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HRP QUARTERLY PROGRESS REPORT

SUMMARY

PART I. HOMOGENEOUS REACTOR TEST
1. HRT Operations

The construction phase of the HRT was com-
pleted in April. Several photographs are presented
to show equipment within the reactor tank and the
control-room area,

The operating group started working on a three-
shift basis to complete the cleaning and pretreat-
ment of the process piping in preparation for a
series of engineering tests. The nonnuclear ex-
periments are scheduled over a five-month period,
to be followed by the loading of enriched fuel
solution, Reports covering the detailed procedures
for 12 experiments were issued during the quarter.

2. HRT Design

Designs were completed of the pressurizer and
outer-dump-tank liquid-level controllers, the fission-
and ion-chamber positioners, the temporary and
permanent freeze jackets, and the pressurizer
heaters. The diaphragm-pump suction check valves
were redesigned to overcome failures encountered
in the mockup, and an improved rupture-disk holder
was developed which overcomes the complexities
of the original units in the pressure-balancing
system and facilitates replacement in the event of
failure.  Aluminum foil was determined to be
acceptable for insulating the pressurizers. The
preliminary studies of a gas pressurization system
for the HRT were completed. A study was also
completed of the copper concentrations required
for internal recombination of radiolytic gases in

the HRT.

3. Reactor Component Development

A seal-welded stainless steel thermal barrier
with titanium-inserted wear ring and labyrinth
operated satisfactorily for 250 hr in the 400A-1
pump.

The 300A-1 pump (in the mockup) has operated
1627 hr without incident since seal-welding.

The thermal-barrier gasket of the reactor fuel
pump failed after 550 hr of operation in a test
loop.

The HRT heat exchangers were cleaned with
hot oxygenated water and calibrated for flow vs
pressure drop.

Specifications were completed for a spare heat
exchanger for the HRT.

Further improvement of feed pumps is required,
especially since two diaphragms have failed in
the mockup after approximately 3000 hr of operation,

Uniform samples were obtained with the HRT
sampler, but drops of sample deposited on top of
the flask. The sampler is now connected to the
mockup system.

Satisfactory freeze jackets were developed for
the HRT.

The HRT mockup completed a 1122-hr fuel-
solution run, which indicated a corrosion rate of
2 mpy. The pressurizer performed satisfactorily,
but feed-pump failures were experienced. Some
special tests were run to study the performance of
the letdown system.

4., HRT Reactor Analysis

The power-time relation for the HRT after shut-
down was obtained for several situations. With
the steam valve from the core heat exchanger
closed, the reactor would become subcritical in
approximately 2 min if the 400A pump continued to
operate, and might remain critical indefinitely if
the 400A pump were turned off. In the latter case
the rate of energy release would be less than 60 kw
for times greater than several seconds following
stoppage of the pump. If the heat exchanger were
operated in a normal fashion, natural convective
flow would keep the reactor power at approximately
700 kw.

The insertion of corrosion specimens within the
HRT core region will effectively add poisons to
the reactor and increase the fuel concentration
required for criticality, The maximum poisoning
associated with these specimens was calculated
to be less than 11%, This maximum poisoning
would increase the core critical concenfration
from approximately 7.1 to approximately 8.7 g of
U235 per kilogram of D,0 at 280°C.
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If two-phase separation occurred in the HRT
core with the 400A pump off, large amounts of
reactivity could be injected into the reactor upon
pump startup. This situation can be eliminated
by requiring that the reactor be critical before
restarting the pump,

5. HRT Controls and Instrumentation

All major reactor-system components have been
received, calibrated, and installed. A total of
$197,000 has been spent for materials, including
valves,

The checkout of the instrumentation and control
system was finished, and the system was approved
for use by the Operations Group.

Fabrication of the level indicators at ORNL was
completed, Operation of the prototypes was satis-
factory, although zero shifts with temperature
changes were not eliminated completely.

Low-pressure-system valves were received and
appear to be satisfactory, The core-system dump
valve was returned to the vendor for plug redesign
after poor performance during tests. The letdown
valve has given excellent service in 1100 hr of
mockup operation to date,

6. HRT Fuel Processing Plant

Previously it was planned that weekly batches
of solids centrifugally removed by the hydroclone
would be collected in a shielded carrier located
outside the processing cell. Now a heavily shielded
carrier having a one-week capacity will be sub-
stituted for one of the two carrier-evaporators in
the processing cell. The heavily shielded carrier
will be removed for dissolution, sampling, and
analysis of its contents to confirm the representa-
tiveness of the underflow-receiver sampler,

The integrally flanged hydroclone developed for
the HRT-CP has been tested to confirm that its
efficiency and characteristics are not substantially
different from those of hydroclones of the standard
design used heretofore, The underflow-receiver
heat-transfer coefficient has been experimentally
determined to ensure that the rate of coolingis
adequate to reduce the underflow-pot pressure
before sufficient radiolytic decomposition can occur
to constitute an explosion hazard.

The construction is very nearly on schedule,
with shop and field work 90 and 30% complete,
respectively, compared with the scheduled 100
and 35%. The two low-pressure units, consisting
of an entrainment separator, superheater, recom-
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biner, condenser, and associated valves and
piping, are assembled and installed in the process-
ing cell, and services have been connected.

The principal items not yet received are the
canned~otor pump (delivery expected May 30) and
the roof shielding plugs (delivery expected June 15).

PART Il. REACTOR DESIGN AND ANALYSIS

7. Reactor Analysis

Fuel costs for U235 burners using highly en-
riched feed were calculated for H,0- and D,O-
moderated reactors between 2 and 10 ft in diameter.
The fuel cost was approximately 4 mills/kwhr
independent of size, power level, or moderator, if
the fuel was processed on a batch basis after
operating times longer than 2000 days. With the
D,0 reactors, chemical processing could be
economically eliminated if the spent fuel were
disposed of cheaply at the reactor site, Such a
procedure with the H,O reactors would increase
the fuel costs by 1 to 2 mills/kwhr because of
the large uranium inventory.

Nuclear and economic calculations were made
for some cylindrical, two-region, thorium breeder
reactors. Low power density at the core-tank wall
(and low average power density) can be achieved
with core tanks of small diameter by making them
long. Minimum fuel costs were associated with
high core power densities; increasing the reactor
length and reducing the power density increased
the inventory charge until that charge controlled
the fuel cost. Where corrosion attack is related
to power density, the costs related to corrosion
must be balanced against fuel costs.

Two-group studies were made of 10- and 12-ft-dia
spherical reactors with different blanket materials
and containing 200 g of thorium per liter in the
core region. For these reactors, the breeding ratio
increased when a reflecting blanket was replaced
by one containing Th02; no significant increase
in breeding ratio was obtained for thorium blanket
concenfrations greater than 2 kg of thorium per
liter; the breeding ratio and power density at the
core wall increased with decreasing core diameter
for a fixed over-all reactor diameter,

Fermi ages and diffusion constants for two-group
calculations were evaluated for thorium oxide
slurries, UO,SO, solutions, and equimolar U0,50,-
Li,SO, solutions over a range of concentrations
and temperatures. Various mixtures of light and
heavy water were considered,




PART Hil. ENGINEERING DEVELOPMENT

8. Development of Fuel-System
Components

Three leaks developed in the high-pressure
recombiner loop. Two appear to have been caused
by stress corrosion, even though the chloride
content was very low,

A test in the natural circulation recombiner at
100 psia indicates that the explosion limit is above
10.5 mole % stoichiometric gas mixture,

Inhomogeneity in the vapor phase led to the low
values of explosion limits reported previously.

Increased stator life with some decrease in
pumping head has resulted from a change from
parallel to series connection of windings in 5-gpm
pumps. One series-wound pump has circulated
water at room temperature without difficulty.

Fabrication of titanium-lined pipe and of a small
titanium-lined heat exchanger will start at the
Crane Co. and The Pfaudler Co. as soon as
purchased material is delivered,

Specimens for testing a titanium-cladding method
were prepared at Armour Research Foundation,
and tests are planned.

Thermal cycling tests with 4-in.-dia ring-joint
flanges are in progress,

9. Development of Blanket-System Components

The Westinghouse 200A slurry pump has been
operated for more than 1000 hr in the present run,
Power fluctuations were encountered initially
when the loop temperature was raised above 175°C.
Successive additions of sulfuric acid to the slurry
raised the temperature at which the fluctuations
occurred to above 300°C, and the loop has been
running normally since then.

Analysis of the hard cake which formed in the
200A loop during the third run was completed, The
preliminary report, that no large concentration of
impurities was present, was confirmed, X-ray
measurements and particle-size analysis failed to
reveal any reason for the cake formation, Since
aluminum and silica were found, by analysis,
slurries prepared with these impurities were circu-
lated in the small loops in an effort to obtain hard
cakes; the effort was not successful. The cause
of the hard cake in loop 200A is still unknown.

A porous aluminum oxide coating sprayed in
place was tested for use as a pump-bearing ma-
terial, Although no dimensional changes could be
measured, the contact area of the shoes appeared

to be glazed, and there was some pitting of the
thrust runner, The results were not impressive.

High-density, sintered aluminum oxide was
tested for attack by circulating thorium oxide
slurries by installation of an aluminum oxide
orifice plate in a pump loop. The plate was
severely attacked on its face, although the orifice
maintained a sharp edge. Evidently the attack was
not the result of high shear forces, which are
Additional
tests are required to determine the feasibility of
testing bearings of this material in pumps as large
as the 200A one,

Slurries specially prepared by the Chemical
Technology Division were circulated in the 5-gpm
loops to compare the effect of pumping on their
properties with the effect on the properties of the
standard slurry prepared from thorium oxide
calcined at 800°C. The results have been reported.

The race-track and cone-type dump tanks were
operated successfully with numerous startups and
shutdowns, At no time were cakes formed which
could not be redispersed on startup,

The piping of the slurry blanket system was
cleaned chemically, and in-place calibration of
flow instruments was completed, The system has
been run on water at operating pressure and temper-
ature (2000 psi at 300°C) for over 300 hr. The

water runs will be continued until all components

characteristically present in bearings.

have been proved to operate satisfactorily and base
heat transfer data have been obtained, The
stainless steel core for the dummy reactor was
received and installed,

10. Instrument and Valve Development

A flow transmitter of the variable-area type,
suitable for metering reactor feed- and purge-pump
flows, is being evaluated in a test loop. A float-
type liquid-level control designed for use as an
alarm unit in reactor low-pressure systems will be
delivered in June. Three sealing bellows similar
to those used in HRT valves averaged 45,000
cycles in uranyl sulfate at 300°C and 2000 psi
before failure, A flush-diaphragm pressure trans-
mitter desirable for slurry service was used in a
component test loop.

PART IY. CORROSION AND MATERIALS
11. Solution Corrosion

The all-titanium loop, loop G, was modified to
allow a greater latitude in operation. The small,

]]/2-in.-dio pipe which served as a pressurizer was




replaced with a 3Y%-in.-dia pressurizer, and a
bypass line was added to the loop. The former
change makes the liquid volume of solution in the
loop less critical, and the latter allows corrosion
specimens to be exposed at two different flow
rates,

A new stainless steel loop is being constructed
to circulate uranyl sulfate solutions containing
beryllium sulfate. Because of the toxicity of
beryllium, the shield will be of leaktight con-
struction with a filtered exhaust system,

Further testing with uranyl sulfate~lithium
sulfate solutions was completed. |t was shown
that at 200°C a protective coating does not form
on stainless steel and that corrosion proceeds at
a rate dependent on the uranium concentration;
however, the rate is substantially lower than is
found when a comparable solution is used without
lithium sulfate. Recent tests at higher temper-
atures confirmed previous results which demon-
strated the beneficial action of including es-
sentially an equimolal concentration of lithium
sulfate in uranyl sulfate solutions. However, in
the concentration range of 40 to 200 g of uranium
per liter, no change in critical velocity was ob-
served on the addition of lithium sulfate to uranyl
sulfate solutions at 250°C.

Additional testing at 250°C in a solution con-
taining 0.03 m UO, in 0.17 m Li,CO, with oxygen
and carbon dioxide overpressures was completed.
The results show that carbon steel and the austen-
itic stainless steels corroded at a rate of less than
1 mpy after a protective film was formed. The
critical velocity on stainless steel was about
45 fps.

The 4000-gpm loop was used to make two runs
at 250°C with a solution similar to that proposed
for use in the HRT. In both runs the oxygen
concentration was maintained at 50 to 100 ppm,
and average corrosion rates for the high-temper-
ature system were 0.3 to 0.5 mpy. No signs of
solution instability were noted.

Four 100A loops were descaled with a descaling
solution developed by the Chemical Technology
Division. Only in one case was the loop com-
pletely descaled, but in the other loops substantial
quantities of oxide scale were dissolved.

The susceptibility of type 347 stainless steel
to stress corrosion cracking was demonstrated by
spraying tap water on bent pipes through which
153°C steam was being passed. After approxi-
mately 10,000 hr, all pipes showed many trans-

granular cracks, some of which very nearly
penetrated the pipe wall. Presumably the low
concentration of chloride ions in the tap water was

the cause of the cracking.

