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SUMMARY

Part 1. MSRE Design, Engineering Analysis,
and Component Development

1. MSRE Design, Procurement, and Construction

The design, procurement, and construction of the MSRE was 90% com-
plete on January 31, 196k.

Designs for the pump overflow tank and the reactor access nozzle were
completed. Drawings were nearly finished for the sampler-enricher system
and for the off-gas handling system. Work continued on design of the
MK-II pump, a fuel pump with a larger expansion volume. Other mechanical
and process design work consisted mainly in revising drawings to incorpo-
rate the results of development work or to alleviate field problems.

Except for the addition of a safety relay cabinet and the removal of
one nuclear panel, the layout of the instrumentation and controls system
remains the same as reported previously.

Instrument applications diagrams, tabulations, and design drawings
were revised to incorporate recent changes in, and additions to, the
instrumentation and controls system.

Block diagrams for the control system are now complete except for
those for the sampler-enricher system and the fuel processing system.
Preparation of engineering elementary schematic diagrams is nearing com-
pletion. The design of interconnection wiring for the control and safety
circuits is approximately 50% complete.

Designs of 46 of 5% panel board sections presently required are com-
plete. The remaining 7 are partially complete.

Some of the drawings are still incomplete for the installation of
field instruments.

Design of the process radiation monitoring system is complete, and
that of the personnel radiation monitoring system is 70% complete.

An arc-spectrograph-type beryllium analyzer will be installed at the
MSRE as part of a beryllium monitoring system. Design of this system was

begun.
The graphite core for the reactor was assembled. The graphite sup-
port flange in the reactor vessel was modified because of cracks where

the flange was welded to the vessel wall.

Fabrication and testing were completed on the fuel pump bowl and its
flexible mount. The lubricating-oil packages for the pumps were completed.
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The salt-to-air radiator and all freeze flanges were finished.

Manufacture of the heater control panels was completed, and progress
was made at the vendor's plant in the fabrication of the removable heater
insulation units for the components and piping in the reactor and drain
tank cells.

The portable maintenance shield was completed as well as some other
remote maintenance equipment.

The 5-in. coolant piping, the fuel pump auxiliary piping, and the
fuel pump support were installed in the reactor cell. Other auxiliary
piping in this cell is 90% complete. The overflow tank was assembled on
the pump.

The radiator, the 5-in. coolant piping, and the circulating pump
were installed in the coolant cell.

The auxiliary diesel generators were reconditioned and checked.

Leak testing of installed systems is in progress.

The cost plus fixed fee contractor made scheduled progress in the
installation of both electrical and piping systems outside the reactor,
coolant, and drain tank cells.

Progress was made in the fabrication of instrument panels and the
installation of thermocouples, electrical wiring, and valves associated

with the instrumentation systems.

A contract was awarded for a computer data-handling system. Delivery
is scheduled for October 196k,

Procurement of process and nuclear instruments was continued. Addi-
tional components required by revisions and additions to the system were

requisitioned.

2. Component Development

The MSRE primary heat exchanger was operated with up to 1300 gpm of
water flowing through the shell. The tubes were found to vibrate exces-
sively at 900 gpm and above. It was concluded that the clearances between
the tubes and the baffle plates were too great and that the tubes would
require more rigid support.

Failure of a welded connection in a nickel lead wire shut down the
prototype drain tank heater test for repairs. Similar welds for reactor
heaters are being reexamined.

A production model of the removable heater and insulation for 5-in.
pipe was received from the vendor and testing was started. Comparison of
data taken at the beginning of the tests indicates that the production
unit performs slightly better than the prototype.



Two prototype cooling bayonets, constructed of INOR-8, were operated
through 180 rapid-quench cycles (1350 to 212°F), a total of 3400 hr.
Both tubes were free of cracks, but one was badly warped, probably be-
cause the method of operation produced more temperature cycles in that
tube. Testing was continued.

A freeze valve, designed for operation where the valve must open on
a power failure, was tested and found satisfactory. The average melt
time was 10 min, and the average freeze time was 20 min.

Testing of a prototype of the reactor drain valve was started, and
preliminary indications were that the freeze time would be 20 to 25 min.
The melt times averaged 5—1/2 min with power and 13 min under a simulated
power failure. Testing was continued to determine whether the freeze
time can be reduced.

The prototype control-rod-drive unit was operated under MSRE condi-
tions through a total of 40,000 full-stroke cycles. Minor modifications
were made to strengthen the rib cage, to improve alignment, and to in-
crease the shock-absorber stroke. Excessive wear on an aluminum-bronze
worm wheel in the gear reduction unit caused the drive to require repair
after 17,438 cycles. Other materials are being considered for the worm
wheel and will be tested. Measurements on a new, flexible control rod
indicated that 95% of the permanent elongation occurred during the first
week of operation and that prerunning new rods at temperature would allow
them to stretch to the final operating length. Operation of a dynamic
brake to reduce rod overtravel and of the synchro system for remote posi-
tion indication were both satisfactory. The magnetic-clutch release time
was measured as less than 25 msec, and the acceleration of the falling
rod was 13 ft/secz. These values are satisfactory.

The oxygen-removal unit was operated at 1160°F with a helium flow of
10 liters/min (STP) and an inlet oxygen concentration of 225 ppm until
the concentration of oxygen at the outlet exceeded 0.1 ppm. This period
was the equivalent of about one year of operation under the MSRE require-
ments, and approximately 58% of the titanium bed was consumed. A black
deposit, found by others using similar equipment, was identified as a
carbonaceous material originating from an organic solvent used in clean-
ing the components.

The Engineering Test Loop (ETL) was operated for LLOO hr for testing
the sampler-enricher mockup and for following the inventory of uranium in
the loop. A comparison of the uranium concentration by chemical analysis
with the calculated uranium concentration indicated a discrepancy of 9%.
Efforts to resolve the discrepancy are continuing.

Thirty-five salt samples were removed, and eleven capsules of enrich-
ing salt were added with the sampler-enricher mockup. The sample capsule
was modified to reduce the tendency to bind and to strengthen the connect-
ors. A 6-5/8-in.—long enriching capsule was chosen which can contain up
to 92 g of uranium. The manipulator for transporting the capsule within
the sampler and the valves used in isolating the areas performed adequately.



vi

Design of the sampler-enricher for the reactor is 90% complete.

Preparations were started for maintenance demonstrations, using some
of the reactor components, during the erection and Precritical periods.
The stereo television system was discarded in favor of s system using two
cameras set 90° apart. The portable maintenance shield was received, and
minor modifications were made. Several new tools were tested and adopted.

Detailed procedures for remote maintenance are approximately 50%
complete.

Fabrication and tests were completed for the lubrication stands that
will be used with the fuel- and coolant-salt pumps and for the supports
that will be used to mount the fuel-salt pump. These items were delivered
to the MSRE. Manufacture and electrical tests were completed for the
first motor which will be used to drive the fuel punp. The hydraulic per-
formance data for the prototype fuel pump were analyzed, and impeller
diameters of 11-1/12 in. for the fuel-salt pump and 10-21/64 in. for the
coolant-salt pump were selected. Assembly of the rotary elements for the
fuel- and coolant-salt pumps was started. Preliminary tests made with
the water mockup of the MK-IT pump tank indicated the presence of many
very small bubbles in the pump tank liquid; modifications to reduce this
ingassing are being studied. The emphasis on completing hardware for the
MSRE has delayed the program to measure the concentration of helium en-
trained in the circulating salt in the prototype fuel pump test.

Problems encountered in the design of high-temperature seals for the
NaK-filled differential-pressure transmitters were resolved. Three trans-
mitters were fabricated and tested with satisfactory results.

Thermocouple testing was continued. Observed drift of thermocouples
fabricated from MSRE stock (of the order of +1.5 to +2.5°F) indicates
that the thermocouple material procured for the MSRE was inadequately
annealed after fabrication. The thermocouples installed on the ETL and
the prototype pump test loop continue to perform satisfactorily. Devel-
mental tests indicate that temperatures in the bayonet tubes of the MSRE
drain tank can be measured with an accuracy of 3°F if a special assembly
designed for this purpose is used.

Radiation-damage tests are being performed on the thermocouple lead-
wire and disconnect assemblies. No obJjectionable insulation breakdown has
been noted to date; however, outgassing of materials in a hermetically
sealed multiconductor thermocouple cable was noted.

A device was developed which permits the insertion of a test signal
into the input of the reactor temperature safety instrument channels with-
out disconnecting wiring and which is compatible with the requirements for
physical isolation of redundant safety channels.

Some minor revisions were made on the Electra Systems switches to
improve temperature control of the freeze valves.
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A signal-marking device was developed for use in providing positive
identification of temperature signals on the MSRE temperature scanner.

One of the two bubbler level systems on the MSRE pump test facility
continues to perform satisfactorily; the other is plugged with salt and
has been abandoned.

Satisfactory performance of the three float-type molten-salt level
transmitters under test continues. Development of a similar transmitter
for the MK-II replacement pump is in progress.

Revision to the design, fabrication, and preinstallation testing of
the MSRE drain tank level probes was completed. Specifications were pre-
pared, and procurement was initiated for the alarm transducers that will
be used with these probes.

A system was developed for obtaining a positive indication of the
position of MSRE control rods.

A device was developed, for use with Foxboro ECI pressure transmitters,
that will provide a secondary containment barrier that is required when

the transmitters are connected to the reactor primary system.

