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SUMMARY

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

1. Reactor Analysis

Selective freezing of fuel salt in the drain tanks could permit the
MSRE core to be filled with concentrated fuel and premature criticality
could occur. This situation was studied for the case of fuel containing
no thorium. If the core were filled completely with concentrated fuel,
fluid temperatures in excess of 2500°F could result even if all control
rods were inserted. Insertion of rods near the time the core first be-
came critical would, however, keep the reactor subcritical for a time suf-
ficient to stop the fuel addition; stopping the addition would limit the
fuel temperature rise to less than 25°F.

Estimates were made of coolant salt activation by absorption of de-
layed neutrons for both the normal coolant LiF-BeF, (66-34 mole %) and for
LiF-NaF-KF (46.5-11.5-42 mole %). After 10-Mw operation, the activity of
the normal coolant will be about 2.7 pc/cm® and that of LiF-NaF-KF would
be about 2.5 uc/cm’.

Expressions were obtained relating the reactivity effects of Xel35
to the reactor conditions and the xenon spatial distribution. TFor the
MSRE and highly enriched uranium fuel, a reactivity decrease of about
0.6% was associated with an effective xenon poison fraction of 1%.

Calculations were made of the reactivity effects associated with
graphite shrinkage, fuel soakup, and uncertainties in salt and graphite
densities. For highly enriched uranium fuel, a 0.34% increase in re-
activity was associated with a 1% increase in average salt density; a 1%
increase in average graphite density increased reactivity by 0.53%. The
increase in average salt density associated with a 1% decrease in graphite
volume as a result of shrinkage caused the reactivity to increase by 1.18%.

2. Component Development

Two INOR-8 freeze-flange joints for 5-in.-diam sched.-40 pipe were
successfully tested, one in the thermal-cycling test loop and the other
in the pump-testing facility. The joint in the thermal-cycling test loop
was thermally cycled a total of 103 times between 100 and 1275°F, at the
bore, with a final helium leak rate of less than 5 X 107° cm? (STP)/sec
at the lower temperature. The joint tests were completed, but the Jjoint
in the pump-testing facility will be left in place for observation after
extended operating intervals.

An MSRE prototype freeze valve control circuit was installed in the
valve test loop for operational testing, and it performed satisfactorily
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in the control of the transfer valve, which is typical of all MSRE valves,
except the reactor drain valve. The reactor drain valve differs in the
orientation of its flat surface and in the presence of a concentric emer-
gency drain line inside the valve proper. The extra conduction of this
line resulted in a larger temperature difference between the center of
the valve and the surface during the freezing transient, requiring that
the automatic controls be set at a lower temperature than desired. In-
sulation of the thermocouple area is being tried as a solution to this
problem.

The design and fabrication of a prototype control rod drive was sub-
contracted, and work on the drive was started. Two types of flexible con-
trol rods were tested under realistic operating conditions. Excessive
wear at the bends of the guide thimble was solved by the installation of
rollers. Exact positioning of the bottom of the rod remains a problem.

Two all-metal prototype heaters for 5-in. pipe were received, and
testing was initiated. One heater was in excellent condition after oper-
ating for 2600 hr above 1200°F. The other failed after 1260 hr, probably
because of either abnormally high thermal stress or the presence of a con-
taminant that will not be encountered in the reactor.

The prototype cooling bayonets for removing fuel afterheat from the
MSRE drain tank were thermally shock tested a total of 2257 without fail-
ure. Six of the ten reactor-grade thermocouples were still intact after
this very severe test.

Fabrication of the sampler-enricher system mockup and installation
into the engineering test loop is nearing completion. Difficulties with
the sealing of the flanged disconnect were traced to stresses produced
during fabrication and were solved by annealing.

Operation of the full-scale MSRE core model with water at 85°F was
continued to make preliminary measurements of the internal flow distribu-
tion and pressure drop through the core. The difference in flow between
mutually perpendicular channels was reduced by drilling holes in the sup-
port lattice directly under the starved channels. The small radial depend-
ence of flow was determined as beneficial in giving more uniform tempera-
ture rise of the fuel. The over-all pressure drop through the MSRE core
model was measured and was found to be essentially independent of the
Reynolds number.

The engineering test loop was placed into operation after successful
pretreatment of graphite with vacuum and heat, and after treatment of the
operating salt with H, and HF to remove oxygen. The graphite container
access joint seal was operated in a manner to reduce the heat removed
from the Jjoint.

After 1540 hr of operation, the loop was shut down and graphite sam-
ples were removed for metallurgical examination. Treatment of the salt
in the drain tank with HF indicated the presence of at least two separate



phases of oxide. Although some improvements were made in the sampling
technique, the chemical analyses for oxide were not reliable and consist-
ent.

Measurements were made of the permeability of ETL graphite samples
with area-to-length ratios ranging from 69 to 99 cm. The permeability
to helium ranged from 1 X 10-2 to 3 X 10-3 cm?/sec.

A procedure for the remote replacement of a freeze flange gasket was
demonstrated. Two men completed the replacement in 8 hr, and it was esti-
mated that the replacement would require an additional 24 hr in the reac-
tor. Additional tools were designed and are being fabricated for the
maintenance of freeze flange FF-100 under its special conditions.

A l/6-scale model of the reactor cell was constructed for use in
studying maintenance problems.

Operation of the prototype fuel pump in molten salt was resumed, and
the testing program was reinstated. A water test of the fuel pump was
also run to determine the value of the radial force on the impeller for
several pump operating conditions of interest. Endurance testing of the
lubrication pump and the PKP fuel pump with molten salt were continued.

A prototype model of a two-level single-point molten-salt-level probe
has operated successfully for six months. Although the signal-to-noise
ratio obtained is adequate, an effort is being made to reduce the noise
level.

Developmental testing of a continuous liquid-level-indicating ele=-
ment for use in measuring the molten salt level in the MSRE pump bowl was
continued. Performance of two units is still satisfactory after one year
of operation at temperatures between 900 and 1300°F. Performance of a
bubbler-type molten-salt-level-indicating system, which simulates a sys-
tem to be installed on the MSRE, has been satisfactory.

A developmental temperature-scanning system was operated satisfacto-
rily for 3000 hr. At the end of this period, the system began generating
excessive noise pulses. The noise was determined to be due to oxidation
of mercury in the lower switch deck.

Negotiations were completed for the procurement of a special high-
temperature, NaK-filled, differential-pressure transmitter.

Thermon X63 was determined to be unsuitable for use as a heat-conduct-
ing bond on the MSRE radiator thermocouple installation. Eight MSRE pro-
totype surface-mounted thermocouples continued to perform satisfactorily
after 3000 hr of operation on the MSRE Experiment Test Loop. Drift of
six similar thermocouples remained at less that *2°F after 8000 hr at
1200 to 1250°F. Five out of ten thermocouples are still functioning
after 2050 severe thermal cycles.
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Data obtained from tests of MSRE prototype surface-mounted thermo-
couples on the MSRE pump test loop indicated that the thermocouples are

greatly influenced by the heaters. The thermocouples could not be used
for computation of reactor heat power or for precise measurement of the
mean reactor temperature unless the heater power was maintained constant
and a correction was made for bias in the thermocouple reading.

