
o

o
o

o
o

o
o
 o

 o
 o

 o
'

h
w
 

W
 
W
 
W

“o
=a

o"
o"

c
o 

o 
o 

o 
o 

of
e^

o 
o 

o 
o 

o
'o

 o
 o

 o
 o

 o
 o

\o
 o

 o
 o

 o
Zr

o~
o 

oT
) o

 o
 o

 o
 

M
q
M

o
T

o
’o

 o
 o

' 
o
^

t
jo

 g
o

 o
 o

 
o 

6\
o 

o 
o
p

”o
 "

'o
 O

 0
 o

 o
 o

o 
o 

o 
o 

o
,o

 o
 o

m
o

o 
o 

o 
o_

o_
o
 o

 o
 o

O 
O 

O 
O 

O 
O

'O
 o

o 
o 

o 
o

o 
o 

o 
o 

o 
o 

6\
o 

o 
o

o 
o 

o
o 

o 
o 

o 
o

o 
o 

o

O
J

o
>

F
ig

. 
7.
 

C
o
n
tr

o
l 

an
d 

S
af

et
y
 R

od
 D

ri
v
e 

S
y

st
em



LIFTING HOLE
TOP OF BIOLOGICAL SHIELD-

DETAIL A
• • • •• •• • ••• • ••• • • • • •• • • • • • • • • • ••1 T-»----1----r-

• • • •

SAGINAW RAI I RFARING
WORM SCREW i NUT

PULL TUBE FITTING

GUIDE £ SUPPORT TUBE

L ' — PULL TUBE

— THIMBLE

BORON STEEL RINGS

COOLANT TUBE

— com ANT FLOW

THIMBLE END CAP

DETAIL E

• • • •

GUIDE PINS

SECTION D D

0 12 3

1 I ... I i I i I , I i I
seal F IN INCHES

Page 33
A NORTH AM FRICAN AVIATION. INC.

V\\ ..........
iUU MU r< |T-/S-rJ ^

l^\p-'7 CONTROL ROD SRDP -925013

-s
c-

aa
tfL

 ( I 
Fi

g.
 8. C

on
tro

l R
od



37 INCHES

VIEW C

SCALE INCHES 

SHOCK ABSORBER

SAFETY ROD SEAT

TENSION SPRING

RFl I OWS

- PLUNGER

LIQUID METAL SHOCK ABSORBER

-COOi ANT TUBE

-COOLANT FLOW ANNULUS

-PLUNGER SEAT

-COMPRESSION SPRING

SECTION D-D

section EiL
LATCH OPEN

SECTION E£

I ATCH CLOSED

38 INCHES

VIEW A
0 12 3 4 5 6
1 ---- 1------ 1----1---- 1----- 1------1

SCALE INCHES 

DRIVE ASSEMBLY

~ .RADIAL THRUST BEARING

LEAP PLUS.

BORAL WASHFR

SAGINAW TYPE SCREW
34 FT

REACTOR OUTLINE SHOWING SAFETY ROD

SCALE FFF.T

-SAFETY ROD SI FFVE

VIEW B
0 12 31 ---1---1 i i ■ l

SCALE INCHES

BALL NUT j SAFETY ROD LATCH ASSEMBLY

• • • • • •

Page 35

• • • •

Fi
g.

 9. S
af

et
y R

od



ACCFSS HOI E fPI UG RF.MOVED~l

IN. MILD STEEL PLATEST STL TANK. I IN. WALL

BIOLOGICAL SHIELD COOLANT PIPING O' RING SEALSTHERMAL SHIELD
2 IN. MILD STEEL CAP PLATE

INSULATION -ACCESS HOLE
(PLUG IN PLACE ~)

SHIM PLATE
COVER PLATE ABOVE 
SAFETY ROD DRIVE UNIT I IN. X 18 IN. X 34 IN. MILD STEEL

COVERED LIFTING LUGS

(2 IN. OD. 4-!N. WALL ST STL TUBING

HrlEn—ITtr—-fTr—ll-n—

CONCRET

SHIM PLATE
4-IN X 18 IN. X 48IN MILD STEEL

8 FT 4 IN.30 IN 3| IN. 0 D X 3-2 IN. WALL 

ST STL TUBING

23 FI 2 IN
COOLANT TUBES

2 IN MILD STEEL

'or&Ao ik IN. ST STL SHEET

4 IN. MILD STEEL
THERMAL SHIELD BLOCKS

:Q>;0>p..© O Q O O O

Q Q

LOWER END

OF SHIELD PLUG
SECTION THROUGH SHIELD TOP OF SHIELD

3 IN.OD. X^ IN. WALL r- .;RATED 

ST STL GUIDE TUE.COVER PLATE ABOVE 
CONTROL ROD DRIVE UNIT

-WEB TIE ROD HANGER ROD

Page 37TOP OF CORE SHOWING 6 IN X SIN X 15 FT
ZIRCONIUM CANS. GRAPHITE FILLED

SCALE IN FEET by «4ltw» |a>Tm. Amo* ^

SCALE IN FEET VV7 BEAM TYPE C/PPER 
\biological SHIELD

<v
a

H

j\s■Sx

ig
. 10.

 Upp
er

 Bi
ol

og
ic

al
 Sh

ie
ld

, Be
am



- HEAT EXCHANGER PIT 
SHIELD RUGS REMOVED

1MTFRMFDIATF HEAT FXP.HANSFB
Ifi RFQ

PRIMARY COOLANT PUMP
16 REQ.

SECONDARY COOLANT PUMP
16 REQ

SURGE TANK B RFQ.

CONTROL ROOMS
(3 FLOORS)

^SURGE TANK

50 FT

35 FT

r- GROUND
LEVEL

REACTOR

105 FT.

■TO STEAM GENERATER
90 FT

SECONDARY COOI AMT PI IMP

NEW FUEL

STORAGE AREA
'—PRIMARY COOI ANT PI IMP

TO REACTOR FACILITIES
BUILDING

INTERMEDIATE HEAT EXCHANGER

SECTION A-A50 FT 30 FT.

130 FT.

SCALE IN FEET NORTH AMFRICAN AVIATION . INC

NTIAL
P-17 BUILDING
ARRANGEMENT: i -i; :

Fi
g.

 11. 
B

ui
ld

in
g A

rr
an

ge
m

en
t



REFERENCES

1. Weisner, E. F. , "Thorium Uranium-233 Power Breeder Reactor," 
NAA-SR-266, January 1, 1954.

2. Balent, R. , W. C. Cooley, R. L. Stoker, "Thorium-Uranium Converter 
Reactor Design Study, " NAA-SR-207, April 15, 1953.