5. MSRE Reactor Analysis

Calculations were made to predict the neutron fluxes in the thermsal
shield and the nuclear instrument shaft with a neutron source in the
source tube and varying degrees of multiplication in the core. Results
indicate considerable scattering of source neutrons to the detectors, but
the ability to monitor subcritical multiplication is not seriously
lmpaired.

Criticality in the drain tanks or storage tank requires abnormal con-
centration of the uranium around the center of the tank. Concentration
factors required for criticality were calculated and appear to be outside
the range of possibility.

If it becomes necessary to cool down the core with fuel salt in it,
criticality could be prevented (down to room temperature) by the addltlon
of less than 0.26 kg of Li® to the salt before it freezes.

The effects of revised cross sections and the number of neutron
eénergy groups on the calculated nuclear properties of the MSRE are being
studied.

The prompt temperature coefficient in a large, graphite-moderated,
molten-salt converter reactor may be either positive or negative, depend-
ing on the composition of the core. The criteria which determine the
sign were explored, and it appears that a negative coefficient can be
obtained with practically no restriction on the design.
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Part 2. Materials Studies

L. Metallurgy

Mechanical properties were determined for specimens from heats of
INOR-8 used in the MSRE to evaluate the effects of large-scale produc-
tion. Stress rupture strengths of these heats were found to be higher
than those of heats used to establish MSRE design. Thermal fatigue be-
havior of INOR-8 was evaluated and found to follow & Coffin-type relation.

Postirradiation tensile properties were measured for INOR-8 as a
function of deformation temperature and at several strain rates. No sig-
nificant effect on yield stress was observed; however, irradiation reduced
the ultimate stress and ductility of INOR-8 at temperatures of 600°C and
above. The effect of irradiation was found to increase with decreasing
strain rate.

Evaluation of the MSRE graphite, grade CGB, was continued. The bulk
density ranged from 1.83% to 1.87 g/cm?, with an average value of 1.86
g/cm?. Data on a typical bar indicated that more than 96% of the acces-
sible pores had entrance diameters smaller than 0.2 L. Theoretically, if
there were no cracks in the graphite, a pressure of ~600 psia would be
required to force the nonwetting molten fuel salt into 0.5% of the bulk
volume of the graphite, the design limit for the MSRE. There was some
variation in the microstructure of the graphite from bar to bar, but al-
most all voids were appreciably reduced in size by impregnations. Radio-
graphic examination of typical bars for the retainer ring and lattice bars
of the MSRE showed that these had good structural integrity, with only s
few small tight cracks in some of the bars. Thermal conductivity was
measured for grade CGB graphite using radial heat flow apparatus. Con-
ductivity data are reported for this graphite in a direction perpendicular
to the axis of extrusion.

Grade CGB graphite was irradiated at various temperatures, and post-
irradiation measurements were made to obtain comparative data on effects
of irradiation on dimensional stability, electrical resistance, modulus
of elasticity, thermal expansion, and thermal conductivity.

A total of 160 control rod elements containing gadolinium oxide -
aluminum oxide bushings made with prereacted powders were manufactured

for the MSRE. The fabrication procedure for these elements ig described,

5. Radiation Chemistry of the MSRE System

Metallographic examination of INOR-8 specimens irradiated in contact
with graphite and fuel salt in experiment ORNL-MIR-L7-3 showed heavy car-
burization of the outer surfaces and milder carburization of the interior
metal. The degree of carburization was rather higher than expected for
the temperature of the exposure. The simultaneously exposed molybdenum
specimens showed carburization in the absence of fluorine generation and
severe corrosion in its presence. Of four pyrolytic-carbon specimens
exposed, one showed slight metallographic evidence of damage.
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The small amounts (0.1%) of uranium in the graphite cores of the
L7-4 capsules were found by autoradiography and x-radiography to be con-
centrated in a peripheral layer about 2 mils thick. The deposition of
uranium may have been a consequence of fuel radiolysis during reactor
shutdowns in the course of the in-pile exposure, This conjecture will
be tested in the next in-pile experiment, which provides for suppressing
radiolysis of the fuel during shutdowns.

Induction periods and fluorine yields showed large variations during
the seven reactor shutdowns in the course of the 47-5 in-pile exposure,
again indicating the controlling influence of subtle crystallization vari-
ables on the rate of radiolysis of solid fuel.

The analyses of cover gases from the sealed capsules in experiment
k7-5 indicated extensive radiolysis, producing large quantities of Fz and
CF,, in the capsule containing only a small amount of graphite. Corre-
spondingly, the graphite wafer was badly eroded and cracked. Less fuel
radiolysis and graphite damage was observed in the similarly exposed cap-
sule in which the fuel was contained in a large graphite crucible. The
unique observation of no F, nor CF, in the cover gas was made in two seal-
ed capsules which contained only fuel-impregnated AGOT graphite rods.

Construction of the L7-6 in-pile assembly is under way. This experi-
ment is directed toward more sensitive detection of CF, generation during
irradiation, the measurement of CF, radiolysis at MSRE temperatures, and
the observation of uranium deposition under conditions where fuel radi-
olysis 1s suppressed.

An INOR-8 capsule containing MSRE salt was exposed to gamma radiation
from a Co®9 source for ~Th00 hr. The salt was irradiated at temperatures
ranging from 38 to 150°C and was thus in the solid state throughout the
entire test period. The salt received a calculated dose rate of 0.45 x 10°°
ev hr” g'l. After an induction period of about 600 hr, fluorine gas was
generated at rates (G values) varying between 0.03 to 0.07 molecule of
fluorine per 100 ev absorbed at temperatures up to 110°C. At a tempera-
ture of 150°C, any fluorine gas which had been generated was recombined.
At 13%0°C, recombination rates roughly equaled generation rates. No evi-
dence was obtained of any appreciable reaction of the F, gas with the
graphite to generate CF,. The experiment qualitatively confirmed previous
evidence that fluorine gas is generated in solid salt below ~100°C and
that fluorine is recombined with the salt at a higher temperature.

Experiments to investigate fluorine evolution from solid MSRE-type
fuel salt under fast electron bombardment have been continued. Completed
additional experiments yield values of Gp, as a function of dose up to a
total dose of about 1.6 x 10'8 Mev per gram of salt. The dose rate em-
ployed in additional experiments was less than that employed previously
by about a factor of 2. The GF2 values were significantly greater at the
lower dose rate. The fluorine-evolution rate changed with increasing dose
and passed through maxima. In general, the results appear consistent with
the kinetic picture of salt radiolysis previously reported. Similar ex-
periments with solid LiF showed that fluorine was not evolved as a result
of bombardment but was taken up in small amounts.



The study of x-ray radiolysis of MSRE fuel salt and its components
showed substantial fluorine evolution from ThFy, 6LiF-BeF2-ZrF4, and a
fine-particle fraction of MSRE-type fuel salt. Less fluorine was evolved
from a coarse-particle fraction of the same fuel salt. No fluorine was
found upon irradiation of either LiF or ZrF, alone.

6. Chemistry

Investigations of high-temperature phase equilibria were continued
for systems having potential use in molten-salt-reactor technology. Much
of the MSRE solvent system phase diagram LiF-BeF,-ZrF; was described in
detail. The crystallization behavior of MSRE fuel was studied in more
detail to reveal the sequence of events when the fuel is cooled slowly.

The solubility of uranium trifluoride in a reduced MSRE fuel mixture
was determined over a temperature range of 550 to 800°C and found to be
considerably lower than that predicted by analogy with the information
for rare-earth and plutonium trifluorides. In anticipation of a study of
the stability of uranium trifluoride in molten fluoride solvents, measure-
ments were made of the equilibrium quotients for the reaction UFs3 + l/2H2 =
UF3; + HF in the temperature range 670 to 810°C. The difference in the free
energies of formation between UF3 and UF, was found to be 80+ 1 kcal/mole
at 1000°K, within the range of widely divergent values reported in the
literature.

A determination of the crystal structure of 6LiF~BeF2-ZrF4 established
the existence of separate BeF42' and ZrF84’ ions in this solid phase.

An investigation of the system KC1-UCl3 was initiated as part of an
effort to evaluate molten chlorides as fast reactor fuels. Potentially
useful concentrations of thorium (up to 2400 g/liter) for static molten
blankets for fast-breeder reactors were discovered in the system NaK~-KF-
ThF4. This concentration is provided by the lowest melting eutectic
(562°C) whose composition is NaF-KF-ThF,(68-6-26 mole %). Molten lead,
suggested as an internal heat transfer agent for molten-salt systems via
direct contact with the molten salt, was found to give good phase separa-
tion after being dispersed in molten chlorides or molten fluorides, even
in the presence of solid oxides.

Moisture removal from specimens of MSRE graphite has been tested
under conditions simulating those expected prior to MSRE startup. Very
little water was released from the graphite; exposure to moist environments
did not cause any water adsorption, and even prior to immersion of the
specimen in liquid water was ultimately followed by the release of only a
very small amount of chemisorbed water. The results of the tests indicate
that water contamination from the MSRE graphite will not be serious.

