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SUMMARY

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

1. MSRE Design, Procurement, and Construction

Major effort on the mechanical and process design of the MSRE con-
tinued to be on the revision of drawings to incorporate recent results
of development work and to facilitate the fabrication and construction
work. An overflow tank for installation beneath the fuel pump bowl in
the pump furnace is being designed to replace the overflow line that was
to have been installed between the fuel pump and the fuel drain line.

A fuel pump with a larger volume for expansion of fuel in the pump bowl
is being designed. This pump will replace the pump that is being in-
stalled in the reactor.

A strainer is being designed for installation in the reactor vessel
to prevent pieces of graphite that are larger than 1/8 in. in diameter
from being circulated with the fuel.

The layout of the instrumentation and control system remains essen-
tially the same as previously reported. One new panel was added, four
panels were relocated, and the thermocouple routing was revised. Loca-
tions for personnel radiation monitors were established.

Instrument application diagrams and tabulations were revised to
incorporate recent design changes.

Criteria for control and safety circuits were extensively reviewed,
and some control-system block diagrams were approved. Schematic dia-
grams of freeze valve circuits, instrument air compressors, and lube-
01l pumps were approved.

Design of 40 instrument panel sections and fabrication of 28 panels
are complete.

Design of interconnecting wiring for the annunciator system and for
Foxboro ECI instruments was completed. Wiring diagrams for 16 control-
circuit terminal boxes were completed.

Design of thermocouple installation and interconnections is nearing
completion.

Process and personnel-radiation-monitoring systems designs are
nearing completion.

Additional analog studies of reactor fill and drain transients were
made. Results of these studies were used to determine the size and loca-
tion of capillary restrictors in the helium supply and bypass lines.
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Fabrication of the reactor vessel is nearing completion, but final
assembly must await the delivery of the moderator graphite in October.

The radiator and fuel and coolant pumps are nearing completion. The
heat exchanger and the fuel and coolant drain tanks were completed and
delivered to the reactor site.

A contract was awarded for the fabrication of removable heaters for
the fuel and drain tank systems. Other electrical procurement is 90%
complete.

Except for those items required by recent revisions, preparation of
specifications and initiation of procurement of process instrument com-
ponents was completed. Most of these components are now on hand, and
delivery of the remainder is expected within the next three months.

Proposals received from four vendors for a computer data-logging system
are presently being evaluated.

Installation is progressing in all areas. Installation of reactor
equipment and auxiliaries in the reactor cell, drain tank cell, and
coolant cell is approximately 40% complete. Auxiliary equipment outside
these cells is being installed by a contractor, and his work is approxi-
mately 10% complete.

Work was begun on the installation of instrumentation and control
equipment in all areas. :

2. Component Development

The test on the prototype cooling bayonets for removing after-heat
from the MSRE drain tank was terminated after 2600 temperature cycles
(1300 - 2120F) because of a leak in the steam system. The test was equiva-
lent to several years of operation in the MSRE. Severe thermal fatigue
cracking was found in both Inconel tubes of the bayonet, particularly
near the weldments for the centering spacer bars. A prototype bayonet of
an improved design was constructed of INOR-8 for further testing.

A prototype drain-tank heater was operated for 2876 hr at 1200°F
average temperature without mechanical difficulty. The electrical circuitry
that connects the individual heater elements was changed to permit separate
control of the upper and lower zones of the heater and thus obtain a more
even temperature distribution.

The all-metal prototype heaters for 5-in. pipe were operated satisfac-
torily for six months at 1400 F. A small loss in insulating properties
was attributed to damage of one of the heaters early in the test.

A method of calibrating the control rod remote position indicator with
the actual position of the bottom of the rod at one point was demonstrated.
The prototype control rod drive mechanism was received and is being in-
stalled for testing.



Measurements in the test loop of the helium purification system indi-
cated complete removal of oxygen, with inlet concentrations of up to 225
ppm. However, a breakthrough occurred at 100 ppm after the titanium bed
reached 15% of saturatlon while operating at 1000 F Further tests will be
run with the bed at 1200° F. An electrolytic oxygen analyzer was tested and
found to agree within 10% with the results of mass spectrometer analysis.

Fabrication of the sampler-enricher system mockup and its installation
into the engineering test loop was completed, and testing was started. A
sample was successfully isolated and removed from the pump bowl and trans-
ferred to the Analytical Chemistry Laboratory for analysis. The entire pro-
cedure required 3 hr, which is acceptable. The flanged disconnects for use
on part of the reactor sample transfer tube were successfully assembled.
The motor-operated valves that isolate the sampler from the fuel pump bowl
were received, and tests indicated that the leak rates through the valves
were acceptable. Final design has started on the fuel loop sampler-enricher
system.

The Engineering Test ILoop (ETL) was placed in operation with fuel salt
after two oxide additions and removals by HF treatment had been performed
on the flush salt and after the fuel salt had been treated with HF and H,
in the drain tank. Seventy-two percent of the oxygen of the first addition
and eighty percent of the oxygen of the second addition was collected as
water in the cold traps of the off-gas line during the treatment of the
flush salt. The equivalent of 625 ppm oxygen was removed from the fuel
salt during 168 hr of treatment with HF and H,. Examination of the kinetics
of the water stripping indicated that continuous treatment with HF was not
necessary since the time-consuming step in the process was the resolution
of the precipitated oxide to make it available to the HF. Agitation by
bubbling with H, and helium was sufficient to redissolve the precipitate
after the concentration was reduced below saturation by short periods of
HF treatment.