Elgiloy, which had shown good corrosion
resistance to uranyl sulfate solutions at 300°C,
has shown on continued testing a marked tendency
toward stress corrosion cracking both in the so-
lution and in the gas phases. Analysis of the
solution showed less than 2 ppm of chloride.

A number of high-strength titanium alloys were
tested in a variety of uranyl sulfate solutions both
in the stressed and annealed condition, No evi-
dence of cracking was observed, and in all cases
the attack on the metal was nearly negligible,

12. Slurry Corrosion

Dynamic slurry corrosion studies in which
thorium oxide slurry is circulated in the 100A pump
loop were facilitated by the addition to the loop
of an improved condensate system to provide more
purge water to the 100A pump rotor cavity and
by the incorporation of a device for adding slurry
to the loop while operating. One slurry run was
completed with slurry prepared from a more nearly
pure lot of thorium oxide which was produced at
ORNL by calcination of thorium oxalate at 800°C.
In the 312-hr run at 300°C, the circulating slurry
concentration was raised from 444 to 1008 g of
thorium per kilogram of water while operating.
Operating characteristics, along with loop- and
pin-corrosion data, are presented.

13. Radiation Corrosion

13.1 In-Pile Loops, — Construction of in-pile
loop assemblies for operation in beam holes HB-2
and HB-4 at the LITR is continuing. In-pile
loop L-4-13 was completed and tested during the
past quarter and is now ready for installation in
beam hole HB-4 at the LITR.

Fabrication was completed of the all-titanium
in-pile loop L-2-14 designed for installation in
beam hole HB-2 of the LITR. The all-titanium
loop assembly is now being installed in the mockup
facility at Y-12 for operational testing at design
temperatures and pressures,

Exposure of in-pile loop L-4-12 in the LITR
was completed, but disassembly and examination
have not yet begun. The loop for this experiment
was equipped with a titanium core. Otherwise,
the experimental conditions were similar to those

x R .‘




of previous loop experiments, The in-pile operation
period was 2020 hr, and the energy output of the
LITR during the operation was 4386 Mwhr.

Exposure of in-pile loop experiment L-4-11 in
the LITR was completed. Disassembly and ex-
amination of the loop and loop specimens are in
progress, The in-pile operation period with
enriched solution was 1109 hr. The energy output
of the LITR during this time was 2175 Mwhr,

Conceptual design studies of an in-pile corrosion
loop facility for the ORR were initiated. The loop
under consideration is similar to the loops in use
at the LITR and is being designed for operation at
an average fission power density of 33 w/ml in a
core volume of 300 ml,

13.2 In-Pile Autoclave Tests, — The bomb from
an early Zircaloy-2 experiment, for which the
solution was about 0.5 m in excess H,_SO,, was
opened.  Specimen data indicate that the high
concentration of excess acid markedly reduced
the radiation corrosion of the Zircaloy-2.

A Zircaloy-2 experiment for which the solution
employed was free of copper was completed,
There is no evidence from this experiment that
the radiation corrosion is affected by the presence
or absence of copper in the solution,

The results of one Zircaloy-2 experiment and
one stainless steel experiment indicate that the
addition of KTcO, to the uranyl sulfate solution
had no effect on the radiation-induced corrosion,

The results of a stainless steel experiment with
a solution which contained no added acid confirmed
the results of early bomb experiments; the rate
increased markedly after several days of irradi-
ation, These consistent results are regarded as
evidence that the added H SO, is responsible
for the improved corrosion behavior observed in
the more recent series of steei experiments,

14, Metallurgy

A satisfactory metallographic procedure was
developed for the identification and examination
of hydrides in zirconium and Zircaloy-2. The prior
conclusions that the hydrides in Zircaloy-2 occur
in the grain boundaries and in the grains in crystal-
bar zirconium were confirmed by the micrographs
shown.  Crystal-bar
taining hydrogen were quenched from 900°C in oil
and in mercury, Considerable amounts of hydrogen
can be retained in supersaturated solution by a
fast quenching rate.

zirconium specimens con-

Binary and ternary combinations of alloys of
crystal-bar zirconium and high-purity Nb, Ta, Mo,
and Fe were arc cast, rolled to strip, and heat
treated to determine the amount of beta phase
retained by quenching and the decomposition
products of the retained beta phase. No alloy has
shown complete retention of beta phase, with the
possible exception of the 10 wt % Mo alloy. Speci-
mens were submitted for glancing-electron-dif-
fraction analyses to determine the nature of the
precipitate in the niobium alloys,

Cathodic  etching of Zircaloy-2 specimens
confirmed the prior conclusion that the stringers
observed in the as-fabricated material are inter-
metallics and not voids,

Air-cooled and water-quenched beta structures
of Zircaloy-2 specimens, annealed after cold-
working 10, 15, and 20%, were examined to de-
termine the amount of cold-working required to
produce a fine-grained equiaxed alpha grain
structure. Cold-working 20% is required for both
air-cooled and water-quenched material.  Air-
cooling gave coarser grains than water-quenching
in all cases.

Results of impact tests on specimens of
Zircaloy-2, aged at 250°C for 0, 500, 1085, and
1585 hr prior to testing, are presented. No effect
of aging on properties was noted,

The preplaced consumable-insert welding method
was modified and used to make satisfactory welds
in titanium,

If it is not necessary to have a complete bond,
it may be possible to butt-weld titanium-lined
steel pipes by using many layers of carbon steel
ribbon as the transition region. An attempt to use
vanadium weld metal as the transition layer re-
sulted in severe cracking wherever it contacted
the steel,

Nitrogen of suitable purity is shown to be an
acceptable backup gas for inert-gas shielded-arc
welding of type 347 stainless steel.

Several methods for detecting flaws in pipe and
tubing were studied. The method thought most
likely to yield the precision required is the im-
mersed pulse-echo ultrasonic method.

The cast pulsator housings for the reactor
injection pumps were inspected and found to be
faulty, The use of forgings was recommended.

A considerable decrease in impact energy values
was found for irradiated 8'/2% nickel steels,



PART V. CHEMICAL ENGINEERING

DEVELOPMENT
15. Thorium Oxide Slurry Development

Slurries of thorium oxide containing 0.5 mole %
of 93% enriched uranium have been irradiated at
300°C in the LITR. At a thorium concentration of
1000 g per kilogram of H20 the slurries were too
concentrated to be pumped for longer than a few
hours in the dash-pot irradiation bomb. With 500 g
of thorium per kilogram of H,O no difficulty was
experienced in stirring slurries both in- and out-of-
pile. X-ray photographs of slurries in the dash-pot
irradiation bomb showed them to be homogeneously
suspended by the action of the stirrer at temper-
atures of 100 to 300°C. When stirring was stopped
at above 200°C, structural characteristics were
evident in the settled slurry; these became more
pronounced with increasing temperature to 300°C.

The effect of MoO, catalyst concentration on the
combination rate of stoichiometric hydrogen and
oxygen mixtures in thorium oxide slurries was
studied. With slurries containing 1000 g of thorium
per kilogram of H,O and catalyst concentrations
of 0.05 to 0.20 m, the combination rates were more
than sufficient at 300°C to maintain steady-state
gas pressures at less than 2000 psi under TBR
conditions,

Relative viscosities of slurries of 900°C calcined
thorium oxide measured in the dash-pot irradiation
bomb increased from 3.6 centistokes at a thorium
concentration of 250 g per kilogram of H,0 to
5.0 and 8.5 centistokes, respectively, at a concen-
tration of 750 and 1000 g per kilogram of H,O.
A similar slurry which had been pumped showed
viscosities of 4, 11, and 20 centistokes for the
same slurry concentrations. No significant changes
in slurry viscosities were observed over the temper-
ature range 50 to 300°C.

An apparatus to study the settling characteristics
of slurries in stainless steel at elevated temper-
atures and pressures by continuous x-ray pho-
tography was constructed and demonstrated. In
initial settling studies, pumped thorium oxide
slurries were found to be in compaction at concen-
trations of 500 to 700 g of thorium per kilogram of
H,0. At a slurry concentration of 250 g of thorium
per kilogram of H,O, the initial settling rates
increased with increasing slurry temperature from
less than 0.2 cm/sec at 110°C to 0.66 cm/sec at
265°C. Analysis of the rate data indicated that
the increase in settling rate with temperature

resulted primarily from the decrease in the vis-
cosity of water with temperature rather than from a
change in the flocculation characteristics of the
slurry.

The addition of 1 mole % calcium to thorium
oxide by the coprecipitation of the oxalates and
calcination apparently resulted in
a densification of the oxide particles,

Sols with ThO /NO = mole ratios as high as
6.3/1 have been obtolned by the dialysis of
thorium nitrate solutions adjusted to pH 3.6 with
ammonium hydroxide. After drying at 300°C the
solids were readily redispersed in water to re-form
the sol.

subsequent

16, Fuel Reprocessing

The chemistry of iodine was studied further to
determine the behavior of iodine under reactor
conditions. At 250°C with an atmosphere of
oxygen, the free/combined iodine ratio in the liquid
phase was 9/1. The presence of ruthenium
reduced the ratio to 0.1/1 with oxygen present.
The presence of hydrogen or of stainless steel
partially offset this effect of ruthenium. No other
fission product yet examined has the same effect
as ruthenium on iodine valence distribution.
Transfer of iodine from the liquid phase to silver
in the vapor phase was also inhibited by ruthenium
in the liquid, Data were obtained which indicate
that the transfer of iodine from vapor to silver is a
significantly reversible reaction at 250 to 300°C.

At Vitro Laboratories a 1000-psi ejector loop was
constructed and is now undergoing preliminary
testing prior to its being used for studies on
removing iodine from circulating uranyl sulfate
solutions at 250 to 300°C. Bench studies showed
that water was an efficient (98%) scrubber for
removing iodine from a circulating gas stream as
long as the iodine concentration in the scrubber
solution did not exceed 0.007 g/liter., Dilute
Ag,50, and NaOH solutions were 100% efficient.

Additional work on the equilibrium distribution
coefficient of elemental iodine between vapor and
vranyl sulfate solutions at 260 to 330°C con-
sistently gave values ranging from 6 to 12. With
water the coefficient ranged from 0.2 to 0.5,

Based on visual observations in quartz tubes,
selenium is soluble to the extent of 50 to 250 mg
per kilogram of H,0 at 300°C, Se(lV) being ap-
parently somewhot less soluble than Se(Vl).
Filter bomb experiments, using S5b124 tracer,
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indicate antimony solubility at 275°C of 20 mg per
kilogram of H 0 in 0.02 m U0,50,-0.005 = H,SO,.
Hydrous mob:um oxide suspended in UO 50,
solution changed from an amorphous to a crysfol-
line state above 200°C. Upon cooling, the solid
phase lost its crystalline form rapidly, Indications
of a very low solubility (<<10 mg per kilogram of
H,O at 250 to 300°C) were obtained.
Technetium(VIl) was reduced by hydrogen in

uranyl sulfate solutions at 275°C and precipitated .

as TcO,, with 12 mg of technetium per kilogram of
H,O remaining in solution, The uranium was also
reduced and precipitated. When TecO, was
suspended in 0.02 m UO ,90,-0.005 m H SO
and heated to 250°C under an otmosphere ofzcnr,
it remained as TcO, at 250°C but with pure oxygen
present it rapidly dissolved to give a solution
containing at least 10 g of technetium per kilogram
of H,O.

