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SUMMARY

This report describes the mechanical facilities supplied for the first
HFIR critical experiment. A 44-in. OD x 36-in. high, multi-chamber core
tank with associated piping, storage, and flux monitor drive facilities, were
designed and installed in the south reactor room of the Critical Experiments

Laboratory in Bldg. 9213, Y-12.
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Introduction

This report describes the facilities supplied for the HFIR critical experi-
ment; an additional report discussing the operation and nuclear aspects of the
experiment will be issued at a later date by the Critical Experiments Laboratory.
Although the critical experiment geometry is approximately the same as that pro-
posed for the HFIR, it differs in that a solution fuel is used instead of plate
type fuel elements; and in that heavy water is used as the reflector instead of
the proposed beryllium. The purpose of the experiment is to obtain experimental
data relative to the flux-trap configuration in support of the analytical investi-
gation of the HFIR. The results of the experiment will be utilized in the final
detailed calculations and design of the reactor.

Description and Fabrication of Equipment

Core Vessel

The core vessel, Figure 1, consists of a number of concentric aluminum
cylinders contained in an aluminum tank 44 in. OD by 36 in. high. The central
cylinder, Region I, known as the island or flux-trap, is 5-3/4% in. (14.6 cm) ID
as compared to 14 cm ID for the proposed reactor island. The fuel annulus,

Region II-A, is 4-7/8 in. (12.4t cm) thick by approximately 30 in. deep. Although
the active portion of the HFIR fuel elements will be only 18 in. high, it was
necessary to provide extra depth in this anmmlus to facilitate initial experiments
to determine the critical fuel concentration. In subsequent experiments the

fuel height will be limited to 18 in. by insertion of the annular can, Region
ITI-B. The thickness of the HFIR fuel annulus will be 12.5 cm. The D,0 reflector,
Region III-A, is 7-7/8 in. thick and 18 in. deep, as compared to the I2 in. thick
by 24 in. beryllium reflector of the HFIR. A removable plug between Regions III-A
and III-B permits increasing the reflector height to match the fuel height during
initial fuel concentration experiments. Surrounding the active portion of the
core is a 6 in. thick light water reflector, contained in the annular Region Iv, .
Region V below, and'Regions II-B and III-B above the fuel region.

Region I is made from 6 in. OD x 1/8 in. wall Type 1100-0 aluminum tubing;
the remainder of the vessel is made from Type 6061-T6 aluminum sheet and plate.
The annular walls were rolled from 1/8 in. sheet and welded; the bottom and
intermediate bottom between Region V and the remainder of the core were made
from 1/4 in. plate. To facilitate assembly and to meet dJimensional - specifi-
cations, 1/8 in. deep concentric grooves were milled in the intermediate bottom
to position the ends of the rolled cylinders during welding. Overall roundness
and concentricity of the walls of the chambers were held well within the specified
+ 1/8 in. tolerance as indicated in Appendix A; however, localized distortions
somewhat beyond these limits resulted from welding. A 1/4 in. thick aluminum
1id covers regions II and III; neoprene gaskets glued to the underside of the
1lid prevent leakage, contamination, and intermixture of the fuel solution
and D20. Since the critical experiment is conducted at atmospheric pressure,
rubber tape is adequate to seal the penetrations through the 1id. The top of
Region IV was left open to facilitate placement of the neutron source and the
control plate. The 6 in. tube of Region I was extended 3 in. above the remainder
of the core vessel to provide a bearing surface for the safety blade.
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All surfaces of the core vessel in contact with the uranyl nitrate fuel
solution were given a baked coating of Heresite (red), a phenol base resin of
low heutron absorption, for corrosion resistance; on receipt of the vessel at
the Critical Experiments Laboratory, a number of pin-hole leaks in this coating
were discovered, however, necessitating recoating of much of these surfaces with
Glyptol. Two inch drain lines from Regions II-A and III-A permit rapid dumping
of the reactor fluids in the event of an emergency.