After 2000 hr of operation with fuel salt at 1200°F and with salt in
the graphite access Jjoint molten, the loop was drained, cooled, and opened
at the access Jjoint to remove samples of solids that were deposited at the
liquid-gas interface. The solids, while apparently free of UO,, contained
corrosion products and crystals of the salt that was formed by selective
freezing of the lithium, beryllium, and zirconium fluoride phases. The
apparent corrosion rate was initially higher than that during previous opera-
tion with the flush salt; however, by the end of the period the rate was
back to normal.

Study of the xenon distribution throughout the MSRE system was continued,
and preliminary results of an experiment to determine the xenon-removal rate
at the pump bowl indicated that at reduced salt flow rates the stripping
efficiency was as low as 17%.

Fabrication and testing of the tools for use in maintenance of the
reactor system continued, with special emphasis on a freeze flange which
had overhead interferences. Testing of an improved version of a general-
purpose light for remote illumination was started.
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Data from tests with the MSRE prototype pump showed that the diffusion
of radioactive gas up the shaft annulus to the region of the shaft seal
could be made acceptably low by flowing helium down the annulus and through
the pump bowl at rates of 100 to 1000 liters/day, respectively. Flow
rates of 3300 liters/day in the annulus and 4600 liters/day through the
pump bowl are available in the MSRE.

Preliminary measurements indicated that the circulating salt in the
pump loop contained 1 to 2 vol % of undissolved gas, presumably entrained
by the stream of salt that is circulated through the xenon-removal appa-
ratus in the pump bowl.

The pump test was halted after 4700 hr of operation to modify the
test facility. It was then resumed to observe the behavior of the flex-
ible mount for supporting the fuel pump, the bouyancy liquid-level indi-
cator, and the MSRE disconnect flange in the pump tank off-gas line, and
to continue investigations with the device for measuring the concentration
of undissolved gas in the flowing salt.

Endurance tests were continued with the PKP test pump, the test pump
having one molten-salt-lubricated journal bearing, and the test pump for
the MSRE lubrication stand. The design of a fuel pump to accommodate a
larger volume of thermally expanded fuel was initiated.

Six additional months of satisfactory operation were accumulated on
a prototype model of a two-level single-point probe for indicating the
liquid level in molten-salt systems. Performance is unchanged from that
reported previously. The design of the MSRE probe assembly was modified
to incorporate a secondary containment barrier.

Two float-type level transmitters have now operated satisfactorily
for 18 months in molten salt at 1200°F. A third transmitter was installed
on the MSRE prototype pump test, and initial performance was satisfactory.

A temperature scanner system being developed for use on the MSRE was
demonstrated on the level test and on the ETL. This system has been
accepted for use on the MSRE, and the design of a five-channel system for
this application has been completed.

Three alternative methods for using closed-circuit television for
viewing during remote maintenance operations are being investigated.

Eight MSRE prototype thermocouples continue to perform satisfactorily
after 5000 hr of operation on the ETL. Ten similar thermocouples accumu-
lated 5300 hr of satisfactory operation on the MSRE prototype pump test
loop. Drift of six MSRE prototype thermocouples operating at 1200 to
1250°F air remained at less than #2°F after 18 months of operation.

Thermal shock testing of ten thermocouples was completed. Two ther-
mocouples were still functioning after 2630 severe thermal cycles.
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Techniques and procedures were developed for use in installation and
testing of in-cell thermocouple extension cable seals.

A satisfactory material was found for sealing the ends of mineral-
insulated sheathed thermocouples that will be located in the reactor and
drain cells, and techniques and procedures were developed for mass pro-
ducing these seals.

Development of a high-temperature NaK-filled differential pressure
transmitter was continued.

Further investigations were made of the plugged dip tube in the
developmental MSRE bubbler system.

3. MSRE Reactor Analysis

The nuclear characteristics of the reactor were calculated for each
of three fuel-salt compositions. In each case critical concentration of
uranium, reactivity coefficients, and flux distributions were calculated.

Predicted control rod worth ranges from 5.6 to 7.69% 8k/k, depending
on the fuel composition. The rods are required to shim only about 1 to
3% 6k/k, leaving ample shutdown margin. There is a large uncertainty in
shim requirements due to lack of information on the properties determining
the xenon removal from the core.

Alpha particles from the uranium will interact with beryllium and
fluorine of the fuel salt to produce about 4 X 10° neutrons/sec in the
core. The internal photoneutron source will be 107 to 10° neutrons/sec
after power operation.

A review of the biological shield design showed that after the addi-

tion of concrete-block shielding at some points, the biological shielding
will be adequate.

Part 2. Materials Studies

4. Metallurgy

The tube-to-tubesheet joints for the MSRE heat exchanger were success-
fully brazed using a method previously developed for this purpose. Visual
inspection and hydrostatic and ultrasonic testing were performed on this
heat exchanger, with no evidence of leakage.

The thermal-fatigue characteristics of INOR-8 were determined from
the conventional Coffin-type test, and a low-cycle-fatigue equation was
found to describe the plastic-strain - fatigue relation. Thermal-fatigue
data showed good agreement with those previously reported for isothermal
fatigue.
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A program was initiated to examine the postirradiation tensile prop-
erties of INOR-8. Subsize tensile specimens have been irradiated to
7 x 1029 nvt (>1 Mev) in the temperature range 1100 to 1400°F and will
be tested for strength and ductility.

MSRE moderator bars are being tested to establish the physical and
mechanical properties of the material useful to the MSRE. The chemical
composition and oxygen content of these bars met specification requirements.
Test specimens from these bars were rapidly heated to 1800°F and cooled,
with no deleterious effects on the graphite and no propagation of salt-
filled cracks. An irradiation program for this material has been started.
The use of molten salt to remove oxygen from graphite was demonstrated
under conditions similar to those proposed for the MSRE.