Studies of the interfacial behavior of fluorides with graphite and
metals led to the discovery of a linear relation between the surface ten-
sion of the salt (at its melting point) and the cosine of the contact
angle between the salt and the surface. Values of surface tension of 190
and 210 dynes/cm for graphite and metals, respectively, marked the change
from wetting to nonwetting behavior.
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The equilibrium behavior of the reaction of HF and H»O with molten
2LiF -BeFz containing oxides was examined. The equilibration in the pres-
ence of hydrogen as a carrier gas with molten salts was found to be rapid
and conveniently measurable. The results, together with thermodynamic
information in the literature, were combined to give quantitative expres-
sions relating the oxide ion concentration in the melt to the partial
pressures of water and HF in the gas phase at 600°C. Such relations were
extended to provide information concerning the purification process for
the removal of oxide ion from the MSRE fuel solvent. The reduction of
sulfate to sulfide with beryllium metal and the removal of HsS by treat-
ment of molten salts with HF were studied; controlled removal of sulfur
by HF-Hp sparging may be achieved without nickel sulfide formation if the
HoS to Hp ratio is held below a critical value, known as a function of
temperature.

Raw materials have been purchased, and improvements to the fluoride
processing facility have been made preparatory to the production of the
coolant, flush, and fuel salt mixtures for operation of the MSRE. As a
continuing effort for process development, studies of impurity-removal
rates and various process control methods have been made. The use of
stronger reducing agents for the removal of structural-metal cations
from fluoride mixtures is being investigated, and both beryllium metal
and zirconium metal appear promising for this application. The densifi-
cation of Li’F by a combination of heating and HF treatment was confirmed
in intermediate-scale apparatus, and preparations were made to apply this
treatment to the entire raw-material supply of Li’F.

Electroanalytical methods are being evaluated for possible applica-
tion to the MSRE. The cell assembly consists of a graphite cell in which
a pyrolytic-graphite indicating electrode and two platinum electrodes are
immersed. Current-voltage curves of the MSRE fuel solvent were obtained,
the cathodic limit of the melt being —1.2 v and no anodic limits to +3.0 v.

Electron spin resonance (ESR) and fluorescence absorption measure-
ments were studied to determine their feasibility for the determination
of oxidation states of uranium in the MSRE fuel. At T7°K, an ESR signal
attributable to trivalent uranium was observed. The potential limit of
detection of U(IIT) appears to be about 250 ppm.

Development was continued on methods for determining chromium, molyb-
denum, uranium, and oxide in the MSRE fuel. Satisfactory limits of pre-
cision were established for chromium, molybdenum, and uranium under simu-
lated hot-cell conditions.

Redesign and fabrication of equipment such as sampler, mixer, and
transfer device have been completed. The final testing of this equipment
is in progress, and final evaluation of all methods is being conducted in
the hot-cell mockup.
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7. Fuel Processing

The design of the MSRE fuel processing system was completed except
for the instrumentation. Procurement of materials and fabrication of
the INOR-8 fuel storage tank were begun.
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INTRODUCTION

The Molten-Salt Reactor Program is concerned with research and de-
velopment for nuclear reactors that use mobile fuels, which are solutions
of fissile and fertile materials in suitable carrier salts. The program
is an outgrowth of the ANP efforts to make a molten-salt reactor power
plant for aircraft and is extending the technology originated there to
the development of reactors for producing low-cost power for civilian
uses.

The major goal of the program is to develop a thermal breeder reac-
tor. Fuel for this type of reactor would be U?33F, or U?35F, dissolved
in a salt of composition near 2LiF-BeF,. The blanket would be ThF; dis-
solved in a carrier of similar composition. The technology being devel-
oped for the breeder is applicable to, and could be exploited sooner in,
advanced converter reactors or in burners of fissionable uranium and plu-
tonium that also use fluoride fuels. Solutions of UCls and PuCl3 in
mixtures of NaCl and KCl offer attractive possibilities for mobile fuels
for fast-breeder reactors. The fast reactors are of interest too but are
not a significant part of the program.

Our major effort is being applied to the development, construction,
and operation of a Molten-Salt Reactor Experiment. The purpose of this
Experiment is to test the types of fuels and materials that would be used
in the thermal breeder and the converter reactors and to obtain several
years of experience with the operation and maintenance of a small molten-
salt power reactor. A successful experiment will demonstrate on a small
scale the attractive features and the technical feasibility of these sys-
tems for large civilian power reactors. The MSRE will operate at 1200°F
and atmospheric pressure and will generate 10 Mw of heat. Initially, the
fuel will contain 0.9 mole % UF4, 5 mole % ZrF4, 29.1 mole % BeF,, and
65 mole % LiF, and the uranium will contain about 3%0% U235, The melting
point will be 8L4LO°F. 1In later operation, highly enriched uranium will be
used in lower concentration, and a fuel containing ThF, will also be test-
ed. In each case the composition of the solvent can be adjusted to retain
about the same liquidus temperature.

The fuel will circulate through a reactor vessel and an external pump
and heat exchange system. All this equipment is constructed of INOR-8,*
a nevw nickel-molybdenum-chromium alloy with exceptional resistance to cor-
rosion by molten fluorides and with high strength at high temperature.
The reactor core contains an assembly of graphite moderator bars that are
in direct contact with the fuel. The graphite is a new materialt of high
density and small pore size. The fuel salt does not wet the graphite and
therefore should not enter the pores, even at pressures well above the
operating pressure.

*30ld commercially as Hastelloy N and Inco No. 806.

*Grade CGB, produced by the Carbon Products Division of Union Carbide
Corporation.



Heat produced in the reactor will be transferred to a coolant fuel
in the heat exchanger, and the coolant salt will be pumped through a
radiator to dissipate the heat to the atmosphere. A small facility is
being installed in the MSRE building for occasionally processing the fuel
by treatment with gaseous HF and F,.

Design of the MSRE was begun early in the summer of 1960. Orders
for special materials were placed in the spring of 1961. Major modifi-
cations to Building 7503 at ORNL, in which the reactor is being installed,
were started in the fall of 1961 and were completed by January 1963,

Fabrication of the reactor equipment began early in 1962. Some dif-
ficulties were experienced in obtaining materials and in making and in-
stalling the equipment, but we expect to complete essential installations
and to begin prenuclear testing in the summer of 1964. In the absence of
serious difficulties, the critical experiments will begin early in 1965,
and they will be followed by several months of operation at intermediate
levels in raising the reactor to full power.

Because the MSRE is of a new and advanced type, substantial research
and development effort is provided in support of the design and construc-
tion. Included are engineering development and testing of reactor com-
ponents and systems, metallurgical development of materials, and studies
of the chemistry of the salts and their compatibility with graphite and
metals both in and out of pile. Work is also being done on methods for
purifying the fuel salts and in preparing purified mixtures for the reac-
tor and for the research and development studies.

This report is one of a series of periodic reports in which we de-
scribe briefly the progress of the program. Previous reports in the
series are listed below.

ORNL-247k Period Ending January 31, 1958
ORNL-2626 Period Ending October 31, 1958
ORNL-2684 Period Ending January 31, 1959
ORNL-2723 Period Ending April 30, 1959
ORNL-2799 Period Ending July 31, 1959
ORNL-2890 Period Ending October 31, 1959
ORNL-2973 Periods Ending January 31 and April 30, 1960
ORNL-3014 Period Ending July 31, 1960
ORNL-3122 Period Ending February 28, 1961
ORNL-3%215 Period Ending August 31, 1961
ORNL-3%282 Period Ending February 28, 1962
ORNL-33%69 Period Ending August 31, 1962
ORNL-3419 Period Ending January 31, 1963

ORNL-3529 Period Ending July 31, 1963



Part 1. MSRE DESIGN, ENGINEERING ANALYSTIS AND
COMPONENT DEVELOPMENT






1. MSRE DESIGN, PROCUREMENT, AND CONSTRUCTION

The design, procurement, and construction of the MSRE was 90% com-
plete on January 31, 196k.

Status of Design

Mechanical and Process Design

Designs of an overflow tank for the fuel pump and a strainer for the
fuel outlet from the reactor vessel were described in the previous report;l
those designs were finished.

Drawings of equipment for sampling and enriching the fuel salt are
nearing completion. This design incorporates results of recent devel-
opment work on the mockup of the sampling and enriching system in the
Engineering Test ILoop.

The redesign of the off-gas-system process piping between the coolant
cell and the charcoal beds outside the building is nearing completion.
The major revisions are being made to change from direct to semiremote
maintenance of valves PCV-522 and HCV-533 in the off-gas line. These
valves are located in the instrument and valve pit in the venthouse.
The PCV-522 valve controls pressure in the pump-bowl gas space, and the
HCV-533 is a shutoff valve used to vent gas to the auxiliary charcoal
bed during filling operations. The change avoids excessive maintenance
time due to high radioactivity in the off-gas line.

Preliminary design work was completed on the system for handling
radioactive gas from the graphite-sampling operation. Control of the
atmosphere in the graphite-sample work tube must be maintained such that
(1) the reactor atmosphere and the graphite sample are protected from
undesirable contaminants, and (2) release of activity is within accept-
able 1limits. The system provides for continuous flow of about 20 cfm of
gas to and from the work tube, with the effluent gas passing through an
absolute filter and then to the building vent header and off-gas stack.
A Dblower located downstream of the absolute filter serves to maintain a
slight negative pressure in the work tube.

Other design work consists in modifying existing drawings to incor-
porate recent results of development work and to ease remote maintenance,
fabrication, and construction problems.

Work was continued on the design of the MK-IT fuel pump with the
larger expansion volume for fuel. The temperature distributions in the
pump bowl were calculated for operation with air cooling of the top of
the bowl with and without nuclear heating. Estimates are being made of
the thermal stresses that result from those temperature distributions.



