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SUMMARY

RADIATION METALLURGY

ANP Creep and Stress Corrosion. - Irradiation of
a creep apparatus with Inconel specimens at 1500
psi was completed at the MTR. Because of partial
failure of the extensometer, the total creep will be
measured when the apparatus is returned to Oak
Ridge.

ENGINEERING PROPERTIES

LITR Fluoride-Fuel Loop. — The Inconel loop
was dismantled for removal of the samples and for
recovery of the uranium by using the remote cutting
tools installed in a hot cell of the Solid State

Building. Disassembly proceeded without incident.
An electric-arc cutting technique was developed
for removal of the stainless steel enclosure around

the pump bowl. Fission power and maximum flux
were determined by irradiating a simulated loop, by
heat-balance calculations, by radiochemical analy
ses for fission products in the fuel, by measuring
the activation of cobalt foils attached to the loop,
and by activation of the loop tubing itself. The
determinations of the power by these various meth
ods gave 2.5 to 2.8 kw during operation of the
loop, and the maximum power density was 0.4
kw/cc.

Chemical analyses of the fuel were carried out
to determine U, Zr, and the major constituents of
Inconel: Ni, Cr, and Fe. There were no appreci
able changes in the composition of the fuel during
operation, other than dilution of the fuel with the
NaF-ZrF . mixture used to flush the system prior to
irradiation. The chromium content had increased;
whereas nickel probably had decreased slightly
during operation, in keeping with experience with
unirradiated loops. An examination for ruthenium
fission product showed that this element had
plated out of the fuel onto the tubing walls.

Corrosion of the Inconel by the fluoride salt was
relatively light, as revealed by metallographic ex
amination of the loop tubing. The corrosion was
fairly general and uniform, and there was no accel
eration of attack that could be attributed to the

effects of irradiation. The average depth of voids
was generally !£ mil, but it was 1 mil in one region

which was not in the irradiated section. At sur

face cracks there was corrosive penetration to a
depth of 4 mils, but cracks with almost this same
depth of penetration were found in the as-received
tubing. No mass-transferred material was observed,
reflecting the almost isothermal conditions of op
eration.

FUSED SALTS

LITR Vertical Dynamic-Corrosion Loop. — The
vertical dynamic-corrosion loop operated 30 hr in
the LITR and was terminated because of a brush

failure in the motor. The operating characteristics
of the loop followed the design calculations satis
factorily. The next loop, which will have an induc
tion-type motor and some minor design changes,
will allow more fuel to be in the active lattice.

Deposition of Ru103 and Nb95 from Fluoride
Fuels. —Gamma-ray scint iIlation-spectrometry anal
yses show that Ru103 and Nb95 deposited from
fluoride fuels. The results are consistent with
those from the horizontal fluoride loop operated in
the LITR and with those from the operation of the
ARE. An autoradiograph indicates that the Ru-Nb
mixture does not diffuse readily into Inconel under
ARE conditions.

Theoretical Treatment of Xe Poisoning in the
ARE and the ART. —A theoretical study has been
made of the kinetics of Xe135 poisoning in ANP-
type reactors. The calculated dependence of the
steady-state Xe135 poisoning on the sparging-gas
flow rate is illustrated. The time dependence of
Xe135 poisoning during reactor operation has been
studied extensively.

Delay of Noble Gases by Charcoal Traps. —
Charcoal traps can be used as a time delay for
noble gases in a flowing system. Experiments
were performed to provide actual data for the
design of such a trap, and it is now being used in a
fission-product off-gas line operating at room tem
perature. In these experiments a small pulse of
Kr85 was swept through the trap with air, and,
upon observing, downstream from the trap, the ac
tivity as a function of time, it was found that the
krypton was delayed. The peak activity of the
eluted gas occurred after a time delay which was
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directly proportional to the trap volume and in
versely proportional to the air flow rate.

SPECIAL PROJECTS

Hot-Cell Operation. — Experiments were per
formed involving the disassembly of HRP in-pile
loops FF, GG, EE, and the LITR fluoride-fuel
loop. Equipment was installed for the disassem
bling of the vertical dynamic-corrosion loop.
Another significant experiment consisted in re
moving fuel plates from an LITR fuel element.
Pratt and Whitney Aircraft solid-fuel-element cap
sules (PW-1-12 and PW-1-13) were opened, and the
samples were removed; however, postirradiation
studies have not yet been completed. Impact and
tensile measurements were conducted on various
metals for both the ANP and the HRP.

Hot Metallography. —Metallographic examination
of HRP in-pile loop FF has been completed. Cor
rosive attack was light and was consistent with
that which occurred in previous loops.

Corrosive attack, as shown by examination of
sections from the LITR fluoride-fuel loop No. 2,
was light, with maximum penetration of approxi
mately 1^ mils at a location 3^ ft from the nose
of the loop.

Examination of GE-ANP fuel elements 30 and 3U
revealed that failure during irradiation was not due

to radiation damage but was a result of faulty
fabrication techniques.