Several sealing and potting compounds were tested for use in seal-
ing the ends of mineral-insulated thermocouples and copper-tube-sheathed
thermocouple extension cable. Excellent seals were obtained with Araldite
epoxy compound and with a glass-to-metal hermetic solder seal. No accept-
able seals were obtained with low-temperature-setting ceramic-base com-
pounds. A compound which requires high-temperature curing is being in-
vestigated for possible use in sealing the ends of individual metal-
sheathed thermocouples.

3. MSRE Design, Procurement, and Installation

No significant changes were made in design concept or in detail of
any component or system. Design work, except for instrumentation, was
essentially completed, and a design report giving all engineering calcu-
lations and analyses of the system is being compiled.

The layout of the instrumentation and control system remains essen-
tially the same as previously reported. Three panels were added, location
of wireways was determined, and containment penetrations were assigned.

Additional instrument application flow diagrams for the chemical pro-
cessing system, the fuel loading and storage system, and the instrument
air distribution system were completed. Tabulations and application dia-
grams were revised to incorporate recent design changes.

Preliminary control system block diagrams were prepared, and criteria
for control and safety circuitry are being reviewed. The design of instru-
ment and control system panels is approximately 85% complete, and panel
fabrication is 50% complete. The design of instrument air interconnec-
tions was completed. Interconnection wiring designs for the annunciator
system and for the Foxboro Electronic Consotrol Instrumentation System
are nearing completion. Design work on thermocouple interconnections is
under way. Location and attachment drawings for thermocouples in the fuel
and coolant system and a tabulation of the 819 thermocouples in the reac-
tor system were completed.

Fabrication drawings for drain tank salt level probes and for oil
system venturi flow elements were completed. Requirements for process ra-
diation monitors were established, and design work on field installations
for these monitors is in progress. Panel design is nearing completion.
Design work on personnel monitoring installations is under way.

Approximately 90% of the commercially available standard components
for the reactor system instrumentation was received. Approval was ob-
tained for procurement of the data system.
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An analog simulation of the reactor fill and drain system indicated
that the use of restrictors in the bypass lines between drain tanks and
the pump bowl would reduce pump bowl pressure transients during a dump
to an acceptable level without an objectionable increase in the time re-
quired to complete a dump.

All modifications to Building 7503, which will house the MSRE, were
completed. Fabrication of the fuel system flush tank, the coolant salt
storage tank, and the steam dome and bayonet tube assemblies for the
drain tank coolant system was completed. Other components are approxi-
mately 85% complete.

Difficulty in the manufacturing of the MSRE graphite was encountered
that will delay delivery until after July 1, 1963. Procurement of miscel-
laneous equipment and material for MSRE auxiliary systems is approximately
85% complete.

Part 2. Materials Studies

4. Metallurgy

A full-scale sample heat exchanger was successfully fabricated to
test previously developed welding and brazing procedures. The 52 welded-
and-brazed tube-to-tube sheet joints exhibited good weld soundness and
complete brazes. Ultrasonic inspection techniques for the tube brazes
were correlated with metallographic studies, and a 3/32-in-diam flat-
bottom reference hole was selected as the standard for evaluating braz-
ing of the MSRE heat exchanger. The MSRE heat exchanger core was suc-
cessfully assembled and welded.

Mechanical properties studies of random heats of reactor quality
INOR-8 to be used in the MSRE indicated that these materials have signifi-
cantly better properties than the design values established with the pre-
viously available INOR-8. INOR-8 was approved for code construction by
the ASME Boiler and Pressure Vessel Code Committee. The allowable
stresses are reported.

The CGB graphite bars produced for the MSRE moderator were found to
meet specifications except that there were cracks and some bars had dengi-
ties as low as 1.82 g/cm3. Despite these conditions the graphite was
found to have good mechanical strength and low permeation when exposed
to salt. The salt permeation of cracked CGB graphite was tested at 150
psig and 1300°F and was found to be less than 0.1% of the bulk volume.
Rapid thermal cycling between 390 and 1300°F did not damage the graphite
or cause salt-impregnated cracks to propagate. The tensile strength was
found to range from 5440 to 6500 psi when tested as a round bar or a ring.
The strength of severely cracked specimens was as low as 1500 psi; how-
ever, the material did not demonstrate notch sensitivity.
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Sample control rod elements were tested in the control-rod-testing
rig. They were thermally and mechanically stressed for 600 hr through
approximately 11,000 cycles. The hot-pressed Gd;03-Al,03 cylinders
cracked during this testing but did not crumble, and the metal container
was not distorted.

Cold-pressed and sintered cylinders of Gd,03-Al,03 mixtures contain-
ing 30 wt % Al,03 were prepared by working with prereacted powder that
had 95% of the calculated density. Shrinkage behavior at successive
sintering temperatures caused distortion, apparently because of the for-
mation of intermediate compounds by a peritectic reaction. The use of a
prereacted Gd,03-Al,05 holding fixture was found to resolve the distor-
tion problem.

5., Radiation Effects

The source of the previously encountered F,; in the cover gas of
sealed capsules examined after an exposure of 1020 neutrons/cm2 was dis-
covered in recent irradiation experiments. The fluorine was evolved from
the frozen fuel at room temperature as a consequence of radiation damage
to the crystals. No evidence of radiation damage to the molten fuel was
found, and the evolution of F, at low temperature appeared to be easily
avoidable without appreciable changes in present plans for MSRE operation.

Examinations of sealed capsules from earlier exposures were continued.
The results served chiefly to confirm previously reported preliminary
findings and surmises. Analyses of gas samples that were accumulated in
capsules operating at MSRE conditions gave reassuringly negative results
in regard to the evolution of CF,;. Results from all experiments, includ-
ing gas analyses from a variety of operating conditions, make a strong
case for the presence of CF, only as a secondary consequence of Fp pro-
duction. The absence of evidence of unusual loss of fluorine in any form
from the fissioning fuel at high temperatures was firmly established and
confirmed both thermodynamic predictions and the conclusions from irradia-
tion tests since the earliest work on molten salt reactors. The post-
exposure evolution of F, from the solids, which even yet has not always
occurred when it might be expected, was generally not identified when
present in earlier hot cell examinations, presumably because the gas
phase usually escaped and was never analyzed; fluorine was undoubtedly
associated with an earlier instance of an unidentified smoke that was
noted when loop sections containing irradiated fuel were segmented.

6. Chemistry

Continued phase equilibrium studies of MSRE-type fluoride mixtures
showed that in none of the complex solid compounds so far encountered in
the LiF-rich region of the LiF-ZrF,-UF, ternary system does UF,; partici-
pate in a solid solution; however, the simple compounds UF; and ZrF, or
UF, and UF3; do form solid solutions. The solubility of UF3 in MSRE fuels
was studied and found to be more than adequate.



