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ABSTIUICT

The Los Alamos Fast Plutonium Reactor is a low-power reactor

primarily (1) to demonstrate the feasibility of a reactor operat-

ing on unmoderated or “fast” neutrons, and (2) to serve as an experi-

mental facility. The operating power level of 25 kw produces a fast
12

neutron flux of approximately 4 x 10 neutrons per cm2 per sec. The

reactive region consists of a lattice arrangement of metallic plutonium

fuel rods surrounded by normal uranium reflector material and cooled

by flowing mercury. Experimental facilities consist of numerous fast

neutron ports and a graphite thermal column. Construction of the re-

actor was begun in December 1945:, and full power operation was first

attained in March 1949.
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PREFACE

This report attempts to record a complete description and fabri-

cation history of the Los Alamos Fast Plutonium Reactor. Much of

what is described is now only of kstorical interest, however, since

the reactor was completely dismanl.led in the spring of 1953.

It would be proper to record here briefly some of the later his-

tory of the Fast Reactor. From March 1949 a full operating schedule

was maintained for nearly a year, during which time several experi-

ments made good use of the reactor as a neutron source. In March

1950 the reactor was shut down to correct a malfunctioning which had

developed in the operation of the ccmtrol and shim rods, and during

the shut-down period a ruptured uri~nium core reflector rod was de-

tected and replaced. As explained in LA-1163, because of this expe-

rience the core was modified to eliminate all the canned uranium rods.

Reactor operation was resume d in September 1950 and continued

until December 1952, when it became evident that a plutonium fuel rod

hacl ruptured, thereby releasing plutonium into the mercury coolant.

The hazard created by this situation and indications of serious abnor-

mal behavior of the reflector material prevented further operation of

the reactor and prompted the decision to proceed with a complete dis-

assembly. Details

given in LA-1575.

May, 1954

of the disassembly, completed by June 1953, are
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UNCLASSIFIED
INTRODLJCTION

The construction of a fast plutonium reactor at Los Alamos was first proposed in 1945.

It was felt by the Laboratory that it would be worth while to explore the use of plutonium

with respect to adaptability for small reactors:, breeding purposes, and future power reactor

studies. The fact that sufficient plutonium existed solely at Los Alamos also influenced the

original thinking as to the selection of fissionable material.. The following premises were ap-

plied to the considerations of the reactor:

1. Delta-phase plutonium was selected for use because it is stable against temperature

changes, the heat conductivity and thermal expansion are better t~n for other p~se% and

the metallurgy is fairly well known.

2. The reactor should be a “fast” machme, that is, the controlled fission would occur

by high energy or fast neutrons. This would mean that the reactor could be of small size

since no moderating material would be used. IFurthermore, since the neutrons would be un-

moderated they would have a spectrum determined by the fission spectrum and inelastic scat-

tering in active material and in a minimum of inactive heavy materials. High intensities of

such neutrons which are characteristic of the bomb and which are useful for breeding pur-

poses were at that time not available. Becauso of the small size of the reactor, the fast

flux could be comparable to the Hanford reactor flux.

3. The reactor should operate at about 1.0 kw. This power would produce an adequate

neutron flux for the many uses to which the reactor would be put (see paragraph 6 below),

and yet not much difficulty would be experienced in the over-all design of the reactor, espe-

cially in the cooling system and the shield.

4. The reactor would be cooled by circulating mercury because an unmoderating coolant

was indicated for the fast fission. It was recof~ized that mercury is not an ideal heavy-metal

coolant and that Na-K alloy or Na are superior because of lower absorption and scattering

cross sections, but the technology of Na-K alloy was not well developed. It seemed mofe

reasonable and expedient to use a simple though inferior coolant.

5. The design and construction would be done by the personnel at Los Alamos. This

would minimize the cost and effort of the undertaking.