Metallographic examination of an MTR fuel ele
ment which had failed in operation indicated that
failure was caused by environment rather than by
radiation damage.

Experiments with sections of an LITR fuel ele
ment resulted in the conclusion that bending of
fuel elements for ease in chemical processing was
not feasible, since the bends required were beyond
the ductility limits of the plates.

The construction and the installation of equip
ment for the extension of the remote metallographic
facility have been completed, and operation has
begun. The extension of the original metallo-
graphic cell permitted the metallographic process
to be divided into essentially three separate op
erations, which resulted in greater ease in remote
manipulation. Modular construction was utilized
in the major portion of the standard metallographic
equipment. This will allow equipment repairs to
be made with a minimum of personnel irradiation.
Installation of a B&L research metallograph will
allow metallographic examination to be made with
polarized light and dark-field illumination, in addi
tion to bright-field illumination. A B&L stereo-
relay will allow three-dimensional viewing and
photography in the range !^X to 30X.
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Because of the controlled, limited volume of gas
available to the specimen tube with this apparatus,
leakage or rupture results in only a very small
pressure rise in the whole apparatus. Protection
against pressure rises in the water-cooled irradia
tion experiment will, in this manner, greatly re
duce the weight of the irradiation can.

A low-cost, versatile transfer shield was de
signed and built for transporting fuel-containing
apparatus from the LITR to the Sol id State Building.

The MTR tensile creep-test apparatus was ir
radiated at 1500°F and 1500 psi for two cycles

in hole HB-3 of the MTR. For some unknown

reasons, two of the four Bourdon-tube extensome-
ters did not operate after insertion into the reactor.
Therefore, total creep measurements and the de
termination of the effects of radiation on the

calibration factors of the Bourdon-tube extensome-

ters will be made when the apparatus is returned
to ORNL. The experimental assembly has been
cut from the irradiation plug at the MTR site. The
bench test, equivalent to the in-pile rig in respect
to time, temperature, and stress, is assembled, and
testing has started.
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ENGINEERING PROPERTIES

0. Sisman

LITR FLUORIDE-FUEL LOOP

W. E. Brundage C. Ellis
C. D. Baumann J. G. Morgan
R. M. Carroll M. T. Morgan
J. R. Duckworth A. S. Olson

W. W. Parkinson

High power densities and effective heat transfer
are paramount requirements in the development of
light, high-temperature power reactors. To provide
a system meeting these requirements, circulating
molten-salt fuels have been investigated extensive
ly, and corrosion problems have proved to be of
primary importance. The effect of neutron irradia
tion on the corrosion and fuel stability in a dynamic
molten-salt system has been studied by circulating
a fluoride-fuel mixture through a loop of Inconel
tubing in hole HB-2 of the LITR. The fabrication
of the parts for this loop, its instrumentation, and
its assembly have been described earlier, and the
record of operation of the loop has been presented
in the previous progress report. A recapitulation
of the operating conditions follows: the tempera
tures were 1450 to 1500°F; Reynolds number was
4500 to 5200 (about 5000 for most of the operation);
power generation was about 2.8 kw; the duration of
operation was 645 hr, with the reactor at full
power (3 Mw) for 475 hr.

Before the loop could be pulled from the reactor
into the withdrawal shield, it was necessary to
separate the pump from the loop because of its
size. A hydraulic shear incorporated in the opera
ting shield was used for cutting the fuel tubes and
electrical leads between the reactor shield and

the pump. The pump was then rolled away in its
operating shield, which also served for storage.

The loop was removed from the LITR into a
horizontal, cylindrical shield and was transferred
to a hot cell at the Solid State Building. To ac
complish this, a door was installed in the rear
wall of the hot cell (Fig. 2). A system of wire
cables installed in both the shield and the hot

cell provided for the withdrawal of the loop from
the shield into the hot cell and for the return of

W. E. Brundage et al., Solid State Semiann. Prog.
Rep. Aug. 30, 1954, ORNL-1762, p 21.

2
W. E. Brundage et al., Solid State Semiann. Prog.

Rep. Feb. 28, 1955, ORNL-1851, p 7.

the loop or, if necessary, its disassembled parts
into the shield. The equipment for dismantling the
irradiated loop, as arranged in the hot cell, was
shown in the previous report. The primary cutting
instrument was a horizontal band saw of 8- by
10-in. capacity adapted for remote operation. The
saw was fitted with a hydraulic vise and with an
off-gas system which, to prevent the spread of
radioactive fuel, collected the saw cuttings both
from a hopper beneath the cut and directly from the
blade. In this latter collecting operation, some air
cooling was substituted for the normal water cool
ing of the saw blade. A portable electric hacksaw,
having its own hydraulic vise and operable on the
manipulator, was used only for cuts inaccessible
to the band saw. A more frequently used tool was
a pair of "hawk-bill" sheet-metal hand shears
which were adapted for hydraulic operation and
which were attached to a special set of manipulator
tongs. An electric impact wrench, also operable
on the manipulator, completed the group of dis
assembly tools, except for a cutting electrode
which was used on the pump. The impact wrench
could be fitted with various sizes of sockets and

extension rods and was used to remove the cap
screws holding the closure flange on the rear of
the loop jacket. This operation (after pulling the
loop from the shield into the hot cell) is shown in
Fig. 3.