Revised and lower values for the solubility of oxides in fuel mix-
tures were correlated with recently established solubility products of
Zroé and UO,. Saturation limits at as low as 80-ppm oxide for precipi-
tation of Zr0O, were indicated for melts like the MSRE fuel; the scaveng-
ing action of ZrO, in protecting against precipitation of U0, was con-
firmed.

Favorably low vapor pressures for MSRE melts were determined experi-
mentally. The low vapor pressures are in part explained by strong com-
plexing of potentially volatile constituents, such as ZrF,;, as reflected
by calculated activity coefficients in the system LiF-ZrF,.

Further confirmation was obtained of the adequacy of proposed MSRE
startup procedures for removing moisture from graphite. Physically held
water was driven off near 100°C, and a small burst of more strongly bound
water was evolved near 400°C in a roughly reproducible pattern that was
only slightly altered by changes in the heating rate.

An experimental study of the reaction of CF, with fuel mixtures re-
duced by the addition of zirconium turnings showed that the CF, reacted
with the reduced fuel at an accelerated rate when admitted to the fuel
through a hollow graphite cylinder immersed in the fuel. The reasons for
this behavior are not yet fully established.

Experimental investigations involving fluorine were facilitated by
the use of a new manifold for regulating and controlling the flow of fluo-
rine gas. For example, XeF, was prepared as required. A facility for
the production of pure UF; was improved.

Four approaches to out-of-pile studies of irradiation-induced evolu-
tion of fluorine from solid fluoride fuels are being investigated. Con-
sideration is bein% given to the use of Van de Graaff electrons, beta
radiation from Sr2°-Y°%, gamma radiation from a Co8° source, and x-rays
from a high-capacity x-ray machine. All these radiation sources are amen-
able to use over extended salt composition and temperature ranges, and
most could be employed on molten salt if necessary.

Work continued on the development and evaluation of methods for
analysis of the radioactive MSRE fuel. A hot-cell mockup was used in
most of this work, along with actual high-level-radiation hot cells,
in order to simulate as closely as possible the conditions under which
it will be necessary to analyze highly radiocactive materials. Improved
means of analyzing fuel for oxides were studied.

7. Fuel Processing

Work on the detailed design of a fuel-processing system for the MSRE
was essentially completed. The locations of the equipment were estab-
lished, and the flow sheet was changed to route the exit gas from the
fluorine disposal system through the caustic scrubber.
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PART 1. MSRE DESIGN, ENGINEERING ANALYSIS, AND
COMPONENT DEVELOPMENT






1. REACTOR ANALYSIS

Analysis of Filling Accident

The filling accident described previously?! was reanalyzed® because
it is presently planned that the first charge of fuel will not contain
thorium. The accident postulated consisted of premature criticality
while the core was being filled with fuel salt containing more than the
design amount of uranium. The increase in the uranium concentration
could result from selective freezing of the salt in the drain tanks. The
accldent would be more severe without thorium in the fuel salt because,
if present, it would be concentrated with the uranium and would act as a
neutron poison.

In the reanalysis it was considered that the fuel contained fully
enriched uranium (0.15 mole % U) and no thorium. With this fuel, it was
found that control rod action alone was not sufficient to prevent a power
excursion for all the cases considered. It would be necessary to stop
filling the core because rod insertion would not always prevent the re-
actor from becoming supercritical and developing excessive temperatures
if the filling were completed.

Even with 59% of the fuel frozen in the dump tanks, the core could
be completely filled with the remaining fluid. If the frozen fraction
contained no uranium and the core were filled with the remaining fluid,
the fuel temperature would exceed 2500°F, even with all control rods in-
serted. Power and temperature transients were therefore predicted, using
an analog computer, to test various corrective actions. The results in-
dicated that if the fill rate were limited to 0.5 cfm, excessive temper-
atures could be prevented if the control rods were inserted and the gas-
control valves were operated at the time the power level reached ~15 Mw.
Inserting the rods limited the fuel temperature rise during the initial
excursion to less than 25°F, and operation of the gas valves stopped the
filling in time to prevent a damaging second power excursion. In an ex-
treme case in which it was assumed that one of the three control rods
failed to drop and two of the three gas control valves failed to operate,
a second excursion resulted from "coast-up" of the fuel level. In this
case, with an assumed initial fill rate of 0.5 cfm, the fuel temperature
rise at the hottest point was 150°F, and the final temperature was T5°F
above the starting temperature.

10ak Ridge National Laboratory, "MSRP Semiann. Prog. Rep. Aug. 31,
1962," USAEC Report ORNL-3369, p. 21.

2J. R. Engel, P. N. Haubenreich, and S. J. Ball, "Analysis of
Filling Accidents in MSRE," USAEC Report ORNL-TM-497, Oak Ridge National
Laboratory (in preparation).



Coolant Salt Activation

The activation of the coolant salt by delayed neutrons in the fuel-
to-coolant heat exchanger was estimated using TDC, a multigroup neutron
transport code. Important activities in the normal coolant, that is,
LiF-BeF, (66-34 mole %), were 2.0 puc/cm® from 7.%-s N8 and 0.7 pc/cm®
from 11°s F=°. If LiF-NaF-KF (46.5-11.5-42 mole %) were used as cool-
ant, the activities would be 1.1 pc/cm? from N'€, 0.4 pc/cm? from F=°,
0.7 pc/cm? from 15-h Na24, and 0.3 pc/cm? from 12.k-h K*2,

The present design provides adequate shielding for the radiation
from the coolant system during operation with either coolant. After
shutdown there would be no problem of radiation from the LiF-BeF_ cool-
ant. With LiF-NaF-KF as the coolant, radiation 6 ft from the coolant
drain tank shortly after 10-Mw operation would be only 100 to 200 mr/hr.

Dispersal of coolant through a leak in the radiator would present
a health hazard with either type of coolant. The toxicity of NaF de-
termines the maximum permissible concentration of LiF-NaF-KF in the air,
and the radioactivity is relatively unimportant. Because of the beryl-
lium, the maximum permissible concentration of the LiF-BeF, in air is
about one tenth that of LiF-NaF-KF.

Reactivity Effects of Xel®S

The total reactivity loss that will result from Xe*3S poisoning
during high-power operation of the MSRE will depend both on the total
amount and the spatial distribution of xenon in the fuel salt and in
pores in the graphite. The reactivity loss and the poison distribution
can be related theoretically, and the relation is most conveniently ex-
pressed in terms of a reactivity coefficient and an importance-averaged
xenon concentration.® According to first-order perturbation theory,
the weight function for the poison concentration is proportional to the
product of the thermal flux, ¢,, and the thermal flux adjoint, ¢,; thus

g * s %
J g ko, av + [0S o¥o_ av
* _ g s

1\TXe

’ (1)

{ 0¥o, av

3B. E. Prince, "Methods of Computing the Reactivity Effects of
Distributed Xenon, Graphite Shrinkage, and Fuel Soaskup in the MSRE,"
USAEC Report ORNL-TM-496, Oak Ridge National Laboratory (in preparation).



where N* is the importance-averaged concentration per unit reactor vol-
ume, N& “and NS are the local concentrations per unit volume of graphite
and sa%%, respegtively, and the integral limits g, s, and R refer to
graphite, salt, and reactor, respectively. The quantity N, is also the
uniform equilibrium concentration of xenon that produces thé same re-
activity change as the actual distribution.