6. The benefits to and facilities for the Laboratory which would become available upon

completion of

a.

b.

the bomb.

c.

the reactor were

High intensity source

High intensity source

of fast neutrons for

of fission spectrum

nuclear research.

neutrons for examining principles of

Device for stud ying methods and ease of control of a fast reactor.

-9-
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d. Device for studying principles

material.

e. Device for studfing principles

view to future large scale power plants.

of br ceding for future production of fissionable

of power production from fast reactors with a

These proposals were submitted to the Director of the Los Alarnos Scientific Labo-

ratory, Norris E. Bradbury, who submitted then~ in November 1945 to the Manhattan Engi-

neer District for approval. Xn December 1945 the approval to build the reactor was granted

and work was immediately begun, as several def;ign conferences had been held since No-

vember.

The question as to the location of the reactor was discussed and two suggestions were

offered. The reactor could be built in the original Omega Building due south of the Water

Boiler, or a new room could be built west of the original Omega Building. The highly de-

sirable decision to build a new building at Omega Site was made by the District in April

1946. The new building was planned to connect with the original Omega Building in order

that shop and other facilities could be shared by the Water Boiler and Fast Reactor groups.

The housing of the reactor in a separate building meant that the construction of the reactor

would not interfere with the Water ‘Boiler work and that when the reactor was completed both

machines could operate simultaneously and thus more efficiently. Construction of the new

building was started in May 1946 and finished in August 1946.

During the interval from December 1945 tc August 1946, some of the design, fabrica-

tion, construction, and procurement of the reactor parts were done. The actual construction

of the reactor was started the latter part of A~gust 1946, and the structure was built to in-

clude the lead shielding which surrounds the steel reflector. On November 21, 1946, the first

critical assembly of the reactor was made at this construction stage. Nuclear measurements

were performed at 1 watt power without further construction during December 1946, and Jan-

uary and February 1947, with emphasis placed on experiments concerning critical mass vs

plutonium configuration, effectiveness of control of reactor, temperature coefficient of reactor,

and fraction of neutrons which are delayed in the fast fission of plutonium. The experiments

were done at this time so that in the event that performance was not as expected, necessary

changes could be made before the shielding was completed.

In March and April 1947, the aluminum envelope surrounding the lead shielding was as-

sembled and part of the laminated shield was erected; construction work was again halted in

order to test the effectiveness of this portion of the shield before the concrete shield was

poured.

made in

Neutron distributions in the active material, reflector, and boron-plastic shield were

May. The neutron measurements continued for one month and the laminated shield

-1o-
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work was resumed in June and finished by July.

In June a mock-up of the mercury system was assembled and performance tests were

started.

From July to September 1947, work was mainly confined to construction of the steel

framework for the mercury cabinet fabrication, installation of the mercury cabinet, and pour-

ing of the concrete shield and top shielding blo,sks. The thermal column was build in Nov-

ember 1947, and part of the top shielding completed. The pot was received in December and

a critical assembly with peripheral loading of plutonium was made.

During the time from November 1946 to February 1948, the heat exchangers and pump

for the mercury system were redesigned and constructed in the shops, the pump being fin-

ished in February 1948. It was also found necessary to redesign the pot and to have it fab-

ricated at Project Roger. The safety circuits and control-rod mechanisms were also rede-

signed and built. The mercury flow indicators were designed, tested, and calibrated using

the pressure drops across a thin plate orifice and venturi tube.

From December 1947 to June 1948, work was again confined to nuclear measurements

with the following type made using the peripheral array: the effect of alpha-phase plutonium

upon reactivity, neutron distributions in the reactor pot, temperature coefficients, danger co-

efficient measurements, activation cross sections, neutron spectra and photographic film tech-

nique development.

In June 1940 the plutonium was loaded in a central array and several further internal

nuclear measurements were done. This work continued until January 1949, when the reactor

was disassembled in preparation for final assembly. The reactor was loaded and welded

closed on January 28, 1949. The month of February was spent in reassembling the control-

rod and safety-rod mechanisms, installing the remaining shielding blocks, and connecting the

mercury system to the reactor. The reactor was brought to full power in March 1949.