Instrumentation and Controls Design

System ILayout. The layout of the instrumentation and controls
system remains essentially the same as described in the previous re-
port.2 The number of nuclear panels was reduced from six to five, and
one safety relay cabinet was added in the auxiliary control room. Some
instruments on the auxiliary control panel were relocated to satisfy
requirements for separation of safety- and control-grade instrumentation.
With the exception of one pump speed monitor, all panel-mounted instru-
ments of safety grade are now located on two panel sections in the
auxiliary control room. Instruments required for testing the system
for blocking of the reactor cell penetrations will be consolidated on a
panel in the electric service ares.

Drawings showing location and installation of process radiation
monitors, process safety transmitters, and routing of conduit for these
instruments were completed and approved.

Instrument Application Diagrams and Tabulations. Instrument appli-
cation diagrams, tabulations, and design drawings were revised to incor-
porate recent changes in the design of the instrumentation and controls
system. The major changes were due to the addition of the overflow tank
on the fuel pump and of instrumentation required by the safety and con-
trol circuits.

A preliminary "Nuclear Instrument Application Diagram" was completed,
but it is presently being reviewed and revised.

Instrument application tabulations were extensively revised, updated,
and reissued.

Control-Circuit Design. Block diagrams describing criteria for
operation of the control rods, radiator doors, and the reactor process
and nuclear control and safety systems were finished and approved.

Block diagrams for all reactor auxiliary system control circuits, except
the sampler-enricher and the fuel processing systems, are also complete.

Preparation of engineering elementary schematic diagrams for the
reactor process and nuclear control and safety circuits is nearing com-
pletion. Engineering elementary diagrams for all auxiliary equipment
control are complete and approved except for the fuel processing sys-
tem. Although the sampler-enricher control-circuit diagrams are com-
plete and approved, some revisions may be necessary to obtain the inde-
pendence and separation of redundant circuits required to meet safety
criteria. The schematic diagrams of the freeze valves, previously re-
ported as complete and approved, were revised to accommodate changes
resulting from recent valve development and to include cross interlocks
with other portions of the reactor control system.

A single-line instrument power-distribution diagram was completed
and issued for comment. Based on this drawing, a tabulation of loads



indicates that the present 25-kw reliable power source lacks sufficient
capacity to supply all requirements. Requirements for reliable power are
presently being reviewed to determine whether additional capacity must be
installed.

The design of interconnection wiring for the control and safety
circults is approximately 50% complete. Requirements for the safety
and control relay cabinets were determined. ILayout and wiring drawings
for these cabinets were completed, and relays and necessary hardware are
being purchased.

Requirements for "jumpers" in the control circuits have been re-
viewed, and preliminary criteria have been established for the design of
this portion of the control circuitry.

Requirements for conduits and wireways for the control and safety
circuits are now known, and drawings are being revised to include all
the requirements.

Control Panels and Cabinet Design. Designs of 46 of the 53 panel
board sections presently required are complete. The remaining 7 are
partially complete.

During this report period, the design of one main board panel, two
process radiation alarm panels, and two auxiliary panels containing
safety instrumentation were completed and approved. The design of the
safety relay cabinet was also approved. The layout of the control con-
sole was approved, and the design 1s continuing.

Five main board panels and three transmitter board panels were re-
vised because of changes to the helium supply system for the fuel pump.
Revisions, required by minor system changes, to suxiliary panels 1 to 4
were completed and approved. The drawings for the fuel pump level
transmitter panel were revised to accommodate the new equipment for the
overflow tank. The design of the indicator lamp flasher panel chassis
for use in the freeze valve circuits was also approved.

Instrument Interconnection and Field Installation Design. Revisions
were made to the annunciator (ECI, Foxboro) and pneumatic schematic dia-
grams to satisfy the requirements of additions of safety instrumentation
and changes in control instrumentation design.

Four Venturi flow elements were made and calibrated for the salt-
circulation pump lubricating-oil system. Designs for the drain tank
level probes and valve position-indicator disconnects were completed and
approved. Detail drawings were also approved for installation of the
high-temperature differential-pressure heads on the coolant-salt
Venturi.

A1l thermocouple interconnection wiring diagrams, including terminal
box details, have been approved; however, continued revision of these



drawings 1s being required by changes in box heater and process design
and by additional requirements for thermocouples.

Procedures for sealing thermocouple cables in junction boxes out-
side the reactor and drain tank cells were completed. Assistance was
provided in training and qualifying electricians to perform this work.

Design of the installation of the float type of level element for
the coolant pump was completed and approved.

Process and Personnel Radiation Monitoring. The criteria for the
arrangement of the personnel monitors in the building evacuation system
were established, and T0% of the design of the system was completed.
A1l the primary instruments have been received. The fabrication of the
building evacuation alarm circuitry has been delayed by lack of funds
until after July 1, 196L.

Except for possible additional requirements in the fuel processing
system, the process monitoring system design is complete.

Beryllium Monitoring. A beryllium analyzer of the arc spectrograph
type will be installed at the MSRE as part of a system for detecting the
release of beryllium from the coolant system.” The arc spectrograph,
which is on hand at ORNL, will be used for continuous monitoring of the
beryllium content of the air passing through the radiator and up the
stack. The output of the arc spectrograph will be recorded in the
auxiliary control room. Design of this installation was started.

Data System. Due to delays in arranging the procurement details,
the final selection and AEC approval of a data logging and computing
system was delayed several months. AEC approval was obtained in October,
and the contract was signed in December. The contract is for a TRW-3LO
computer data-handling system in essential accordance with the original
proposal and specifications. »2  The contract is for a one-year lease,
with an option to purchase at the end of the year. Delivery is sched-
uled for October 1, 196k,

The outline and administrative procedures for the data-system
project have been established with the seller (Bunker-Ramo Corporation.)
The computer programming will be a joint effort between Bunker-Ramo
Corporation and ORNL, with ORNL supplying three men full time for pro-
gramming, procurement, and installation. Preliminary work in preparation
for the programming is under way, with the final input signal tabulation
and calculation details being completed. A programming course is
scheduled to be given in ILos Angeles for four weeks, beginning in March.

Details for the system installation, including equipment layout
in the data room and power and air-conditioning requirements, are
being determined.



Status of Fabrication of Major Reactor Components

Reactor Vessel and Control Rod Thimble Assembly

A1l the graphite for the reactor core has been received from the
vendor and assembled on the support grid in the Y-12 machine shop
(Fig. 1.1).

Machining and cleaning of the reactor vessel were completed in time
to receive the graphite assembly when final inspection with dye penetrant
revealed many cracks in the welds that joined the graphite support flange
to the inner wall of the vessel. (The graphite is contained in an open
can that is about 55 in. in diameter and 66 in. long. A flange on the
outside of that can near the top was to rest on, and be bolted to, the
flange on the inside of the reactor vessel to support the graphite.) The
support flange was made by welding a continuous ring to the inner wall
of the reactor vessel with full penetration welds as shown in Fig. 1.2.
The welds were inspected with dye penetrant as they were made, and they
contained no cracks when they were finished. However, the design is
one in which the welds are highly stressed, and we believe that they
cracked during heat treatment to relieve stresses or during subsequent
storage.

The problem is being solved by replacing the ring with brackets of
the design shown in Fig. 1.3. Much less welding is required, stresses
introduced during fabrication are much lower, and the applied stresses
in the brackets and the welds are well below the permitted design
stresses when they are supporting the full load of the graphite.

The ring and a small amount of the vessel wall were machined to
remove the cracks. The wall thickness was restored by depositing weld
metal. The inner wall was machined to a smooth surface, and the brackets
were welded in place. The vessel will be stress relieved, machined to
final dimensions, cleaned, and reinspected before the graphite is
installed.

Work is progressing satisfactorily on the reactor access nozzle
assembly that contains the control rod thimbles and the strainer for
fluid leaving the reactor. Fabrication of the control-rod-drive supports
is also in progress.

Fuel and Coolant Pumps

The fuel pump bowl, overflow tank, and cooling shroud were completed.
Testing and some modification of the pump support--which permits the pump
to move to relieve stresses in the piping as the system heats and cools--
were completed. Testing and minor modifications to the lubricating-oil
stands for both pumps were finished. The float-type liquid-level indi-
cator was completed for the coolant pump.
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Fig. 1.1. Assembly of the MSRE Graphite Core.
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Fig. 1.2. Original Graphite Support Flange in Reactor.

The rotary elements for both pumps are being assembled for testing
in the prototype pump test facility. Pump motors, being fabricated by
Westinghouse, are nearing completion.

Radiator and Radiator Enclosure

The salt-to-air radiator and enclosure, including heaters and
thermocouples, were completed and delivered to the reactor site (Fig. 1.k4).

Salt Storage Tanks

Salt level indicator probes have been completed for each of the four
salt storage tanks and delivered to the reactor site.

Freeze Flanges

A1l freeze flanges and some of the freeze flange clamps have been
delivered to the reactor site.
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Major Procurement

Salt Piping and Component Heating Equipment

Twelve heater control panels, the reactor heaters, and part of the
drain tank removable heaters were completed and delivered.

The Mirror Insulation Company is designing and fabricating remotely
replaceable heater and insulation units for the salt piping and heat ex-
changer in the reactor and drain tank cells. Fabricaticn of the units for
the reactor cell is nearing completion. One unit has been received and
is being tested and evaluated.

