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SUMMARY

Part 1, MSRE Operations and Construction, Engineering Analysis,
and Component Development

1. MSRE Operations

Operation of the plant on a 24-hr, 7-day basis began in September,
after the initial operator training and the preoperational check-out of
most of the system. The principal activities included leak testing,
purging, and heating the salt systems, charging salt, completing startup
checklists, and operating with salt circulating in the fuel and coolant
loops. By the end of February the coolant loop had been full of salt
for 1167 hr and the fuel loop for 914 hr, and the shakedown operation
was nearing completion. About 90% of the precritical test program was
accomplished.

Operation disclosed the need for some modifications, the most im-
portant of which are to the radiator doors, the freeze valve air supplies
and controls, the thermal shield water piping, and several cooling air
control valves., Generally, the performance of systems and components
was very good. The problems which were encountered caused little delay
in the testing, and none threaten the success of the MSRE.

Among the more important experiments conducted during the pre-
nuclear operation were the determination of entrained gas volume in
the fuel loop and the measurement of time constants associated with
removal of a noble gas from the salt and graphite.

Design, procurement, fabrication, installation, and check-out of
the MSRE instrumentation and controls systems are now essentially
complete. All systems necessary for operation of the reactor during
criticality and low-power experiments have been completed as originally
designed and require only minor revisions and modifications to improve
performance or to conform to recent changes in system design criteria,
Except for a small amount of instrumentation on the vapor-condensing
system, some additional safety instrumentation required to protect the
containment system from excessively low pressures, and possibly some
revision of the radiator door control system, the design of all systems
required for high-power operation is complete. Installation and pre-
liminary check-out of equipment and circuits for these systems is com-
plete in all areas where the design is complete. Final check-out is
proceeding as the systems become operational.

Vendor fabrication of the data logger-computer is complete, and
preliminary check-out and company acceptance tests are in progress at
the vendor's plant. Design of signal interconnection and power wiring
for the data logger is complete, and wiring installation is in progress.
Installation and check-out of the data logger-computer is scheduled for
April 1965.
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Three radiation-resistant closed-circult television systems were
specified and procured for use in remote maintenance of the MSRE.

A review of instrument power system loads indicates that the present
25-kva generator will be grossly overloaded when all loads presently
assigned to the reliable power bus are on line. Installation of additional
capacity is planned.

Components for the fuel sampling and enriching system and the coolant
salt sampling system were completed. Fabrication of tanks for the vapor-
condensing system was started, and the water tank was completed. The
gas tank was nearly completed.

The fuel and coolant pumps were installed in the piping systems.
After undergoing modification to eliminate tube vibration, the heat
exchanger was installed.

The installation of all component and pipe heaters, thermal insula-
tion, and heater power circuits was completed, and the systems were checked.
The high-bay containment was completed.

All components, heaters, thermal insulation, and electrical circuits
were installed in the drain tank cell. The charcoal beds and the vent
house piping installations were completed.

The control rod drives were installed and checked. The coolant
sampling system was installed and the fuel sampling and enriching system
installation was nearly completed.

Installation of the vapor-condensing system was started., Excavation
work was completed, and the water tank was delivered to the site.

2. Component Development

Prototypes of the removable heater for 5-in. pipe and the drain tank
heater completed over 8000 hr of satisfactory test operation.

The drain tank cooler test was shut down due to failure of one of
the 1/2-in. water tubes after a total of 2551 thermal cycles from 1200
to 200°F. The tube had remained intact through 1632 cycles, and this
life is Dbelieved adequate for service in the MSRE. Testing is continu-
ing to determine the life of other parts of the cooler assembly.

Thermal cycling of a prototype freeze valve was started to supple-
ment a previous test in which a valve had been subjected to over 200
complete freeze-thaw cycles without a detectable change.

The five freeze flanges in the 5-in. pipe in the MSRE were success-
fully assembled. The temperature distributions on those flanges were
essentially the same as that found in the test of the freeze-flange
prototype. A method was devised and demonstrated for repairing the seal-
ing surfaces of the cone seal disconnect used in the leak detector lines
to the freeze flanges.



