7405 ENG.36 WITH THE.
ERGY COMMISSION

CECUNPIES Ny O







Report compiled:

May 1954

;< UNCLASSIFIED

/L3 Fs

LOS ALAMOS SCIENTIFIC LABORATORY
of the

UNIVERSITY OF CALIFORNIA

LA-1679 This

0>

THE LOS ALAMOS FAST PLUTONIUM REACTOR

urnent consists of _144 pages,

Classification changed to UNCLASSIFIED
by authority of the U. i3, Atomic Energy Commission,

Per @ofof& N forkw 3 -))-57

U7 an
By REPORT LIBRARY 3_19_5/7

by

*E. T. Jurney
*Jane H. Hall
*David B, Hall
Avery M. Gage
Nat H. Godbold
Arthur R. Sayer
Earl O. Swickard

*Editors

REACTORS-RESEARCH AND POWER
(M-3679, 14th ed.)

i
|

UNCLASSIFIED




o

(1)

W
L]
- .
N 'a .
S
*
PN !.
WA M * L ]
i
- % seoe [ X B
r..ﬂ L] ) 'y ® ¢
o< seovee s o
M " . " o.“coo
. N. ecccee osgee
It [ e o
M eseboe .
¢ e o oeeyese
i . L I
) o o ® e
[ XT XTI [YYY}
’
. . e o .
®e0000 o o o
. e evevoe
o0 o ecoe
® o o o .
o o seccee

"




°

b e e

° o e e o
see .

4 o 0 0 s

L4 - o o

60 000 090 0o 000 oo
L] L3 [ 3 0 L 4 e o
L [ o0 o (&4 e o
° [ ] L3 ] L3 o o
[

e o L] [ ] 0 e
e o000 o ®0e oo

[ )
®
REACTORS-RESEARCH AND POWER

DistributemC . 1 1954

Los Alamos Report Library

AF Plant Representative, Burbank

AF Plant Representative, Seattle

AF Plant Representative, Wood~Ridge

American Machine and Foundry Company

ANP Project Office, Fort Worth

Argonne Mational Laboratory

Armed Forces Special Weapons Project (Sandia)
Arined Forces Special Weapons Project, Washington
Atomic Energy Commission, Washington

Babcock and Wilcox Company

Battelle Memorial Institute

Bendix Aviation Corporation

Brookhaven National Laboratory

Bureau of Ships

Carbide and Carbon Chemicals Company (ORNL)
Carbide and Carbon Chemicals Company (Y-12 Plant)
Chicago Patent Group

Chief of Naval Research

Commonwealth Edison Company

Department of the Navy - Op-362

Detrcit Edison Company

duPont Company, Augusta

duPont Company, Wilmington

Dugquesne Light Company

Foster Wheeler Corporation

General Electric Company (ANPD)

General Electric Company (APS)

General Electric Company, Richland

Hanford Operations Office

Jowa State College

Knolls Atomic Power Laboratory

Metallurgical Project

Monsanto Chemical Company

Mound Laboratory

National Advisory Committee for Aeronautice, Cleveland
National Advisory Committee for Aeronautics, Washington
Naval Research Laboratory

Newport News Shipbuilding and Dry Dock Corapany
New York Operations Office

North American Aviation, Inc.

Nuclear Development Associates, Inc.

Patent Branch, Washington

Phillips Petroleum Company (NRTS)

Powerplant Laboratory (WADC)

Pratt and Whitney Aircraft Division (Fox Project)
RAND Corporation

San Francisco Field Office

Sylvania Electric Products, Inc.

Tennessee Valley Authority (Dean)

USAJ Headquarters

U. S. Naval Radiological Defense Laboratory
University of California Radiation Laboratory, Berkeley
University of California Radiation Laboratory, Livermore
Walter Kidde Nuclear Laboratories, Inc.
Westinghouse Electric Corporation

Pacific Northwest Power Group

Technical Information Service, Oak Ridge

(M-3679, 14th ed.)

o0 e0e o000 o o000
¢ o ¢« o e o
« e ¢ e o o
e o _p’) - e o
e o P’ Te e e
o0 o0l 000 000 000
eee

. °

. °

o oo

o o °

e eoo

UNCLASS\HED

LA-1679

123
124-125
126-127
128
129-134
135
136-150

UNCLASSIFIED







UNCLASSIFIED

ABSTRACT

The Los Alamos Fast Plutonium Reactor is a low-power reactor
built 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
neutron flux of approximately 4 x ]012 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 h.storical interest, however, since
the reactor was completely dismantled 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 control and shim rods, and during
the shut-down period a ruptured uranium 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 resumed in September 1950 and continued
until December 1952, when it became evident that a plutonium fuel rod
had 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 of the disassemlly, completed by June 1953, are
given in LA-1575,

May, 1954
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INTRODUCTION

UNCLASSIFIED

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 than for other phases, and
the metallurgy is fairly well known.

2, The reactor should be a "fast" machine, 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. Furthermore, 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., Because 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 10 kw. This power would produce an adequate
neutron flux for the many uses to which the reictor 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 recognized 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 séemed more
reasonable and expedient to use a simple though inferior coolant.

5. The design and construction would be done hy the personnel at Los Alamos. This
would minimize the cost and effort of the undertaking.

6. The benefits to and facilities for the l.aboratory which would become available upon
completion of the reactor were

a. High intensity source of fast neutrons for nuclear research.

b. High intensity source of fission spectrum neutrons for examining principles of
the bhomb.

c. Device for stucying methods and ease of control of a fast reactor.

-9 .
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d. Device for studying principles of breeding for future production of fissionable
material,

e. Device for studying principles of power production from fast reactors with a
view to future large scale power plants.