In %urther tests, 10.8 M H,SO, at 165°C continued
to be a satisfactory soIvent for synthetic reactor
solids varying widely in composition, pretreatment,
and age. Therefore it is recommended that solids
removed by the HRT Chemical Plant be treated
with three successive batches of 10.8 M H S0,.
Each batch should be 1 liter of acid per 100 g of

solids,

17. Plutonium-Producer Blanket Processing

Plutonium adsorption on titanium and Zircaloy-2
from 1.4 m UO,S0, at 250°C under 90-psi oxygen
and 180-psi hydrogen is presented approximately
by the equations

A(Ti)
A(Zr-2)

0.01 C2/3;1/2 s
0.03 Cc2/3;1/2 ,

Il

where A is the adsorption in ug/cm2, C is the
plutonium concentration in mg/kg of H 0 and ¢ is
the exposure time in hours. The equcmons were
devised to fit data for plutonium concentrations
up to 3 mg per kilogram of H ,0 (no PuO, precipi-
tation) and exposure times up to 160 hr, and for
untreated machined surfaces. However, experi-
mental results deviated from calculated results
by a factor of 4 for 15% of the titanium data and
for 25% of the Zircaloy-2 data, The deviation is
believed to be a result of a variation of the amount
and nature of oxide film on the metal surfaces.
Preliminary data for plutonium adsorption on
type 347 stainless steel indicated that the amount

of plutonium adsorbed is directly proportional to
exposure time,

A plutonium solubility of 520 mg per kilogram of
H,0 was obtained when 4.0 m UO 90,-4.0 m
Ll SO containing 0.1 m Cr and 0.1 m H SO was
heofed at 250°C under 200-psi oxygen, Th|s volue
is too low to permit use of such a solution as a
fuel in a plutonium-burner power reactor,

In 700 hr of operation under reactor conditions
(1.4 m UO SO 03 mH SO > 250°C), a titanium
hydroclone showed no s|gn of attack by the
simulated fuel,

18. Equipment Decontamination

Type 347 stainless steel contaminated under
homogeneous reactor (uranyl sulfate fuel, 250°C)
conditions was satisfactorily descaled and decon-
taminated by 0.4 M CrSO 0.5 MH,50,. An inert
atmosphere was used to prevent oxudcmon At
85°C, 2 hr was required to decontaminate test
coupons from 800 to 35 mr/hr or a length of pipe
from an in-pile test loop from 25 to 0.9 r/hr.
In the former case the remaining activity ap-
peared to have been replated from the reagent;
in the latter case the remaining activity was
essentially neutron-induced activity in the stain-
less steel. Corrosion rates were several hundred
mils per year when the reagent was circulated in
the equipment being descaled, but this is not
serious in the short contact time required. At
H,S0, concentrations below 0.2 M the descaling
rate was very slow; at concentrations above 0.5 M
the corrosion rate increased,

Titanium and Zircaloy-2 coupons contaminated
at 250°C with plutonium and mixed fission products
from a 1.7 m UO_SO, solution were decontaminated
in 2 hr from 130 to 3 mr/hr. The reagent was
0.4 M CrSO,~1.0 M H,SO, at 87°C.

PART VI. SUPPORTING CHEMICAL RESEARCH

19. Aqueous Systems at Elevated Temperatures

The vapor pressures of several concentrated
salt solutions were measured over the temperature
range 200 to 400°C. Solutions of either LiNO,
or Ca(NOa) show some promise for application os
primary heaf transfer media for solid-fuel-element
reactors as well as fuel-bearing material for
homogeneous reactors,

A survey study of the temperatures at which
phase separation occurs in dilute solutions in the



system UOZSOA-CUSO“-NiSO“-H2504-H Odisclosed
the approximate temperature limits of fxomogeneity
as a function of the composition of the solution,
The data indicate that operation of the HRT at the
design temperature will result in partial or com-
plete precipitation of the uranium,

20. Radiation Studies of Thorium Nitrate
Solutions

Autoclave experiments have shown that there
was no back reaction between nitrogen and other
decomposition gases in the temperature range
140 to 240°C with gas pressures over 2000 psi.
The vapor pressure of 7 m Th(N03)4-2HNO3 so-
lutions can be represented by the equation

log Py, = 1.049 log PHzo + 0.071 ,

where P, is the vapor pressure of the solution
and PHzo is the vapor pressure of pure water at
the samé temperature,

21. Capture Cross Section of U236

The effective capture cross section of U236
in highly irradiated MTR fuel elements was
measured, and data are presented. The average
value obtained for a(U236)°” for these irradiations

is 34 * 6 barns.

22. Protactinium Chemistry

The extraction of tracer protactinium by kerosene
solutions of di(2-ethylhexyl)phosphoric acid was
studied. When 2% (wt/vol %) 2-ethylhexanol was
added to 0.1 M di(2-ethylhexyl)phosphoric acid in
kerosene, the distribution coefficient of tracer
protactinium between this solvent and 0.1 M HNO
was observed to increase from 32 to 154. It is
probable that observed distribution coefficients
and differences between them in HNO, systems
are only apparent,

Since thorium also extracts into 0.1 M D2EHP-
kerosene-2% 2EH, an attempt was made to find
conditions that would reduce its extractability.
The extraction of yttrium was also studied,
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1.1 CONSTRUCTION

1.1.1 Reactor Area

At the beginning of this quarter the installation
of high-pressure piping between the major high-
pressure-system components (pressure vessel, heat
exchangers, and circulating pumps) had just begun,
By the end of the quarter, all construction work
within the reactor tank was completed, and process
lines were flushed out so that a program of engi-
neering tests could begin (see Sec. 1.2). Several
phases of the construction work are pictured on
the following pages.

Figure 1.1 is an over-all view of the reactor
tank from above the west end. In the foreground
(to the right) can be seen the top of the blanket
low-pressure assembly and (to the left) the blanket
heat exchanger. Underneath the center bay can
be seen a portion of the thermal shield surrounding
the reactor pressure vessel. In the background is
the fuel-system equipment.

Figure 1.2 is a closeup of the fuel side of the
tank with the fuel low-pressure system in the fore-
ground and the reactor thermal shield in the center
background. Several valve-operator assemblies
are visible at various locations near the top of
the cell. Figure 1.3 is a view of the reactor com-
partment and shows the fuel and bianket pres-
surizers, as well as the outlet piping from the core
and the pressure vessel. Figure 1.4 is a closeup
of the blanket side of the reactor tank, with tempo-
rary access stairs in the right foreground.

10n loan from Babcock & Wilcox Co.

20n loan from Pennsylvania Power and Light Company.

30n loan from Union Carbide Nuclear Company, New

York Office.
4On loan from The Glenn L. Martin Co.

50n loan from Americon Gas and Electric Company.

Figure 1.5 shows the off-gas-system charcoal-bed
assembly and its valve pit. The large concrete
pit contains four separate charcoal beds, each
filled with activated coconut charcoal for the
purpose of adsorbing fission gases which are re-
leased from the reactor system. The beds will be
immersed in water for cooling purposes and will be

shielded by 10 ft of earth,

1.1.2 Control-Room Area

Construction work in the controlsroom area was
completed in April, and a checkout was made of
all electrical and control circuits. Figure 1.6 is
a photograph of the completed main control panel.
The graphic arrangement of the process instruments
with silhouvette symbols of equipment pieces is
well illustrated by this panel. Nuclear and power
control recorders are located in the center of the
board, with all blanket instrumentation to the right
and all fuel instrumentation to the left, Figure 1.7
shows a portion of the instrument conduit piping
which penetrates the shielding wall between the
control area and the reactor tank. Air-line bundles
to the remotely operated valves are shown in the
foreground. At the top of these lines are the air-
operated stop valves which close to seal the
process air lines if activity is released inside the
reactor tank. Near the center of the photograph
are large conduits, which carry thermocouple and
electrical lines through the shieldingwall. Attached
to the pull boxes near the bottom of the conduit
lines are air lines, which are used to pressurize
the conduit to prevent the inleakage of water when
the reactor tank is flooded. The conduit is also
blocked with a sealing compound at this point. In
the right background of this photograph are lines
leading into the west (fuel) instrument cubicle.
This cubicle, shown in Fig, 1.8, is a portion of a
cylindrical tank, welded onto the north wall of the
reactor-to-control-room shield. In this shielded
cubicle are located the primary sensing elements
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such as pressure cells and D/P cells. Since these
instruments are connected directly to the reactor
piping, the cubicle is normally sealed closed;
however, a quick-opening entrance on the top
closure (not shown) will permit entrance into the
cubicle during periods of reactor shutdown,

Figure 1.9 shows the thermocouple *‘patch panel,’’
in which some 400 thermocouples are terminated.
The plug-in type of board permits easy rearrange-
ment of the thermocouple signals for experimental
purposes. Figure 1.10 is a view of one half of
the leak-detector installation located on the bottom
floor of the control area, A leak-detector line is
attached to each ring-joint flange in the reactor
cell, The leak-detector lines penetrate the shield-
ing wall and are manifolded through valves as
shown in this photograph. In normal operation a
hydrostatic pressure, always greater than the
reactor operating pressure, is applied to all the
leak-detector lines, and the pressure is monitored
continvously. Leakage is indicated by a reduction
in header pressure. The leak is found by first
isolating banks of lines and then by closing off
individual lines in a single bank,

The refrigeration system, which supplies cold
Freon-11 to freezer stations and cold traps within
the reactor cell, is shown in Fig. 1,11. This
installation is also located on the bottom floor of
the control gallery. The compressor, rated at
3 tons at —40°F, is pictured in the foreground,
with the circulating pump for cold Freon to the left
of the compressor and the storage tank for cold
Freon in the background. Not visible is the cir-
culating equipment for warm Freon, which is used
to defrost cold traps, or the control panel, which
houses the instrumentation for automatic defrosting
and refreezing of cold traps on a chosen cycle.

1.2 OPERATIONS

An operating crew of approximately 30 engineers
and technicians, in addition to four industrial
loanees, completed the HRT operations training
course and was assigned on a three-shift basis

12

beginning April 23, The initial wok of the
Operations Group will be devoted to cleaning and
preconditioning of the process piping, calibration
of vessels, and preparation of auxiliary equipment
for operation. This will be followed by the pro-
gram of engineering tests outlined by Hill.é These
tests are scheduled for the period from May through
September and are to be followed by the first
critical experiment,

During the quarter, memoranda were issued de-
scribing the procedures and methods for testing
the following equipment:

ORNL
HRT Test No. Title CF No.
H-A, 10q, b, ¢, d Fission Product Adsorbers 56-4-102
ll<A, 49a, b; 39  Blanket Storage Tanks and 56-4-65
Reflux Condenser
IV-A, 7¢c, b Blanket Entrainment Sepas 56-3-143
rator Performance
|Ve34a, b, c; 37 Calibration of Blanket 56-4-115
Dump Tanks and Con-
densate Tanks
V-A, la, b Turbine Generator 56-4-28
V-A, 2q, b, c Turbine Condenser 56-4-140
V.A, 3q, b Feed Water Pumps 56-2-159
V.A, 4a, b High-Pressure Warmup 56-3-123
Boiler
V.A, 5q, b Air-Cooled Condenser 56-4-98
V-A, 8a Core and Blanket Steam 56-3-144
Drums
VI-A, 2, 3,4, 5 Cooling Water System 56-4-134
Vil-A Refrigeration System and 56-4-99
Cold Trops
Hydrostatic Test on HRT  56-4-167

Fuel and Blanket Systems

6). W. Hill, HRT Engineering Tests, ORNL CF-55-5-
143 (May 20, 1955).
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2. HRT DESIGN
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R. E. Aven J. E. Kuster4 J. N, Robinson
C. A. Bruchsted M. C. Lawrence’ C. L. Segaser
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2.1 GENERAL STATUS OF DESIGN

The preparation of working drawings for the HRT
is approximately 98% complete. During the quarter
the following general items of design were
completed:

Pressurizer location, piping, and supports

Pressurizer liquid-level indicators and heaters

Outer-dump-tank liquid-level controllers

Sampler details and assembly

Fuel feed- and purge-pump check-valve redesign

Underground waste and vent system piping and

. layout

Rupture-disk holder for pressure-balancing system

Space cooler supports and location

Temporary-freeze-jacket details

Fission- and ion-chamber positioners, design and

layout

Electrical and thermocouple disconnects in cell

Minor design changes were made as required
during construction, and a survey of piping installed
within the cell was completed to determine con-
formance with, and necessary revisions to, approved
drawings and to locate possible areas of conflict
between erected piping and maintenance require-
ments, 8

2.2 FEED- AND PURGE-PUMP CHECK VALVES

The suction check valves of the feed and purge
pumps were redesigned as a result of the failures

10n loan from TVA.

20n loan from Kaighin & Hughes, Inc.

30n loan from American Gas and Electric Company.
40n loan from Maxon Construction Co.

50n loan from General Dynomics Corp.

60n loan from Westinghouse Electric Corporation.
70n loan from Pioneer Service & Engineering Co.

BH. N. Culver, Piping Installation, interoffice memoran-

dum, (April 9, 1956).
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which occurred during mockup-loop operations,
Examination of the valves that failed revealed small
notches in closure welds; these notches served as
stress the fatigue cracks, which
culminated in failure of the valve bodies. The
closure weld was relocated in the new design in
order to relieve shrinkage stresses due to welding
and to improve the stress distribution in the highly
stressed cap region. Relief from radial shrinkage
due to welding was provided about the upper cage.
The protrusion on the inside of the cap shown in
Fig. 2.1 serves to reduce the volume of liquid

raisers for
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Fig. 2.1. Suction Check Valve for Diaphragm
Pumps.



within the valve; the pin through the cap retains
the upper cage in position.

The suction check valves of the feed and purge
pumps operate on a pressure cycle alternating
between subatmospheric and 2500 psia, at 78 to
120 cpm. The severe stresses produced by such
loading are conducive to fatigue failures such as
have been encountered. No failures have occurred
in the discharge check valves, which operate on a
pressure cycle from 2000 to 2500 psia.

2.3 FUEL AND BLANKET PRESSURIZER
HANGERS

Pipe hangers of the ‘‘constant support’’ type

were specified for support of the fuel and blanket
pressurizers in order to avoid excessive stresses
in the nozzles of the reactor core vessel. The
pressurizers are expected to rise approximately
Y in., relative to the top of the thermal shield,
when brought to operating temperature. The
hangers, two for each pressurizer, are suspended
from above to permit their removal in the event
that the pressurizers must be removed for mainte-
nance.