The freeze valves in the drain tank cell, coolant cell, and reactor
cell were tested as part of the prenuclear operation of the reactor.
It was found to be necessary to increase the cooling air flow to all
but the reactor drain valve, and revisions to the freeze valves in the
coolant system are being made to provide for an automatic drain on a
power failure.

Fabrication and run-in of the control rods were completed, and the
rods were shipped to the reactor. The materials of construction in the
highest temperature zones were changed from stainless steel to Inconel
and INOR-8 to improve the oxidation resistance. Tests were started to
evaluate the effects of the changes.

The prototype control rod drive completed 124,400 cycles of 102 in.
travel per cycle in 150°F ambient temperature. Gears of several different
materials were tested and a fully hardened stainless steel ASTM 4276
type 440C was found acceptable for use in the rod drives.

The MSRE control rod drives were received from the manufacturer.
A1l the units were accepted with a variance in the finish specified for
the worm and worm gear, and these gears will be replaced before nuclear
operation of the reactor. The units were run in at the test stand and
then installed at the reactor. The prototype unit was reworked to make
it acceptable as a spare for use at the reactor.

A study was made of several different makes of pressure regulators
to determine the relative susceptibility of diffusive inleakage of
moisture through the regulator diaphragm. The results indicate that the
regulator presently in the system permitted an inleakage which resulted
in 1 ppm of moisture in the helium stream. Another regulator was chosen
and will be installed for evaluation in the system.

Temporary samplers were designed and installed on the fuel drain
tank and fuel pump bowl for use during the prepower operations. The
coolant system sampler installation was completed and is being operated
routinely by the Reactor Operations Group.

The Engineering Test Loop was shut down after 15,400 hr of trouble-
free operation. A test which used a cold zone in the fuel pump bowl
indicated a high accumulative rate of zirconium oxide on the cold zone.
This cold trapping effect may be useful in the control of similar oxides
in large systems.

The program to demonstrate remote maintenance tools and techniques
was continued in conjunction with the installation of the reactor com-
ponents. The operations necessary to disengage the large components
were tried and cataloged. Practice with the portable maintenance shield
was obtained through use during operations of the freeze flanges and
handling of the pump bowl and motor and other small components. The
tooling for operating the freeze flanges was revised. The graphite
sample assembly and the control rod drives were installed using remote
means. Design and fabrication of several small tools and viewing
devices were completed.
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Assistance was provided in the design, fabrication, and testing of
an ultrasonic molten-salt level probe being developed on an AEC contract.
Design and fabrication were completed, and testing is in progress. Test
results are encouraging. A similar ultrasonic probe will be installed
in the MSRE fuel storage tank. Design and fabrication of this probe are
in progress.

Testing of the prototype float-type molten-salt level transmitters
has been terminated. The two systems installed on the level test facility
operated satisfactorily for 29 months. Examination of one transmitter
after the test was terminated showed little damage or deterioration.

The other transmitter was left in service and is being used in other
test operations on the level test facility.

Design, development, and testing of a high-temperature transformer
for use with a float-type molten-salt level transmitter on the Mark IT
fuel circulating pump have been completed.

Installation of four conductivity-type single-point level indicator
probes in MSRE drain tanks was completed. Three of these probes have
operated satisfactorily since installation. A fourth probe failed in
operation because of oxidation and embrittlement of a copper-clad,
mineral-insulated copper-wire excitation cable. This cable is being
replaced with cables designed for high-temperature operation.

Except for some minor troubles with purge flow control and an un-
expectedly high purge line pressure drop, the bubbler-type molten-salt
level indicators installed in the MSRE performed satisfactorily during
startup and precritical operation of the MSRE systems.

Drift testing of thermocouples fabricated from MSRE stock is
continuing.