In determining the total reactivity loss, a third quantity is often
utilized, the effective thermal poison fraction, Pxe: This is the
number of neutrons absorbed in xenon per neutron absorbed in U235, also
weighted with respect to neutron importance, and is given by

o.M [ oo av
Xe Xe ¢2¢2

P* R

Xe

== > s (2)
% (52,000, + Z2.000_) Qv

where
Z;’e = macroscopic absorption cross sections of UP35 for fast (1)
> and thermal neutrons (2), respectively,
OXe = xenon microscopic thermal-neutron absorption cross section.

' *
The relation between total xenon reactivity and PXe is given by:

Te1l ¥ o ¥
(225¢l¢l + 225¢2¢2) av .
PXe J (5)

Bk
K

R
1% 2,%
% (vigeie, + wxZele ) av

where p is the number of neutrons produced per fission and £%’2 are the
macroscopic fission cross sections for fast (l) and thermal hneutrons (2),
respectively. Thus, given knowledge of the xenon distribution, deter-
m&ning*the xenon reactivity involves three steps; namely, calculation of
Nyeo P> and &/k from Egs. (1), (2), and (3), respectively. Alterna-
tively, these relations may be used in the reverse sense in attempting
to infer the distribution from reactivity measurements at power.

The coefficients in the above equations were evaluated for the case
in which the fuel salt contained 0.15 mole % UF4 as highly enriched
uranium. The results were

|

*
= — 0.634 Pye

(&)
* _ s %
Pre = 4.08 x 10 N >



* -
where N, is the atoms of xenon per cubic centimeter times 10™2%. The
axial afd radial weight functions are plotted in Figs. 1.1 and 1.2.
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Fig. 1.1. Relative Reactivity Importance of Xenon Concentration
Versus Axial Position.

Reactivity Effects of Changes in Salt and Graphite Densities

Factors that influence the reactivity effects of graphite and salt
density changes are graphite shrinkage, fuel soakup, and uncertainties
in measured values of the densities at design conditions. When changes
in the over-all dimensions of the core can be neglected, reactivity
changes with density may be calculated using a reactivity coefficient
and a weighting function that expresses the relative importance of the
density change with respect to position.8 The latter is useful when the
density changes occur in a nonuniform manner throughout the core. The
calculation is similar to that for determining the temperature coef-
ficient of reactivity;4 in fact, the temperature coefficient is the sum

%0ak Ridge National Laboratory, "MSRP Semiann. Prog. Rep. Aug. 31,
1962," USAEC Report ORNL-3369, p. 33.
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Fig. 1.2. Relative Reactivity Importance of Xenon Concentration
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of the effects of density and thermal spectrum changes. The results of
calculations for fuel salt containing 0.15 mole % UF4 were

aN
&k _ s\*
Pl 0.343 (N—‘)
s
(5)
S
&k _ _8
= = 0.533 (=)
g
where N_ and N are the effective homogeneous densities of salt and
graphite, respéctively, per unit reactor volume, and (5N/N) is the

importance-averaged fractional change in density. The lattgfgis given
by



&N
J ay(x,2) 3 av
COMI
N 7s,e fGN(r,z) av
R

(6)

where G, is the spatial importance function. The axial and radial weight
functions for fuel and graphite density changes are plotted in Figs. 1.3
and 1.4,
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Fig. 1.3. Relative Reactivity Importance of Fractional Increases
in Salt and Graphite Densities Versus Axial Position.

The results given above can be used to calculate the reactivity
effects of uncertainties in the measured densities of the materials at
design conditions. In order to calculate the effects of graphite shrink-
age and fuel soakup, however, some specific situation must be considered.
If shrinkage were uniform in the transverse direction across a graphite
stringer and if the center of the stringer remained fixed during con-
traction, gaps would open between stringers and fill with fuel salt. The
homogeneous density of the graphite would remain constant; however, the
effective salt density, N_, would increase. If v_ and v_ represent vol-
ume fractions of salt and graphite in the lattice the f%actional change
in salt density would be given by &v_ = —8v_, and the associated changes
in salt density and reactivity would be

W Ve e Tp Y
NTv. TTYy. v °% £, (7)
s s s g S
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and
Sk * *
X £ =
= = 0.343 < Vs fl> = 1,18 fl 5 (8)

where £ is the fractional decrease in graphite volume as a result of
shrinkage (a function of position), and the starred quantities are
importance-averaged values of the indicated functions. Equation (8)
also applies to the case of fuel soakup if fl is replaced by f2, the
fraction of the graphite volume filled with salt.



10

2. COMPONENT DEVELOPMENT

Freeze-Ilange Joint Development

Two INOR-8 freeze-flange joints for 5-in.-diam sched.-LO pipe were
successfully tested, one in the thermal-cycling test loop and the other
in the pump-testing facility. Both joints were subjected to the antici-
pated extreme reactor conditions. The results of these tests are de-
scribed below. Although no specific future testing is planned, the
flanged joint in the pump-testing facility will be used to observe the
behavior of freeze flanges over extended operating intervals.

Thermal-Cycling Test

The freeze-flange joint installed in the thermal-cycling test loopt
was thermally cycled 103 times; an oval ring gasket was used for the last
60 cycles. Typical cycle temperatures are indicated in Fig. 2.1. Repre-
sentative leak rates measured during these cycles are listed in Table 2.1.

The performance of the freeze-flange joint during thermal cycling
indicated the following:

1. The leak rates at both the upper and lower cycle temperatures
were less at cycle 103 than at cycle Lk.

2. Both oval and octagonal rings make acceptable gas seals.

3. The leak rate at the lower cycle temperature always exceeded the
leak rate at the upper cycle temperature for both types of ring gaskets;
that is, the leak rate decreases with increasing temperature.

4. The joint maintained acceptable salt and gas seals under high-
temperature operation (1300°F), repetitive cycling, and severe tempera-

ture transients (1OO®F per minute for 6 min).

No future operations are being planned for the thermal-cycling test
loop.

Joint Tests in Pump-Testing Facility

A 5-in. INOR-8 freeze-flange joint with an oval ring gasket was
thermally cycled six times in the pump-testing facility.2 A cycle con-
sists of preheating the facility for 24 hr, introducing the molten salt
in 1 hr, circulating the molten salt, stopping the circulation for 1 hr,

l0ak Ridge National Laboratory, "MSRP Quar. Prog. Rep. July 31, 1960,"
USAEC Report ORNL-301M, pp. 24-25.