Disassembly of the loop was carried out by first
stripping away all thermal insulation, lead wires,
heaters, shielding, and structural materials, and
then cutting the fuel tubes into lengths just short
enough to permit the loop to be drawn from its
jacket into the hot cell. The mouth of the jacket
was held in the band-saw vise, and the loop was
withdrawn in stages under the saw blade. In this
way the loop tubing and support rods were con
veniently cut, and the prior stripping avoided the
mixing of radioactive fuel with debris from the
loop. The loop as it appeared during this stripping
operation is shown with the hydraulic shears in
Fig. 4. After extraneous material was removed
from the fuel tubes, 22 tube sections were cut
from appropriate locations around the loop for
metallographic examination. Additional tube sec
tions were cut to provide samples of the fuel for

3Ibid.. p 12.
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from the Inconel activation was 2.8 kw, and the
maximum power density was 0.4 kw/cc.

The fission power generated in the fuel was also
determined by measuring the activities of fission
products in the samples taken for chemical analy
sis. The activity of the fuel was measured in a
gamma-ray spectrometer, and the height of the
Zr-Nb peak was compared to that of a standard.
The Zr-Nb concentration corresponded to a fission
power of 2.0 kw. The zirconium fission product
and the cesium product were also chemically
separated from two of the samples, and the fission
rate was estimated from their activities. The

cesium samples resulted in estimates of 1.5 and
2.1 kw, which are considerably lower than the
determinations by other methods. The power indi
cated by the cesium content is expected to be low,
since it is known that the gaseous parent xenon
escapes from the fuel mixture. The two separated
zirconium samples indicated fission powers of 2.3
and 2.5 kw. In comparing the results of the
zirconium determinations with the 2.8-kw value

indicated by the electrical measurements and by
the flux determinations, it should be kept in mind
that the allowance for decay of the zirconium
fission product during the reactor shutdowns was
only approximate. From these determinations,
then, the best estimates are that the total fission
power generated in the loop was between 2.5 and
2.8 kw and that the maximum power density at the
end of the loop was about 0.4 kw/cc.

The tube sections cut for chemical analysis of
the fuel were taken from both the in-pile and out-
of-pile^^a^Js of the loop to ensure representative
samples. Analytical fuel samples were taken from
the ends of the tube sections by drilling out
solidified fuel with carbide-tipped bits. Clean
samples were assured by collecting only the

borings from a small bit after a large bit had been
used to drill through surface material. Samples of
fuel which had not been circulated during operation
of the loop were obtained in the same manner from
the portion of the loop filling line which was out
side the pump shield. These samples were ana
lyzed for U, Zr, and the constituents of Inconel:
Ni, Cr, and Fe. The results are presented in
Table 1. The nominal composition of the original
fuel was 25 mole % (47 wt %) UF4 enriched ap
proximately 93%, 62.5 mole % NaF, and 12.5 mole
% ZrF.. It can be seen that the preliminary
flushing and cleaning with NaF-ZrF4 diluted the
uranium in the operating charge of the loop. The
analytical results show that the uranium concen
tration remained unchanged during the run, that
the chromium content increased due to corrosion

of Inconel, and that the nickel content probably
decreased during the course of corrosion reactions.
These changes in the concentration of Inconel
components in the fuel and the corrosion attack
discussed below are consistent with observations

on unirradiated loops.
Radioactivity measurements were made on two

samples of the fuel for determination of the fission-
product ruthenium content. The first was treated
to separate the ruthenium, and its activity was
measured. It showed less than 5 x 104 d/sec per
gram of fuel, whereas the ruthenium activity as
calculated from the fission power should have been
of the order of 10 . The second sample of the
fuel was not separated, but its gamma emission
was measured on a scintillation spectrometer.

G. M. Adamson, R. S. Crouse, and P. G. Smith, Ex
amination of Inconel—Fluoride 30-D Pump Loop Number
4695-1, ORNL CF-55-3-179 (March 28, 1955); G. M.
Adamson and R. S. Crouse, Examination of Fluoride
Pump Loops 4930-A and 4935-1, ORNL CF-55-4-181
(April 26, 1955).

TABLE 1. ANALYSIS OF FUEL SAMPLES FROM LITR FLUORIDE-FUEL LOOP*

Sample
U

(%)

Zr

(ppm)

Ni

(ppm)

Cr

(ppm)

Fe

(ppm)

Original fuel 47.4 83 44 120

Fill line 43.9 ±1.9 240 ± 120 10 ±10 85 ±15

Loop, in-pile 43.7 ±0.3 13.1 ±0.5 40 ± 10 140 ±20 120 ±20

Loop, out-of-pile 43.7 ±2.0 12.9 ±1.8 20 ± 10 150 ±30 180 ±80

The deviation listed is the maximum variation from the mean of all samples except those obviously contaminated.