The procedure during the three years had been to do as many low-power experiments

as possible when the fissionable material was accessible and the reactor more versatile.

With the reactor pot welded closed as is required for high-power operation, the fissionable

material and center of the reactor are imccessible. Actual construction work time during

which it was not possible to use the reactor involved 20 months. Twenty-one months were

spent doing reactor experiments during the 3-1,’2 years. The mercury system required 22

months for construction and the operating conditions which were demanded. The reactor

could have been put into power-operating condition by September 1948, insofar as construction

was concerned, but it

iments were finished.

was decided to keep the reactor open for 6 months until some exper -

-11-
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Chapter 1

CONSTRUCTION AND FABRICATION

1.1 General Description of Installation

The Los Alamos Fast Reactor is a small nuclear reactor which operates on the fission

of plutonium (Pu 239). The neutrons from the reaction are not moderated and the chain reac-

tion proceeds by the high energy or fast neutrors from the plutonium fission, producing fur-

ther fissions. The plutonium is in the form of small rods, canned in steel jackets, around

which mercury coolant flows at the rate of appr mcimat ely 9 liters per minute. The plutonium

rods are held vertically in a lattice arrangement at the bottom of a cylinder 6 in. in diam-

eter. Surrounding this active material region is a 6-in. -thick reflector of natural uranium,

most of which is silver-plated. This cube is surrounded by an aluminum jacket 1/4 in. thick

containing embedded cooling tubes. Water flows through these tubes at the rate of about 1

gallon per minute to provide cooling for the uranium blanket. A 6-in. steel reflector surrounds

the cube, followed by 4 in. of lead shielding. The reflector volume, excluding the lead, is thus

a 30-in. cube. Surrounding the lead shield is a 1/32-in. welded aluminum jacket encasing the

entire reflector and lead shielding in a gas-tight envelope. The envelope contains helium which

flows slowly through the reflector, providing an inert atmosphere to prevent corrosion of the

uranium blanket and for carrying away any fission products from the unplat ed parts of the

uranium blanket.

Each of the four vertical sides of the reactor has a special function by virtue of the

reflector construction. One side contains a t.’hermal column of graphite and on this side a

bismuth block 4 x 4 x 15 in. extends through the lead, steel, and uranium blanket from the

aluminum envelope to within 4 in. of the center of the reactor. A neutron “window” is thus

provided since bismuth is a good gamma absorber but allows neutrons to be transmitted with

relatively little attenuation. On the side opposite the thermal column is a cylinder of thorium

11 in. long and 6 in. in diameter which extends from the lead-steel interface to within 4 in.

of the center. The cylinder contains a central experimental hole. The other two vertical

sides contain (1) a uranium block 8 x 8 x 11 in. extending the same distance as the thorium

block and having a central experimental hole, and (2) a steel block which merely completes

the steel reflector but also contains a central hole.

Numerous experimental holes are located in the reflector to provide access for irradi-

ations, removal of beams, and location of monitoring counters and chambers.

The shielding begins after the aluminum jacket and is accomplished by use of alternate

layers, each 3 in. thick, first of steel and Masonite, then of steel and boron-plastic, for a

-12-





total of 30 in. on three sides. This laminated shielding is enclosed in an 18-in. wall of

heavy aggregate concrete. The fourth side contains the graphite thermal column which ex-

tends 6 ft fro]m the cube and is shielded on the face and sides by boron-plastic, cadmium,

and concrete. The top of the reactor is shielcied by removable sections of the laminated

steel and boron-plastic shielding and by removable concrete blocks. The over-all dimensions

are approximately 11 ft x 15 ft x 9 ft (high), and the total weight is about 220 tons, of which

more than half is shielding.

Control of the reactor is effected by the positioning of certain reflector parts so that

the control is positive as distinct from the poisoning method used in conventional reactors.