The liquid-level controllers associated with the
blanket pressurizer are supported from a structural-
steel frame extending from the end of the pressur-
izer drum, One of the controllers associated with
the fuel pressurizer is mounted on a bracket welded
to the pressurizer inlet line, and the other is
mounted on a pedestal welded to the top of the
thermal shield.

2.4 FUEL AND BLANKET PRESSURIZER
INSULATION

Both crinkled aluminum foil and preformed sheet
aluminum were found to provide adequate thermal
insulation for the pressurizers, Design factors
considered in the investigation of these materials
for this purpose included heating capability of the
pressurizer heaters, the fixed heating loads
present, and the allowable surface losses,

The heating capacity of each pressurizer is
limited to 13.5 kw of the 32-kw capability of the
heaters by contact resistance between the heaters
and the pressurizer piping and by the 850°F
maximum permitted operating temperature, Fixed
load, which includes feedwater preheating and
surface losses from the liquid-level indicators,
totals about 6.2 kw. Parts of the indicators must
be cooled and might be left uninsulated.

PERIOD ENDING APRIL 30, 1956

A minimum insulation efficiency of 82%, based
on bare-surface losses, was specified to limit the
loss of heat from 55 ft2 of pressurizer and piping
surface to 7.3 kw,

Aluminum foil, although not so reliable an
insulating medium as the preformed aluminum
sheet, is favored because of the greater ease of
application to the complex geometry of the pressur-
izers and because of its lower cost,

2.5 REFRIGERATION SYSTEM AND FREEZE
JACKETS

The two-stage, 5-hp refrigeration compressor,
originally installed in the primary Freon-12
refrigeration system, was replaced with a Brunner
single-stage, 15-hp, air-cooled compressor having
a capacity of 3 tons at —40°F evaporator temper-
ature.? This unit will chill the coolant circulated
to the cold traps and freeze jackets in the reactor
cell,

Because severe radiation-induced corrosion
effects might be encountered through the use of
Freon-11 in the circulating system, tetralin
(CyoH,,) is being considered as a substitute
refrigerant.1® The use of sulfur dioxide, which
was considered earlier, has been discouraged
because of its high toxicity.

Four designs for freeze jackets to be used for
sealing off lines were completed following per-
formance tests, Two types of jackets are perma-
nently connected to the refrigeration system and
can be operated while the reactor is in operation,
Two temporarily connected types can be used only
when the reactor cell is open.!! The type-A
permanent jacket is made of stainless steel tubing
wound about and welded to the process line. It
will be used on process lines in which temperatures
exceed 300°F. The second type of permanent
jacket, type B, consists of copper tubing wound
about and soft-soldered to lines in which temper-
atures will not exceed 300°F. The general
configuration of the permanent freeze jacket is
illustrated in Fig. 2.2, The type-C temporary
freeze jacket, shown in Fig. 2.3, is simply copper

9. C. Zapp, HRT Process Flowsheets (Rev. 1),
ORNL CF-55-5-156 (March 6, 1956).

1OR. C. Robertson and J. E. Kuster, Possible Substi-
tutes for Freon-11 in HRT Cold Trap Refrigeration
System, ORNL CF-56-4-20 (April 5, 1956).

LTS Robertson, Pgrmanent Freeze Jackets for
HRT Process Lines 1/2° and Smaller, ORNL CF-56-2-
137 (Feb. 23, 1956).
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tubing wound tightly about the process line; it is
installed at points which are inaccessible from the
top of the cell. The type-D jacket is intended for
remote installation as needed; it is operated
remotely by a manually controlled operator as
indicated in Fig. 2.4. Crinkled aluminum-foil
insulation, similar to that used on process piping,
has been specified for the jackets of types A, B,

and C, The type-D jacket is covered by a split,
waterproof, formed aluminum insulation, Freeze
jackets have been specified for both sides of all
major valves and at each of the pumps, in order
to prevent the entry of light water into the system
during the removal of those components, 12

2R, c. Robertson, HRT Freeze {acket Locations,
interoffice memorandum (April 15, 1956
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Fig. 2.2. Permanent Freeze Jacket.
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Fig. 2.4. Type D Remote-Operator and Clampon-Type Freeze Jacket.

2.6 SAMPLING STATIONS

Final design of the sampling stations was com-
pleted following operational tests of the proto-
type.!3 The diameter of the main indexing shaft
was increased to improve operational integrity,
and the differential pressure cells were raised to
facilitate their drainage.

3w. R. Gall et al., HRP Quar. Prog. Rep. July 31,
1955, ORNL-1943, p 13.

2.7 RUPTURE-DISK HOLDER FOR
PRESSURE-BALANCING SYSTEM

A special rupture-disk holder was designed to
replace the two standard holders originally speci-
fied? for the pressure-equalization line connecting
the blanket and fuel pressurizers (line 146). The
new design, Fig. 2.5, incorporates both rupture
disks in a single vessel to which entry may be
gained by the removal of a single blind flange.

19
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UNCLASSIFIED
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Fig. 2.5. Rupture-Disk Holder for Pressure-Balancing System.

2.8 GAS PRESSURIZATION

The studies of gas pressurization of the
HRT!4-16 were completed and will serve as the

4y w. Hill, Jr., HRT Power and Fuel Temperature
g/tfészuel Circulation Stops, ORNL CF-54-9-64 (Sept.

15g. E. Aven, Survey of Gas Pressurization for the

HRT, ORNL CF-56-3-17 (March 30, 1956).

16Contract between AEC and Arthur D. Little, Inc.,
AEC Activity 4103.1.
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basis for further investigations if steam pressur-
ization should prove to be unsatisfactory. Oxygen
was recommended to be the most suitable pressur-
izing gas. The final report of Arthur D. Little,
Inc., 7 contains engineering flowsheets and design
data applicable to such a system,

]7Arfhur D. Little, Inc., Gas Pressurization of Homo-
gene;)us Reactor Test, Memorandum C-60034 (Feb. 14,
1956).




2,9 COPPER AS A HOMOGENEOUS CATALYST

A study was completed concerning several
aspects of internal recombination of radiolytic
gases in HRT solutions, with dissolved copper
being used as a catalyst,’'8 The use of homo-
geneous catalysts results in a reduction in the
amount of gas that is generated in the reactor and
that must be recombined in the low-pressure
system,  Although sufficient copper could be
introduced to recombine all the radiolytic gases,
some gas letdown is desirable for use in stripping
fission-product gases from the fuel solution. The
concentrations listed in Table 2.1 are indicated for
the HRT when it is operating at a power level of

5 Mw.

TABLE 2.1. HRT INTERNAL RECOMBINATION

Copper Concentration

Internal Recombination (g-moles/ liter)

%) At 2000 psia At 1700 psia
80 0.0019 0.0032
90 0.0022 0.0037
100 0.0025 0.0042

Calculations based on experimental data indicate
that gamma-induced recombination of D, and 0,
in the heavy-water blanket should be sufficient to
prevent the appearance of radiolytic gases;
therefore no copper catalyst is required in the
blanket. However, the presence of ionic impurities
tends to destroy the recombination process,
necessitating the use of high-purity D20.

18R, E. Aven and M. C. Lawrence, Calculation of
E/(ects of Copper Catalyst in the HRT, ORNL CF-56-4-
4 (to be issved).
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2,10 COMPOSITION OF THE GAS PHASE
DURING DUMP

During operation of the reactor, fuel solutions
will be at, or very close to, saturation with
radiolytic deuterium; at design temperatures and
pressure the concentration of deuterium will be
sufficiently great (0.0025 to 0.0031 mole fraction)
to cause concern regarding explosive concen-
trations in the high-pressure system following a
sudden dump. Estimates of the concentrations
present during the dumping were calculated for
both gas- and steam-pressurized systems; explosive
mixtures were indicated in both cases. A delay
is therefore desirable between power shutdown and
the start of a dump in order to permit the catalytic
recombination of part of the deuterium, The delay
times indicated and the resultant changes in
concentration of deuterium at a power level of
5. Mw with 80% recombination are presented in
Fig. 2.6.

UNCLASSIFIED
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Fig. 2.6. Maximum Mole % D, Expected in the
Gas Phase of the HRT During a Dump vs Delay
Time for a Controlled Reactor Shutdown. Delay
time includes time it takes for reactor to go sub-
critical (~ 2 min).
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3. REACTOR COMPONENT DEVELOPMENT
C. B. Graham
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3.1 PUMP DEVELOPMENT

HRT-size pumps are being tested in the mockup
and test loops to improve the reliability of
thermal-barrier seals and to check the performance
of titanium parts.

3.1.1 400A-1 Pump and Loop

The 400A-1 Westinghouse pump, with a new
thermal barrier welded into the stator flange, was
operated on 250°C water for 250 hr. The thermal
barrier contains a titanium insert at the labyrinth
wear ring and shaft seals, where corrosion was
observed on all-stainless-steel thermal barriers,
Close observation of a thermocouple well located
near the Kingsbury thrust bearing and heat-balance
checks on the cooling water indicated that no
leakage occurred around the thermal barrier.

The loop is shut down for replacement of V-in.
tubing and fittings with pipe and welded con-
nections,

3.1.2 300A-1 Pump

Since the seal-welding of both the thermal barrier
and the main flange, the 300A-1 pump has operated
without incident in the HRT mockup for 1627 hr,
including 1234 hr on uranyl sulfate solution at

300°C.

3.2 REACTOR FUEL AND BLANKET PUMPS

3.2.1 Spare Reactor Fuel Pump and 400A-2
Test Loop

The spare 400-gpm reactor fuel pump, which
contains titanium parts, was installed in the
400A-2 loop for testing. One 550-hr run, in which
a solution containing 0.04 m UO,SO,, 0.005 m
CuSOA, and 50 mole % excess H2$O was circu-
lated at 250°C, was completed. 4The oxygen

IOn foan from TVA,
2Consultant.
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concentration was held at approximately 750 ppm.
Chemical analyses indicated low corrosion rates
during this run.

The loop was shut down because of a sudden
increase in heat loss to the cooling water in the
back of the pump, indicating a leak past the thermal
barrier.

The pump was dismantled and found to be
generally in good condition. However, there had
been leakage through the thermal barrier O-ring
seal and flaking of the gold plate from the O-ring.
The seating surfaces bearing on the O-ring were in
good condition, but there had been a slight cor-
rosive attack on several places just outside the
line of sealing. Except for oxide film formation,
there were no evidences of corrosion on any of the
titanium parts. There was no leakage across the
solid, gold-plated, stainless steel gasket in the
main flange of the pump.

3.2.2 Spare Reactor Blanket Pump and 230A
Test Loop

The spare reactor blanket pump, containing ti-
tanium parts, was assembled into the 230A test loop.
The system was given a 2000-psi hydrostatic test
and operated on water for 30 hr prior to addition of
UO,S0, solution (290 g of uranium per kilogram of
H,0). Nine hours after the loop was restarted, a
z-in.fube failed, with loss of the loop contents. At
the time of failure, the system was at 250°C and
1050 psi with an oxygen concentration of about
750 ppm. Subsequent analysis showed that the
tube was nickel instead of stainless steel.

A careful inspection after the incident showed
no damage to either the pump or loop components,
There were slight evidences of corrosion in both
the titanium impeller and titanium thermal barrier
in the wear-ring region,

All tubing in the loop is being replaced with
z-in. seamless pipe, welded at the joints,



3.3 HRT HEAT EXCHANGERS
3.3.1 HRT Fuel Heat Exchanger

The HRT fuel heat exchanger was received in
late January. Several cleaning and test operations
were carried out before the exchanger was installed
at the reactor site:

1. The pressure drop was determined as a
function of flow rate at room temperature and at
259°C. The test results are expressed empirically
as

AP =5.11 x 10-4 F1.83 ,=0.00276T

where
AP = pressure drop, psi,
F = flow, gpm,

T = water temperature, °C.

2. Cleaning was conducted4 with the exchanger
attached to the modified 400A-2 loop: first, for
64 hr, with water at 250°C containing 1000 ppm
oxygen and then, for 140 hr, with U02304 solution
containing 10 ¢ of uranium per kilogram of H_O
and 50 mole % excess H 304. Analytical infor-
mation obtained during the water run indicated that
organic deposits in the exchanger were removed
effectively. The chemical data for the solution
part of the run are given in Figs. 3.1 and 3.2.
The rapid initial rise in nickel concentration is
normal for new stainless steel material.

3. The uranyl sulfate run also produced a
probable verification of minute leakage observed
during a helium leak test in the Foster Wheeler
Corp. plant. Analysis of the condensate from the
exchanger shell revealed traces of uranium in the
first two of a total of 12 samples taken. Results
of the helium leak test following the fuel run
indicated a heat exchanger leak rate of 0.006
cc/day, with 1200 psi helium, on the primary side
of the exchanger.