10



The ratio of the height of the ruthenium peak to
that of the Zr-Nb peak was compared with a set of
Ru-Zr standards. The fuel contained not over 0.03

as much ruthenium activity as Zr-Nb activity,
whereas the calculated ratio was 0.16. Tube
sections from the loop were given to M. T. Robinson
and co-workers, who found five times as much
ruthenium activity as Zr-Nb on the Inconel tube
walls; yet the ruthenium should have been only
0.6 as much if the deposits on the walls were only
traces of fuel. Apparently, most of the fission-
product ruthenium plated out on the container
walls during operation, as was observed in the
ARE.7

Tube sections cut from the loop for metallographic
specimens were cleaned of fuel to facilitate
polishing and etching. They were placed vertically
in an inert-atmosphere furnace and maintained at
above 750°C until drainage of the fuel was com
plete. The specimens received metallographic
treatments by the method usually used for remote
processing of Inconel samples. Metallographic
preparation and examination were performed by the
Remote Metallography Group of the Solid State
Division under Feldman. Control specimens

M. T. Robinson, Ru Deposition in In-Pile Loop,
ORNL CF-55-4-16 (April 5, 1955).

7M. T. Robinson, S. A. Reynolds, and H. W. Wright,
The Fate of Certain Fission Products in the ARE,
ORNL CF-55-2-36 (Feb. 7, 1955).

Q

M. J. Feldman et al., Metallographic Analysis of
Fuel Loop II, ORNL CF-55-6-22 (June 21, 1955).

PERIOD ENDING AUGUST 30, 7955

(pieces of as-received tubing cut from the ends of
the tubes used to fabricate the loop) were examined
for comparison with the samples from the loop.

In general, the changes in the Inconel were
those that would be expected in specimens sub
jected to the heat treatment imposed by the opera
tion of the loop. Corrosion penetration averaged
/2 mil. The penetration at those points from which
specimens were taken is indicated in Fig. 7. No
deposits of mass-transferred material wereobserved.
Also shown in Fig. 7 are the locations at which
the specimens pictured in Figs. 8 through 13 were
cut. Figure 8 presents a typical sample from the
short out-of-pile section of the loop — the only
section unheated during irradiation. This sample
was in the outlet leg of the loop and was maintained
at about the temperature of the remainder of the
loop, within the accuracy of the thermocouples, by
the circulating fuel. Samples from this section of
the loop showed the minimum corrosive attack;
average penetration was less than /_ mil. A
sample taken from the inlet leg in the reactor
shield and typifying the entire unirradiated part of
the loop is shown in Fig. 9. Penetration averaged
/, mil, and maximum penetration was 1 mil. Maxi
mum corrosion in the loop was found in the un
irradiated portion of the outlet leg (Fig. 10), where
the average penetration was 1 mil and the maximum
penetration 3 mils. The unused end of the tubing
in this portion of the loop was the control speci
men, which is shown in Fig. 11. Surface cracks

S5D-B-1257
ORNL-LR-DWG-8384

WELDED JOINT BETWEEN LENGTHS OF TUBING

NUMBERS REPRESENT PENETRATION IN mils

SPECIMEN 19

CONTROL IB CUT
FROM THIS END

SPECIMEN 17

1.0 av

3.0 max

0.5 av
1.0 max

-SPECIMEN 11

0.5 av
0.8 max

0.5 av
1 .0 max

_ - „„ 0.5 av
0 5 °v 0 5 max
0.8 max

SPECIMEN 2-

r^^-=V-
-^tW^

0.5 av
1.0 max

0.5 av
1 .0 max

SPECIMEN 8

10

DISTANCE FROM END OF LOOP (ft)

Fig. 7. Schematic Diagram of LITR Fluoride-Fuel Loop Showing Locations of Specimens and Welds.
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FUSED SALTS

G. W. Keilholtz

LITR VERTICAL DYNAMIC-CORROSION LOOP

W.R.Willis D. E. Guss

M. F. Osborne C. C. Webster
H. E. Robertson A. S. Olson

C. D. Baumann

The vertical dynamic-corrosion loop described
previously1 has been operated in position C-48 of
the LITR. Because of faulty behavior of the pump
motor, the fuel flow velocity could not be main
tained at a steady value, and the test was incom
plete as a corrosion study. It was possible, how
ever, to make a fairly thorough study of the in-pile
characteristics of the loop. The test operated for
a total of 30 hr at full power and with a fuel
Reynolds number of 3200 to 5000. The operation
throughout this period was complicated by inter
mittent motor trouble, and failure occurred when
the motor stopped completely.

The instruments performed satisfactorily, con
trolling the temperature to ±5°F and not allowing
excessive excursions in temperature when the fuel
velocity changed rapidly. During the short run
several scram situations occurred because of low

pump speed, high activity in the off-gas stream,
and because of a spurious high temperature that
resulted from a thermocouple failure. All these
situations were adequately handled in time to pre
vent high-temperature excursions.