Mixtures of Gd,03 and Al,03 were successfully cold pressed and
sintered into cylinders to 959 of calculated densities by working with
prereacted powders. Distortion of the cylinder was minimized by the use
of a holding fixture of the same composition.

5. Radiation Effects

Continued examinations of parts from earlier irradiations of MSRE
fuel and graphite showed that xenon could be recovered from graphite
cores even after several months' storage and that, although there was
virtually no penetration of the graphite by fuel, uranium and lithium in
small amounts were found in the graphite, probably as a result of oxi-
dation-reduction processes associated with the release and recombination
of F, during shutdown.

Although the yield of CF, from fissioning fuel containing submerged
graphite was too small to be measured with certainty, a possible interpre-
tation was that CF, could be expected in the MSRE at 109 of the rate of
production of long-lived xenon. Such a rate would be favorably low and
would constitute no problem in MSRE operation.

The rate of recombination of Fp with fuel from which F, had evolved
as a result of radiation damage from decay energy was found to depend on
the pressure of F,, but to be even more strongly dependent on both the
condition of the fuel and the temperature. The behavior of fuel under
gamma irradiation resembled that of in-pile capsules in response to
decay energy, whereas electron irradiation gave somewhat lower yields
of Fs, and x rays even lower. The x-ray experiments showed a noticeable
difference in the response of individual components of the fuel.

6. Chemistry

The fuels for operation in the MSRE correspond closely in LiF and
BeF'2 proportions to compositions found along the 450°C isotherm that is
associated with the LiF-rich region of the LiF-BeF,-ZrF, ternary system.
This prov%des the maximum LiF content consistent with a melting point
below 450 C, thereby leading to the most favorable physical properties
for a given content of quadrivalent fluorides. As a safeguard against



possible alterations in chemical oxidation-reduction potential of the
fuel, normally buffered by the small fraction of UF3 formed as UF, comes
to virtual equilibrium with the containing metal, the UF, content of the
initial fuel has been set at ~l mole ¢ rather than the ~0.15 mole % re-
quired for clean criticality. Since this is accomplished by decreased
enrichment of U?3°F,, there is a diminished heating effect in the un-
likely event that uranium is deposited in the core. The inclusion of

5 mole ¢ of ZrF, as a scavenger for oxide ion led to the composition con-
taining LiF-BeF,-ZrF,-U?3°F,-U?38F, in the proportions of 65-29.17-5-
0.29-0.54 as representative of the fuel for initial criticality. This
fuel will be blended from prepurified concentrated fuel, LiF-UF, (73-27
mole ¢), and solvent, LiF-BeF,-ZrF, (64.43-30.44-5.14 mole %), the latter
of which will have been used in the prenuclear operation.

A region of liquid-liquid immiscibility was found in the LiF-BeF,-
Zr¥F, system, in composition ranges that melt characteristically to glassy
liquids; containing BeF,, the miscibility gap includes ZrF, concentrations
from 25 to 70 mole ¢ and LiF concentrations from 5 to 20 mole %. The
exact boundaries, though far removed from regions of interest in reactors,
are still under study in quenching experiments.

The structure of a recently discovered fluoride of xenon, XeF,-XeFy,
has been determined by x-ray diffraction. Conditions favorable for the
exlstence of this addition compound may have occurred at some stage during
the decay period following in-pile tests with sealed capsules that evolved
xenon and subsequently Fs.

Oxide equilibria in flush-salt - fuel-salt mixtures have provided
additional evidence that there is no appreciable solid solution formation
of U0, with ZrO, when excess oxide ions are scavenged from melts as
ZrOz. Indications in some ranges of a dependence on both concentration
and temperature were found for the limiting ZrF4/UF4 concentration ratio
required for scavenging oxide as ZrO,, but the better than 5/1 ratio
design value previously specified for the MSRE contains an ample margin
as far as operating fuel is concerned.

In connection with sulfur removal during fuel purification proce-
dures, several bench-scale studies were carried out to compare the po-
tential usefulness of alternate methods and to learn more of the detailed
mechanisms of sulfur behavior with respect to both removal and corrosion.
Relatively little change in current practice involving H,-HF mixtures
was indicated except that an associated use of elemental beryllium as
a reducing agent, which should also be effective for other impurities as
well, showed some promise of improved overall efficiency.

Among the factors that influence the interfacial behavior of MSRE
fluoride melts with respect to graphite, trace amounts of H,0 of 10 ppm
or less in the atmosphere over sessile drops caused marked spreading or
superficial wetting of graphite but no penetration. In comparison with
Hp0, Oy caused relatively little alteration of the normal nonwetting
behavior; neither was saturation with dissolved oxides in the fluoride
melt of any consequence in changing the nonwetting behavior.



Recent measurements of viscosity as a function of temperature gave
viscosities of 8 centipoises for the MSRE fuel at 650°C and 10 centi-
poises for the coolant at 570°C; these temperatures are averages for
normal reactor operation.

Rates of removal of reducible impurities from MSRE melts were stud-
ied under various conditions; for treatments with H,, both higher flow
rates (10 liters of H, per minute) and higher temperatures had a signif-
icant effect in shortening the time required for purification.

Recent measurements on strongly reduced fuels gave unexpectedly low
values for the solubility of UFj3. The disagreement between these and
previous measurements and other puzzling data that were obtained suggest
that defined equilibrium conditions were not achieved.

A pyrolytic method was developed for determining the fluoride con-
tent of the fuel salts and was tested in the hot-cell mock-up. The salt
is reacted with moist oxygen at 1000°C in the presence of UsOg in nickel
equipment, and the fluoride that is evolved is trapped in sodium hydrox-
ide. A relative standard deviation of 14, was obtained when nonradio-
active salts were analyzed by use of remote techniques.