20ak Ridge National Laboratory, "MSRP Semiann. Prog. Rep. Feb. 28,
1961, " USAEC Report ORNL-3122, p. 51.
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Fig. 2.1. Typical Temperature Cycle During Thermal-Cycling Tests of
an INOR-8 Freeze-Flange Joint in 5-in.-diam Sched. -40 Pipe.

and dumping the salt. The last cycle had an operating time of 82 days
with a bulk salt temperature of about 12250F. All leak rates were less
than 4.0 x 106 cm® of helium per sec.

The test in the pump-testing facility was less demanding on the
flanged joint than the test in the thermal-cycling facility because of
the fewer cycles and generally lower operating temperatures. The flange
temperature distributions obtained in the two testing facilities systems
are compared in Fig. 2.2. The data indicate that the oscillating fuel
flow used to heat the flanged joint in the thermal-cycling loop produced
a good simulation of the conditions obtained with continuous flow in the
pump~-testing loop at reactor flow conditions.
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Table 2.1. Helium Leak Rate During a Thermal-Cycling Test
of a Freeze-Flange Joint

Bore Temperature® (°F)

At Minimum At Maximum Total Helium Leak Rate
Cycle No. Cycle Temperature Cycle Temperature {cm® (8TP)/sec]

Ll 100 7.5 x 107"
1080 3.1 X JLo'lL
L5 100 2.2 x 1077
5k 150 1.8 x 1077
67 1280 6.2 x 1071
8L 105 1.5 X 1077
86 1275 1.2 x 1071
103 1245 b.5 x 107/
100 2.3 % 1077

Sa11 temperatures taken with system at thermal equilibrium and represent
an average of temperatures at two points 180° apart on the bore.

Tests of Freeze-Valve Control Circuilt

The prototype control circuit for a prototype freeze valve was in-
stalled in the valve test loop for operational testing. The control
unit consists of a basic circuit into which several individual "off-on"
modules may be plugged. Each of the five modules for each valve is
actuated on a signal from a thermocouple mounted on the valve and serves
as a relay to control the valve heater and cooling-air supply. The
module set point is adjustable on each unit. The control of each valve
is adjusted to produce a specific temperature distribution near the
valve for on and off positions, respectively. The results of testing
this control circuit on two quite different freeze valves are reported
below.

Transfer Valve

Results of tests indicate that the type of valve to be used to con-
trol the transfer of salt between storage tanks will have a melting time
of less than 5 min and a freezing time of less than 15 min. The valve
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Fig. 2.2. Comparison of Temperature Distributions of Freeze-Flange
Joints Tested in the Thermal-Cycling Test Loop and in the Pump Testing
Facility.

is oriented so that the flat surface is in the horizontal position. The
loop salt temperature was held at 1225 to 1250°F during the tests. The
heat input required for melting was 1500 w, the "fast-freeze" air flow
required to establish the frozen zone was 35 scfm at 8.5 psig, and the
"hold-freeze" air flow required to maintain the frozen seal was less than
[ scfm at the same pressure. The temperature distribution across a valve
in the normal "hold-freeze" condition is shown in Fig. 2.3 for two dif-
ferent air flows.

Tests have shown that if the air flow is increased without a compen-
sating change in the heat input to the pipe on either side of the frozen
zone, the length of the frozen zone will be increased and there will be
an increase in the time required to thaw. If such compensation is made,
however, only a small increase in the time required to thaw will result.
For example, the time required to thaw increased from 3.75 to 4 min for
an increase from 3.6 to 5.4 scfm, with heat input compensation.
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Reactor Drain Valve

Difficulty was encountered in operation of the mockup of the reactor
core drain valve with the control circuitry described above. This valve
is located within the core thermal shield, and there is no means for
directly controlling the heat on the adjacent piping. It is installed
with its flat surface in the vertical plane to facilitate remote mainte-
nance of its heater. There is also a l/Z-in.-diam emergency drain line
installed within this valve that extends from the core tank to a point
Jjust below the valve.

Preliminary tests indicated an excessive freezing time, and an x-ray
photograph taken with the valve in the frozen condition showed a large
void above the frozen zone of the salt. Gas was trapped in this pocket
by gravity. The condition was corrected and the normal 15-min freeze
time was attained by reshaping the upper edge of the valve to eliminate
the gas pocket.

The emergency drain line that terminated just below the frozen zone
of the valve conducted heat from the upstream molten salt into the freeze-
plug area, created an unbalanced temperature distribution, and caused the
freeze plug to be displaced. It was necessary therefore to direct the
air to the upstream side of the valve center line and to modify the air
nozzles to offset the extra heat flow.
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Conduction of heat by the emergency drain line into the frozen zone
at the valve center also created some difficulty in adjusting the valve
shoulder temperature controls in the "hold-freeze" condition. The ther-
mocouples at this position are surface mounted and exposed to the cooling-
air flow and therefore do not indicate the true salt temperature. In the
transient from the thawed to the frozen condition the indicated temper-
ature may be as much as 300°F below the freezing point of the salt
before the valve is frozen. The thermocouple signals are transmitted to
the electronic switches which provide "on-off" control action about a
predetermined set point. If the set point is 750°F, the "fast-freeze"
air will reduce the pipe surface temperature to this point rapidly and
the control circuit will falsely indicate that the valve is frozen. The
circuit will oscillate from the "fast-freeze" to the "hold-freeze" con-
dition several times in the 10 to 15 min until the salt is frozen. If
the set point is lowered from YSOOF, the freeze plug is excessively
large. Insulation and air shields were applied to the thermocouples to
obtain better indication of the salt temperature, and further tests are
under way.

Reactor Control Rods and Drives

Control Rod Drive Prototype

The Vard Corporation of Pasadena, California, was given a contract
to design and build a prototype rod drive mechanism and to fabricate
additional drives after approval of the prototype. Completion of the
prototype is scheduled for May 1963.

A diagram of the drive is shown in Fig. 2.4. The diagram does not
show the limit switches and shock absorbers. A continuously running fan
will be provided to cool the motor, but its use is to be avoided if pos-
sible. The motor, tachometer, and gear reducer No. 1 may be incorporated
into a single integrated assembly. The drive is expected to have the
following performance characteristics:

Rod speed, maximum, in./sec 0.50

Rod stroke, in. 60

Position indication (referred to a
point on pitch circle of the
drive sprocket), in.

Coarse £0.20
Fine +0.030
Acceleration during scram, minimum, 16
ft/sec2

Clutch release time, maximum, sec 0.050
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The potentiometer provides the independent rod position information
required by the safety specification that the rods be withdrawn a mini-
mum amount during reactor filling. The overrunning clutch provides an
alternative drive path in the rod insert direction only and can be used
to assist gravity if the rod or its associated chain and sprockets stick
when called on to scram. Preliminary tests by the Vard Corporation
indicate that dynamic braking of the motor may be a satisfactory substi-
tute for the electromechanical brake shown on Fig. 2.4. This would per-
mit the elimination of one in-cell component, along with its associated
wiring and space requirements.