Performance of MSRE prototype thermocouples installed on the
engineering and prototype pump test loops continues to be satisfactory.
Routine observation and logging of data on these couples have been
discontinued.

Radiation damage testing of a typical extension cable, disconnect,
and thermocouple assembly was terminated after eight months exposure to
a ©9co gamma source. Gas was generated to the end of the test, but the
resistivity of the insulation remained high.

A ceramic—vitreous-enamel material shows promise for use as an end
sealant on mineral-insulated copper wires sheathed in a stainless steel
tube.

Tests were performed to determine the effect of mismatch between
thermocouple and extension lead-wire materials on the accuracy of a
differential temperature measurement. The effects were found to be
serious enough to require careful design to minimize junction effects
and careful matching of materials to obtain the desired accuracy at
the MSRE.
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Installation of the MSRE temperature scanner systems was completed,
and the systems were used during initial heat-up of MSRE piping and
components and during subsequent operations. Difficulties were experi-
enced with electrical noise pickup, calibration drift, and signal identifi-
cation. These difficulties have been corrected, and the scanner systems
are performing satisfactorily. The life of the mercury switches used to
scan the signals has been much longer than was expected.

A stable, adjustable millivolt reférence supply equipped with auto-
matic cold-Jjunction compensation was developed.

Some difficulty was experienced in obtaining relisble operation of
the single-point temperature alarm switches used in the MSRE. Modifica-
tions made on the switch modules offer promise of correcting the trouble.

Four resistance thermometers were operated at 1350°F for periods up
to 1850 hr. Three of the four thermometers failed before the coneclusion
of the tests.

Calibration drift was experienced in one of the two NaK-filled dif-
ferential pressure transmitters installed at the MSRE. A spare trans-
mitter appears stable, so the trouble is believed to be a result of
faulty febrication.

Four helium control valves failed in service at the MSRE due to
galling between the close-fitting 17-4 PH plug and Stellite No. 6 seat.
Replacement trim fabricated for use in repair of these valves also failed
in the same manner. Other trim material combinations are being investi-
gated.

A motion-multiplying device was developed to obtain a l-in. stroke
from a valve actuator with a 1/2-in. stroke.

Assistance was given during installation and initial hot operation
of the fuel and coolant salt pumps in the MSRE. Two spare rotary assem-
blies for the reactor pumps in the MSRE were assembled and subjected to
shakedown tests. The spare for the coolant pump was prepared for delivery
to the MSRE. The spare for the fuel pump was refurbished after a rubbing
incident in which the axial running clearance between impeller and volute
was lost during cooling tests of the upper pump tank shell. A new design
of radiation densitometer for measuring the concentration of undissolved
helium in circulating salt was fabricated and installed on the prototype
pump test facility. Failure of the electrical insulation in the pump
motors installed in the MSRE lubrication systems was traced to the in-
trusion of moisture; moisture-resistant coatings were applied to four
pump motors. Delivery of the last of four drive motors for the fuel and
coolant salt pumps was accepted. The water mockup tests for the MK-2
fuel tank, as well as the initiation of tests with the pump having a
molten-salt bearing and the PKP molten-salt pump, were delayed by the
emphasis on delivering pumps, lubrication systems, and spare equipment
to the MSRE.
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3. MSRE Reactor Analysis

An analysis of the stability of the MSRE was completed. The study
included latest values of the system parameters and the effects of un-
certainties in these parameters and in the theoretical dynamics model.

The system was found to be inherently stable, not only at the design point
but for any combination of parameters within the predicted range of un-
certainty.

The effectiveness of borosilicate Raschig rings in suppressing criti-
cality at the bottom of the reactor cell in event of rupture of the MSRE
primary circulating system was evaluated. Use of commercially available
rings containing 4% by weight natural boron should ensure that a consider-
able margin of subcriticality is maintained for any mixture of fuel salt
and water that might be dumped into the bottom of the cell.