An amperometric method was developed for titrating Cr (VI) with
ferrous sulfate to analyze for chromium in fuel salts. The precision
of bench-type analysis is l%. Testing of the method in the hot-cell
mock-up has begun with nonradiocactive samples.

A radio-frequency concentrator was incorporated in the ignition
chamber of the modified ILeco analyzer that is being used to study the
determination of oxygen in fuel salts by inert-gas fusion procedures.
Samples of uranium and zirconium oxides in graphite capsules were re-
duced to carbides within a 5-min ignition period in the initial tests.

The statistical evaluation of the spectrophotometric method which
uses dimethylglyoxime and potassium persulfate oxidation for determi-
nation of nickel was completed in the hot-cell mock-up. The relative
standard deviation of the method was 2.89.

Prototypes of some of the equipment for handling and processing
fuel samples from the reactor were also tested in the hot-cell mock-up,

and some improvements were made.

7. Fuel Processing

The fuel-processing system design was reviewed, and minor revisions
are beling made to the drawings. Safety of the system was reevaluated,
and an activated-charcoal trap was added to improve iodine and tellurium
removal from the off-gas.
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Part 1. MSRE DESIGN, ENGINEERING ANALYSIS, AND
COMPONENT DEVELOPMENT






1. MSRE DESIGN, PROCUREMENT, AND CONSTRUCTION

The MSRE design, procurement, and construction was 78% complete on
July 31, 1963.

Status of Design

Mechanical and Process Design

Design of the mechanical systems for the reactor consisted mainly
in modifying existing drawings to incorporate recent results of develop-
ment work and to ease fabrication and construction problems. New design
work was started on an overflow tank for the fuel pump, a new fuel pump
with a larger bowl, and a strainer for the reactor vessel.

The present design of the fuel pump was based on experience with
components that existed early in 1960 and included enough margin of
safety to ensure that a reliable pump could be developed in a short time.
As a result the diameter and overhang of the shaft and the diameter of
the bowl were limited to values which, in turn, restricted the free volume
in the pump bowl to less than 2 ft°. The pump bowl is also a surge tank
for the fuel system; and this small volume, although adequate for normal
operation, provided very little margin for accommodating abnormal condi-
tions. Initially, an overflow line was included in the design to return
excess liquid from the pump bowl to the drain tank. However, the design
of the overflow line was considerably more difficult than had been ex-
pected; and since its operation presented several uncertainties, an over-
flow tank was substituted for the line.

The arrangement of the fuel pump and the overflow tank is shown in
Fig. 1.1. The tank is a toroid, with a volume of about 5 ft>. It is
located near the suction line directly below the pump bowl in the pump
furnace and is coupled to the pump by a short overflow line. The tank
is equipped with bubblers to indicate the liquid level. Liquid can be
returned to the fuel system by pressurizing the tank with helium through
the bubbler lines or the vent line.

Spare parts to be supplied for the MSRE will include replacements
for most of the major components. In some instances changes will be made
in the replacements to improve the design and performance of the reactor.

A replacement for the fuel pump is being designed. The design will
include a larger pump bowl to eliminate the overflow tank and a float-
type liquid-level indicator to substitute for one of the bubbler-type
indicators. Experience with the prototype pump indicates that the shaft
overhang can be increased sufficiently to provide a fuel expansion volume
of about 6 ft° without changing the shaft diameter, the seals, the bearings,
or the bowl diameter, and without significantly reducing the reliability.
The float-type level indicator was developed too late to be included in
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the original pump; but it appears to be an important improvement over the
bubbler devices and will be used on the replacement.

The MSRE was designed on the basis that there would be no attrition
of graphite in the core; therefore no chips of graphite would circulate
with the fuel. Inspection of the graphite for the reactor indicates that
some spalling can be expected; so a screen (strainer) was designed for
installation in the reactor vessel to remove pieces larger than 1/8 in.
in diameter from the circulating fuel. The installation is shown in
Fig. 1.2. Part of the screen is welded to the head of the reactor vessel,
but most of it is incorporated in an extension of the plug and control rod
thimble assembly that enters through the nozzle on the top of the vessel
head. This assembly is replaceable, with some difficulty, after the reactor
has been operated at power.

Instrumentation and Control Design

System Layout. Except for minor revisions the layout of the instru-
mentation and controls remains the same, as described in previous reports.
One process instrument panel was added in the auxiliary control room.
Multipoint temperature recorders with alarm switches which will monitor
the reactor drain-line temperatures are located in this panel. Two auxil-
lary control panels serving the lube-oil packages were relocated in the
service room to provide more space for other purposes. The two control
panels for the helium cover-gas purification system were moved to the
west end of the diesel house near the helium supply station. ILocations
of additional conduits between field-mounted equipment and the nearest
wireways were determined. Locations of thermocouple and instrument dis-
connects within the reactor and drain tank cells remained firm, but the
assignment of individual thermocouples to disconnects was considerably
revised. These revisions are the result of a continuing review of remote-
maintenance requirements and the addition of an overflow tank for the fuel
pump bowl. The locations of personnel radiation monitors and their inter-
connecting wireways were determined.

Flow Diagrams. All instrument application diagrams, instrument tabu-
lations, and design drawings were revised in accordance with recent design
changes. The diagram of the chemical processing system is not yet approved
for construction. Recent changes to the design of the fuel-pump-bowl cover-
gas system, the addition of a pump-bowl overflow tank, and additional
instrumentation dictated by control-circuit design will require further
revisions to these diagrams.