The faulty behavior of the motor, the pressure
transmitter on the venturi tube, and the header box
in the off-gas system showed a need for some re
design. No complete explanation concerning the
erratic behavior of the motor can be given yet, but
it appears that the combination of a high tempera
ture and a very dry helium atmosphere caused brush
failure. The next test will use an induction motor
with a canned rotor. It does not appear that any
changes which could be made in the pressure
transmitters in any reasonable time would be of
much help, so the transmitters are to be removed
from the system. Salt velocities will be estimated,
as described later in this report. Removal of the
pressure cells also allows more of the loop to be
lowered into the reactor. This will increase the
total power generation and will place the point of

'w. R. Willis, Solid State Semiann. Prog. Rep. Feb.
28, 1955, ORNL-1851, p 13.

16

maximum temperature near the maximum neutron
flux. The failure, during the short irradiation, of
a gasket in the header box located at the face of
the reactor allowed some leakage of activity into
the mid-section of the LITR. The header box is to

be redesigned to withstand full available air
pressure without leaking.

Since the flowmeter was inoperable, another
method of obtaining fuel velocities had to be
devised. The method used was (1) to find the
pressure developed at a given pump speed and
(2) to find Ap vs flow for the loop. These values
were measured by using water as the pumped fluid
and exact duplicates of the pump and loop. Figure
14 shows a plot of pump speed vs Reynolds number
of the salt. In Fig. 15 the temperature difference
through which the salt flowed at a given Reynolds
number and the values which were expected from
the design calculations are compared.

The experimental AT shown in Fig. 15 is about
60% of the calculated value. This is considered to

be a satisfactory check for two reasons: (1) the
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Fig. 14. Pump Speed vs Reynolds Number in
the LITR Vertical Loop.
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assumptions made in performing the design cal
culations2 would tend to predict a value of AT
higher than the experimental case, and (2) the un
certainty in many of the constants used decreases
the accuracy of the calculation. Aside from these
possibilities, the AT attained is directly propor
tional to the power generated in the loop. Thus,
if the flux depression due to the loop was greater
than estimated, or if the spatial-distribution of the
flux was greatly altered, a lowered AT would re
sult. This possibility will be investigated when
the values of the flux measured by a monitor in the
loop are known.

The next loop will have a higher AT. This is
because the loop will be inserted farther into the
active lattice, and a higher flux will be available.

M. T. Robinson and D. F. Weekes, Design Calcula
tions for a Miniature High-Temperature In-Pile Circula
ting Fuel Loop, ORNL-1808 (Sept. 19, 1955).
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DEPOSITION OF Ru103 AND Nb95 FROM
FLUORIDE FUELS

M. T. Robinson T. H. Handley3
W. A. Brooksbank3

The deposition of the fission-product 40-day
Ru103 on the surfaces of the fuel circuit of the
ARE has been previously reported.4 Confirmation
of these results has now been obtained by study of
samples from the horizontal fluoride loop operated
recently in the LITR.5 Two samples of pipe from
this loop were examined by gamma-ray scintillation
spectrometry: one (S^ located upstream from the
high-flux region of the loop, and the other (S.)
located an equal distance downstream.

No direct neutron activation of the elements of

Inconel was observed. The results, corrected for
differences in sample size, may be summarized
as in Table 2. Within the experimental error, the
Zr95-Nb95 activity appears to be the same in the
two samples. It is clear that Ru103 is deposited
on the pipe, much as it was in the ARE. The
sample downstream from the high-flux region con
tains markedly more Ru103 than does the upstream
sample. This difference is exactly that expected
for rapid reaction of ruthenium in the fuel with the
container metals.

TABLE 2. ACTIVITY RATIOS FOR PIPE

SAMPLES FROM INCONEL LOOP

Ratio of Activitie

Ru103/Zr95-Nb95

Ru103/(Ru103)s
Zr^-Nb^/fZr^-Nb95),

Sample

1
S~ Calculated

5.33 8.07

1.00 1.39

1.00 0.92

0.6

Radiochemical analysis of a fuel sample for
Ru 03 indicated that the amount was below the
limit of detection of the technique.6 This demon
strates that the efficiency of ruthenium removal
was comparable to that attained in the ARE.4

Analytical Chemistry Division.

4M. T. Robinson, S. A. Reynolds, and H. W. Wright,
ANP Quar. Prog. Rep. March 10, 1955, ORNL-1864,
pp 13-15.

0. Sisman et al., ANP Quar. Prog. Rep. March 10,
1955, ORNL-1864, pp 150-155; ANP Quar. Prog. Rep.
June 10, 1955, ORNL-1896, pp 163-167.

W. W. Parkinson, personal communication.
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is to be incorporated into a fission-product off-gas
line and operated at room temperature.

The experimental apparatus is shown schemati
cally in Fig. 20. Ten-year Kr85 was introduced
into a reservoir at the entrance to the trap and at
zero time was driven through the trap with air.