The use of an unmoderated radial blanket of molten salt for improving
the breeding capability of a single-fluid, graphite-moderated molten-salt
breeder reactor was analyzed. The reactor considered was a 2500-Mw (ther-
mal) system with an average power density of 400 w per cm?® of core salt.
The optimum carbon-to-233U ratio, which maximizes the production of ex-
cess neutrons available for absorption in thorium, was found to be in the
range of 2500 to 4500. To a close approximation, the breeding potential
of the core is insensitive to the C/233U ratio in this range. Some gain
in reactor breeding ratio was obtained by use of unmoderated fuel salt
blankets of thicknesses between 1.0 and 1.5 ft, but for fuel salt thick-
nesses greater than 1.5 ft the gain was very small. When fuel inventories
were taken into consideration, even for blanket thicknesses less than
1.5 £t the gain in breeding ratio was not sufficient to compensate for the
cost of the required additional uranium inventory in the radial blanket.

Part 2. Materials Studies

4.  Metallurgy

INOR-8 was found to be compatible with a nitrogen atmosphere con-
taining 0.03 to 5.6% 0, at 1300 and 1400°F. Reaction rate curves show
an increase in reaction with increased oxygen content. The maximum

attack measured was equivalent to an oxidation depth of 0.05 mil in
700 hr.

Alterations on the MSRE heat-exchanger tube bundle were successfully
completed in which four tubes were removed and the stub ends were plugged.
Welding conditions are reported. Creep-rupture and elevated-temperature
tensile properties of INOR-8 weld metal were found to compare favorably
with the properties of wrought INOR-8, and stress relieving in an argon

or hydrogen atmosphere appeared to result in improved mechanical properties
of weld metal.

‘y‘
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The morphology of INOR-8 weld metal was studied, and a phase asso-
ciated with weld cracking was found to contain more aluminum and silicon
than exists in the INOR-8 composition.

Brazing studies were begun on combinations of materials expected to
be useful for making graphite-to-INOR-8 joints. It was observed that in
metal-to-metal combinations with relatively wide differences in coefficient
of thermal expansion, ductile braze metal is required for crack-free
Jjoints. In graphite-to-metal joints, the limiting factor for making
sound Jjoints is the difference in coefficient of expansion. Palladium-
nickel braze alloys are being investigated for metal-to-graphite joining.

Oxygen contamination was found to meet specifications in the graphite
core bar and lattice bar specimens. The oxygen concentration did not
vary appreciably with the size of specimen or the section of bar from
which it was obtained. Accessible void measurements using two wetting
agents, xylene and liquid sulfur, indicated that penetration is limited
to 1/4 in. of the outer surfaces in CGB graphite.

A creep-test experiment was designed and built to study in-reactor
creep of INOR-8 as part of an expanded program to study the effects of
irradiation on the elevated-temperature properties of INOR-8., Surveil-
lance specimens were fabricated for insertion in the MSRE core and for
use in the control test rig that was designed to simulate the MSRE
temperature profile and major temperature fluctuation. '

5. In-Pile Tests of MSR Materials

A series of in-pile tests of the compatibility of Molten-Salt Reactor
materials has been completed. Farlier tests in the series furnished evi-
dence, such as CF, and F, in the gas phase, that raised searching ques-
tions about the stability of the fuel under irradiation. Favorable an-
swers to these questions have been confirmed by the most recent test. The
key factor was the use of heaters to maintain the temperature of the fuel
during periods when the pile was inoperative. Under these circumstances
there was no evidence of F, release from the fuel, and virtually none of
the untoward effects encountered earlier were manifested. To a consider-
able extent, this relieved doubts about whether the crystal damage, and
consequent release of F,, at room temperature could account for all the
previously observed behavior of an unfavorable nature.

Off-gas from in-pile capsules was analyzed for CF,, but none could be
detected. The maximum sensitivity of the measurements was such that CF,
would have been detected if its rate of production was 0.1% of that of
xenon. This is lower by a factor of 1000 than the rate at which CF, pro-
duction in the MSRE would be of practical significance.