Storage Systems

The fuel and Dy0O storage systems are shown schematically in Figure 2. As
can be seen from the photograph, Figure 3, this layout was changed somewhat
during installation because of space restrictions. The fuel is stored in a
stainless steel slab tank 5 £t x 5 £t x 2-3/4 in. thick; this geometry ds safe
from the standpoint of criticality. The Dy0 is stored in a pair of modified
stainless steel 55-gal drums. The valves, pump volutes and impellers, and
piping up to the connections to the core vessel are of stainless steel to
minimize contamination of the fuel solution and of the DyO by corrosion.
Neoprene gaskets are used in all flanged joints; all welds were fluid-penetrant
inspected upon completion and the entire system was soap-bubble tested under
5 psig air; a higher test pressure was considered inadvisable in view of the
T psi maximum pressure specified for the D20 storage drums.

All valves are of the diaphragm type (Hills-McCanna ) and pumps are of the
canned motor type. The D0 feed pump is a Model C-2 Chempump; the fuel feed
pump is an in-line mounted, Model E Chempump. The 3 in. dump valves and 3/# in.
feed lines are air operated and are controlled manually from the console. A
valved bypass from each of the pump discharge lines to the respective storage
tanks was provided to permit control of the pumping rates using the constant
capacity pumps, and to permit mixing of the reactor fluids prior to pumping them
into the core vessel. Both storage systems and the sight glasses for Regions
II-A and III-A are vented to their respective regions in the core vessel in
order to operate as completely closed systems.

Safety and Control Equipment

The neutron source, cadmium control blade, and sight glasses for Regions II-A
and III-A were provided by the Critical Experiments Iaboratory. The control
blade drive and the photo-cell followers of the sight glasses are fitted with
selsyn transmitters; Veeder-Root counters in the control room, driven by the
selsyn receivers, provide a numerical read-out of the control rod position and
the liquid levels of the fuel and DpO in the core to the nearest 0.0l inch.

Emergency shut-down of the reactor 1s effected by the insertion, by gravity,
of a cadmium safety blade into Region I, and by opening the fuel and Do0O dump
valves, all upon signal from radiation detéctors. The safety blade, Figure 4,
is a thin (0.020 in. thick) sheet of cadmium contained, for rigidity, in a
segl-welded stainless steel jacket. Because a flux-monitor; having a vertical
traverse of 18 in. also operates within Region I, it was necessary to leave one
side of the blade open and to make the total assembly more than double the
active depth of the fuel solution to prevent interference in any position of
the monitor.
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Flux Monitors

Flux measurements in the critical experiment are made with miniature counters
supported from the drive assembly shown in Figure 5. An exploded view of a
typical monitor is shown in Figure 6. The sensitive element is approximately
1l in. long and is located about l-l/2 in. from the bottom tip of the completed
counter assembly. The jacket, cap, and 1/4-in.-0OD "dog leg" counter tube are
made from Type 1100 aluminum; the Jacket and cap are attached to the tube by
an epoxy resin after installation of the cable and sensitive element. After
assembly the counter is made water-tight by a coat of Glyptel.

Because the counter tube forms one side of the electrical circuit, nylon
was used as the bearing material for mounting the counters in the core vessel.
In addition to electrically isolating the counters from the core tank and from
one another, the nylon also provides greasless lubrication. Two types of
bearings are used, the cover-plate supported model used in Regions II-A and IV,
and the longer model in Regions II-B and III-B. The latter type screw into
threaded holes in the bottom plates of those regions, preventing leakage of
light water into the fuel or reflector fluids, and are supported at the upper
end by holes in the cover plate of the reactor vessel. The cover plate is
doweled to the reactor tank to assure accurate alignment of the bearings. The
Amphenol plug at the top of the counter tube provides both an electrical coupling
between the counter and its preamplifier, and a mechanical counter between the
tube and its drive mechanism.