These proposals were submitted to the Director of the Los Alamos Scientific Labo-
ratory, Norris E. Bradbury, who submitted them in November 1945 to the Manhattan Engi-
neer District for approval., In December 1945 the approval to build the reactor was granted
and work was immediately begun, as several design 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 August 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. Neutron distributions in the active material, reflector, and boron-plastic shield were

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

- 10 -







work was resumed in June and ﬁnished by July.

In June a mock-up of the mercury systemn was assembled and performance tests were
started.

From July to September 1947, work was mainly confined to constrﬁction of the steel
framework for the mercury cabinet fabrication, installation of the mercury cabinet, and pour-
ing of the concrete shield and top shielding blocks. 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 1948 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 inaccessible. 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 comnstruction 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 was decided to keep the reactor open for 6 months until some exper-

iments were finished.

- 11 -







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 (Pu239

). 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 approximately 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 unplated parts of the
uranium blanket.

Each of the four vertical sides of the reaclor has a special function by virtue of the
reflector construction. One side contains a thermal 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 irom 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
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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 from the cube and is shielded on the face and sides by boron-plastic, cadmium,
and concrete. The top of the reactor is shielded 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. Two rods, each composed of a section of uranium and a section of B10 act as safe-

’
ty rods. These are pulled vertically into position in holes adjacent to the active material
and are positioned such that to act as "safeties the uranium drops out of the adjacent re-
gion and the Blo 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
1012 neutrons/cmz/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 1/2-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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Exterior of the reactor.

Fig. 1.







*I0J0BaI 3y} ysSnolyj uorjoas ssor) ‘g 8ig

doHS Qu3T [e 59 ,///
cov°e AN A3
QANY 31F2IDNOTD le®s=0 HLowsid NN 3o

LSy d
1/ Ao
NOHOH L 7 YNl MM N OO

ZZ Sioixg Qw3 31320oN0D |

JLINOSYIN B

- 15 -

R S T IANAN \/-/.Q.Za.. ' WA
ol . ] } sy g9 h
a..r..... a g N /\/ /v //‘/ ...v.,”.. ca u R bTI
o=l NN o AR e
g YNL (REIING /\/ \ NNMM ‘\ \\\...A.
\ ANNS Av /\ \_/\ N N _ﬂmr /ﬁ aﬂ\ SRS
\ PN NN //W\ N VA
o AVNAREND
1 s AN
he e | N a5 N 1]\ Lastour
% L ...\ 3 IF\. - LA H mmy 26 NINNT10D N
N A 1
\ e % “/NzH L
AINToA dwnagsd . N /\f /W/ &= \v« m
4 dinnd \V ..\/\/ N BNy w\y “ f \
A j.. N/ \/ NI L L N
/] \,..w L M NN ;//\\\ .ﬁw _/“. N
) .. Y\ eco- _ oo” - - - -
¢ m,wxoxu\....\..“/ > //Wm o L S IilprlxViagl 2
% dvad 0 PNANSS€< Y. m,_n.w N NN R AN ;
o Z &z v | K o IS ANE\N N
/ <L TASSSSSNSSN o e 2L 22 7 7 A 2 el D g e
\ .. > .. . < . 0 s ] = ° Q“W.aia \‘/A\/./ .D; = ..‘.h... V‘ <3 d
LA ([iNwL .l.“l|l - 4 /\ 272, a“_eoo_s_qo.o EFLE W...o. IR = h“ e
% Q frdens R ¢ i // oww_“oee“Looo ﬂ4.4 DS Ie g T e
243MOd g A A Mhe:oo,_,__“.o‘.w..b..‘.d........ . ¥ LR RIST S
T 7777 A A v v e el ey NP L el s e







*Buipring xojoeax ayj jo ueyd xooly ¢ ‘Sig

WOOYH T04.LNOD

:
W
mm
:
:
%
m
1]
..w

__J | V/—
ﬁ | || -
| b —— ] E 0L0V3YH LSV4 _
< I
- : A BB 3
i ]
{ b :
3 ‘i i
i |
S o]
] |
4 R H
Bloet3 g \
SNSRI UV D I DR R FRATIARI 2N A EGAIA N AR 2SR B TR KR TR 1 vip ey y
;.o.Lﬁ .0, 8§ “

16 -



My

é%,

By S

-



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 1-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 1l-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 1l-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 it 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-mechanism 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-W 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 0 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 he 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 with 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, deep and 1 in, wide--was
welded to 1-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 channel, measured from the bottom of its cover, is approximately
1 ft 2-5/8 in.

Service Channel. On the south side of the safety-channel extension, there is a service

channel. This channel 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, in the E-W direction, to
the vicinity of the east wall of the reactor room; there it makes a right-angle turn, and runs
to the south wall of the reactor room. The channel is 12 in. wide (between its vertical walls)
and 12 in. deep. It is provided with a steel ledge and cover plate, as in the case of the
safety channel, so that its clear depth is 11-5,'8 in.

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 pier 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-hored 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 bolts 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 wadges 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 grout and plaie.

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 hetween 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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Pier and safety channel.

Fig. 6.
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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-wire 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, plats, 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 side of the square was made at the line of con-
tact of the two plates, and 1/2-in. Allen-head screws run in.

To complete the structure of the pier, base plates, and seals, a shallow box of 1/16-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 bhecause none of the actual dimensions are critical information. In later sections

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

1.3.1 Core 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 canned 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 (o = 15.8 g/cm3), machined to tolerances,
and the surface of the rod plated with a 0.003-in, nickel coat by decomposition of nickel
carbonyl. The dimensions of a plated rod are 0,647 in., + 0.002 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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