4. Evaluation of heat losses from the exchanger
shell gave an over-all heat-transfer coefficient of
0.53 Btu/hr+ft2.°F through the steam shell,
aluminum-foil insulation, blast shield, and air
film,

The fuel heat exchanger was delivered to the

HRT site on February 17,

3. R Engel, Pressure Drop Calibration of Fuel Heat
Exchanger HRT Report No. A(4)a, ORNL CF-56-3-14
(March 6, 1956).

4P. P. Holz, HRT Heat Exchangers — Cleaning Runs
Performed at Y-12, ORNL CF-56-3-135 (March 20, 1956).
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3.3.2 HRT Spare Heat Exchanger

Specifications were prepared and released for
the procurement of a third 5-Mw heat exchanger,
This exchanger will serve as a spare for both core
and blanket units in the HRT.

Bids will be obtained on completely new designs
to be recommended by the manufacturers. An
additional bid will be requested from Foster
Wheeler Corp. on a replica of the HRT heat
exchanger,

3.4 HRT FEED PUMPS

The feed-pump test loop® was completed and
operation was begun in March, The loop was
shut down after 550 hr because of a suction-check-
valve housing failure, Both suction check valves
were replaced by a new girth-welded design, which
has a much stronger housing (see Sec. 2.2).

Failures of feed-pump parts on the HRT mockup®
demonstrated the need for improvements in feed-
pump design. Extending pump life is therefore the
primary objective of the injection-pump test loop.
The most serious mockup failures were those of
two diaphragms, after 3298 and 2702 hr of operation,
These failures are believed to have resulted from
a combination of the following conditions:

1. high stresses resulting from deflection of the
diaphragm to the extreme face of the head,

2. high local stresses due to small dirt particles
embedded in the diaphragm surface and causing
stress concentrations,

3. general fatigue caused by the large number of
cycles (approximately 10 million for failures
mentioned above),

4, stress corrosion,

Several methods of increasing diaphragm life
are being studied. One, the use of a titanium
diaphragm, is now being tested on the mockup,
Another consists in improving the method of
adjusting the intermediate system to ensure
minimum working of the diaphragm,

3.5 HRT DUMP TEST

The construction for phase Il of the dump test,
in which the contents of two concentric vessels

5C. B. Graham et al., HRP Quar. Prog. Rep. Jan. 31,
1956, ORNL-2057, p 23.

6H, L. Falkenberry and . Spiewak, Pulsafeeder and
Purge Pump Failures on the HRT Mockup, ORNL CF-
56-3-173 (March 1, 1956).
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will be dumped simultaneously, was completed.
In preliminary tests, the pressurizer-vent block
valves leaked excessively. These were replaced
by reactor-grade valves, which have given excellent
service, The tests also showed the need for
additional instrumentation, which is being installed
at the present time.

A prototype HRT pressurizer-vent metering valve
was tested to determine its flow-vs-position
characteristics. These were found to be satis-
factory for controlling the pressure reduction
during the start of a dump.

3.6 HRT SAMPLER7

Fabrication of the HRT sampler prototype was
completed, and trials have begun. The sample
size is reasonably consistent at 4 to 5 ml. Drops
of sample are usually deposited on top of the
flask; varying the needle size and sampling
technique has not prevented the deposition,

Preliminary tests indicate that the tendency of
the sampler to ‘‘remember’’ previous samples is
slight.

In order to test the sampler under conditions
closely simulating those of the reactor, the
sampler was connected to the HRT mockup. The
piping includes a prototype HRT sample cooler and
throttling valve.

3.7 HRT MOCKUP

3.7.1 Present Mockup System

The HRT mockup contains a number of prototype
HRT components operating under reactor conditions
in an integrated system. The system described in
the last quarterly report® was augmented by a
prototype HRT magnetically damped level con-
troller, the HRT oxygen converter (which permits
high-pressure oxygen injection), the HRT sampler
(see Sec. 3.6), and some additional sample points.
Samples can now be taken from the high-pressure
circulating loop, the pressurizer at two points,
the back of the circulating pump, the letdown line,
the injection- and purge-pump suction lines, and
the dump-tank evaporator,

7C. B. Graham et al., HRP Quar. Prog. Rep. Oct. 31,
1955, ORNL-2004, p 25..

8¢, B. Graham et al., HRP Quar. Prog. Rep. Jan. 31,
1956, ORNL-2057, p 25-26.
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3.7.2 Operation

The mockup operated for 1627 hr during the
quarter, with 1234 hr of operation at 300°C on a
uranyl sulfate solution containing 10 g of uranium
per liter,

One run of 1122 hr was performed (0.042 m
U0,sS0,, 0.0235 m H,SO,, 0.005 m CuSO,, 120 ppm
O,) primarily to check the chemical behavior of
the pressurizer in simulated reactor operation.
The run was interrupted twice in order to replace
feed-pump parts which had failed, Other failures,
including two purge-pump check valves, occurred
during this run, but repairs were made without
requiring a shutdown,

Another run with uranyl sulfate solution con-
taining 10 g of uranium per liter is now under way.
In this run the effect of increased oxygen concen-
tration on the corrosion rate will be investigated,
sampling problems will be studied in a system
similar to the HRT, and the pressurizer will
continue to be observed,

3.7.3 Pressurizer Inspection

After the 1122-hr run, the pressurizer was cut
open for inspection. The surfaces in contact with
boiling water and steam were coated with a thin,
slightly rusty film. There were no evidences of
corrosive attack.

The connecting piping between pressurizer and
circulating loop was also examined. The vertical
pipe from the bottom of the steam drum had a
smooth gray film. The horizontal portion of this
line showed three distinct areas of film: (1) the
entire lower half was black, (2) the uppermost
portion was the same gray as the vertical section,
and (3) between these two areas was a strip l/2 in,
wide containing little or no film covering the
metal, Corrosion coupons in the vertical pipe
showed weight losses corresponding to 0.07 to
0.28 mpy. There were no evidences of corrosive
attack. However, an accumulation of black needle-
like crystals and some amorphous brown silt was
found at the bottom of the horizontal run from the
pressurizer to the loop. According to chemical
analysis, this material is principally an unidentified
reduced uranium oxide with some trace con-
taminants. It does not dissolve in oxygenated HRT
fuel solution, A total of approximately 50 g of
vranium had precipitated.

In the present run, it is hoped that a higher
oxygen concentration will depress the formation of
these solids.




3.7.4 Loop Corrosion

The generalized corrosion rate experienced
during the 1122-hr run was 2 mpy, according to
nickel and manganese analyses of the solution,
A corrosion coupon in the main circulating stream,
but at very low velocity, showed a rate of 0.36 mpy.
The concentration of major chemical constituents
during the run is shown in Fig. 3.3.

The loop piping had a thin gray corrosion film
which flaked off rather easily. Precipitation of
small amounts of UO, was found in parts of the
loop which were semistagnant.

PERIOD ENDING APRIL 30, 1956

3.7.5 Behavior of Loop Components

During the past quarter most of the loop com-
ponents performed well, as evidenced by the
number of operating hours, The 300A circulating
pump, with welded flange and thermal-barrier
seals, gave no frouble. The HRT prototype letdown
valve showed no wear after about 1200 hr of
service, The magnetically damped level controller
was satisfactory,

However, there were a number of failures in
the injection feed and purge pumps.” These

H. L. Falkenberry and |. Spiewak, Pulsafeeder and
Purge Pump Failures on the HRT Mockup, ORNL CF-
56-3-173 (March 1, 1956).
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included three check-valve failures, two cracked
diaphragms, and three pulsator-housing failures,
Development is under way in the injection-pump
test loop (see Sec. 3.4) and the mockup in order
to extend the pump life. The check valves were
redesigned; no failures have been experienced with
new valves to date. A bolted head, containing a
titanium diaphragm, is being tested on the mockup.
Forged pulsator housings, to replace the present
castings, are on order,

3.7.6 Special Tests

A number of experiments were carried out with
distilled water in the system to determine some of
the characteristics of the level controllers, gas
separator, letdown heat exchanger and valve, and
the pressurizer.

With the system operating at 200 and 300°C, air
was injected intothe high-pressure loop to simulate
reactor off-gas. The rate of air injection varied
from 13.1 scfm continuously to 120 scfm for short
periods, The gas separator removed the gas
smoothly, and control of level during gas injection
was good. It was also learned that stable gas
removal could be obtained with the feed pump off
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and only the purge pump supplying the necessary
makeup for letdown steam and entrainment (0.2 gpm).

The pressurizer was subjected to compressions
in order to get information on the pressure rise to
be expected in such an event in the reactor. The
pressure rose at 75% of the theoretical adiabatic
rate for a compression of 2% AV/V per second,
and 35% of the theoretical for 0.2% AV/V per
second. The rate of pressure loss in the event
that the letdown valve should stay open was found
to be 5.3 to 7.5 psi/sec when no gas was injected
into the high-pressure loop and 2.2 psi/sec with
13.1-scfm air injection,

The letdown-heat-exchanger cooling-water re-
quirements were found to be 1.25 gpm under normal
conditions but estimated to be 12 gpm when the
valve is wide open, to keep the valve from vapor-
binding during abnormal conditions.

The letdown valve was found to have a capacity
of about 3.8 gpm when wide open. The valve was
not quite large enough to handle 1.7 gpm of liquid
plus 13 scfm of gas at 2000 psi.

In a special test to check chemical behavior
during a simulated HRT power startup, the fuel
concentration was increased gradually at 200°C
with frequent sampling. There was no loss of
uranium or copper from solution,
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4. HRT REACTOR ANALYSIS
P. R. Kasten

C. W. Nestor, Jr,

4.1 REACTOR POWER AFTER SHUTDOWN
M. W. Rosenthal

Shutdown of the HRT can be accomplished by
closing the stop valve (No. 537) in the steam line
leading from the core heat exchanger. This action
would cause cessation of energy removal from the
shell side of the heat exchanger, However, the
heat storage capacity of the steam-water system
in the shell, plus the metal of the heat exchanger,
would permit energy removal from the fuel solution
for several minutes,

The power-time relationships in the HRT follow-
ing closure of the stop valve were computed! for
two situations, namely:

1. the circulating pump continues to operate;

2. the circulating pump is stopped simultaneously
with closure of the stop valve, and fuel flow
continues by natural circulation,

4.1,1 Shutdown with Forced Circulation

The estimated power-time behavior of the reactor
following long-term operation at 5 Mw is plotted in
Fig. 4.1. Total reactor power, P, is the sum of
the rates of energy released instantaneously by
fission and by fission-product decay. For a steady
or slowly changing condition, the total power of
the reactor, when critical, would equal the heat-
removal rate. If the total power decreased, the
fission power would change so as to equal the
difference between the heat-removal rate and the
rate of energy release by accumulated fission
fragments, The fraction of total power represented
by decay energy would therefore increase with
time. The boiler-water temperature would rise
with increasing time, and at some point the heat-
removal-rate capacity would be no greater than
the rate of energy release by fission-product
decay. For times beyond this point, the reactor
would become subcritical.  Under these con-
ditions, the HRT would become subcritical in
about 2 min,

1R, E. Aven and M. W. Rosenthal, Delay Time Required
to Reduce Dy Explosion Hazard During the HRT Dump,
GRNL CF-56-5-40 (May 21, 1956).

M. W. Rosenthal

The total power in Fig. 4.1 was obtained from
simultaneous solution of heat-transfer and energy-
storage equations describing the system. The
fission-product energy curve was obtained by
approximating the effect that a gradual reduction
in fission power would have on the curves computed
by Hill,2 who assumed complete flow stoppage.
The instantaneous fission energy in Fig. 4.1 is
the difference between total power and fission-
product decay energy. The fission-recoil energy
was token as 85% of the instantaneous fission
energy.

2y, w. Hill, Jr., HRT Power and Fuel Temperature
64/2]e9rs4[;ue1 Circulation Stops, ORNL CF-54-9-64 (Sept.
, .
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4.1.2 Shutdown with Natural Circulation

If the circulating pump were stopped simul-
taneously with closing of the stop valve, the fuel
solution would slow down over a period of 3 to 5
sec until the natural circulation rate is reached,
The reactor would become subcritical momentarily
during this period, and the power would fall rapidly;
however, criticality would be established after this
transient. The circulation rate would then be
determined by the temperature difference between
the hot and cold legs of the system.

The calculated reactor behavior following simul-
taneous pump stoppage and stop-valve closure is
shown in Fig. 4.2. The initial reduction in flow
rate would cause the power to decrease quite
rapidly. After this rapid transient the power would
be lower than if the pump continued to operate,
and the heat-exchanger temperature would rise
relatively slowly with time, Thus the slope of
the P -time curve would be much less for this
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case, as illustrated in Figs. 4.1 and 4.2. With
natural circulation, about 7 min would be required
for the heat-removal rate to decrease to the point
where the reactor is subcritical.,

4.1.3 Effect of Heat Loss

Loss of heat from the system to the surroundings
was not considered in obtaining the curves of
Figs. 4.1 and 4.2. The rate of heat loss from the
core high-pressure system to the reactor cell
was estimated? to lie between 20 and 60 kw and
is dependent upon the extent of pipe-flange
insulation. A heat loss of 60 kw would delay
the time at which subcriticality is attained by
about 15 sec in the forced-circulation case. The
time delay would be appreciably extended for the
natural-circulation case; possibly, the rate of
fission-product energy release would fall below
60 kw before the heat-exchanger temperature
reached 280°C (the critical temperature), under
which circumstance the core would remain critical
indefinitely.