Remote Maintenance Equipment

The large, portable, sliding shield for doing semiremote maintenance
has been fabricated and delivered (see Fig. 2.7). Pipe alignment
brackets for use in maintaining freeze flanges and some of the equipment
for removing graphite samples from the reactor have been made.

Reactor Auxiliary Systems

A surge tank for purified helium and two oxygen-removal units for
the cover-gas system were fabricated. Iead shielding for line 524, the
off-gas line from the pump bowl, was completed.

Neutron Instrument Tube

The neutron instrument tube extension and the neutron tube harp
assembly were completed. Iead shields were finished for the six radi-
ation detectors for process lines.

Instrumentation

Specifications were written, and orders were placed for additional
instrumentation made necessary by revisions to the control systems and
the completion of the design of the safety system. Most of these com-
ponents have been delivered, and the others should arrive soon.

The reactor operator's console was ordered, and delivery is scheduled
for March 196L4. Most of the console instruments have been specified and
purchased, and some are on hand. Delivery of the others is expected
within the next two months.

Five weld-sealed helium control valves had to be returned to the
vendor for reworking. They have been received and are now satisfactory.

The multiconductor signal cable (6000 ft ) for interconnecting the
Foxboro ECI instruments was also received.
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Two important special items were received from their vendors: the
NaK-filled differential-pressure transmitters for use in coolant-salt
flow measurements, and the matrix-type helium flow elements. Acceptance
tests on the helium flow elements have been completed.

An order for 33 weld-sealed solenoid valves was placed. Vendor
fabrication drawings for these valves were received and approved.

A1l equipment for the process radiation monitoring system is either
on hand or on order. All primary instruments for the personnel radiation
monitoring system are on hand. A portion of the nuclear instruments are
on hand or ordered. The specification and procurement of the remainder
of the nuclear instrument components is under way.

The special alarm discriminators will be fabricated by a vendor
instead of by ORNL shops, as previously reported. The contract for
fabrication of these items has been awarded, and delivery is expected
in March 196L. A contract was also awarded to a vendor for fabrication
of ten special expansion chamber assemblies.

Orders were placed for purchase of relays, terminal strips, timers,
and additional solencid valves required for construction of the control
and safety relay cabinet and completion of the electrical safety and
control systems. Part of this equipment has been received. Delivery
of the remainder is expected in the next two months.

Additional quantities of thermocouple extension wire, multiconductor

thermocouple cable, disconnect boxes, and multipin header seals were
purchased to satisfy the expanded requirements of the thermocouple system.

Status of Construction

Reactor Cell

The auxiliary piping was installed on the housing for the rotary
element of the fuel pump, and the housing was shipped to Bldg. 9201-3
for further test.

The fuel pump bowl, overflow tank, and piping were assembled on the
jig. The pump support is being installed in the cell.

The status of the installation in the reactor cell is shown in
Fig. 1.5.

The auxiliary piping is 90% complete. This includes leak-detector
lines; valve air lines; oil, water, and gas lines to the pump; and water
lines to the space coolers and the thermal shield. The 5-in. coolant-
salt lines and the anchor sleeves were completed. All mineral insulated
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electrical cable has been installed. The installation of the fixed por-
tion of the thermocouple wiring is 99% complete, and that of the remov-
able portion (thermocouple hot junction) is about 10% complete. The
control valve installation is about 60% complete.

Fuel Drain Tank Cell

The flush tank, drain tanks, and steam domes have all been fitted
to the jig, cleaned, leak tested, and installed in the cell (Fig. 1.6).

The drain tank cell auxiliary piping (which includes the helium
piping, the valve air lines, component cooling lines, and the water and
steam lines to the steam domes) is 95% complete.

The heater cables for the drain tanks and piping are T75% complete.
The fixed portion of the thermocouple wiring has been installed. The
installation of the removable portion (the hot junction) is about TO%
complete. The piping was finished on the drain tank weigh cells, and
they are ready for installation. All valves for the drain tank cell
are ready for installation.

Coolant Drain Cell

The coolant drain tank is installed, the weigh cells are installed,
and all associated piping is complete. All valves and instruments for
the coolant system have been installed. The piping and wiring for these
components is about 15% complete.

Radiator Cell and Penthouse

The radiator is installed. The main circulation lines are welded
in, and the door-lifting mechanism is 90% complete. The coolant pump
bowl is installed, and all piping is attached.

Auxiliaries

The diesel motors and generators have been reconditioned and tested
and are in good working order.

The 125- and 25-kw motor generator sets are being cleaned and
tested; this work is 50% complete.

The fabrication of the charcoal beds is 60% complete.

Teak Testing

A1l components with associated piping are being leak tested, either
before installation or before heaters, insulation, etc., are attached.

At this point the following have been leak tested and found to
meet the specification (leakage of less than 1 x 107° std. cc/sec
by the helium mass spectrographic method): the fuel drain tanks, fuel
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flush tank, off-gas line 522, and all oil line penetrations to the fuel
pump. Preparation for testing of the complete coolant system has begun,
and the actual test will start soon.

General Instrumentation

The process instrument installation is about 65% complete. Thermo-
couple wiring external to the containment cells is about 60% complete.
Control valve fabrication and installation is about 90% complete. About
70% of all instrument panels have been fabricated and installed. Seventy-
five percent of the safety modules for the nuclear instrument panels have
been fabricated. Prototypes for the remaining modules are being de-
veloped.

Cost Plus Fixed Fee Construction

Mechanical

The leak-detector valve station and all piping to the cell walls are
complete and have been checked (Fig. 1.7).

The helium supply and cover-gas system is 90% complete. The piping
of the instrument air stations and the piping to the instrument air
headers are 60% complete. The cooling-water system is 95% complete.

The work in the special equipment room is 90% complete. This includes
the component cooling system, oil lines to the coolant pump, and instru-
ment air lines.

The cooling oil packages are installed, and the piping is 25% com-

plete. The drain tank cooling system components and piping are 90¢
complete.

Electrical

The primary and secondary distribution system for the heaters is
T70% complete, and work is progressing according to plan (Fig. 1.8).

The diesel electric system panels, wiring, and controls, and the
250-v dc system are TO% complete. The 13.8-kv feeder system conduit is
complete, and the switchgear will be installed soon. The conduit for
the telephone, intercom, and public address system is 65% complete.

Motor control center installation and modification of existing
equipment are 80% complete.

The L480-v switchgear modification is 75% complete, and the L8-v de
system wiring is T0% complete.

All cost plus fixed fee work is progressing approximately on
schedule.



20

UNCLASSIFIED
PHOTO 64217

s

Leak-Detector Panels.

Fig. 1.7.



a
w2
gy
5‘0
<P
oo
9z
Dﬂ.

21

MSRE Heater Control Panels.

Fig. 1.8.
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2. COMPONENT DEVELOPMENT

Primary Heat Exchanger

Difficulties with excessive vibration in heat exchangers at the
Enrico Fermi Atomic Power Plant and the Hallam Nuclear Power Facility
prompted a review of the MSRE heat exchanger design. This review, to-
gether with some tests on a single tube mockup, indicated that vibra-
tions could be a problem and that flow tests should be conducted with
the exchanger.

The primary heat exchanger was operated with water flowing through
the shell at up to 1300 gpm to determine if the high inlet velocity
(19.3 fps) impinging on the tubes would produce excessive vibration.
The test was conducted by connecting the heat exchanger to a new 12-in.
water main supplied from a new reservolr and by diverting the discharge
to ground drainage.

At a flow of about 900 gpm, noises were heard coming from the heat
exchanger. Initially, they were mild and intermittent but became louder
and continuous as the flow rate was increased to 1300 gpm, where the
test was terminated to prevent damage to the tubes. The noise level was
not noticeably decreased when a 55-psi back pressure was applied — so
cavitation was not a factor — or when the tubes were filled with water.
The noise came from the entire heat exchanger and was not limited to any
specific region. The sound was almost identical to that produced by a
single vibrating tube mounted in rigid supports which simulated the baf-
fle plates. It was concluded that the clearances between the tubes and
the baffle plates were too great and that the tubes would have to be
supported more rigidly.

The frequency and amplitude of the shell vibrations were measured
with an IRD model 600B vibration analyzer. No highly specific natural
frequencies were detected; but, instead, there was a large amount of
background noise.

Drain Tank Heater

After 5560 hr of operation, the prototype drain-tank-heater test
was shut down by burnout of one of the welded connections in the No. 10
nickel lead wire between the enclosed ceramic heating elements. The fail-
ure occurred at a "tee" connection, where a point of high resistance was
produced by improper fusion at the weld point. The heating elements were
in good condition. The weld was repaired, and the testing was continued.
A1l similar welds in the reactor heaters are being reexamined.
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Pipe Heaters

A production model of the removable heater and insulation unit for
5-in. pipe was received from the Mirror Insulation Company for testing.
Figure 2.1 shows the assembled unit, including the remote disconnect.

The type of power lead shown i1s used only in the test; in the reactor,
mineral insulation will be provided, protected by a flexible metallic
tube. TFigure 2.2 shows the heater and base arrangement for the same
unit. FEach ceramic heater has a capacity of 667 w, and there are six
heaters per straight-run section. The production model differs from

the unit previously tested! in that it contains pure silver in the sec-
ond lamination instead of silver plated on the surface of the first
lamination. Both the base and removable sections are made up as follows:
inside surface facing pipe, 310 stainless steel; 2d lamination, 0.003 in.
of silver; 3d to 8th laminations, 0.003 in. of 321 SS; and outside case,
304 8S. Some of the miscellaneous fittings are made of Inconel.