A block of uranium can be raised into its position directly against the bottom of the active

material and will drop out of this position upon suitable signals, thereby acting as a safety

block.
10

Two rods, each composed of a section of uranium and a section of B , act as safe-

ty rods. These are pulled vertically into posit ion in holes adjacent to the active material

and are positioned such that to act as “safeties” the uranium drops out of the adjacent re-
10

gion and the B comes into this region. Two other uranium rods act as control rods in

the same manner,

The cooling system utilizes mercury as the heat transfer medium, mercury being

pumped through the active-material region by means of an electromagnetic pump. The mer-

cury flows through two heat exchangers where it is cooled by water.

The reactor operates at 25 kw, which produces an available high energy flux of 4.3 x
~012

neutrons/c m2/sec. The neutrons are unmoderated and therefore have a slightly de-

graded fission spectrum. Thus, high intensities of neutrons which are characteristic of the

bomb and which are also useful for breeder pile studies are available.

Figure 1 shows a picture of the reactor, Fig. 2 is a section drawing through the center

of the reactor, and Fig. 3 is a floor plan of the reactor building showing the location of the

reactor.

The following sections of this chapter describe in detail the substructure, complete

structure of the reactor, and the cooling system design.

1.2 Substructure

1.2.1 Foundation, Pier, Safety-mechanism Channel and Service Channel

Foundation, The foundation of the reactor is a reinforced concrete pouring, physically

detached from the reactor building “itself. The top of this pouring is flush with the top of

the 6-in. -thick concrete floor of the building, and is separated from the floor by a l/2-in.

mastic joint. The horizontal dimensions of this foundation at the floor level are north to

south 15 ft 3 in. , and east to west 11 ft 2 in. At the level of 4 ft 9 in. below the top of
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the foundation, the pouring has step-footing which projects horizontally about 3 ft and also

extends downward a distance of 2 ft. Figure 4 is a plan drawing of the foundation, etc. ,

and Fig. 5 is a photograph made during the process of construction.

The reactor foundation, including footings, consists of approximately 150 tons of con-

crete (1 part cement, 2 parts sand, 3 parts gravel) and 1.85 per cent by weight of l-in. steel

reinforcement rods, or about 5000 lb of rod. Actually the foundation is not the simple geo-

metric figure described above, but in one region extends deeper to reach bedrock.

Pier. Poured atop the foundation, and tied to it by l-in. reinforcement rods, is the

pier on which the inner structure of the reactor is built. This pier consists of a U-shaped

pouring with the opening towards the east. In plan the pier is a square, 38 in. on one side,

with a 10-in. wall on three sides, making the cavity 28 in. from east to west and 18 in. from

north to south. The height of the pier is approximately 15 in. , and through the top surface

of the 10-in. wall there extend seven l-in. machine bolts; these bolts were poured in the

pier and foundation and are enclosed in the latter, by right-angle bends, at a depth of about

3-1/2 ft below the top of the pier.

The E-”W center line of the pier lies 6 ft 7 in. north of the south edge of the founda-

tion; the center point of the 38-in. square lies on the N-S center line of the foundation.

Safety-m echanism Channel. The top surface of the foundation, coplanar with the floor

of the building, is continued inside the pier tc, form a flooring there. Sunk into this floor

for a depth of 15 in. and coaxial with the E-~N center line of the pier is the rectangular

channel for the safety-block mechanism. This open channel has side walls 12 in. apart;

its back wall (12 by 15 in. ) lies 6 in. west of the N-S center line of the reactor, and the

channel extends from this point eastward through the foundation and continues in another con-

crete pouring to a distance of 5 ft O in. , where the east end of the channel is closed by the

concrete. The purpose of this channel is to provide space directly under the reactor for the

safety mechanism; the 5-ft extension of the channel to the east of the reactor provides space

for the removal and servicing of the safety mechanism. The safety-channel extension was

poured separately from the foundation and is part of the floor of the reactor building.