Simulation of Reactor Fill and Drain Transients. Further studies
were made of an analog computer model of the fill and drain system.2 The
fill-system control was designed to fill the reactor in a reasonable time
and yet ensure a salt flow rate of no more than 0.5 cfm when the core is
half full, according to the requirements of the postulated fill accident.
A capillary restrictor was designed and calibrated for insertion in the
helium fill line to so limit the flow under worst-case conditions. A simu-
lation incorporating the characteristics of this capillary indicated that
the time required for a normal fill would be approximately 3-1/2 hr.

3
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Recent studies of various means of preventing pressure surges in the
pump bowl resulted in the incorporation of a single capillary restrictor
in the common bypass line between the pump bowl and the drain tanks. Further
investigation of the undesirable results of pressure surge52 (possible dam-
age to pump-bowl oil seal, reversal of purge-gas flow, and erroneous level
instrument indication) led to a compromise between these effects and the
retarding of a dump and to a relaxing of the requirements for limiting the
surges. It was decided to design the restrictor such that the surge would
not affect the pump-bowl level indication so long as the valve in the line
to the spare drain tank was open. Table 1.1 summarizes the drain times for
various conditions, where in each case the initial bowl pressure was 5 psig,
the initial drain tank (No. 1) pressure was 27 psig, and the bowl purge flow
rate was 0.15 scfm. The freeze valve was assumed to open 5 min after the
start of the run, and the drain times shown started when the freeze valve
opened.

The maximum rate of pressure rise in the bowl that will not affect
the level indication was calculated to be 8.5 psi/min.

Control Circuitry Design. The control and safety circuit require-
ments were studied in great detail. Firm criteria for their design were
established, and the preliminary block diagrams were extensively revised.
Design of the circuits proceeded in those areas where criteria were avail-
able. Schematic drawings of the 12 freeze valve circuits were completed
and approved. Schematic drawings of the instrument air compressors and
lube-0il pump circuits were also approved. Block diagrams showing control
logic for process fill and drain, coolant salt, containment, freeze valve
safety, and auxiliary process control systems have now been approved. To-
gether these diagrams describe the criteria for control and protection
during startup and operation of the process system. Additional block dia-
grams of the control rod and radiator load control systems have been com-
pleted and issued for comment. Design of the control circuitry is continuing.

Table 1.1. Predicted Primary System Drain Times

Maximum Rate Time to Time for
Drain Tank 2 Drain Tank 1  Drain Tenk 1 of Pressure Drain 25% Complete
Bypass Bypass Vent Rise in Pump of Core Drain
(HCV-5L45) (HCV-5LL4) (HCV-5T73) Bowl (psi/min) (min) (min)
a a
Open Open Open 8.5 13.7 39.4
Open Opena Closed 8.5 16.6 45.8
Open Closed open® None 15.2 59. 4
Closed Open” open” 15 13.8 §1.3
Closed Open” Closed 15 16.3 43
Closed Closed Open” None 19.8 127

aPosition at start of run.



Control Panels and Cabinet Design. Designs of 40 of the 53 panel
board sections presently required are complete. Seven of the remaining
13 are either partially complete or held for revision. Preliminary design
studies have been made on the remaining six panels.

The design of three thermocouple alarm panels, two thermocouple
scanner panels, and one main board panel was completed and approved. Minor
revisions to two main board panels were also completed. Work on two pro-
cess radiation monitor panels is nearing completion, and the control-circuit
relay cabinet design is under way. The fuel-pump level transmitter panel
is being redesigned to accommodate the new equipment required by the addi-
tion of the pump-bowl overflow tank.

Field Installation Design. Drawings of the routing of interconnecting
wiring and cables for the annunciator system and for the Foxboro Electronic
Consotrol Instrumentation system were completed and approved for construction.
Wiring diagrams of 16 junction boxes serving all valve position switches,
instrument air system alarm switches, cooling water system, special equip-
ment area, and the helium cover-gas system were completed and approved.

The design of the thermocouple interconnections, including wiring dia-
grams for the large junction boxes just outside the cells, were exten-
sively revised to incorporate changes resulting from reassignment of
thermocouples to disconnects within the reactor and drain cells and addi-
tion of in-cell thermocouples.

Thermocouples. Detail design of the thermocouple system, including
interconnections, is ~80% complete.

Design of the thermocouple installation has proved to be more diffi-
cult than originally expected. Owing to the requirements of remote main-
tenance and the compactness of the in-cell reactor system, the location
of disconnects and the routing of leads as well as the disconnect assign-
ment and the point of attachment of each in-cell thermocouple have had
to be carefully selected. Numerous changes in thermocouple location and
other drawings were required before the many conflicting requirements
were satisfied. The design of this system is now considered to be rea-
sonably firm.

Thermocouple locations in the chemical processing system and the fuel
loading and transfer system were determined. The thermocouple tabulation
was revised and approved for construction. A proposed design for the two
thermocouple wells, one each to be installed immediately upstream and
downstream from the coolant salt radiator, was submitted for comment. Cal-
culations indicate that the proposed well is strong enough to withstand
the conditions of temperature, pressure, velocity, and vibration existing
in the system. The design of the thermocouple scanner system is complete
except for the addition of a signal-identification device.

Process and Personnel Radiation Monitors. The number and type of
process monitors remain as previously reported. The chemical plant moni-
tors have not been specified. Panel, shield, and detector installation
drawings were completed, and all equipment was ordered.




Personnel monitoring instruments remain as previously reported. A
drawing showing individual instrument locations was issued. The instruments
were ordered and most have been delivered. The criteria for incorporating
the personnel monitors into the building evacuation system are being de-
veloped.