A comparison of the initial performance of the production unit with
the original unit tested is shown in Fig. 2.3. The production unit per-
formed slightly better than the prototype. The test will continue in
order to evaluate the effect of age on performance.

Drain Tank Cooler

Two prototype cooling bayonets for the drain-tank cooler were fab-
ricated of INOR-8 to reactor specifications and installed in the carbo-
nate salt tank for test. The water input to these cooling bayonets was
regulated by controlling the water level in the steam dome. Water was
fed to one bayonet inlet tube from near the bottom of the steam dome,
the other from a point 7 in. above the bottom. This simulates the two
types of conditions in the MSRE drain tank. The bayonets were operated
through 180 rapid-quench cycles (1350 to 212°F), a total of 3400 hr.
The tubes were removed and examined periodically. At 126 cycles, both
tubes were in good condition; but at 180 cycles, the assembly with the
higher inlet was badly warped. Examination by penetrant dye check and
by metallography methods revealed no cracks; however, the outside sur-
faces of both 1/2 -in. tubes were heavily covered w1th oxide.

Before the tests were continued, thermocouples were installed on
the exteriors of both 1/2 -in. water tubes at the point of maximum warp-
age, approximately 1 ft below the surface of the salt. It was noted
during the heat-up cycle (after the water return valve from the con-
denser to the steam dome was turned off) that the temperature of the
high-inlet tube approached that of the salt very rapidly as the water
boiled out, but the low-inlet tube temperature rose only to 500 — 80QCF.
After the steam dome was drained completely, the low-inlet tube tempera-
ture behaved in a manner resembling that of the other tube. Apparently,
a small amount of water condensed in the uninsulated steam dome, pro-
viding a small feed to the low~-inlet tube. The resultant lower tem-
perature of the tube reduced the shock load during the initial quench,
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Fig. 2.2. 1Inside View of Removable Heater, Top View of Base.
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which in turn caused less damage to the low-inlet tube. The test was
continued to determine the amount of heat removed by the small feed
and the life of the bayonet with the high-inlet tube.

Modified Freeze Valves

The operation of the reactor requires that some of the freeze valves
should open in the event of a total power failure. The important design
features of these valves are the high heat capacity, the insulated en-
closure, and the integral cooling jacket on the valve. TFigure 2.4 is a
photograph of this type of valve showing the air coolant jacket and the
heating arrangement. The insulation around the air jacket was partially
removed for the photograph. Heat is supplied to the frozen zone of the
valve by conduction along the l—l/Z-in. pipe. The ceramic heaters, which
are on at all times, are installed in the removable insulation section.

In Fig. 2.4 the removable section has been laid back on its side, at

right angles to its closed position, and extends from the top of the photo-
graph to behind the pipe. The removable insulation section and the base
section are metal boxes packed with Fiberfrax wool insulation to give the
unit a higher heat capacity than that for the reflective type heater boxes
which are used on the piping. The valve may be frozen or thawed by regu-
lating the air input.

The average melt time for this type valve was 10 min with 620 w
applied to the heater box; the average freeze time was 15 to 30 min with
15 scfm of airflow through the cooling jacket. The airflow required to
keep the plug frozen was 5 to 6 scfm.

Reactor Drain Valve

A prototype of the reactor drain valve FV-103 was fabricated and in-
stalled in the valve test system. TFigure 2.5 shows the valve prior to
operation. An attempt was made to simulate reactor operating conditions
by enclosing the valve in a 25-ft insulated container and supplying heat
to the pipe by radiation from heaters located on one wall of the container.
This condition is similar to that of the valve's receiving heat from a
surface of the reactor vessel.

The controls for the valve test were representative of the system
proposed for use in the reactor and included the electronic modules used
in setting limits on the thermocouple readings.

In preliminary tests the freeze times were 20 to 25 min, with the
average temperature in the valve area initially at 1000 to 1100°F. The
melt time averaged 5-1/2 min. The thaw time, with all power off, was
13 min. Tests are continuing.
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Fig. 2.5. Mockup of Reactor Drain Valve FV-103.

Control Rod Test

The prototype control-rod-drive unit! was operated under MSRE con-
ditions (except for radiation) through a total of 40,000 cycles, or
255,000 ft of rod travel. The lower rod and the thimbles were held at
1200 to 1300°F; the cooling air and drive unit were held at lSOOF. As
a result of these tests, minor mechanical modifications were required
as described below.

It was necessary to strengthen the rib cage at the bottom of the
rod thimble to prevent buckling at temperature. This was done by in-
creasing the number of retaining rings.

The convoluted hose of the control rod broke near the tow block
after 2500 cycles owing to excessive wear caused by a misalignment of
the internal air tube. However, the wire-mesh jacket around the hose
kept the rod attached to the drive. A bushing was added to this tow
block to center the air tube in the flexible metal hose, and examina-
tion after 17,000 cycles revealed only minor wear in the hose.
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The shock absorber, preload spring, and plunger knob were modified
to increase the buffered stroke to 3 in. Initially, the stroke was less
than 1 in.

At 17,438 cycles the drive unit ceased operating owing to complete
failure of the aluminum-bronze worm wheel in the gear reduction unit.
Examination revealed that the working surface of the steel worm was
scored slightly, and the teeth of the bronze worm wheel were completely
destroyed. The reason for the failure was not clear since the loading
on the gears was very low. FPossible reasons might be overheating, im-
proper alignment of the worm and wheel, or slight damage to the bronze
worm wheel at some time either before assembly or during the preliminary
testing. Alternate methods of gearing have been suggested to avoid re-
currence of this failure but were discarded as impractical. Alternate
materials such as nodular cast iron for the worm wheel and chromium
plating for the worm are being considered. A brass worm wheel was ma-
chined to match the original worm and was installed in the unit so the
test could continue. After 16,400 cycles, when it was removed to install
the replacement gears, the brass gear was slightly worn but was still in
good condition. The new gears, which are duplicates of the original set,
have not operated long enough to form any conclusions as to why the orig-
inal gears failed.

Measurements made on a new, flexible control rod indicated that 95%
of the permanent elongation occurred during the first week of operation.
Total variation of the rod length during the 14,000 cycles after the
first week was less than t0.025 in. Prerunning new rods at temperature
for a period of several days seems worth while in that it allows the rods
to stretch to the final operating length. In some cases this initial
stretch has been as much as 0.9 in.

The synchro system for remote indication of the rod position has
operated satisfactorily. The precise position indicator is calibrated to
0.050 in.; the accuracy of position required is only 0.2 in. The single-
point position index is capable of reading the position of the bottom of
the rod to t0.015 in.

A dynamic brake which was installed to reduce the overtravel of the
rod during manual operation performed satisfactorily.

The air for cooling the rod and drive enters at 150°F and is divided
to provide 2.3 scfm to the rod and 2.3 scfm to the housing. The motor
temperature has been constant at 230°F with a O.6-amp input at 110 v. It
was necessary to replace the Diehl drive motor at 23,791 cycles due to
failure of the front motor bearing. The lubricant in the bearing had com-
pletely carbonized, indicating overheating, and this problem is being in-
vestigated.

The magnetic clutch is normally operated at 28 v; however, this volt-
age was varied to observe the effect of the rod release time. It was
estimated that increasing the clutch voltage from 12 v to 28 v increased
the drop time by 25 msec. The acceleration during drop was estimatedl to
be 13 fps. Safety analysis of the MSRE has indicated that the release
and drop times are acceptable.
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It was demonstrated that the control rod assembly can be installed
and removed from the thimble by remote maintenance methods.

Although the problems noted above have been encountered in testing
the control rod and drive, a life of about one year in the reactor seems
to be assured if minor improvements are made. These improvements are
being incorporated in the design so that manufacture of the drive can pro-
ceed.

Helium Purification System

The oxygen-removal unit was operated at a constant helium flow of
10 liters/min (STP), a constant temperature of 1160°F, and a constant
inlet oxygen concentration of 225 ppm by volume to determine the point
at which the concentration of oxygen in the effluent became detectable,
that is 2 0.1 ppm. Breakthrough occurred when approximately 58% of the
titanium had been consumed. The period of operation was equivalent to
about 4O days of operation at 6000 liters/day of helium containing 225 ppm
of oxygen. Since the oxygen level in the supply to the MSRE purification
system should average less than 20 ppm by volume, the life of one charge
of titanium (200 g) should be at least one year. Design and operating
conditions are shown in Table 2.1.

Table 2.1. Design and Operating Data for the MSRE Oxygen-Removal Unit

Getter Data

Bed length, in. 18
Bed diameter, in. 1.185
Bed volume, ft~2 0.011k
Weight of titanium, 1b 0.42
Bulk density of titanium, lb/ft3 37
Void fraction (sp gr T; = 4.5) 0.87
Operating Data
Helium flow rate, liters/min (STP) 10
Bed temperature (nominal), OF 1160
Bed temperature (1/2 in. from entrance), OF 700
Bed pressure, psig 250
Superficial velocity, fps 0.15
Average velocity (void fraction—0.85), fps 0.18
Residence time (total), sec 8.3
Inlet oxygen concentration by volume, ppm 225
Bed consumed at breakthrough, % 58
Residence time of remaining active portion, sec 3.6
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Tests were made to determine the nature of a black deposit that had
been observed by others® using similar equipment and that was thought to
be due to a volatile titanium compound which reacted with the molten salt.