It then passed through a flowmeter and then through
a counter, where the activity of the eluted gas
was determined as a function of time.

Runs were made at various air flow rates on two

small, cylindrical charcoal traps: one, 2.25 in.
long by 1.05 in. in diameter; and the other, 23.5 in.
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Fig. 17. Processes Governing Xe Poisoning in Fluid-Fuel Reactors.
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Fig. 20. Schematic Diagram of Charcoal-Trap
Experiment.

long by 1.05 in. in diameter. In addition, a trap
24 in. long by 10 in. in diameter was used at a
single air flow rate (19.9 cfm). The traps con
tained 0.48 g/cc of 6 to 14 mesh activated coconut
charcoal with an N2 surface area of 1150 m2/g.
All the runs were made at room temperature.

According to a treatment by Mayer and Tompkins9
and based on 'an analogy of the column separator
to a fractionating distillation column, the maximum
of the elution peak occurs at that number of column
volumes which in any theoretical plate is equal to
the ratio of the solute in the solid absorbent to

the solute in the fluid phase. Since the ratio of

S. W. Mayer and E. R. Tompkins, /. Am. Chem. Soc.
69, 2866 (1947).
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the partial pressure of the noble gas in the gas
phase to the partial pressure of that absorbed is
a constant at a given temperature over an extremely
wide range of noble-gas partial pressures, the
relationship between air flow rate and the time, t,
for the elution to peak for a particular trap can be
expressed as / = KV//, where / is the sweeping-
gas flow rate, V is the trap volume, and K is a
proportionality constant which is dependent upon
the particular charcoal used, the trap temperature,
the noble gas under consideration, and the way
the charcoal is packed into the trap.

The trap should be somewhat (perhaps by a
factor of four) longer in the direction of flow than
it is in diameter, because entrance effects for a
short trap lessen the effectiveness of a portion of
the charcoal and cause the elution peak to occur
before the time predicted by the above equation.
This was observed in the 2.25-in.-long by 1.05-in.-
dia trap though not in the 23.5-in.-long by 1.05-in.-
dia trap.

For a particular trap, the equation shows that a
plot of time to reach the elution peak vs flow rate
should be linear. These plots for the 23.5 x 1.05
in. trap and the 2.25 x 1.05 in. trap are shown in
Figs. 21 and 22, respectively. An extrapolation
of the line in Fig. 22 does not intercept the origin
for the reason noted above.

In the one run made on the 24-in.-long by 10-in.-
dia trap, the experimental elution peak occurred
at the time (within experimental error) predicted by
the equation in which the value of K was used
that had been determined by the experiments run
on the smaller traps.

A typical elution curve is shown in Fig. 23, in
which the time coordinate is expressed in trap
volumes of eluted gas rather than in seconds. The
elution curves retain the same general shape at
any flow rate but become more symmetrical as the
flow rate decreases. The amount of rare gas eluted
before the peak ranged from about 0.35 of the
total to about 0.45 of the total as the flow rate

was decreased from 0.3 trap volume/sec to 0.03
trap volume/sec. The leading edge of the elution
curve was approximately linear, but it was distorted
into a slight S-shape at the highest flow rates that
were run (0.3 trap volume/sec), the initial break
through coming sooner. This perhaps occurs be
cause complete equilibration between the gas phase
and the absorbed phase does not occur at high flow
rates. A similar distortion could be expected at



very (oW^now rates, where diffusion becomes im
portant, but this was not observed at the lowest
flow rate that was run (0.03 trap volume/sec).

Although these experiments were run by using a
pulse of active krypton, a charcoal trap can be
used to delay rare gases flowing continuously
through the trap, and it acts on each segment of
the stream as it does on a pulse.

^ 15
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Two*2#in.-long by lO-in.-dia charcoal traps were
installed in series on the off-gas system of the
vertical in-pile loop at the LITR. During operation
of the loop several bursts of fission-gas activity
occurred. The time lag between the appearance of
the activity at a monitor just upstream of the
traps and the monitor at the off-gas stack was
consistent with the experiments described.

ORNL-LR-DWG 7332

100 200 300 400 500

DELAY TIME TO PEAK OF ELUTION (sec)

600 700

Fig. 21. Inverse Air Flow Rate vs Time to Peak Activity for a 23.5-in.-long, 1.05-in.-dia Charcoal
Trap Containing Krypton.
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SPECIAL PROJECTS

HOT-CELL OPERATION

S. E. Dismuke M. J. Feldman

E. S. Schwartz

HRP in-pile loops FF, GG, and EE1'2 were dis
assembled in the hot cells under the direction of

A. R. Olson, Reactor Experimental Engineering
Division. This operation not only involved the
removal of samples from the core and in-line sam
ple holders but also involved weighing, defilming,
inspecting, photographing of the samples, and
sectioning of the sample holders. In addition,
other portions of the loops were sectioned and in
spected in the hot cells after preliminary dis
mantling had been performed in the remote cell in
Building 4501. These portions included the pres-
surizer, pressurizer heater, pump, and a section of
the line including the sample-line filter.