4.1.4 Steady Power Removal with Natural
Circulation

If the circulating pump were stopped but steam
withdrawal from the heat exchanger continued,
the reactor would exhibit a transient behavior,
such as shown for the first 10 sec in Fig. 4.2,
followed by steady operation under natural-
circulation conditions.  The natural-circulation
power for a shell-side pressure of 520 psia would
be about 700 kw with a circulation rate of about
40 gpm.

4.2 FUEL CONCENTRATION AS A FUNCTION
OF POISON LEVEL

C. W. Nestor, Jr. P. R. Kasten

Placing corrosion specimens within the HRT
core region will increase the fuel concentration
required for criticality, owing to the neutron-
poisoning effect of the specimens and their holder.
Calculations4 based upon a preliminary coupon-
holder design indicate that the poisoning effect
would be less than 11% poisons. This result was
obtained by calculating the poisoning effect, on

3k, ¢ Zapp, HRT Space Cooler Heat Load, ORNL
CF-55-10-17 (Oct. 5, 1955).

4C. W. Nestor, Jr., and P. R. Kasten, HRT Fuel
Concentration as a Function of Poison Level, ORNL
CF-56-4-66 (April 11, 1956).




the assumption that the corrosion specimens and
their holder were titanium metal uniformly distri-
buted throughout the core region, andthen weighting
the result with the neutron importance function
according to the actual position of the metal. If
the metal were all stainless steel, the equivalent
uniform poison fraction would be approximately
6.8%; use of some Zircaloy-2 would further reduce
the poisoning effect,

The effect of poison level upon critical concen-
tration is given in Fig. 4.3 (the poison fraction
was based upon the fission cross section). In
obtaining these results, two-group calculations
were performed; this appeared to be an adequate
treatment, based upon some multigroup results.d

To take into account resonance phenomena, it
was estimated that approximately 25% of the
fissions could be caused by epithermal neutrons
(based on some multigroup results). This would
result in a critical concentration approximately
6.5% higher than that obtained by two-group calcu-
lations. The effect is indicated in Fig. 4.3. Even
with the above correction, the critical concentration
would not exceed 10 g of U235 per kilogram of
020, with 11% poisons present.

Sc. oW, Nestor, Jr., HRP Quar. Prog. Rep. Jan. 31,
1956, ORNL-2057, p 66-68.
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4.3 REACTIVITY EFFECTS ASSOCIATED
WITH TWO-PHASE SEPARATION

P. R. Kasten

Based on experimental work at LASL,% the HRT
would be extremely subcritical if two-phase sepa-
ration occurred and the heavy phase were not
dispersed. Also, if the heavy.phase were dispersed
under steady-state conditions, no reactivity problem
would exist. Under certain non-steady-state con-
ditions, however, some reactivity problems would
be encountered, The most serious one is as-
sociated with the following situation; Consider
that two-phase separation has occurred, that the
400A pump is off, and that all the fuel has ac-
cumulated at the bottom of the core vessel (as a
result of natural convective fluid flow). Although
the reactor would be extremely subcritical under
these conditions, startup of the 400A pump at this
time could disperse the heavy phase throughout
the core volume, with an accompanying rate of
reactivity addition of approximately 10% Ake/sec.
This reactivity addition could result in pressure-
vessel rupture. If the dispersion does not occur
until after full pump speed is attained, the rate of
reactivity addition could be approximately three
times greater than the above figure,

To eliminate the above situation, the 400A
pump should not be started when the reactor is
subcritical (this presupposes previous operation
and the possibility of two-phase separation),
Following previous operation, the reactor should
attain a power level of approximately 700 kw by
natural convective flow within a minute following
pump failure, if two-phase separation has not
occurred,  If criticality were not attained, the
safest procedure would be to dump the reactor,

A much less serious reactivity problem would be
associated with two-phase separation under con-
ditions of normal pump operation. If two-phase
separation occurred at 280°C and all the fuel
accumulated within the core in accordance with the
fluid flow rate, the associated rate of reactivity
addition would not cause rupture of the pressure
vessel, or of the core tank if the initial reactor
power were approximately 5 Mw. The two-phase
separation temperature would have to be less than
200°C before danger of rupturing the pressure
vesse! would exist for this case,

SR. N. Olcott, Homogeneous Heavy Water Moderated
Critical Assemblies, Part I, Experimental (to be sub-
mitted to Nuclear Science and Engineering).
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5. HRT CONTROLS AND INSTRUMENTATION
D. S. Toomb

A. M. Billings
J. R. Brown

C. H. Gabbard

5.1 PROCUREMENT

All valves, valve operators, and instrument trans-
mitters and associated receivers for the reactor
system have been received. Total expenditures
for instrument and control material to date, in-
cluding valves, are $197,000. Fourteen thousand
dollars is presently outstanding, approximately
half of which is for remote area radiation monitors
scheduled for shipment in early May. A prototype
of the monitor was approved at the vendor’s? plant.
The remaining outstanding orders are for reactor-
system valves and instruments and miscellaneous
auxiliary-systems equipment.

5.2 CONSTRUCTION

The checkout of the process instrumentation and
control system was completed. The nuclear system
will be checked after the process equipment has
been placed in operation.

5.3 LIQUID-LEVEL INDICATORS

The designs for the liquid-level indicators?® for
the pressurizers and the outer storage tanks were
completed, and construction at ORNL was also
completed. The operation of the prototypes? indi-
cates that zero shifts with temperature have not
been completely eliminated and that the sensing-
coil temperature should be below 200°C to obtain
reliable operation.

The design of the pressurizer level indicator is
shown in Fig. 5.1. The float is damped by the
action of permanent magnets on a one-turn copper
coil attached to the float stem. The range of the
indicator is 5 in, of water,

The level indicator for the outer storage tanks
is shown in Fig. 5.2, Float vibration in this de-
sign is hydraulically damped by the interaction

1Consultant from University of Virginia.

2Victoreen Instrument Co., Cleveland 3, Ohio.

3D. S. Toomb et al., HRP Quar. Prog. Rep. Jan. 31,
1956, ORNL-2057, p 35.

4R. L. Moore, HRT Level Controller Development
Status Report, ORNL CF-56-4-61 (April 24, 1956).
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of the disks attached to the float stem and the
fixed baffle attached to the housing. The range
of this device is 47 in. of water,

5.4 PRESSURE AND DIFFERENTIAL-PRESSURE
INDICATORS

The pressure and differential-pressure indicators
were calibrated and found to meet the design speci-
fications. Construction specifications were met
except for the welds joining pressure-tap-pipe
extensions to the housings. These welds are being
repaired at ORNL. Future specifications will re-
quire that an ORNL inspector be present at the
vendor’s plant when welding operations are being
performed.

5.5 VALVES AND OPERATORS
5.5,1 HRT Low-Pressure-System Valves

Delivery, testing, and installation of the HRT
low-pressure-system valves are complete, All
valves for the low-pressure system were satis-
factory as received from the vendor,

5.5.2 HRT High-Pressure-System Valves

All high-pressure-system valves needed for HRT
construction have been received. Seventy-five
per cent of the spare units are also now on hand.

The fuel-system dump valve and spares were
rejected after initial tests and returned to the
vendor for redesign of the plug. The 25-deg angle
in the original design caused the plug to wedge
in the seat and resulted in sticking. The re-
designed valve has a 60-deg plug angle.

The letdown valve, which throttles a mixture of
reactor fluids and gases from the high-pressure
system to the low-pressure dump tanks, is shown
in Figs. 5.3 and 5.4, No evidence of trim erosion
in this valve was visible upon inspection after
a 1100-hr test with uranyl sulfate in the HRT mock-
up loop. This valve was reinstalled in the mockup
for further testing.
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6. HRT FUEL PROCESSING PLANT

W. E. Unger
T. A, Arehart  C. C, Haws A. M. Rom
N. A. Brown R. W. Horton W. F. Schaffer
W. L. Carter R. B. Lindauer H. O. Weeren
G. W. Gray F. C. McCullough  R. H. Winget
P. A. Haas E. O. Nurmi

6.1 PROCESS FLOWSHEET

One of the principal problems anticipated in the
operation of the HRT Chemical Processing Plant!
is that of determining whether the equipment is
performing properly — that is, whether solids are
being removed by the hydroclone. Since it is not
certain that a representative sample can be taken
from the solid-liquid mixture in the hydroclone
underflow receiver, it is necessary that the entire
contents of the receiver be removed and dissolved.
A facility for removing a ‘‘one batch’’ receiver
had been designed for location in the cell A
operating area so that it would not be necessary
to enter the process cell (C) frequently during the
early stages of experimentation. This cell A
carrier facility would have been separate from
the two multibatch carriers already planned in
cell C.

However, it was found that both design and oper-
ation of the cell A facility were complicated by
the intense radioactivity of the underflow-receiver
contents and the pressure design required to afford
hazards protection consistent with the reactor cell
design. Therefore, the one-batch carrier will be
substituted for one of the two carrier-evaporators
in cell C. The one-batch carrier will be removed
through the roof plugs of cell C after each of as
many runs as are found necessary to confirm the
representativeness of the underflow sampler.

The revised design therefore provides a sample
carrier of approximately 3-gal capacity to be inter-
changeable with either of carriers C-1 and C-2
shown on Fig. 6.1, which is a schematic flow
diagram of the HRT Chemical Processing Plant.

6.2 INSTRUMENTATION

The instrumentation for the core processing fa-
cility of the HRT is different from that encountered
in the normal radiochemical processing plant in

'E. R. Bruce et al., HRP Quar. Prog. Rep. Jan. 31,
1956, ORNL-2057, p 41-59.

that it must perform at much higher operating tem-
peratures, pressures, and radioactivity levels.

The lack of accessibility to the primary elements
warrants the use of electrical rather than pneu-
matic primary elements on the basis of maintenance
probability, The electrical signals are converted
to pneumatic by transducers, Thus the receiving
instruments are pneumatically operated. A graphic
panelboard is being installed so that the operator
will have an exact over-all view of the process.

6.2.1 Pressure

Each of the primary pressure elements will be
located in a lead-shielded watertight cubicle at-
tached near the top of the process cell. A length
of ]/4-in. pipe filled with D,0 will be provided to
prevent process solutions from contacting the
primary elements, Diffusion and mixing, even
during process pressure letdowns, are not ex-
pected to cause radicactive process solutions to
enter the primary elements.

The process pressure in the hydroclone circula-
tion loop will be measured by a 0~2500 psi Baldwin-
Lima-Hamilton Corp. type SR-4 strain-gage ele-
ment,

The differential pressure drop across the hydro-
clone separator will be measured by a 0-50 psi
inductance-type differential-pressure transmitter
being fabricated by The Foxboro Company.

The pressure in the vapor lines between the
carrier and the recombiner-condensers will be
measured by a 0-50 psia Baldwin-Lima-Hamilton
Corp. type SR-4 strain-gage element,

6.2.2 Level

Liquid-level measurement in radiochemical proc-
essing facilities is extremely difficult wherever
the measurement involves small tanks. For this
reason, development effort was applied to achieve
a device suitable for this type of application which
can be used to supplement a standard method of
level measurement.
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The D,0O receiver inventory will be measured
by a 0-200 1b Baldwin-Lima-Hamilton Corp. type
SR-4 load cell. The tare weight of the tank (ap-
proximately 150 Ib) will be electrically compen-
sated for in the measuring instrumentation. The
active weight of only 50 Ib emphasizes the desir-
ability of an additional measurement. This type
of standard tank-weighing device is normally not
used where the active weight is less than one-half
the total weight.

The supplementary measurement of the D,0 re-
ceiver inventory will be made by a thermal-level
probe developed by the Instrumentation and Con-
trols Division and illustrated in Fig. 6.2. This
probe consists of a heater surrounded by thermo-
couple junctions imbedded in a stainless steel
housing, The thermocouple junctions are spaced
in equal increments along the length of the probe.
The electrical output from the thermocouples in
the portion of the probe which is not immersed in
the liquid will be greater than that from those
submerged, because of the differences in heat-
transfer coefficients of the probe-to-liquid and
probe-to-vapor surfaces. The thermocouples are
connected so as to produce an emf proportional
to the liquid level. The bottom thermocouple junc-
tion, which is always immersed in the liquid, is
used to compensate for variations in liquid tem-
perature.