The design details of the monitor drive assembly are shown in Figure 7.
This consists essentially of a table, raised and lowered by & screw drive, on
which is mounted a motor and pulley system for the rotating counters in Regions
II, III, and IV, and a horizontal screw drive for the reciprocating counter in
Region I. To avoid distortion of the signal, it was necessary to mount the
counter preamplifier as close as possible to the sensitive element, and to pro-
vide a fixed relationship between the position of the counter and its preamplifier.
The Region I (reciprocating) counter tube is attached directly to its preamplifier
and the combined assembly is moved by the screw drive. Nylon blocks electrically
isolate the assembly from the remainder of the drive system. The rotating counter
tubes attach by Amphenol plugs to short lengths of stainless steel tubing, to
which are rigidly attached the nylon drive pulleys; the hubs of the pulleys
serve as bearing surfaces. The counter preamplifiers attach to the opposite
ends of the stainless steel tubes by means of Amphenol plugs, and rotate with
the counter tubes.

Position-indicating selsyn transmitters are mounted at one end of the
Region I monitor drive screw, on the drive motor of the rotating counter pulley
system, and on the table elevating drive; Veeder-Root tally counters on the
control console, driven by the selsyn receivers, provide a read-out of the flux
monitor positions. Since these selsyns actually indicate the positions of the
driving mechanisms, considerable care must be exercised in mounting the counter
tubes to their respective drives to assure correspondence between the indicated
and actual positions of the sensitive elements of the flux monitors. Originally
a TV antenna rotator was used to drive the rotating counter pulley system; this
was later replaced with a l/hO HP, 1000 rpm universal motor and 900:1 speed reducer.
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The selsyn transmitter for this drive is operated through the gear head of a
25 rpm (72:1 gear ratio) Bodine motor, providing, with the 1:10 ratio of the
Veeder-Root counter, a position indication to the nearest 1/2 degree.

The reciprocating monitor for Region I s driven by a 60 rpm Bodine motor
through a 1/4-20 drive screw, permitting the monitor tc be moved from the edge to
the center of the 6 in. tube in one minute. The horizontal position of this
monitor is indicated to the nearest 0.005 in. Originally a modified prototype
control rod for the Bulk Shielding Facility (Swimming Pool) was used for the
vertical drive; this was later replaced with a screw drive having a more accurate
position-indicating selsyn. The four vertical guide rods of the drive assembly
minimize lateral displacement of the flux monitors due to the unavoidable eccentric
loading of the moving table and the change in the center of gravity with motion
of the monitors and their preamplifiers. The guide rod bearings are rigidly fixed
to a stationary table (See Figure 5) which in turn is clamped to the framework
surrounding the critical experiment. Ball bushings in the guide rod bearings
minimize friction. -

The monitor drive assembly is completely separate from the core vessel, the
only comnections being through the counter tube bearings which attach to the
vessel. The cable which drives the rotating counters is locked by set screws
into the pulleys, a spring-loaded idler pulley is located between the drive pulley
and the Region IV pulley to take up slack and assure uniform rotation of all
pulleys in the system. Because it has been necessary to replace the tension
spring several times, the necessity of an additional idler between the drive
pulley and the Region I pulley, or of individual cables from the drive pulley
to each driven pulley, is indicated for any future drive system. Only one
drive motor would be recommended, however, because of the very limited amount
of space available.

When operating the experiment with the top reflector, that is, with light
water in Regions II-B and III-B, it is necessary to maintain a water tight seal
between these and the fuel and reflector regions. Rotating counters were
required for these chambers because of the necessity of maintaining this seal,
which is provided by the counter tube bearings. In plotting the flux measurements
made in these regions it is necessary, therefore, to translate the angular position
indications to their respective projections on the vessel diameter. The "dog legs"
of the counter tubes permit making measurements across the entire thickness of
the chamber while necessitating only a single penetration into the chamber. A
reciprocating monitor was specified for Region I because of the necessity of also
providing for operation of the safety blade in that region. Flux measurements
in the bottom reflector, Region V, are made by drawing miniature counters through
the three 1/4 in. diametrical tubes which are indicated in Figure 1. These
counters are positioned by screw drives of the same type as used for the control
and safety blades and for the vertical drive of the menitor drive assembly
discussed above. One of these tubes.is located directly below the intermediate
bottom, and the others are spaced at 2-1/2 in. intervals. Since the flux is
essentially symetrical about the axes of the core, flux measurements in the top
reflector are not required. Because of distortion due to welding, these tubes
are slightly bowed downward. The effect of this bowing must be considered in
flux measurements made in this region. o
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Some inaccuracies will also be introduced into the flux measurements due
to compromises necessary in the design and fabrication of the core vessel. Most
important of these is that, due to the annular spaces between the can which
constitutes Region II-B and the walls of Region II-A, the fuel level must be
very carefully controlled to prevent it from rising into these spaces. Other