The criteria for the off-gas stack monitoring system were established.

Status of Fabrication of Major Reactor Components

Reactor Vessel and Control Rod Thimble Assembly

The reactor vessel (Fig. 1.3) is ~90% complete; final assembly will
be done when the graphite core blocks are received in October. After some
temporary suspension of work on the control rod thimbles, pending the re-
sults of development work, drawings are being revised and fabrication work
is being restarted.

Heat Exchanger

The primary heat exchanger was completed in the Y-12 Shops and de-
livered to the reactor site (Fig. 1..4).

Fuel and Coolant Pumps

Fabrication of coolant pump bowl was completed (see Fig. 1.5), and
final machining of the fuel pump bowl is in progress. Work is continuing
on the fuel pump cooling shroud. Fabrication of the overflow tank is in
progress, and a float type of level indicator unit is being made for the
coolant pump.

The finish machining of the bearing housings for both pumps was
completed, and the pump lubricating-oil stands are complete except for
the installation of the instrumentation. The first of the containment
vessels for the pump drive motors is being finish-machined prior to
installation of the motor components. Vessels for three more motors are
in various stages of weld repair of laminar defects.

Radiator and Radiator Enclosure

The salt-to-air radiator was completed, and its installation in the
radiator enclosure is nearing completion (Fig. 1.6). The electrical
heating equipment is also being installed in the radiator enclosure.

Salt Storage Tanks

The fuel-salt flush tank, the coolant-salt storage tanks, the two
fuel-salt storage tanks (Fig. 1.7), and the two steam domes and bayonet
assemblies for cooling the fuel-salt storage tanks were completed and
delivered to the reactor site, Building 7503. ©Salt level indicator probes
are being fabricated for each of the four salt storage tanks.
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Freeze Flanges

Four of the 6-1/2 pairs of freeze flanges were completed and delivered
to the reactor site. Fabrication of freeze flange clamps is in progress.

Major Procurement

Moderator Graphite

The National Carbon Company has produced graphite bars which are
satisfactory for the moderator core blocks. Machining is in progress,
and delivery is scheduled for October.

Salt Piping and Component Heating Equipment

The coolant-salt storage-tank furnace, fuel-pump furnace, and four
salt storage-tank furnaces (less removable electric heaters) were completed.
Fabrication of 12 heater control panels, reactor heaters, and drain-tank
removable heaters is continuing.

Procurement was completed for numerous electrical items, including
heaters, cable, transformers, thermal insulation, wire, seals, terminal
blocks, and other materials. Procurement is approximately 90% complete
for all electrical items except the special pipe heaters.

A contract was awarded Mirror Insulation Company for the detail
design and fabrication of special units for heating the salt piping and
heat exchanger in the reactor and drain-tank cells.

The heater supports in the drain-tank cell were completed.

Remote Maintenance Equipment

Procurement is complete for special optical tooling equipment. Vendor
fabrication of the large, portable, sliding shield for the maintenance
facility is nearing completion. The fabrication of pipe alignment brackets
for freeze flanges is nearing completion. Fabrication was started on the
graphite sampler equipment.

Reactor Auxiliary Systems

Young Radiator Company completed the three space coolers for removing
heat from the reactor and drain tank. The two helium preheaters and a leak-
detector valve cabinet were finished. One stainless steel expansion tank,
one stainless steel condensate tank, and other miscellaneous equipment
were obtained from vendors. Fabrication of a treated helium surge tank
is in progress.

Instrumentation Fabrication

Four stainless venturi flow elements for measuring flow in the lubri-
cating-oil packages for the salt pumps were delivered. The neutron instru-
ment tube extension for the reactor is complete. The neutron tube harp
assembly and six process line detector lead shields are being fabricated.
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Fuel-Salt Sampler and Enricher

The fuel transfer tube and positioning jig assembly were completed.
The special motorized valves were received from the vendor. TFabrication
of the main unit of the sampler-enricher awaits completion of a redesign
of some pieces on the basis of results of development tests.

Status of Construction

Reactor Cell

The thermal shield was installed, and the interconnecting piping was
completed (Fig. 1.8). The support steel was installed for the fuel pump,
heat exchanger, fuel piping, and auxiliary piping.

The disconnects were attached to the heater cable, the cable was
installed, and the disconnects were mounted.

Water piping was installed for the component cooling system and the
space coolers. About one-half the auxiliary piping has been fabricated
and installed for the fuel pump.

A1l penetrations for leak-detector tubing, valve air lines, and
electrical cable were installed, and the welding was completed.

The jig was assembled for the reactor heat exchanger and fuel pump;
optical tooling is being used to locate flanges, equipment center lines,
etc. The heat exchanger was located on the Jjig along with two pairs of
its flanges (Fig. 1.9).

Fuel-Drain-Tank Cell

A1l support steel for the drain tanks, drain piping, electrical dis-
connects, etc., was installed, and the welding was completed.

Steam and water lines were installed for the steam domes. The drain-
tank furnaces were installed (Fig. 1.10).

The fuel flush tank was fitted to the Jjig and located in the cell
(Fig. 1.11).

The steam dome for the drain tank No. 2 is being fitted into the Jig,
and this operation is 90% complete. Ninety percent of the helium piping
and the drain-line piping has been fabricated.

Coolant Cell

Installation of the oil catch tanks, waste oil receivers, intercon-
necting piping and valving 1is ~50% complete.
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Drain-Tank Cell, Showing Assembly of Steam Dome Cooling System for Fuel Drain Tanks.

Fig. 1.10.
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The water piping was installed between the water room and the reactor
cell penetrations.

The supports were installed for the coolant drain tank and the coolant
pump.