Alarms indicating high liquid levels in the cell C
sump and in carriers C-1 and C-2 are important in
warning of leaks onto the floor. Level alarm de-
vices consisting of contact-making thermocouple
galvanometers actuated from a signal derived from
a spot-type thermal-level probe will be used.
These thermal-level probes operate on the same
principle as the level elements mentioned above,
with the exception that the thermocouple junctions
are not spaced to give continuous level measure-
ment along the probe but are arranged to indicate
absence or presence of liquid at a specific point.

6.2.3 Temperature

Temperature elements will be fabricated from
thermocouple wire sheathed in ]/B-in.-OD type 304
stainless steel tubing, The thermocouple junctions
will be made by welding the wires and tubing into
a closure of the end. The use of the stainless
steel sheath allows the thermocouple installation
to be made leaktight by the use of standard tubing
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Fig. 6.2. Thermal-Level Probe.
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fittings. Thermocouples will be welded to the high-
pressure piping, carried parallel to the pipe for
at least 6 in. to minimize heat loss from the junc-
tion, and then brought out through the piping in-
sulation,  Standard thermocouple wells will be
inserted in the low-pressure piping. Each tem-
perature-measuring point will have duplicate thermo-
couples which can be connected to the measuring
or controlling instruments at a junction box near
the operating panel board.

6.2.4 Flow

Vapor flow in the lines from the carrier to the
recombiner-condensers will be measured by turbine-
type flow elements fabricated by the Potter Aero-
nautical Co, The output signal from these elements
will be electrical pulses whose frequency is pro-
portional to the flow rate.

Auxiliaries to the process, such as cooling-water
flow, steam pressure, etc.,, will be measured by
standard rotameters and pressure gages, located
in the control-room area.

6.2.5 Electrical and Instrument Connections

The stainless-steel-sheathed thermocouple lines
will terminate in tubing fittings at a sealed junc-
tion box in the process cell C near the roof plugs.
Wiring from these junction boxes will pass through
sealing boxes in cell D filled with a sealing com-
pound. The conduit between the sealing boxes
and the junction boxes inside cell C will be pres-
surized with air.

Cell C electrical leads will pass through sealing
boxes inside cell C and inside cell D. These
conduits will be pressurized between the two
sealing boxes.

6.2.6 Transducers

Transducers will convert the primary-element
electrical output into pneumatic output; 1000-cps
a-c transducers will be used wherever possible
because of their ability to measure small signals
accurately even when 60-cycle interference is
present, The a-c transducer to be used in the core
processing facility will be The Foxboro Company
Dynalog indicator with 3 to 15 psi pneumatic out-
put. One of these transducers will be used for
each primary measurement — high static pressure,
high-pressure differential, low static pressure, and
D,0 level from the Baldwin load cell.
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There are two primary signals which require the
use of a d-c type of transducer — the D,O-tank
thermal-level probe and the controlling thermo-
couple from the underflow-pot temperature appli-
cation,  Fortunately, their relatively high elec-
trical output signals will allow the use of d-c
instrumentation, The d-c transducers will be The
Swartwout Company emf transmitters, type T3C,

6.2.7 Control-Panel Board

The operating panel board consists of one 8-ft
section of graphic process representation., |t con-
tains process-variable recorders, indicators, and
valve and freeze-plug actuating switches, which
are associated with individual process components
and connecting lines, At each side of the graphic
panel is a 2-ft section of panel in which instru-
ments related to the entire process or instruments
used to furnish auxiliary information are mounted
(Fig. 6.3). Multipoint temperature recorders and
indicators are mounted in these panels. In the
lower portions of the side or wing panels are
located the central control circuit and jumper
panels, The patch and jumper panels display the
control and interlock circuitry, When interlocks
must be bypassed, this is readily and conveniently
done at the panel board, and the bypassed inter-
locks are in full view of the operator,

6.3 REMOTE TOOLS

The underwater maintenance planned for the HRT
core processing plant will require remote tools.
Many of the tools designed for reactor maintenance
will also be applicable to the processing plant
with minor or no changes. Effort is being con-
centrated on the special tools that are required
to remove the hydroclone retainer plug and the
hydroclone.

The tool (finger type) for removing the hydrocione
was designed, built, and tested. An alternate
(collet type) design under test is expected to be
more rugged (Fig. 6.4). The hydroclone was de-
signed with four 45-deg mill cuts in the top surface
to provide sockets for a twisting action from the
special tool. This will assist in breaking the
hydroclone loose from deposited corrosion products
between the hydroclone itself and the flange wall.

The special tool for removing the hydroclone
retainer plug is fabricated of 3/4-in. sched-80 pipe
(Fig. 6.5).
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Contamination of the system with light water
will be minimized, during changing of the hydro-
clone, by a flanged shaft of Il/z-in. sched-5 pipe
extending from the top of the bottom roof plug to
the hydroclone flange (see Fig. 6.6). The top
flange covering the hydroclone retainer plug will
be removed to expose the retainer plug. The 11/2-
in. pipe with flange will then be bolted over the
retainer plug to exclude the shielding water, Air
pressure will then be applied to force the light
water from the shaft through a ]/4-in. tube attached
to the flange, running parallel to the shaft, termi-
nating above the shielding water. In this manner

the light water is excluded before the hydroclone
retainer plug is removed.

The system can be filled with D,0 to reduce
the differential static head pressure and reduce
leakage past the retainer plug. The hydroclone
retainer plug has been recessed into the top flange
to reduce to about 10 cc the void space that would
retain light water (Fig. 6.7).

The Reactor Experimental Engineering Division
has designed a wrench for loosening the 5/S-in.
bolts on the low-pressure valves. Adapters for
bolt sizes of }’2, 3/4, and possibly ]]/8 in. are being
designed for use with this wrench. A right-angle
drive is being designed for loosening horizontal
bolts,

6.4 EQUIPMENT TESTING
6.4.1 Flange Leakage Tests

A ring-joint seal adapted for leak detection has
not proved entirely successful on the small flanges
to be used in the chemical plant. Commercial
tolerances of flanges and ring seals were found
to be excessive, and remachining of both elements
was necessary, Use of studs threaded over their
complete length (or turned to thread-root diameter
where not threaded) appears to be superior to the
use of standard bolts. Extension sleeves were
also beneficial. Attempts to reseat oval rings
in flanged joints subjected to excessive bolt load-
ings (15,000 Ib per bolt) were unsuccessful, indi-
cating that low bolt loadings must be used for
any joint which is to be broken and resealed
repeatedly.

6.4.2 Underflow Pot Test

The HRT-CP underflow pot was installed on
the B loop. The underflow-pot heat-transfer co-
efficient was measured from steam inside the pot
to the circulating air. This coefficient is 25
Btu/hr +f12.°F, which yields a coefficient of 19
when corrected to HRT-CP conditions. Design
was based on a coefficient of 15, which is neces-
sary to reduce the underflow-pot pressure by cool-
ing before sufficient radiolytic decomposition occurs
to constitute an explosion hazard.

6.4.3 Hydroclone

The integrally flanged hydroclone (Fig. 6.8) de-
signed for the HRT-CP was tested to determine

its efficiency and corrosion rate. At a normal
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TABLE 6.1.

PERIOD ENDING APRIL 30, 1956

flow rate the measured underflow ratio was 1.4 *
0.3% (for HRT design an underflow rate not in
excess of 2% is desired), and the centrifugal
efficiency was found to be consistent with that
obtained by standard hydroclones of the same
dimensions used heretofore in experimental loops

(see Table 6.1).

A 0.25 x 1.5 in. hydroclone operated for 2300
hr at 300°C, at the design flow rate of 0.25 gpm,
displayed none of the changes in pressure drop
vs flow which heretofore have been indicative of
corrosion, The 2300-hr test on losp K in the Re-
actor Experimental Engineering Division was con-
ducted at simulated HRT reactor conditions, except
for the absence of the radiation corrosion products
and the fission products that are expected to be
in suspension in the HRT fuel solution.

6.5 CONSTRUCTION STATUS

The HRT Chemical Plant is scheduled for com-
pletion July 1, 1956. Shop work and field work
are 90 and 30% complete, respectively, compared
with a scheduled 100 and 35%. Work is slightly
behind schedule, mainly because of the priority
demand for craftsmen to complete reactor construc-
tion on schedule.

Material, equipment, and instruments in amounts
totaling $130,000 were received from a total of
$170,000 on requisition. The principal items not
yet received and the expected delivery dates are:
canned-rotor pumps, May 30; graphic instrument
panel board, May 1; roof plugs, June 15,

COMPARISON OF HYDROCLONE EFFICIENCIES

Material: TM-Y thorium oxide in water at room temperature, 80 wt % of

thorium oxide between 0.6 and 3.0 p

Pressure Difference

Hydroclone

Underflow Rate Hydroclone Efficiency

Py = Py (psi) (%) (%)

Integrally flanged, 0.40-in. 44 10 38.8
diameter, 2.40-in. length 44 10 43.6
44 10 42.3

Standard unit, 0.40-in. 44 9 36.5
diameter, 3.14-in. length 35 6 42.8
35 34.2
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Fabrication of all process components being con-
structed at ORNL is complete except the following.

1. Construction of the sampler has been held
in abeyance pending completion of the sampler
mockup tests being performed at Y-12, Construc-
tion of the modified isolation chamber and sampler
needle for sampling liquids with high solids con-
tents is complete and will be tested prior to in-
stallation.

2. Fabrication of the carriers will begin as soon
as corrosion-rate investigations are completed,

The two low-pressure units, each consisting of
an entrainment separator, superheater, recombiner,
condenser, and associated valves and piping, are
completed and installed in cell C, Cooling-water,
steam, and leak-detector lines were connected to
the units. The high-pressure unit is ready for
assembly on completion of high-pressure tests now
in progress.

Figure 6.9 shows both low-pressure units from
the north end of cell C. Also shown are the space
cooler, sampler housing, and suspended D,0 re-
ceiver, Figure 6.10 is a closer view of one of the
low-pressure units from the east side of cell C.
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7. REACTOR ANALYSIS

P. R. Kasten

H. C, Claiborne
T. B, Fowler
D. C. Hamilton
M. K. Hullings

7.1 FUEL COSTS FOR U235 BURNERS
H. C. Claiborne T. B, Fowler

The production of competitive nuclear power
implies low chemical processing costs; however,
these costs can only be low when the processing
plants serve a number of reactors generating a
total of more than 300 Mw of electrical power.
There is a market for power in the range of 5 to
10 Mw, usually in areas of relatively high fuel
cost. At the present stage of development, nuclear
power plants of these capacities cannot be serviced
economically by their own processing plant. Con-
sequently, chemical processing must be eliminated
or the spent fuel shipped to some centrally located
processing plant. This suggests that reactors
capable of operating for long periods of time with
no chemical processing are desirable. An investi-
gation of fuel costs was made for reactors whose
fuel is processed on a batch basis.

The reactors studied were spherical, one-region
homogeneous reactors containing U0, SO, in either
D,0 or H,0 and using 93.5% U235 feed. In all
cases the noble gases were assumed to be removed
continuvously, For some cases 75% of the poisons
that precipitate in the fuel, along with any pre-
cipitated plutonium, were assumed to be removed by
hydroclones. A cheap filtration or separation
process capable of separating the fuel solution
from the hydroclone underflow was also assumed.
This would allow the fuel solution to be fed back
to the reactor. To indicate the effect of power
level, this study considered two power levels,
125 and 5 Mw,

A summary of some of the results is shown in
Table 7.1. More detailed results for five reactors
are reported in Table 7.2. The principal conclusion
derived from Table 7.1 was that the fuel cost would
be about 4 mills/kwhr regardless of the size,
power, or moderator, if the spent fuel (at the end of
operation) were shipped to a central processing
plant. Also, the use of hydroclones for partial
poison removal showed no economic advantage.

C. W, Nestor, Jr.
M. W, Rosenthal
M. Tobias

The indicated operating times were not optimum,
Actually, no minimum cost was reached; the cost
continued to decrease up to the times shown. The
cost decrease was small, however, after 2000 days.
The results indicate that a reactor of this type can
run economically for many years (engineering com-
ponents and corrosion permitting) without chemical
processing.

Table 7.1 indicates that there would be an insig-
nificant penalty if the spent fuel from the higher
power D,0 reactor were discarded without recover-
ing the uranium, The costs for fuel recovery were
based on the assumption of the existence of a
large-capacity processing plant so that the fixed
charges for the chemical plant could be considered
negligible. Since this fixed charge would amount
to about 0.1 mill/kwhr even for plants processing
reactors of 2800 electrical Mw capability, it would
be slightly cheaper to discard the uranium for the
higher power D,0 reactors, provided that the spent
fuel could be cheaply and safely disposed of at
the site. The much higher uranium inventory in
the H,O-moderated reactors would lead to an
appreciable penalty if the uranium were discarded,
particularly for the low-power reactors.