inaccuracies may be introduced by the flux monitors themselves or by "holes" in

the reflector due to drain and vent lines. A somewhat heavier plate than might
have been desired was used for the intermediate bottom, but was necessitated by
the need of grooves to maintain the concentricity and roundness of the annular
cylinders of the core. A certain degree of inaccuracy may also be introduced

by the slight bowing of the bottom of the core tank under the load of the reactor
fluids.
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Appendix A

The following tabulation shows the variation in annuli thickness of the
HFIR critical experiment core vessel. The measurements were made at four
stations 90° apart, at 6-in. intervals from top to bottom. Station A corresponds
to the vent pipe from region V. Since region III-B has a false bottom 12 inches
from the top of the vessel, only three measurements could be made in region III,
however, the variations can to some degree be inferred by comparison of corre-
sponding measurements in regions II and IV.

Region II: nominal annulus thickness = L4.875 in.

Elev. Sta. A Sta. B Sta. C Sta. D
2 in. 4.875 h,o21 4,843 4,812

6 in. 4.880 h,921 4,870 4,843
12 in. 4.890 4,921 4,875 4,859
18 in. 4.875 h,o21 4,875 4,843
24 in. 4,875 4,921 4,869 4,843
30 in. 4.875 4,906 4.875 4,843
Average 4,878 4.019 4,869 4,841

Total variation: 4.876 + 0.045 - 0.064
Maximum absolute variation: 0.109 in.

(Region II contains fuel)

Region III (III-B only) nominal annulus thickness = 7.875 in.

Elev. Sta. A Sta. B Sta. C Sta. D

2 in. 7.843 7.845 7.906 7.890

6 in. 7.843 7.843 7.906 7.890

12 in. 7.875 7.859 T.937 7.890
Average 7.854 7.848 7.916 7.890

Total variation: 7.877 + 0.060 - 0.034
Maximum absolute variation: 0.094 in.

(Region III contains Dy0)

Region IV: nominal annulus thickness = 5.875 in.

Elev. Sta. A Sta. B Sta. C Sta. D
2 in. 5.815 5.875 5.875 5.921

6 in. 5.835 5.843 5.875 5.937
12 in. 5.790 5.828 5.812 5.859
18 in. 5.865 5.859 5.890 5.890
24 in. 5.875 5.859 5.890 5.875
30 1in. 5.865 5.875 5.890 5.875
Average 5.841 5.857 5.887 5.893

Total variation: 5.866 + 0.071 - 0.076
Maximum absolute variation: 0.147 in.

(Region IV contains HpQ)
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Region II-B (Light water reflector insert over fuel)

Nominal annulus thickness

Elev. Sta. A
2 in. 4,380

6 in. 4,312

12 in. 4.375
Average L.356

Total variation: 4.372 = 0.034% - 0.060
0.094 in.

Maximum absolute variation:

Sta. B

4,380
4.375
4.359

4,371

4,375 in.

Sta. C

k.390

4.375
k. 360

k.375

Sta. D

4.390
4,406
4,365

4,387




Dwg. No.

TD-D-3767
TD-E-3791
TD-D-3793
ID-D=-37T7
TD-D-3769
TD-E-3770
TD-E-3792
TD-D-37T9
TD-D-3780
EM-22750

TD-D-3769
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Appendix B

List of Drawings

HFIR Critical Experiment, Core Tank
Monitor Drives - Assembly

Monitor Drives - Details, #2

Cover Plate

Core Tank Support

Piping System

Monitor Drives - Details, #1
Miscellaneous Details

Poison Rod

SS Slab Tank, Details

HFIR Critical Experiment, Core Tank Support
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