Test results indicated that the deposit was carbon, or carbonaceous
material, resulting from high-temperature decomposition of organic sol-
vents which had been used for cleaning various system components. Where
solvent cleaning was eliminated, no black deposit was formed.

Engineering Test Loop

The Engineering Test Loop (ETL) was returned to operation in July
1963, after examination of the graphite access joint.” Since then the
loop has operated 4400 hr, mainly for testing the sampler-enricher mockup
and for followlng the inventory of uranium added to the loop. Additions
totaling 1528 g of enriching salt (930 g of uranium) have been made with
the sampler-enricher to an estimated inventory of 143.8 kg of circulating
salt.

The uranium was added in the form of an LiF-UF, (73-27 mole %) eu-
tectic and varied in uranium content between 76 and 91 g for each
addition. Figure 2.6 shows the variation in the ratio of the uranium
concentration from chemical analysis to the uranium concentration as cal-
culated from the uranium additions. The initial uranium inventory in this
plot was taken as 0.63 wt % (~0.1 mole %), which is the average of the
results of analysis of 4O samples taken over a period of 3600 hr oper-
ation before any additions were made. The additions raised the concen-
tration level to ~0.2 mole $%. However, as shown in the figure, the
analysis of samples taken after additions 6 to 11 averaged ~9% below
the predicted uranium concentration. Efforts toward resolving the dis-
crepancy are continuing.

Mockup of Sampler-Enricher System

The sampler-enricher system mockup* which is installed in the Engin-
eering Test Loop (ETL) was used to isolate 35 salt samples and to add 11
capsules of enriching salt to the pump bowl under simulated reactor con-
ditions. Most of the components operated reliably and satisfactorily,

although some minor changes in equipment and control circuitry were in-
dicated from these tests.

Sample Capsule

During the initial stages of testing, an open-top type of sample cap-
sule lodged under a sheet-metal sleeve which had been inserted into the
capsule guide cage in the pump bowl. The sleeve had been installed as an
experimental expedient to reduce mist in the sample area of the ETL pump,
but it will not be used in the reactor pump. The stainless steel support
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cable was pulled free of the lodged capsule. The capsule then dropped to
the bottom of the pump bowl within the guide cage and was recovered with-
out exposing the pump bowl to the atmosphere. The capsule was modified
to include a spherical top, which reduces the tendency for the capsule to
bind and strengthens the connection between the capsule and the support
cable.

Enriching Capsule

Enriching capsules of three lengths were tried, and the intermediate
length of 6-3/8 in. was chosen as the best. The capsules were fabricated
from 3/h—in.—OD 0.035-in.-wall copper tubing by spinning a hemispherical
shape on the bottom and welding a machined hemispherical insert on the
top. After each capsule was filled with salt, three 0.191-in.-diam holes
were drilled in a line along the side and one 0.221-in.-diam hole was
drilled in the bottom. The capsule was lowered into the pump bowl and
left for 5 min to allow the salt to melt. WNo salt remained in the three
capsules of this size after removal from the pump bowl. Approximately
152 g of salt (92 g of uranium) was added per capsule.

Sample Transport Container

The sample transport container, used for sending the sample from the
reactor to the hot cell under an inert atmosphere, was modified slightly
by making the capsule receiving cup deeper. This was done to simplify the
problem of removing and inserting the capsule with the manipulator. The
threads connecting the top and bottom pieces were changed from 21 to 7
threads per inch to reduce the tendency to gall.

Manipulator

The manipulator has performed all the necessary operations. The fin-
gers were strengthened to improve the operation. There is a small gas
leak from the atmosphere side through the manipulator boots into the vac-
uum buffer zones. Efforts to locate the leak and to improve the end seal
are continuing.

Valves

The leak rate of buffer gas through the seals of the removal valve,
the operational valve, and the access port is determined from the pressure
in the buffer zone.® After six months of operation the removal valve and
access port seals have no detectable leaks, and the operational valve has
a leak rate of about L4 cm3/min (which is acceptable), the same as when in-
stalled.

Design

Design of the sampler-enricher for the reactor is 90% complete. The
motor drive units of the operational and maintenance valves were relocated
outside the contaimment and shielding areas. The removal valve and light
source were relocated external to the contaimment area. All electrical
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and gas disconnects inside the contaimment areas were eliminated. It is
expected that these changes will simplify maintenance and reduce fabrica-
tion costs.

Maintenance Development

Preparations were started on a program of maintenance demonstrations,
using some of the reactor components, during the erection and precritical
testing periods. The objectives of this program are to establish that no
additional problems have been introduced during construction; to provide
a final test of tools and techniques developed in the mockup; to test
equipment which could not be tested in the mockup; and to acquaint reactor
operating personnel with the equipment, techniques, and problems of the
maintenance procedures. The following categories are included.

Television Viewing

As a result of an examination of a SNAP reactor dismantling facility®
of Atomics International and some tests made in the maintenance mockup, it
was decided to use two television cameras set 90° apart for auxiliary
viewing in the MSRE rather than the stereo arrangement previously studied.
The existing cameras, controls, and monitors (used originally in the MSR
Maintenance Development Facility) have been set up at Bldg. 7503 to be
used during the maintenance demonstration. Portable camera stands de-
signed for use around the worst restrictions were prepared for testing.

Maintenance Shield

The 4-ft-wide portable shield, designed specifically for use in main-
tenance of the MSRE, was received and set up for test as shown in Fig. 2.7.
Minor reworking of bearing surfaces was necessary to improve the operation
of the slides. The method of attaching an additional drive motor was
worked out so that the ends of the shield slides could be moved independ-
ently.

Long-Handled Tools

Several long-handled tools were designed, built, and tested, five of
which are shown in Fig. 2.8. 1In addition, a procedure was developed for
handling auxiliary piping spool pieces of various sizes, with and without
flexible joints. The handling scheme utilizes four separate, but very
simple, long-handled tools and several specially fabricated "C" clamps.
Prototype extension sockets with self-contained bolt retainers were de-
signed and built for use on various masts. Some flexibility was incorpo-
rated into the socket design for overcoming axial misaligmment of the
mast with the bolt heads.
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Pig. 2.8. Lower Ends of Five Miscellaneous Long-Handled Tools.

Plans and Procedures

Detailed procedures for remote maintenance are being written for both
the maintenance demonstration and the operating reactor.

These are approx-
imately 50% complete.

Pump Development

Prototype Pump Operation and Testing

High-Temperature Circulation of Molten Salt. The prototype pump? was
operated for 1400 hr, circulating salt LiF-BeF,-ZrF,-ThF,-UF, (66.L-27.3-

4.7-0.9-0.7 mole %) at the conditions and for the purposes shown in Table
2.2.

After 703 hr of operation, the pump was stopped to investigate the
cause of increased use of power. Inspection revealed that the shaft annu-
lus was plugged with solidified salt. Analysis® of the flow of inert gas
to and from the pump indicated that the flow of gas in the shaft annulus
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had been in the upward, or reverse, direction for the T703-hr period. This
condition was caused by ignoring the contribution of gas flow into the
pump from the bubble-type liquid-level indicator which had been assumed to
be very small but actually was 1400 cm3/min. To prevent recurrence of

this reverse flow during operation of the prototype pump, all the gas flow
rates to and from the pump tank will be measured and maintained — as in the
reactor installation — so as to provide adequate purge flow down the shaft
annulus.

Hydraulic performance data were obtained at 1000, 1100, 1200, 1300,
and 1400°F along a single resistance line. There was no measurable dif-
ference in the performance with a variation in temperature. A plot of
head flow rate, with speed as a parameter, is shown in Fig. 2.9 for an
ll—l/Z—in.-diam impeller and salt at 1200°F. These data were obtained
for three lines of constant resistance as shown. The pump hydraulic bal-
ance line is superimposed on the plot; during operation on this line, the
net radial hydraulic force on the impeller caused by pressure distribu-
tion in the volute approaches zero. The maximum head required for the
MSRE fuel-salt circuit is 48 ft at a flow of 1200 gpm. The ll—l/Z—in.-
diam impeller provides a total head of 48.3 ft at 1200 gpm and 1150 rpm.
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Fig. 2.9. Prototype Fuel Pump Hydraulic Performance.
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Measurement of Undissolved Gas Circulating with the Molten Salt. In-
vestigations® were continued toward improving the calibration of the test
apparatus. A common support for the source and detector was fabricated
and mounted to the test section of pipe. With this arrangement, the source
and detector always maintain the same alignment, and since the support is
attached to the test pipe, they move with the pipe during thermal expansion.

Drift of the signal output from the detector at steady-state condi-
tions has been a problem, and schemes for minimizing it are being investi-
gated.

MSRE Fuel Pump Supports. The fuel pump supportsl© were altered and
reinstalled in the prototype pump test facility for final testing. We
found that the spring force required to 1lift the pump and drive motor was
8000 1b. About 1650 1b of this force results from friction and other
losses in the mechanisms.l! The vibration dampeners proved to be unneces-
sary. The configuration of the mechanical linkages in the mount is such
that the net upward force provided by the springs increases as the pump
moves vertically after counterbalancing has taken place; this action pro-
duces small tensile forces on the pump suction and discharge piping.