For reasons to appear later, it was necessary to provide means for sealing off that

part of the safety channel lying within the pier up to the east edge of the foundation proper;

the extension outside the foundation need not be so sealed. To accomplish this purpose, two

seals were provided

1. A welded-steel door frame was set into the concrete with its face plate lying

in a vertical plane; the western face of this frame lies in the plane of the eastern face of the

foundation proper. This frame is provided w].th welded studs--projecting into the safety-
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channel extension- - in order that a sealing plate or door may be gasketed on to the eastern

face plate of the door frame. The clear opening in the door frame as seen from the chan-

nel extension is rectangular, 10-3/4 in. wide by 12 in. high.

2. A steel strip--provided with a shallow ledge 3/8 in, Zeep and 1 in. wide--was

welded to l-in. reinforcement bars ‘7 in. long, and set into the concrete border of the chan-

nel. This steel strip runs around the edge of the safety channel (both main channel and ex-

tension) and provides a recess into which the 3/8-in. steel cover of the channel can be laid

flush with the floor. In order to complete the seal, the cover was welded to the steel strips.

The depth of the safety

1 ft 2-5/8 in.

Service Channel.

channel. This channel

channel, measured from the bottom of its cover, is approximately

On the south side of the safety-charnel extension, there is a service

begins at a small pit (dimensions 12 in. deep, 24 in. N to S, 30 in.

E to W) and runs, perpendicular to the N-S face of the foundation,

the vicinity of the east wall of the reactor room; there it makes a

to the south wall of the reactor room. The channel is 12 in. wide

and 12 in. deep. It is provided with a steel ledge and cover plate,

safety channel, so that its clear depth is 11- 5/’8 in.

in the E-W direction, to

right-angle turn, and runs

(between its vertical walls )

as in the case of the

Water drains and other connections related to the water-cooling and helium systems of

the reactor are provided in the pit. The purpose of the channel is to provide a connecting

service channel between the reactor and the control room. The service channel and pit were

poured as part of the floor of the reactor building.

1. 2.2 Base Plates of Reactor. Channel Shielding

The materials comprising the reactive region and reflecting blanket of the reactor are

supported on the pie’r described above. Altogether the central region and blanket of the re-

actor (hereafter referred to collectively as the reactor “cube”) constitute a large mass. The

solid platform for this heavy cube is a pair of steel plates set one over the other on the

pier.

The lower of these plates is a 38 in. square, 7-7/8 in. thick. It is provided with sev-

en holes, counter-bored on top for appropriate nuts, so that the plate could be set down over

the tie-bolts projecting from the top of the pier. At the geometric center of this plate there

is located a hole to accommodate the vertical shaft of the safety block.

The second, or upper, plate is also a 38-in. square. The purpose of this plate is to

provide an easily machined piece onto which can be accurately located certain parts of the

cube, and also to provide for adjustment in thickness required to bring the base of the cube

to its specified level. The adjusted thickness of this plate was 3-1/2 in. The plate also
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contains borings into which are positioned the guide tubes for the safety and control rods.

Slots were milled in the top of this plate radially from the center hole (for the safety-block

shaft) to the holes for the guide tubes, in order to allow the flow of the helium.

Since some shielding is required between the reactor and the safety mechanism, a pair

of steel and boron-plastic shield blocks were fabricated to fit the space between the base

plates and top cover of the safety channel. These blocks involve a total of 4 in. of steel,

measured vertically, and 11 in. of boron-plastic. Both blocks were bored to allow passage

of the safety-block shaft and sealing tube (both described hereafter).

The first base plate (referred to as the “8-in. plate”) was set in the following manner.

A thick layer of very rich grout (cement, fine sand, and water only) was poured over the top

surface of the 10-in. walls of the pier. The 8-in. plate was then lowered over the pier and

the lmlts started into their holes; then the plate was dropped from a height of a few inches

onto the wet grout. By turning the nuts on the tie-bolts, the plate was leveled to within a-

bout 1/4 mil per foot, as measured along the two diagonals of the square. Since this level-

ing was done while the grout was wet, short wedges were driven between the 8-in. plate and

the pier in order that the plate should not settle. Inside the U of the pier, a slot was

scraped in the wet grout so that later a lead sealing fillet could be beaten into the grout all

along the line of contact between fyout and plate.