Control Rod

The control rod, which must be flexible to travel through the off-
sets necessitated by the crowded conditions at the top of the reactor, is
being developed at ORNL. Two types of flexible metal hose have been
tested: a helically wound hose with two l/8-in. braided restraining
cables, and a convoluted metal hose with a single wire-mesh sheath (see
Fig. 2.5). Each hose was 14 ft long from the drive chain connector to
the bottom of the poison elements, and it was tested in a 2-in. test
thimble which was maintained at 1000 to 1300°F during the tests. Two
reactor-quality stainless steel poison elements (Gd 05-Al,0x) were in-
cluded in the assembly, which was operated through 5000 full cycles of
60-in. stroke and 1500 scrams with accelerations near 16 ft/sec2. The
poison elements were removed periodically for examination. The results
of the examination are discussed in Chapter L.

Both types of flexible hose ran freely in the two offsets and thim-
ble. The maximum acceleration of the rods in the scram operation was
approximately 16 ft/secz. There was considerable backlash because of
the large clearance between the thimble and the control rod. Position-
ing within #0.030 in. was difficult because of the combination of the
inherent backlash and stretching of the metal hose at temperature.

The lower 16-in.-radius bend of the thimble, with the mesh-covered
convoluted metal hose in position, is shown in Fig. 2.6. Rollers were
installed in the thimble at this point and on the inside of the upper
bend to reduce the friction and abrasion of the thimble walls, which had
been as much as 0.022 in. in these areas.

Heater Tests

Pipe Heaters with Reflective Insulation

Two all-metal prototype heaters, with a joint closure piece, were
obtained from the Mirror Insulation Company, and are being subjected to
endurance tests. The units, shown in Fig. 2.7, are 30 in. long and are
made up of a 1l6-gage austenitic stainless steel outer shell which con-
tains six spaced laminations of 0.006-in.-thick stainless steel sheets.
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The total thickness of the reflective insulation is 4 in.; the inner

16-gage face sheet is flash plated with silver.
ments are clipped to the inner surface for easy removal.

The formed heating ele-
The heat

characteristics of the units were studied in tests conducted with the
units mounted as they would normally be positioned on the 5-in. pipe.

The test data are presented in Fig. 2.8.

One unit, which has not been

disturbed while hot or exposed to high thermal stresses, has operated

for 2640 hr above 1200°F.

The

silver oxidized uniformly and presented a white crystalline surface
The heating elements, which are totally imbedded in ceramic
material (Cooley Electric Mfg. Co.), are also in excellent condition.

throughout.

The other unit operated 1260 hr before failure.

It is in excellent condition, with only minor
blistering of the silver plating on the unheated base section.

This heater was fre-

quently moved and opened for inspection while hot, and it was also used
as an oven to burn out insulation that contained organic material.
ure occurred when the lead wires shorted to ground at the lead-wire exit

ports on the inside of the unit, as shown in Fig. 2.9.
were shielded with 5/32-in.-OD porcelain beads.

Fail-

The lead wires
The heat generated

during the short to ground was sufficient to burn off one lead wire from
each of the two curved heating elements and to melt the 3/8-in.-tubing

lead-wire ports at these points.

tered both on the base section and the removable unit; however, the
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silver under the heating elements was in good condition. There was severe
oxidation of the heater retaining clips and lower inside edges of the
removable section below the plating. Along the latter edge, there were
several points of complete penetration of the first lamination.

The failure occurred within a 48-hr period after the unit had been
used as an oven to burn out organic material from another type of insu-
lating material. The period of burnout was accompanied with off-gassing
and visible smoke, some of which plated out on the end closures. An
analysis of the material on the end closures indicated high sulphur con-
tent. The degeneration of the silver finish and the porcelain lead wire
beading might have been caused by the sulphur. Breakdown of the insu-
lators where the lead wires leave the unit could have caused a ground.
All materials for use in the reactor are consequently being checked to
eliminate those with volatile binding constituents.

The unit was opened frequently at one end while being operated at
temperatures above 1000°F. The low heat capacity of the reflective
sheets could have caused high thermal stresses when the heated unit was
opened to the atmosphere, with resultant blistering of the silver
plating. Such opening of the unit would not occur during reactor system
operation.

These units are, in general, structurally strong, nondusting, and
quite efficient. Therefore they were recommended for use in the MSRE
based on new specifications to prevent the severe oxidation problems
mentioned above.

Drain Tank Coolers

The prototype cooling bayonets for removing afterheat from the drain
tanks were thermally shock tested a total of 2257 times without failure.
Ten prototype wall-mounted thermocouples were installed in the test facil-
ity, and four of these failed after 1689 cycles. Three of the thermo-
couples which failed were the l/8-in.-OD, sheathed, duplex type and were
located at the high stress area at the bottom of the 1-in. bayonet. The
number of cycles completed before failure was a big improvement over the
performance in previous tests. There is a l/l6-in.—OD thermocouple of
the same type in the same location which has not failed. The tests are
continuing.

Sampler-Enricher System Mockup

Fabrication of the sampler-enricher system mockup and its installa-
tion into the Engineering Test Loop are nearing completion. Some minor
modifications of the initial design were made to facilitate fabrication.
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The cable drive mechanism is shown in Fig. 2.10 prior to installa-
tion. The motor has a 1 l/Z-rpm output speed and 28-in.-1b output torque.
There are four position switches on the motor. The cable, its spring-
loaded storage drum, and drive gear were purchased as a unit from Teleflex,
Inc. Two synchro transmitters geared directly to the drive-gear shaft
supply signals to the position indicator. One transmitter is geared so
that one revolution of the shaft represents 1 ft of cable passing the

drive gear; for the other, one revolution of the shaft represents 48 ft
of cable movement.

The inner compartment (area 1C) is pictured in Figs. 2.11 and 2.12
prior to installation of the wiring. The cable drive mechanism is
located in the upper box. The electrical connections for the motor, posi-
tion indicator, and position switches will be brought out through and
hermetically sealed in the three tubes located on the top of the box.
Front and rear views of the box are shown in Figs. 2.11 and 2.12.
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Flange Disconnects

Two sets of integral dual-sealed ring-joint-flange disconnects,?
that are planned for use in the line which connects the pump bowl and the
sampler were tested. The flanges were machined individually using gages
and procedures to make them interchangeable. The first set did not fit
properly and failed to seal. A helium leak rate of less than 10-6 cm3
(STP)/sec was obtained with a second set of flanges that had been fully
annealed and remachined. Further testing is in progress.

Core Development

Internal Flow Distribution

Operation of the full-scale MSRE core model with water at 850F was
continued to make measurements of the internal flow distribution and the
pressure drop through the core. The distribution of flow through the
moderator assembly is shown in Fig. 2.13. The flow was measured in 77
more or less randomly chosen fuel chamnels. There are two regimes of
flow distribution which represent fuel channels that are mutually perpen-
dicular to each other. The two regimes are characterized by different
inlet conditions. A plan view of a section of the l-in.-thick bars of
the core-support lattice with the fuel channel orientation superimposed
is also shown in Fig. 2.13 to illustrate the different inlet conditions
of the two regimes.