Lubrication Systems for the MSRE Pumps. The lubrication stands for
the fuel and coolant pumps were installed and operated individually in the
prototype pump test facility. Heat-load and pressure-drop data were ob-
tained, and the performance of the systems was observed.*2 A problem of
gas entraimment was found which affected the priming of the standby lub-
rication pump. After sbout 8 hr of continuous operation, when the roles
of the operating and standby pumps were reversed, approximately 30 sec
was required before the newly started pump would fully prime. Priming
time was reduced to 5 sec by installing gas vents from the pump volute
casing and the pump discharge line to the gas space in the reservoir. At
the MSRE the standby pump on each lubrication stand will be operated for
approximately 15 min during each 8-hr shift to remove the accumulated gas.

Rotary Assemblies for the MSRE Fuel- and Coolant-Salt Pumps

The fuel- and coolant-salt pump rotary assemblies are being assembled
for proof testing prior to delivery to the MSRE site.

Test Pump with One Molten-Salt-Lubricated Bearing

The molten-salt bearing for this pump'?® has been replaced, and the
pump is being assembled for further endurance operation.

PKP Fuel-Pump High-Temperature Endurance Test

The test pump rotary assembly'? was found acceptable in the cold
shakedown test and was installed in the hot-test facility. Test operation
has been delayed by the emphasis placed on completing hardware for the MSRE
pumps.
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Lubrication-Pump Endurance Test

The lubrication pump®S circulated turbine-type oil at 160°F and 70
gpm for 4550 hr without incident during the report period.

MK-IT Fuel Pump

The fabrication of a mockup of the MK-II pump tankl® for water test-
ing was completed. The internal baffles and shields required to minimize
the entrainment of gas bubbles into the circulating fluid via the return
of the bypass flows to the pump impeller will be developed in this mockup.

Large numbers of very small bubbles were present in the pump tank
liquid in the initial tests. Modification of the baffles to reduce this

gas entraimment are being studied.

MSRE Pump Fabrication

Fabrication of the fuel pump bowl, the lubrication stands for the
fuel- and coolant-salt pumps, and the supports for the fuel-salt pump were
completed, and all were delivered to the MSRE site for installation. The
first of four drive motors for the fuel- and coolant-salt pumps passed the
required electrical tests and was shipped by the manufacturer. The other
three units are in various stages of fabrication.

Instrument Development

High-Temperature NaK-Filled Differential-Pressure Transmitter

The problems in the design of the high-temperature seals, previously
reported,l7 were resolved in discussions at the Taylor Instrument Company
plant between Taylor and ORNL metallurgists and instrument design engi-
neers. The major problem in the design of these seals was that of obtain-
ing a seal that would satisfy ORNL requirements for minimum thickness and
maximum temperature effect on the transmitted signal. Agreement was
reached at the meeting to use a 3-ply, l2-convolution diaphragm. Each ply
is 0.005 in. thick and is welded to the seal head assembly in vacuum by
the electron beam technique. Taylor originally objected to the use of
multi-ply diaphragms on the basis that expansion of the gas trapped be-
tween the plys would produce excessive temperature shifts when the seal
assemblies were heated; however, these objectives were withdrawn when
ORNL metallurgists proposed to weld the assembly in a vacuum with an elec-
tron beam.

Three transmitters have been completed and delivered to ORNL. All
welding and weld inspection of the high-temperature diaphragm head assem-
blies was done at ORNL. Figure 2.10 shows the seal assembly with the dia-
phragm welded in place. Prior to shipment from the factory, the trans-
mitters were tested, with the following results: maximum hysteresis,
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Fig. 2.10. Diaphragm Seal Assembly for NaK-Filled Differential
Pressure Transmitter.

0.66% of full scale; maximum deviation from linearity, 0.37% of scale;
zero shift after 45 1b reverse pressure was applied to the seals, 0.9%;
and calibration change for 250°F change in temperature (1000 — 12500F),
0.6L4%. Two of these units were recalibrated at the MSRE site and welded
into the system. The third transmitter is a spare. Additional tests
will be performed on this unit.

Thermocouple Development and Testing

Drift Test. The testing of thermocouples, made of materials selected
from MSRE stock, for drift in calibrations at MSRE operating temperatures
was begun. Previous tests were performed on thermocouples supplied by a
vendor. Random drifts of +1.5 to +2.5°F were observed when eight thermo-
couples were cycled between 1000 and 1400°F during the initial calibration
period, which lasted nine days. The couples have operated continuously at
1250°F since the initial calibration period. Additional drifts of the
order of +1.1 to +2.00F were observed during periodic checks made over an
1ll-week period ending January 22, 1964. This drift is thought to be due
partially to inadequate annealing after fabrication. This test is contin-
uing.
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Thermocouples on Engineering Test Loop. Eight MSRE prototype surface-
mounted thermocouples on the ETL continue to be checked periodically for
performance. These thermocouples have accumulated a total of 21 months of
service in operation at temperatures up to 1200°F. All are still function-
ing properly.

Thermocouples on Prototype Pump Test Loop. Ten MSRE prototype sur-
face-mounted thermocouples on the prototype pump test loop continued to
perform satisfactorily according to periodic checks. These couples accu-
mulated only 1176 hr of operation at 1200°F during this report period due
to loop downtime. To date, they have operated 6500 hr at 1200°F.

Thermocouples on Prototype of Reactor Drain Valve. Six MSRE proto-
type thermocouples were installed on the FV-103 test assembly. Attach-
ments were made in accordance with MSR-63-L0 (an internal memo), entitled
Procedure for Welding of Thermocouples to MSRE Piping and Components. A
seventh thermocouple, with an ungrounded junction and insulated sheath,
was installed on the resistance-heated section of pipe downstream of the
valve. It is located inside the heater sleeve next to the weldment of
the sleeve and pipe.

Drain Tank Thermocouple Bayonet Test. Development tests were con-
ducted on an assembly of thermocouples that will be installed in a thimble
in each drain tank to measure the axial temperature distribution in the
salt. A preliminary test was performed to determine if the salt tempera-
ture could be measured with acceptable accuracy with thermocouples at-
tached to a tube inserted in a well (No. 30 AWG bare thermocouples were
used in this test). Temperatures indicated by thermocouples mounted at
the same level on the inserted tube and the outer wall of the well were
compared. Under steady-state conditions the temperatures indicated by the
thermocouples on the inserted tube were only 1 to 3°F lower than the tem-
perature of the outer wall of the well at 1200°F. A final test was made
with l/8—in.—OD, metal-sheathed, mineral-insulated thermocouples welded to
a 1.5-in.-0D x 0.065-in.-wall 304 SS tube filled with Fiberfrax insulation.
The results of this test were the same as above.

Dimensions of the wells installed on the tanks were obtained from the
field. The design of the bayonets is complete, and the reactor installa-
tion is being designed.

Radiation-Damage Test of Thermocouple Leadwire, Disconnects, and
Sealing Materials. A radiation-damage test was begun November 26, 1963,
on copper-sheathed, glass-insulated, multiconductor thermocouple cable,
disconnects, and sealing materials. The latter were glass-to-metal header
seals, ceramic and epoxy potting compounds, PVC shrinkable tubing and
Physical Science's 0900 glaze compound. These items are being exposed at
a level of 2 x 108 r/hr in the cobalt gamma source in Bldg. 3029. Break-
down of insulation is being checked periodically with a 500-v megger and
an ohmmeter. None has been detected during an eight-week period. The
epoxy compound and PVC shrinkable tubing began showing physical damage
after seven weeks of exposure. The only other change noted was a constant
bulldup of pressure in the hermetically sealed thermocouple cable, indi-
cating a possible outgassing of the filler in the glass insulation. The
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gas was sampled and analyzed. Although there is slight indication of
radioactivity in the gas, it is believed at this time that the outgassing
can be tolerated. This test is continuing.

Thermocouple Test Assembly for Temperature Safety Channel

A device has been developed which permits the insertion of a test
signal into the input of the reactor temperature safety instrument channels
without disconnecting any wires and which is compatible with the require-
ments for physical isolation of redundant safety channels. The device con-
sists of a vacuum thermocouple assembly of the type frequently used to
measure the rms value of rf currents and an associated transformer and push
button switch. The vacuum thermocouple consists of a fine-wire heater sup-
ported at each end with a fine-wire thermocouple attached to its center by
a ceramic bead. This whole assembly is sealed in an evacuated glass bulb.
By passing a current through the heater, an electromotive force (emf) is
generated by the thermocouple. The emf generated is approximately 0.07
mv/ma, with the maximum permissible current being 200 ma. Thus the full-
range output is approximately 14 mv, which is equivalent to 560°F on the
Chromel~Alumel thermocouple scale. Leads of the device may be connected
to simulate either a temperature increase or decrease, depending on
the polarity of the voltage output. A schematic diagram of the device
is shown in Fig. 2.11.
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Temperature Alarm Switches

The testing of the Electra Systems switch system was completed in
conjunction with the freeze valve tests. The switches operated satis-
factorily. ©Some modifications were made to improve switch control action:
an adjustable switching hysteresis was added, and a ten-turn potentiometer
was used to replace the single-turn calibration potentiometer to provide
easier set point adjustment.

Tests of freeze valve FV-103 are under way with the same switches.

Marker Generator for Temperature Scanner

A signal-marking device was developed for use in providing positive
identification of thermocouple signals on the MSRE temperature scanner.l®
A block diagram of this device, which was assembled from commercially
avallable components, is shown in Fig. 2.12. The wave-form generator sup-
plies a ramp voltage whose amplitude varies linearly with time. The ramp
generator is triggered by a synchronizing pulse from the mercury commu-
tator, once each revolution. When the generator is triggered, the ramp i<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>