A day later the wedges were pulled, the nuts on the tie-bolts were again taken up

slightly, and the level of the plate corrected to the same accuracy as mentioned above. One

week later the sealing fillet was beaten home between grout and 8-in. plate. After this seal

was made, the whole interior of the pier, safety channel, etc. were given several successive

coats of red-lead paint. A general view of this situation is seen in Fig. 6.

As described in the introduction, the gas in the helium system is to pass from the

safety-mechanism channel, around the shaft of the safety block, and thence upward through

the control- and safety-rod tubes. Though some attempt was made to seal off the cavity in

the pier under the base plate (lead fillet, red-lead paint), such a seal could not be trusted,

especially in view of the fact that no reliable seal was available for the open (east) end of

the pier cavity.

In order to provide additional sealing, the following device was used. A steel tube was

provided that could be passed through the center hole of the 8-in. plate and through the two

steel-boron-plastic shield blocks. This tube was provided at its upper end with a flange that

could be bolted to the top of the 8-in. plate. At the lower end the tube had a gasket groove

holding a neoprene gasket. The length of the tube was made such that when the upper flange

was pulled down onto the 8-in. plate by the bolts, the lower gasket was pressed very tightly
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Fig. 6. Pier and safety channel.
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against the welded 3/8 in. cover plate of the safety channel. In this way the cavity of the

pier contained no helium until such time as the neoprene gasket developed a leak, after

which the other seals should prevent leakage. Since the pressure driving the helium will

be only a few inches of water, such a leak will probably not be serious.

Up to this point the order of assembly has been (1) welding of safety-channel cover,

(2) location of 8-in. plate, etc., (3) insertion of steel-boron-plastic shielding blocks (these

are held securely in position by wedges and spot-welds), (4) insertion and adjustment of

sealing tube.

The second base plate was now set into position. Since there is still the possibility

of a gas leak between the two plates, a seal was provided there. This seal was made in

the following way. A gasket groove was made in the upper plate, and a fuse-wtre gasket

laid into it; the depth of the groove had been chosen so that the wire lay partly below the

lower surface of the top plate. In addition, a counter bore was made in the bottom of this

plate to receive the top flange on the 8-in. plate. Then the lower plate was painted with

red lead and the upper plate lowered into position. No bolts were used to tie the two base

plates together, the upper one being sufficiently massive; in order to prevent any horizontal

displacement, however, one tap hole on each sic[e of the square was made at the line of con-

tact of the two plates, and l/2-in. Allen-head screws run in.

To complete the structure of the pier, base plates, and seals, a shallow box of l/16-in.

steel plate was tailored to fit into the opening (eastern) of the cavity in the pier. This box

provided a secondary seal of this region.

In concluding this section it should be remarked that no exact dimensions have been

given here because none of the actual dimensions are critical information. In later sections

relevant dimensions, etc. , will be given to the accuracy available.

1.3 Structure

1.3.1Core Region

Fuel Rods. The fuel rods for the fast reactor are machined rods of stabilized delta-

phase plutonium, each weighing about 450 g. These rods are nickel-plated and tamed in a

mild steel jacket to allow handling and prevent corrosion from contact with the mercury

coolant (Fig. 7). The following account briefly describes the procedures used in preparing

the slugs for use in the reactor.

Plutonium metal was cast in delta phase (p = 15.8 g/cm3 ), machined to tolerances,

and the surface of the rod plated with a O. 003-in. nickel coat by decomposition of nickel

carbonyl. The dimensions of a plated rod are Cl.647 in. + O. 002 in. diameter and 5.500 in.

* 0.005 in. long. These operations were performed at D. P. Site by CMR Division. The
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