The amount of uranium deposited from the fuel on graphite proved to
be negligibly small, again in contrast to the behavior in earlier tests
carried out without heaters.



No evidence of radiation-induced incompatibility could be found.
Fission product iodine and tellurium were partially removed from capsules
that were swept with helium during the in-pile exposure.

6. Chemistry

Equilibrium phase behavior was examined in systems of relevance to
molten-salt reactor technology. A three-dimensional model of the LiF-
BeF,-7ZrF, phase diagram was constructed to afford a simple graphic dis-
Play of the crystallization behavior of the MSRE fuel and coolant salt.
Reexamination was made of the LiF-BeF, system using very pure mixtures
of LiF and BeF,. Significant refinement in the liquidus values was
achieved. The phase diagram of the system UF3;~-UF, was constructed as a
part of a study of UF3 = UF, high-temperature equilibria. The system
was found to be characterized by a substantial solid solubility of UF,
in UF3. Fractionation experiments were conducted with the MSRE four-
component fuel mixture, LiF-BeF,-ZrF,-UF,, at cooling rates approximating
those in the reactor drain tanks; little compositional variation was ob-
served. Zone melting experiments revealed that the rare-earth trifluo-
rides CeF3, GdF3, and LuF; were usefully removed from an ingot of LiF
in from 1 to 12 passes of the molten zone., Tests of MSRE fuel doped with
rare earths failed to show an effective separation of rare earths.

Transpiration measurements of the reactions between H,O0-HF mixtures
and molten-salt mixtures have been extended to mixtures of LiF-BeF,-7ZrF,
in order to learn more about the behavior of oxides as contaminants in
molten-salt fuel systems. The results permitted the calculation of sparg-
ing efficiency in the removal of oxide from melts as part of the produc-
tion process; calculated values were in reasonable agreement with the pro-
duction data. The transpiration results were also used to calculate the
oxide tolerance of the MSRE fuel and coolant salts; at 600°C the oxide
tolerance of the flush salt is indicated to be 0.011 mole/kg, much lower
than a previous estimate of 0,06 mole/kg, but the tolerance of the fuel
salt is now estimated as being considerably higher than previously esti-
mated, perhaps as high as 0.045 mole/kg.

The potential advantages of the use of HF-H, mixtures for on-stream
or side-stream sparging of molten-salt reactor fuels are being explored.
They include continuous removal of oxide, control of the oxidation state
of the fuel to compensate for the oxidizing nature of the fission process,
control of the corrosion of a nickel-based container alloy, and the pos-
sibility of removing continuously the 1351, which is the 6.7-hr principal
precursor of 135Xe, the primary neutron absorber produced in fission.
Laboratory experiments have shown effective removal of iodine from LiF-
BeF, melts by the use of HF-H, gas mixtures at 480°C. Preliminary calcu-
lations indicate that only a modest side stream from the reactor (a very
small fraction of the total flow through the system) would have to be
stripped of its iodine in order to provide an attractive improvement in
neutron economy.
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The stability of UF3, both as a solid in the presence of solid UF,
and as a dissolved component of molten fluoride mixtures containing LiF
and BeF,, has been studied through measurements of the equilibrium pres-
sures of HF and H, associated with the equation

H, + UF, = UF3; + HF .

Equilibrium quotients were obtained, and thermodynamic values were derived.
These indicate that the disproportionation of U(IV) to U(0) + U(III) in
molten-salt reactor fuels has a much smaller tendency than was previously
predicted; melts containing 0.5 mole % each of UF3 and UF, at 1000°K are
indicated to be in equilibrium with uranium metal at the very low activity
of 1.5 X 1077, The activity coefficients for UF, in MSRE fuel, as esti-
mated from the UF3 stability studies, were found to be in good agreement
with those derived from other chemical studies.