In an experiment conducted by C. D. Watson of
the Chemical Technology Division, the side plates
from an irradiated LITR fuel element had to be

removed. This was accomplished on the remotely
controlled milling machine by the use of a specially
designed jig and twin milling cutters. The sides
of the element were successfully milled off to a
depth of nine fuel plates without cutting into
uranium in any of the plates. The combs on the
ends of the fuel plates were cut off with a small
hand shears modified to operate with the General
Mills manipulator. Another phase of the same
experiment, results of which have not as yet been
correlated, involved shearing, bending, and press
ing sample sections of these fuel plates, both in
air and under water. This work was also performed
in the hot cell.

The LITR fluoride-fuel loop discussed pre
viously3 was disassembled in the hot cells under
the direction of R. M. Carroll and W. W. Parkinson.

This extensive operation was completed with little
difficulty, although four days were lost due to
manipulator breakdowns. It is believed that the
design changes in the new General Mills manipu
lator, which will be delivered about September 1,

'rH. C. Savage, G. H. Jenks, et al., HRP Quar. Prog.
Rep. Jan. 31. 1955, ORNL-1853, pp 86-106.

2H. C. Savage, G. H. Jenks, et al., HRP Quar. Prog.
Rep. April 30, 1955, ORNL-1895, pp 94-117.

W. E. Brundage et al., Solid State Semiann. Prog.
Rep. Feb. 28, 1955, ORNL-1851, pp 7-12.

will eliminate the causes of these breakdowns.

An electric arc was successfully used to cut the
stainless steel pump jacket. To start the arc, it
was necessary to use a high-frequency signal,
since the manipulator could not be controlled with
enough sensitivity to draw an arc. Other diffi
culties in this operation were primarily concerned
with manipulation techniques and were overcome
through practice.

The final two capsules (PW-1-12 and PW-1-13)
of the Supercritical Water Reactor experiment were
received. The samples were removed without dif
ficulty and were prepared for metallographic analy
sis; the results will be discussed in a later
report. The chemical analyses and uranium-burnup
determinations on samples from these capsules,
neither of which have been completed, will con
clude ORNL's participation in this experiment.
Uranium-burnup determinations on samples from
capsules PW-1-10 and PW-1-11 were reported,4
thus completing the data on these capsules.5'6

Impact and tensile measurements were conducted
on various irradiated metals for both the ANP and

HRP by J. C. Wilson. In addition, tests were also
conducted for J. J. Lombardo, Westinghouse Atomic
Power Division, Pittsburgh, Pa. The specimens
for this experiment were removed from their irradi
ation facilities in the remote machine shop by using
the lathe and milling machine to open the con
tainers.

The equipment described previously7 for dis
mantling the miniature dynamic-corrosion loops
was installed in cell 6 under the supervision of
C. C. Webster. This equipment includes the band
saw, tube furnace, and a shielded storage facility.

Due to the high dose rate and excessive fission-
gas activity expected from these loops, other
changes were necessary in the cell proper. An
additional shield of 2 in. of lead was installed

E. S. Schwartz, Results of Uranium Burnup De
terminations for Capsules PW 1-5, PW 1-8, PW 1-10, and
PW 1-11, ORNL CF-55-5-18 (May 3, 1955).

M. J. Feldman et al., Metallographic Examination of
P&W Capsules 1-10 and 1-11, ORNL CF-54-12-212
(Dec. 29, 1954).

R. M. Hawkins, E. S. Schwartz, and R. E. Mayes,
Post-Irradiation Studies of Pratt and Whitney Aircraft
Solid Fuel Element Capsules PW 1-5. PW 1-8, PW 1-10,
and PW 1-11, ORNL CF-54-12-81 (Dec. 10, 1954).

C. C. Webster and A. F. Zulliger, Solid State Semiann.
Prog. Rep. Feb. 28, 1955, ORNL-1851, pp 24-27.
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on the roof of the cell. Also, a plywood canopy
2 in. thick was installed over the operating area
in front of the cell, it is believed that these will

serve to reduce the effect of scattered radiation

passing through the roof manipulator ports. The
use of closed-circuit television to monitor the dis

mantling operation is also under investigation as
an alternative in the event that the scattered radia

tion too severely limits the operating time.
Plastic boots were installed on the manipulators

to close the manipulator ports in the roof, and this
improved the cell off-gas characteristics consider
ably. It is planned to make this modification in
the other master-slave cells also.

Experience during the first six months of this
year has indicated that actual experimental opera
tions account for only about 25% of the hot-cell
time available for an experiment. Actual experi
mental operations in this case include only those
tests and operations performed on active samples.
Not included are such operations as installation
and testing of experimental equipment, in-cell
bench tests,emergency and scheduled maintenance,
removal of material and equipment, and decon
tamination of the cell. These operations require
the remaining 75% of the available cell time.