CPFF Construction

Cable trays and other wiring and conduit supports are being installed
in the basement of Building 7503. This work is ~lO% complete.

The dismantling and removal of switch-gear panels, circuit breakers,
etc., in the diesel building west of Building 7503 was started. FExisting
wiring and electrical gear to be used in the MSRE are being checked out;
this work is ~10% complete.

The installation of the component cooling tanks and compressors and

miscellaneous auxiliary piping outside the reactor, fuel drain tank, and
coolant cells has begun.

Procurement and Installation of Instrumentation

With the exception of some additional instrumentation required by
recent revisions and instrumentation for the chemical processing system,
preparation of specifications and initiation of procurement of process
instrument components were completed. Most of these components are now
on hand, and delivery of the others is expected within the next three
months.

Several orders for components that required special development or
procurement effort were completed. The special components include the
weld-sealed tranmitters and valves for radioactive helium gas service.
Freeze-flange and freeze-valve temperature alarm switches were received
from the Electro Systems Corporation, and acceptance tests were completed.
Vendors quotations for weld-sealed solenoid valves are being evaluated.
Purchase orders have been placed for all components of the thermocouple
scanning system.

AEC approval was obtained for purchase of a computer data-logging
system. Proposals received from four vendors are presently being evalu-
ated.

Most of the equipment required for the process radiation monitor
system is on hand, and the remainder is on order. Personnel radiation
monitor instrumentation is on order, and procurement of nuclear instru-
ment components is under way.

Fabrication of 28 instrument panels was completed, and 11 additional
panels are being made. TInstallation of completed panels and other equip-
ment at the reactor site was started in June and is rapidly continuing.
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The installation of 149 thermocouples in the radiator assembly was
completed. These installations were particularly difficult owing to the
special nature of the mechanical attachment to the thin-walled radiator
tubes and the compactness of the radiator assembly. Thermocouple dis-
connects and multiconductor extension cables in the reactor cell are being
installed. Installation of control valves and signal transmitters in the
coolant drain cell is also under way.

The ORNL Shops are fabricating the special alarm discriminator units
for the temperature scanner system.
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2. COMPONENT DEVELOPMENT

Drain-Tank Cooler Test

The drain-tank cooler test was terminated after 2600 cycles between
1300 and 212°F owing to a leak in the steam system. This test is be-
lieved to be equivalent to several years of service in the MSRE. Figure
2.1 shows one of the three Inconel cooling tube assemblies after it was
opened for examination. The l—l/2—in.—diam, 0.065-in.-wall thimbles
which were in contact with the carbonate salt on the outside and air on
the inside were in good condition. Two of the three l-in.-diam sched-4O
pipe cooling tubes that were inserted in the thimbles were cracked, as
were the l/Z-in.-diam, 0.049-in.-wall water tubes contained in the
cooling tubes. The third tube was not opened. Figure 2.2 shows the
most severe cracking, which occurred 38 in. from the bottom of the cool-
ing tube approximately 36 in. below the surface of the salt. There was
additional severe cracking on this tube at the same elevation, but on
the opposite side.

Figure 2.3 is a detailed photograph of the water tube shown in
Fig. 2.1, indicating the severity of the cracking. This cracking was at
the same elevation as that shown in Fig. 2.2, and the resulting jet of
water possibly contributed to the damage of the cooling tube. Figure
2.4 shows the lower part of the cooling tube from Fig. 2.1. This figure
shows how the l/l6-in. spacer bars that centered the cooling tube inside
the thimble had cracked. It also shows another crack at a weld point.
The thermocouple shown had failed previously, as indicated in the thermo-
couple test described later in this chapter.

Repeated, severe thermal stressing of the tightly confined compo-
nents appears to have caused the cracking in all cases. However, samples
of the damaged sections are being metallurgically examined to confirm
this.

The design of the spacer fins shown in Figs. 2.3 and 2.4 was changed,
and a prototype cooling tube of INOR-8 was assembled for further testing.

Heater Tests

Drain-Tank Heater

A prototype drain-tank heater was built and is being tested to demon-
strate the structural strength and thermal stability of the stainless
steel container. Figure 2.5 is a photograph of the unit during assembly,
showing the eight individual ceramic-encased heating elements which have
a total rated capacity of L4.55 kw. The container is 101-3/L in. high,

2 in. thick, and is curved on a radius of 28 in. Each heater unit is
equipped with a remote electrical disconnect and pickup bail. There are
sixteen heaters of this type in the heating system of the three drain
tanks.

23
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The unit has operated for 2876 hr at 1200°F average temperature
without difficulty.

The temperature distributions are shown in Fig. 2.6. Temperatures
on the heater face were measured at the approximate center of each
ceramic element with thermocouples that were cemented on the outer sur-
face of the ceramic, under the outer metal cover plates. Temperatures
on the cover plate were measured on the surface of the inner metal cover
plates at the indicated positions.

The large temperature difference between the top and bottom of the
heater was considered undesirable; and the electrical circuitry is being
changed to put the upper and lower zones on separate controls. An addi-
tional 4 in. of insulation is being added to the top of the enclosure to
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Fig. 2.6. Drain-Tank-Heater Temperature Distribution.
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make the total thickness 8 in. to reduce the large heat losses at this
point. Testing will continue when the changes are completed.