Further study of the viscosity of LiF-BeF, mixtures over the tempera-
ture range 376-1112°C and the composition range from 36 to 100 mole % BeF,
has yielded values of A and B for the equation

log n (ep) = A/T (°K) — B

vwhich vary smoothly with composition. The activation energy for viscous
flow decreases sharply from 58.5 kcal/mole for pure BeF, to 9.5 kcal/mole
for 36 mole % BeF,, while the viscosity at 600°C drops from 63,800,000
to 11.3 centipoises over the same composition range.

The production of coolant- and flushing-salt mixtures for the MSRE
was completed, and these mixtures were transferred to the reactor tanks
for use in prenuclear operation. Approximately 16,000 1b of the binary
mixture, 7LiF—BeF2 (66-34 mole %), was required to make the coolant and
flushing salts., The production of three different fluoride mixtures for
use in preparing the MSRE fuel was essentially completed. These mixtures
were a barren fuel solvent, LiF-BeF,-ZrF, (64.7-30.1-5.2 mole %), a de-
pleted uranium concentrate, LiF-UF, (73-27 mole %), and an enriched ura-
nium concentrate of the same chemical composition. Some 10,000 1b of
barren fuel solvent and 600 1b of depleted fuel concentrate are being
made, and some 350 1b of enriched fuel concentrate, containing 90 kg of
highly enriched ?3°U, has been made (in six batches, each containing
15 kg of enriched uranium). The enriched fuel concentrate is to be sub-
divided into smaller containers for use in the approach to criticality
when the MSRE fuel is finally constituted.

Chemical support to the MSRE during prenuclear operations has in-
cluded arrangements for and interpretation of chemical analyses of the
fluoride mixtures added to the reactor and arrangements for following
the changes in chemical composition of the composited flushing and
coolant salt during some 1000 hr of prenuclear operation. The chemical
analysis of as-received flush and coolant salts revealed an Li:Be ratio
which was significantly different from that intended; an as-yet-unex-
plained systematic bias in the chemical analysis was inferred from these
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results when various other methods of analysis indicated conclusively
that the Li:Be ratio was that which was intended. During prenuclear op-
eration, the concentrations of dissolved plus suspended oxide, iron,
nickel, and chromium were followed by chemical analysis. The nickel re-
mained low, the iron fell smoothly, the chromium rose slightly, and the
oxide generally decreased. The overall results were not compatible with
explanations based on oxidation-reduction reactions in the system but
seemed more likely to reflect the slow settling out of small traces of
metallic iron and perhaps oxide which had been passed through the 0.0015-
in.-diam pores of the sintered nickel filters used in the final transfer
of the material to the reactor. The overall results suggest that no
measurable corrosion of the container metal occurred during approximately
1000 hr of prenuclear operation.

Development and evaluation of equipment for use in Analytical Chem-
istry Division hot cells for analyzing MSRE fuel samples were continued
for improvement in the design and efficiency of cell operation. The
initial training program was completed, with additional training sched-
uled after final equipment modification. The equipment was installed
and tested in Cells 5 and 6 of the High-Radiation-Level Analytical Lab-
oratory.

Development studies were continued on methods for determining reduc-
ing power and oxides in MSRE fuel. Satisfactory precision limits were
established for reducing power under bench-top conditions.

Studies of the application of electrochemical methods for possible
direct analyses in the MSRE fuel and coolant salts were continued. Eval-
uations of new reference-electrode systems and indicator-electrode designs

are being made. Preliminary voltammetric measurements indicate that
chromium(II) in the MSRE fuel solvent undergoes a reversible reduction
to the metal at the pyrolytic graphite electrode. Investigations on the
coolant salt are, at present, concerned with a cathodic wave which may
be due to the reduction of hydroxide.

7. Fuel Processing

The design, procurement, and construction of the MSRE fuel processing
system were essentially completed except for the salt sampler and the ura-

- nium absorption equipment.

An electrolytic hygrometer is being tested for in-line monitoring of
the removal of oxide from molten salt by treatment with hydrogen and hy-
drogen fluoride. Initial results are encouraging, but they indicate that
HF will have to be completely removed from the gas that is bypassed to
the analyzer.