The above information was obtained by main
taining an accurate day-by-day log on each of the
seven hot cells in use during the first six months
of the year. A careful record was kept, showing
how each cell was used and the responsible
personnel in charge.

HOT METALLOGRAPHY

M. J. Feldman R. N. Ramsey
A. E. Richt W. B. Parsley

E. J. Manthos

Work has continued on the examination of speci
mens from the HRP groups. Examination of com
ponents from in-pile loop FF has been completed
and reported.8 Examination of the corrosion cou
pons from this loop has been delayed until com
pletion of the rnetallographic-cell extension.

Examination of sections from the LITR fluoride-

fuel loop No. 2 has been completed and reported.9
Examination of sections of the tubing used in

a

M. J. Feldman et al., Metallographic Examination of
HRP In-Pile Loop "FF" Components, ORNL CF-55-5-
154 (May 16, 1955).

a

M. J. Feldman et al., Metallographic Analysis of
Fuel Loop II, ORNL CF-55-6-22 (June 21, 1955).
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construction of the loop revealed that surface
cracks were present on the inner wall of the tubing
prior to operation of the loop. Depth of corrosive
attack was slight, and only small variations were
found along the length of the loop. The area
showing maximum depth of corrosive penetration
was on the outlet line some 3k ft from the nose
of the loop.

Examination of two fuel elements for the GE-ANP

Division has been completed, and the data have
been reported.10 These elements failed during
exposure in the MTR, and examination was de
sired in order to determine the cause of failure.

The core of both elements was found to contain

significant amounts of unalloyed chromium and
stringers of what is thought to be chromic oxide.
As a result, these failures could not be attributed
to radiation damage even though a significant
increase in hardness of the cores was noted.

Similar unirradiated elements tested by G.E. also
failed in a like manner.

Sections of an MTR fuel element which had failed

in operation were also examined, and the results
have been reported.11 Metallographic examination
substantiated the MTR theory12 in which failure
was attributed to environmental causes rather than

to radiation damage. Figure 24 shows a montage of
the sections examined. Figure 25 is a reconstruc
tion of one of the examined sections in which the

sample has been projected into its as-irradiated
condition.

Examination of sections of LITR element L-33
has been completed, and the results have been
reported.13 The purpose of this experiment was
to determine the feasibility of bending the element
plates for ease in chemical processing. Sections
of plates were annealed and bent; then they were
examined in order to ascertain the effects on plate
integrity. General conclusions were that, although

M. J. Feldman et al., Metallographic Examination
of GE-ANP-3U and GE-ANP-30 Fuel Elements, ORNL
CF-55-3-107 (March 15, 1955).

M. J. Feldman et al., Metallographic Analysis of
Sections 1. 2, 3 of MTR Element 1-700, ORNL CF-55-3-
182 (April 29, 1955).

12J. B. Burham, M. H. Bartz, and 0. J. Elgert, "Break
in Cladding of MTR Fuel Element," presented at AEC
Metallurgy Conference, Oak Ridge, April 1955 (to be
published by TIS).

13M. J. Feldman and E. J. Manthos, Metallographic
Analysis of LITR Element L-33, ORNL CF-55-5-116
(May 17, 1955).
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Fig. 25. Reconstruction of Section 2 of Fig. 24.

annealing did improve the ductility of the plates,
the bends that were necessary for the application
under investigation were beyond the limits of the
ductility of the irradiated and annealed samples.

In conjunction with the ARE Division, the Remote
Metallography Group has assumed the responsi
bilities for the postirradiation handling of the
MTR-irradiated in-pile loops. Initial sectioning
of the loops will be done at the G-E facility at the
Reactor Testing Station, Idaho Falls, under the
direction of C. Durrill, with technical assistance
from the Remote Metallography Group. Final
sectioning and metallographic analysis are to be
done in the Solid State Division hot cells.

As had been reported in the previous three semi
annual reports,14"16 design and development

M. J. Feldman, Solid State Semiann. Prog. Rep.
Feb. 28, 1954. ORNL-1677, p 12.

M. J. Feldman and R. Hawkins, Solid State Semiann.
Prog. Rep. Aug. 30, 1954, ORNL-1762, p 17.
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work had been undertaken for the extension of the

existing remote metallographic facilities and for
the installation of new equipment. Remote opera
tions were stopped on May 2, the cell was thor
oughly decontaminated, and actual construction
was started on May 16. Shielding construction
was completed by June 1, and the cell auxiliaries
were installed by July 1. Equipment and service
installation was completed by August 1. Com
plete installation and alignment of equipment will
be realized by August 15, and, with one week
allowed for cold operation, the first hot work is
estimated to begin on August 23.

The redesign and extension of the remote metal
lographic facility were prompted by an increase
in demand for metallographic analyses of irradiated
experiments. The demand not only created an
increased amount of work but also required the

16M. J. Feldman et al.. Solid State Semiann. Prog.
Rep. Feb. 28. 1955, ORNL-1851, p 6.
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Fig. 29. Schematic Representation of the Ultrasonic Cleaner Showing the Modular Construction.
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