Pipe Heater with Reflective Insulation

The reflectively insulated heater boxes for the 5-in. pipe were
operated as a life test. Data from the beginning and the end of six
months of continuous operation at 1400°F are compared in Fig. 2.7. The
increased heat loss is due to a change in the emissivity of the lamina-
tions and damage to the silver plating of one of the units, as previ-
ously reported.l Silver plating of the undamaged heater is in excellent
condition. Both units under test appear to be in good condition, with
little warping. A contract has been let to the Mirror Insulation
Company of Lambertville, New Jersey, for the detailed design and fabri-
cation of similar heaters for the reactor.
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Fig. 2.7. Comparison of Insulation Performance
of Removable Reflective-Insulated Heater Boxes (Mirror
Mfg. Co.) for MSRE 5-in. Pipe. Heaters had been op-
erated for six months at 1400°F.

Control Rod

The variation in length of the flexible control rod after a scram
operation continues to be a problem. The accuracy of the rod position
measurement needed for use in analysis of reactivity data was established
as to.2 in. Since the position-indicating devices operate at the upper
end of the rod while the active section is at the lower end, any varia-
tion in length due to distortion, thermal expansion, or slip in mechani-
cal linkage will produce an error in measurement of true position.
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A positive position indicator is being tested which will detect the
passage of the lower end of the rod past a known point. It is a simple
air gage that makes use of the cooling air which normally flows down
the hollow control rod. An air-exhaust nozzle with radial ports is
attached to the bottom end of the rod, and a throat (or restrictor) is
welded into the guide bar cage at a known point in the thimble. When
the nozzle passes through the throat, a clear signal is indicated on the
recording of the pressure drop across the rod. By calibrating the
synchro indicators of rod position with the pressure signals when a rod
is installed, any change in the rod length during operation is indicated
as a change in the calibration. Preliminary results show that the error
in indication of the single position is < 0.1 in.

Control Rod Prototype

The prototype rod drive mechanism was received from the Vard Corpo-
ration of Pasadena, California,in mid-July. Figure 2.8 shows the complete
drive unit together with its housing, and Fig. 2.9 shows the power- and
the position-indicator package. One of the position-indicator synchros
was found to be electrically grounded internally and was returned to the
contractor for replacement.

Installation of the prototype control rod test facility is essen-
tially complete. TFigure 2.10 shows the complete control rod thimble, in-
cluding the drive unit adaptor flange.

The section of thimble from the hangers down will be immersed in
salt in the reactor and will be heated in a furnace to reactor tempera-
tures for the test. The overall length of the thimble is 11 ft, 3-1/2 in.

The complete control rod system will be tested when the control cir-

cuitry is checked.

Helium Purification System

Construction of the test loop for the helium purification system was
completed, and proof testing of the dryer and oxygen-removal unit was
started. The loop consists of a molecular sieve dryer for water removal
and a high-temperature titanium spongebed for oxygen removal, plus asso-
ciated flow, pressure, and temperature controls and analytical equipment
for determining the moisture and oxygen content of the gas stream. The
dryer and oxygen-removal unit are full-scale replicas of units designed
for the MSRE cover-gas system. The efficiency of the system is checked
by introducing helium at known impurity levels and monitoring the effluent
gas. A number of short (<li-hr) runs were made with the oxygen-removal
unit at 1000°F, the loop flow at design conditions of 10 liters per
minute of helium, and with varying inlet-oxygen concentrations. Initially,
complete removal (<0.l ppm) was obtained with inlet concentrations up to
225 ppm; but after the titanium bed reached 15% of saturation, break-
through occurred at an inlet concentration of 100 ppm, indicating that a
higher operating temperature will be required.

-3



35

The unit was shut down to repair a leak in the lower flange of the
oxygen-removal unit. Examination of the oxygen removal unit, which had
been at temperature for 1500 hr during the test period, showed the con-
dition of the internal parts to be satisfactory. Future tests will be
made with the oxygen-removal unit at lZOOOF, and data will be obtained on
both oxygen- and moisture-removal efficiencies.

The oxygen concentrations were measured during the above tests with
a Lockwood and McLorie electrolytic oxygen analyzer, model E. Agreement
to within 10% has been found with mass spectrometry analysis of samples
of helium that contained more than 20 ppm oxygen, and the accuracy at
1 ppm oxygen is expected to be about the same.

Sampler-Enricher System Mockup

Fabrication of the sampler-enricher system mockup and its installa-
tion into the Engineering Test Loop (EIL) was completed, and testing was
started. The mechanical equipment being used in the mockup may be used
later to sample the reactor coolant salt system, and the instruments
and electrical control panels will be used in the reactor fuel sampler-
enricher system.

After components were checked out and tested individually, the entire
system was used to isolate a sample of the uranium bearing salt from the
pump bowl of the ETL. In general, the system operated as planned. Ap=-
proximately 3 hr was required to complete the sampling operation. After
a few changes are made, mostly in the control systems, the sampling time
should be reduced to about 2z hr.

The cable drive mechanism,? as shown in Fig. 2.11, operated satis-
factorily during the test. In one test the drive mechanism was overloaded
to the stalled condition without apparent damage to the motor. Readings
on the capsule position indicator were reproducible to <l/4 in. In the
fully withdrawn position the capsule latch properly positioned itself such
that it could be operated with the manipulator, except in a few cases in
which the latch had been rotated 180° about the cable by hand. In these
cases the latch hung in the rotated position, and the manipulator was
needed to pivot it into proper alignment. Minor design modifications will
improve this self-aligning mechanism. The latch and attached capsule were
inserted and withdrawn into the pump bowl through the transfer tube with-
out difficulty.

The sample capsule was attached to and released from the latch easily
with the manipulator and required about 1 min. The manipulator was also
used to guide the sample transport container into place on the jig. Ex-
cept for leakage at the end seals of the two-ply boots used to exclude
oxygen from the manipulator work area, the manipulator was satisfactory.
Additional work will be done on the boot seals to elimin<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>