Study of methods for the removal of volatilized chromium fluoride
from the off-gas stream during fluorination of molten salt has begun.
Some data have been obtained for the sorption of CrF; on NaF pellets at
400°C,
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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 23 UF, or 235UF4 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 1s applicable to, and could be exploited sooner in,
advanced converter reactors or in burners of fissionable uranium and
plutonium that also use fluoride fuels. Solutions of UCls and PuCls 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 % UF,;, 5 mole % ZrF,, 29.1 mole % BeF,, and
65 mole % LiF, and the uranium will contain about 30% ?2°U. The melting
point will be 840°F. In later operation, highly enriched uranium will
be used in lower concentration, and a fuel containing Th¥F, will also be
tested. 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 new nickel-molybdenum-chromivum alloy with exceptional resist-
ance to corrosion by molten fluorides and with high strength at high tem-
perature. The reactor core contains an assembly of graphite moderator
bars that are in direct contact with the fuel. The graphite is a new
material? of high density and small pore size. The fuel salt does not
wet the graphite and therefore should not enter the pores, even at pres-
sures well above the operating pressure.

1501d commercially as Hastelloy N and Inco No. 806.
2Grade CGB, produced by the Carbon Products Division of Union Carbide
Corp.



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 ra-
diator 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 Fj.

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 installed,
were started in the fall of 1961 and were completed by January 1963.

Fabrication of the reactor equipment was begun early in 1962. Some
difficulties were experienced in obtaining materials and in making and
installing the equipment, but the essential installations were completed
so that prenuclear testing could begin in August of 1964. The prenuclear
testing was essentially completed without major difficulties at the end
of February 1965. The critical experiments are expected to begin late in
April. They should be completed early in the summer of 1965 and 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. TIncluded 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 re-
actor 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. ORNL-3708 is an especially
useful report because it gives a thorough review of the design and con-
struction and supporting development work for the Molten~Salt Reactor
Experiment. It also describes much of the general technology for molten-
salt reactor systems.

ORNL-2474 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-3215 Period Ending August 31, 1961
ORNL-3282 Period Ending February 28, 1962
ORNL-3369 Period Ending August 31, 1962
ORNL-3419 Period Ending January 31, 1963
ORNL-3529 Period Ending July 31, 1963
ORNL~3626 Period Ending January 31, 1964

ORNL-3708 Period Ending July 31, 1964



Part 1. MSRE OPERATIONS AND CONSTRUCTION, ENGINEERING
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1. MSRE OPERATIONS

Chronological Account

From August 1964 through February 1965, the operators were trained,
all nonnuclear systems were put into operation, and about 90% of the pre-
critical testing program was completed. Figure 1.1 is an outline of
the principal activities during this period.

Instruction of the operators, which began in July, was continued
through August and into September, with emphasis on flowsheets, control
circuits, and integrated operation of the plant. As construction was
completed on more parts of the plant, the effort spent on checking,
calibrating, and testing increased. In late September operations were
placed on a 24-hr, 7-day basis. On-the-job training in all nonnuclear
operations continued throughout the remainder of the period.

By early October, preoperational tests of components were complete,
the auxiliary systems were in operation, and the salt systems had been
closed and proved leak-tight by testing with helium at 40 psig. The next
two months were occupled in purging the salt systems of moisture, heating
them to 1200°F, and charging salt into the coolant drain tank and a fuel
drain tank. Salt of the same composition was used in both systems: 66
LiF—-34 BeF,, 5756 1b in the coolant system and 9230 1b in the fuel system.

The first operations with salt were transfers among the tanks in the
drain tank cell. These served to calibrate the weighing devices, check
elevations and volumes, and establish the operating requirements of the
freeze valves. Meanwhile, we completed the extensive Startup Check List,
which checks all instruments and controls and places all asuxiliary sys-~
tems in service in preparation for heating and filling the salt circulat-
ing loops.

ORNL-DWG 65-4168
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FILL AND DRAIN TESTS
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