The flow, which must pass through the small square orifice formed by
the plane of contact of the two layers of support lattice, diverges into
the channels between the bars of the upper layer. From there, part of
the flow continues up into the fuel channels directly above, while the
rest of the flow must undergo a change in direction before entering the
"perpendicular" fuel channels. The effect of this change of direction is
to reduce the flow to those channels. This reduction in flow will be
eliminated by drilling holes in the lattice bars directly under the
starved channels.

It is also shown in Fig. 2.13 that the flow rate decreased slightly
with radial distance from the center of the vessel. This is because of
the radial pressure gradients in the vessel heads, particularly the lower
head. Since the flow rate is lowest where the power density is lowest,
this radial variation has the beneficial effect of making the temperature
rise of the fuel more uniform. The scatter of the data is primarily due
to buildup of tolerances in the assembly of the core-support lattice.

The fuel passes through constricted orifices in the lattice before it
goes to the moderator. The equivalent diameter of these orifices varies

30ak Ridge National Laboratory, "MSRP Prog. Rep. March 1 to August 31,
1961, " USAEC Report ORNL-3215, pp. 64-65.
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with the summation of several tolerances. Since the pressure drop through
these orifices is high compared with that through the moderator, the ori-
fices are important in controlling the flow distribution, even though
cross flow channels are provided in the core blocks. This scatter will

e much less in the reactor because closer tolerances will be used than
were used in fabricating the model and also because many of these clear-
ances decrease as the reactor heats up to operating temperature.

Core Pressure Drop

The over-all pressure drop through the core model from the inlet
pipe to the 10-in. outlet pipe was measured with water. The data are pre-
sented in Fig. 2.14. The line has a slope of 2.0, indicating that it is
almost independent of the Reynolds number; therefore; the same pressure
drop in terms of feet of fluid will be experienced with molten salt.

Engineering Test Loop (ETL)

The engineering test loop* was placed into operation in August 1962
after off-gassing the graphite in the graphite container and treating the

40ak Ridge National Laboratory, "MSRP Semiann. Prog. Rep. Feb. 28,
1962, " USAEC Report ORNL-3282, pp. 34-LO.
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operating salt in the drain tank with HF and H, to remove oxygen. After
1540 hr of continuous operation the loop was shut down (in October 1962),
and samples of graphite were removed via a dry box for metallurgical
examination. The subsequent treatment of the salt in the drain tank with
HF and H, produced information about the quantity and original phase of
the oxide removed. Additional information was obtained on the operational
characteristics of the graphite container access joint and on the forma-
tion of solids at the salt liquid level. Details of these tests are pre-
sented in the following sections.

Results of the Graphite Pretreatment

As described previously,5 the graphite was given a vacuum and dry
helium purge treatment at 1300°F prior to the introduction of the salt.

SO0ak Ridge National Laboratory, "MSRP Semiann. Prog. Rep. Aug. 31,
1962, " USAEC Report ORNL-3369, pp. 53-59.



30

In order to determine the effect of this treatment, as-received sample
ETL-1 and a sample (ETL-2) removed from the loop after this treatment were
degassed at elevated temperatures, and the evolved gas was analyzed. The
results of the gas analyses are presented in Table 2.2.°

Table 2.2. Comparison of Gases Evolved from As-Received
and Treated ETL Graphite

Temper- Volume of Gas Composition (vol %) 0. Removed
2

Sample ature Gas X
(°c) Evolvea® H, HC H,0 N, CO co, (PPm Py weight)
ETL-1 600 8.1 L2121 54 4 5 2 19
(as- 1000 13.4 71 8 8 2 11 10
received)
ETL-2 600 bk 5 4 5 1 3 2 2
(treated) 1000 7.5 bz 1 1 2 5 L 17

%Volume is given in cm® (STP) of gas per 100 cm3 graphite.

Gas evolved from ETL-2 at this temperature contained 80% helium.

Loop Operation

Pretreated salt® was circulated through the pretreated graphite at
1200°F with a velocity of 1 1/2 to 1 3/ ft/sec in the flow channels. The
loop was filled initially to the minimum operating level of the DANA pump
to provide a minimum salt-to-graphite ratio and a maximum resolution of
the effect of the graphite on the salt samples. The volume of salt cir-
culated was estimated to be 1 3/4 ft3; the graphite volume was 1 1/8 £t3;
and thus the salt-to-graphite ratio was 1 1/2. The pressure on the
graphite during operation was 11 to 12 psig at the inlet and 8 to 9 psig
at the outlet. In October, after 1540 hr of operation at the above con-
ditions, the loop was shut down for removal of samples.

Operation of the Graphite Container Access Joint

The graphite container access joint was operated differently than
reported® for the previous period of operation in which the liquid salt

SLetter from J. P. Blakely of Reactor Chemistry to J. L. Crowley,
"Gas Evolution from ETL Graphite," August 29, 1962.
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level was maintained against the frozen salt zone. During filling of

the loop with salt prior to operation during the current period, too much
of the trapped gas in the joint was bled off, and the liquid level rose
higher than was intended. After the frozen salt cake was established, as
indicated in Fig. 2.15, the heat removed by the cooling air required to
maintain the frozen zone was excessive and the loop temperatures could
not be maintained at 1200°F with the installed heater capacity. The heat
transfer in the liquid salt portion of this joint was much greater than
could be accounted for by conductance alone and was possibly due to some
small flow in the annular region below the frozen zone. By increasing
the gas pressure in the region above the frozen zone, it was possible to
lower the liquid level to the location shown in Fig. 2.15 and thus leave
the ring of frozen salt at the upper location, thereby arranging to take
the large temperature drop in the gas space. Apparently the salt cake
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was porous to gas pressured from the "dry" side, while an increase in
pressure from the liquid side tended to seal the pores with liquid. The
gas trapped above the liquid level maintained the level in the position
shown in Fig. 2.15 during 1500 hr of operation without further attention.
Although cooling air flow was maintained to assure sealing of the joint
during operation, the salt-to-gas interface temperature remained above
the temperature of the molten salt. The presence of the liquid-to-gas
interface during operation was also indicated by a constant differential
between the joint pressure and the changing pump bowl gas pressure. The
actual position of the salt-to-gas interface was determined by examina-
tion of the joint following shutdown.

Indications are that a similar type of joint could be operated in
the MSRE. The frozen-zone backup plug would protect against level fluc-
tuations resulting from pressure transients in the reactor. In partic-
uvlar, it would protect against the effect reported previously® of the
salt rising in only one sector of the annulus as the liquid began to
freeze in the other sectors.

The method of establishing the joint in the reactor would be to have
a low fill pressure in the reactor before the salt started in and then
to raise the salt to the level desired for the frozen-salt backup ring.
After freezing the ring, the level would be allowed to drop to below the
bottom of the joint, and the pump bowl pressure would be increased. The
salt level would then be raised to trap the required amount of gas and
thus obtain the proper liguid level for the designed operating conditions.
Some small manipulation of this final level would be possible by regu-
lating the gas pressure in the salt pump bowl.

Graphite Sampling Via Removable Dry Box

Twelve, small, cylindrical graphite samples, two graphite prototype
core elements (2 x 2 x 50 in.), and three metal specimens were removed
for metallurgical examination. A description of the problems encountered
in the sampling operation is given below.

The dry-box facility,> which enabled samples to be removed and re-
placed in the loop without admitting atmospheric contamination, was pre-
pared and attached to the graphite access joint after shutdown of the
loop. The small samples were easily removed and isolated in carriers,
but the graphite prototype core elements® appeared to be stuck and could
not be removed with the equipment available in the dry box. A 200-1b
spring scale had been included for measurement of the lifting force
required, but it was inadequate. Removal of the two elements was finally
accomplished by rapidly heating the graphite container to 500°F and there-
by expanding the container and loosening the elements. The lifting force
used was probably between the 200-1b limit of the scale and the 500-1b
rating of the hoist.

When extracted, there was evidence of small globules of salt remain-
ing between contacting surfaces of the graphite elements; however, from
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the appearance of these globules it is not believed that these were the
major cause of the removal difficulty. The original installation of these
elements was difficult because irregularities in the rolled and seam-
welded container made the fit very tight. The new elements were machined
to a slightly smaller size and were placed in position without difficulty.

The two elements removed had been inspected prior to testing and
designated class I and class IV, respectively. Class I denotes the best
and class IV the worst with respect to surface faults of all the elements
of the graphite obtained for the ETL experiments. When weighed upon re-
moval from the dry box, both elements had net weight gains of 7 g. Most
of this gain, however, was from salt that had entered the threaded open-
ing made for the INOR-8 lifting attachment. When this salt was removed
and weighed separately, the net increases in weight were 0.86 g and
1.0k g, 0.0185% and 0.022%, respectively. The MSRE specification allows
a O.5% net increase after operation with 150-psig pressure.

Analysis of Solids Removed from the Graphite Container Access Joint

When the core plug of the graphite container access Joint was removed
for graphite sampling, a ridge approximately 1/32 in. thick of metallic-
appearing material was found at the position of the former liquid level.
Most of the joint that was below the liquid level was covered with a very
thin dark coating down to the salt outlet of the container. A sample of
the metallic-appearing material was chipped off and was found to be mag-
netic. A chemical analysis of the sample indicated 7.55 wt % Fe, 2.34 wt
% Cr, and 52.5 wt % Zr. Salt samples from the loop contained only
0.13 wt % Zr. Indications were that the zirconium was in the form of ox-
ide, since an HF acid solution was required to dissolve the sample rather
than the usual nitric and sulphuric acid solutions used for the fluoride.?
The collection of corrosion products and zirconium oxide was apparently
caused by the cold-trapping effect of the temperature gradient in this
area and the very low salt velocity just below this area. Additional
tests will be conducted to determine the characteristics of this cold-
trapping effect.

Chemical Analysis and HF Treatment of HI'L Flush Salt

The flush salt used during operation of the ETL with graphite in-
stalled was treated with Hy and HF for two periods of 48 and 52 hr during
November and December to remove oxygen. In each case, the treatment was
continued until oxygen was no longer carried out in the effluent. Oxy-
gen removed by both of these treatments amounted to 18.75 g, or an equiv-
alent of 78 ppm in the total salt inventory. Less than half of the in-
ventory was circulated in the loop. Chemical analyses of 36 salt samples
taken during 1500 hr of operation with the graphite installed averaged
300 ppm in the loop and 200 ppm in the drain tank, for an average of
236 ppm in the total inventory. Since the H,-HF treatment appeared to

“W. F. Vaughan, private communication, November 1962.
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remove all the available oxide in the salt, it is concluded that the chem-
ical analyses contained some error. This error could result from contam-
ination of the sample or a fault in the procedure.

The product removal rates of three treatment periods during August,
November, and December have a similarity in form which suggests a method
of determining not only the total oxide content but also the quantities
present in different forms, such as soluble ZrO, and precipitated ZrO..
The results of the November treatment (following graphite operation),
shown in Fig. 2.16, indicate two phases of oxide removal. The curves of
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Fig. 2.16 are based on data collected from the first cold trap at 32°F,
since rates could not be determined from the final trap at -109°F. If,
however, the total collection rate could be determined, integration of
the individual slope equations would yield amounts of individual phases.
Additional data will be cobtained by adding oxide to the tank and measur-
ing the rate at which it is removed by the HF treatment.

ETL Graphite Permeability

Samples of the ETL graphite were tested for permeability at room
temperature.® The permeability tests were performed on prototype sec-
tions by measuring gas flow from the flow channel surface to a l/h-in.
hole drilled at the axial centerline of the element. For this configu-
ration, which has an area-to-length ratio ranging between 69 and 99 cm,
helium permeability of from 1 x 10-3 to 3 x 10-3 cm2/sec was measured on
three samples.

Xenon Transport in the MSRE

A series of experiments is being planned to obtain a better under-
standing of the mechanism controlling the distribution of xenon in the
MSRE. Preliminary studies in support of these experiments have shown
that the gaseous fission products tend to be transported into the graphite
or removed at the pump bowl. The studies have also shown that, within
the range of knowledge of the critical parameters, this division is
strongly dependent on the core flow characteristic, as well as the diffu-
sivity of the graphite and the removal rate at the pump bowl. Presently,
experiments are being planned to determine the xenon diffusion coeffi-
cient for reactor-grade graphite, to determine the removal rate in the
pump bowl, and to determine the over-all xenon mass transfer coefficient.

MSRE Maintenance Development

A procedure was prepared for the remote replacement of a freeze-flange
gasket. This task requires most of the anticipated in-cell manipulation of
the flanges. Eighty-eight steps are involved that include assembling the
clamp onto the flange (see Fig. 2.17), stowing the clamp on in-cell brack-
ets, spreading the flanges apart with the pipe line jack system, overcoming
misalignment, and handling the flange covers and the ring gasket. This
procedure was demonstrated in the maintenance mockup while observing as
many of the reactor restrictions and limitations as possible. The tools,
handled with a jib crane and a special A frame, were operated through a
wooden mockup of the portable maintenance shield and were observed re-
motely with a sheathed periscope. The complete task required two men for

®Letter from R. B. Evans, "Helium Leak Rates — ETL-MSRE Graphite, "
Auvgust 1k, 1962.
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one 8-hr shift in the mockup, and it is estimated that four 8-hr shifts
would be required in the reactor. The workability of the maintenance sys-
tem was established.

These tools and techniques are applicable to all freeze flanges in
the system, with the exception of FF-100 (between the reactor and the pump ),
where interferences with a pump support beam and line 101 hinder the place-
ment and operation of the presently designed tools. For this case, a
special offset clamp operator tool, which is the tool most affected by the
interferences, was designed and is being fabricated. Also, the mockup is
being completed in this area so that the new tool and all others may be
tested.

Maintenance Study Model

A l/6—scale model of the reactor cell was constructed (Figs. 2.18 and
2.19) to assist in evaluating maintenance problem areas both during design
and later during maintenance periods. The model is complete with respect
to the components that will be removed during ma<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>