7.2 CYLINDRICAL REACTOR STUDIES
D. C. Hamilton P. R. Kasten

Nuclear and economic calculations were made
for a set of cylindrical, two-region, thorium breeder
reactors by using two-group theory for the nuclear
calculations and the method of ORNL-1810! for
the economic calculations. The purposes of these
studies were to determine the effect of geometry
upon power density at the core wall, breeding ratio,
and fuel costs.

The reactors had the characteristics reported in
Table 7.3, and the results obtained are presented
in Figs. 7.1 and 7.2. Figure 7.1 gives the variation
of the maximum power density at the core-tank

]H. C. Claiborne and M. Tobias, Some Economic
Aspects of Thorium Breeder Reactors, ORNL-1810
(Oct. 12, 1955).
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TABLE 7.1. FUEL COSTS FOR ENRICHED BATCH OPERATED HOMOGENEOQUS REACTORS?

Average  Reactor Fuel Costbrd Fuel Cost at 2000 Days
i Electrical Hydroclone . Uranium . c ills /kwhr) ils /kwh
Diameter Power Operating p Poisons (mills /kwhr (mills /kwhr)
Moderator Power Cycle ) . Concentration
(ft) (Mw) (days) Density Time (g/\iter) (%) Uranium  No Uranium  Uranium  No Uranium
(kw/liter) (days) Recovered Recovery Recovered Recovery
D20 7 125 1 94 2000 9.2 18 3.93 3.99 3.93 3.99
6 125 1 150 4200 18.6 23 3.90°¢ 3.94 3.93 4,02
5 125 1 260 2000 12.0 13 3.94 4.08 3.94 4,08
6 125 @ 150 4400 22.8 53 3.90° 3.98 3.92 4.07
H20 7 125 1 94 2000 23.6 5 4.15 5.37 4,15 5.37
6 125 1 150 2000 24,7 5 4.13° 5.31 4.13 5.31
5 125 1 260 5600 44,7 8 4.04 4.45 4.13 5.31
5 125 © 260 3400 35.4 17 4.06 4.82 4.11 5.37
D,0 3 5 ® 5 3400 21.4 23 4.10° 4,51 413 4.76
3 5 1 5 3000 17.2 9 4.66 4,99 4,68 5.18
H20 3 5 © 5 8200 55.6 21 4,20 4,72 4,34 6.34
2 5 © 16 5800 57.8 17 4.21° 4.95 4,33 6.33

2Average temperature, 280°C; fuel, U02$04; inventory charges for uranium and D20, 4%.

bAf indicated operating time.

CDetails in these cases are shown in Table 7.2.

dAssumes that the processing plants are servicing large enough reactor capacity to make the fixed charges for chemical processing negligible.
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TABLE 7.2, ISOTOPE CONCENTRATIONS AND COST BREAKDOWN FOR SOME U235 BURNERS*

Electrical power, Mw 125
Diameter, ft 6
Moderator H20
Hydroclone cycle, days 1
Average power density, kw/liter 150
Operating time, days 2000
Initial U235 inventory, kg 353
System volume, liters 27,240
No. of shipping casks 50
Average U235 feed rate, kg/yr 239
Isotope concentrations,** g/liter
y234 0.98
y23s 13.64
y236 7.19
u238 2.90
Np239 0.00007
p,239 0.002
Py240 0.0006
Py241 0.0001
Estimated costs, mills/ kwhr
Uranium inventory 0.29
D,0 inventory and losses e
Uranium feed 3.71
Chemical processing 0.08
Hydroclones 0.02
Shipping 0.02
Plutonium sale (credit) 0.0005
Diffusion plant {credit) - 0.002
Total (fuel cost) 4.13

125 125 5 5
6 6 2 3
D,0 D,0 H,0 D,0
1
150 150 16 5
4200 4400 5800 3400
34.3 34.3 21.8 5.7
27,240 27,240 1080 1360
84 90 6 3
233 237 9.8 9.8
0.30 0.52 2.4 0.83
1.99 3.82 26.8 7.73
12.00 13.70 20.8 9.50
4.27 4.74 7.8 3.37
0.007 0.0004 0.0001 0.0001
0.003 0.008 0.012 0.006
0.0005 0.008 0.010 0.005
0.00005 0.003 0.003 0.002
0.03 0.03 0.44 0.12
0.19 0.19 0 0.24
3.64 3.70 3.83 3.84
0.03 0.03 0.06 0.05
0.02 0 0 0
0.02 0.02 0.02 0.02
0.01 0.0003 0.0003 0.0003
0.02 0.08 0.14 0.18
3.91 3.90 4.1 4.10

*Average temperature, 280°C; inventory charges for uranium and D,0, 4%.

** At indicated operating time.

wall (core side) as a function of reactor length,
core radius, and blanket fuel concentration.

Figure 7.2 gives the fuel cost and breeding ratio
as a function of the core-tank power density.
Minimum fuel costs are associated with high power
densities; highest breeding ratios are obtained
with small core radii, thick blankets, and long
reactors., Thus the reactors with the lowest fuel
costs do not have the lowest core-wall power
densities or the highest breeding ratios. If corro-
sion difficulties do not permit high power densities
at the core wall, some compromise would be re-

quired. Increasing the reactor length increased
the inventory charge until that charge controlled
the fuel cost; the associated increase in breeding
ratio was slight.

In these calculations, an effective extrapolation
distance which was independent of region was
used for the reactor ends. If a blanket were con-
sidered at the ends of the core region, the breeding
ratio would increase, particularly for those re-
actors of relatively short length. Under these con-
difions the breeding-ratio curve in Fig. 7.2 would
tend to become more horizontal and could possibly
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TABLE 7.3. CYLINDRICAL REACTORS STUDIED

Feature

Unit

Reactor mean temperature
Total thermal power generated
Net electrical power generated
Fuel and inventory charge
Core radius

Zircaloy=2 coretank thickness
Blanket radius

Blanket thorium concentration
Blanket U233 concentration

Reactor length

300°C

450 Mw

125 Mw

12%

2 and 3 ft

I/2 and 3/4 in,

5f

1000 g/liter

1, 3,and 5 g/kg Th
10, 20, 30, and 40 ft

UNCLASSIFIED
ORNL-LR-DWG 14056
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Fig. 7.1. Maximum Power Density at Core-Tank
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Wall for Two-Region Cylindrical Reactors.
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Fig. 7.2. Effect of Core-Tank Power Density on
Breeding Ratio and Fuel Cost in Two-Region Cy-
lindrical Reactors.

change to a positive slope as the power density
increased. However, this effect is relatively un-
important insofar as fuel costs are concerned.

The nuclear results given here are based upon
reactors which had only D,0, U233, and 6% poisons
in the core region and D,0, U233, gnd Th232 i
the blanket region. More refined calculations indi-
cated that the breeding ratios given here were too
large by approximately 0,002, In calculating the
fuel costs, the blanket U233 chemical processing
cost and inventory charge were multiplied by 1.4
to account for the Pa233 which would be present,

7.3 TWO-GROUP STUDIES OF LARGE
SPHERICAL REACTORS
C. W, Nestor, Jr, M. W, Rosenthal

A two-group, two-region Oracle code? was used
to compute the maximum power density, the power

21, B. Fowler, Oracle Code for a General Two-Region,
Two-Group Spherical Homogeneous Reactor Calculation,
ORNL CF-55-9-133 (Sept. 22, 1955) and Supplement (Oct.
7, 1955).




density at the inside core wall, and the breeding
gain for a number of reactors having 200 g of
thorium per liter (as ThO,) in the core region.
Blanket materials considered were heavy water
(99.75% D,0), beryllium, and thoria—heavy-water
slurries having thorium concentrations of from 1
to 5 kg/liter. The inside diameter of the pressure
vessel was fixed at 10 ft for one set of calculations
and 12 ft for a second set; core diameters ranged
from 6 to 9 ft in the first set and from 6 to 11 ft
in the second set. The average temperature of all
systems was 280°C, and, for the purpose of cal-
culating power densities at the core tank, total
power was taken as 100 Mw. A ]/z-in.-ihick zir-

PERIOD ENDING APRIL 30, 1956

conium core tank separated the core and blanket
in all reactors. Neutron losses in this tank are
taken into account by the code. No account has
been taken of fission-product poison buildup in
the core, protactinium losses, or fuel buildup in
the blanket in these preliminary calculations,

The results are plotted in Figs. 7.3 and 7.4 and
are summarized as follows:

1. The breeding ratio increased for any core
diameter by replacing the D,0 blanket with one
containing ThOz.

2. No significant increase in breeding ratio was
obtained by increasing the blanket thorium con-
cenfration above 2 kg of thorium per liter.

UNCLASSIFIED
ORNL-LR-DWG 14058

10-ft-DIA,, 2000 g OF Th liter
i

12 e
I

{ 10-ft-DIA., 1000 g OF Th liter

BREEDING RATIO

"p——
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' s

0.9
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|
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- |

\
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\
\\\ \\
AN o\
AN ‘\ N
\ NI
AN I \\\
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| \ \\\Af’~ - ’ 9 ‘/ \

———

-

12-f1-DIA., BARE
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Fig. 7.3. Breeding Ratio and Power Density at Core Wall in Large Spherical Reactors.
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Fig. 7.4. Maximum and Wall Power Densities vs
Core Radius for Several Two-Region Reactors.

3. For reactors with fertile material in the
blanket, the breeding ratio increased with de-
creasing core diameter; however, the power density
at the wall also increased.

4, The beryllium-reflected reactors had a higher
breeding ratio than the D, O-reflected reactor and
very nearly the same wall power density.

7.4 CALCULATION OF TWO-GROUP CONSTANTS
M. Tobias M. K. Hullings

The Oracle code? for the calculation of ages and
diffusion constants was employed for thorium
oxide slurries and equimolar uranyl sulfate—lithium
sulfate solutions in mixtures of light and heavy
water. Some results were also obtained for uranyl
sulfate solutions in heavy- and light-water solu-
tions. Those calculations, which involved hydro-
gen, were carried out by use of empirical adjust-
ments of the average logarithmic energy decrement
and average cosine of the scattering angle. This
procedure produced a value for the age-to-indium
of light water which agreed with experimental data.
Slow-diffusion constants were obfained with
similar changes so as to give acceptable results
at known points.

In the case of the thorium oxide slurries, the
effect upon the two-group constants of concentra-
tions of U233 between 0 and 5 g of U233 per
kilogram of thorium was studied and found to be
negligible for all concentrations of thorium,

Ages and diffusion constants are available for
the media cited in Table 7.4. The results them-
selves will be reported at a later date,

3M. Tobias, An Oracle Code for Calculation of Fermi
Ages by Numerical Integration, ORNL CF-56-4-53
(April 10, 1956).

TABLE 7.4, COMPOSITION OF REACTOR MEDIA

Concentration of

Concentration Temperature Range

LL
% . U238 or Thorium of U233 for Slow-Diffusion
Heavy Water in ( ke of Ka of Const
D,0-H,0 Mixture 9 perkgo (g per kg o ons ant
water mixture) thorium) *C)
ThO2 slurries 0-100 0-4000 0-5 200-320
Equimolar U02504-Li2504 0-100 0-1000 0 200-320
solutions
U02504 solutions 0 and 100 0-1500 0 320
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8.1 RECOMBINER DEVELOPMENT
8.1.1 High-Pressure Recombiner Loop

The high-pressure recombiner loop, after being
rebuilt,! operated intermittently for 400 hr at 500
psi and 400°C (recombiner temperature). During
the first 300 hr 4% Ba(OH),, containing 3 ppm
Cl™, was used as an electrolyte, The loop was
shut down as the result of a rupture-disk failure
on one electrolytic cell. The line to the rupture
disk had apparently been plugged with corrosion
products, and sufficient gas pressure to break the
disk had developed. There were no indications
of an explosion on the loop pressure chart.,

During the last 100 hr the electrolyte used was
chloride-free KOH, which retained some traces of
mercury from the process of chloride removal.
During this period three piping leaks occurred
downstream from the loop condenser. Although
metallographic examination has not been completed,
it appears that stress corrosion was involved in
the failures.

Samples of titanium and zirconium alloys were
placed in the loop for testing as containers for
high-pressure homogeneous-reactor vapors.

8.1.2 Natural Circulating Recombiners

A mixture containing 10.5 mole % stoichiometric
hydrogen and oxygen in steam reacted without
flashbacks in a natural circulating recombiner
system at 100 psi. This result indicates that the
explosive limit is above 10.5 mole % at that pres-
sure in a large pipe. Attempts to operate at higher
concentrations were hampered by insufficient cool-
ing capacity in the system,

8.1.3 Battelle and Syracuse Subcontracts

The work by Battelle on the solubility of gases
in water and uranyl sulfate solutions is now com-

lc. B. Groham et al.,, HRP Quar. Prog. Rep., Jan. 31,
1956, ORNL-2057, p 73.

8. DEVELOPMENT OF FUEL-SYSTEM COMPONENTS
C. B. Graham

W. L. Ross
l. Spiewak
D. S. Toomb
H. D. Wills

plete, and a summary report? has been issued.
Errors in the determination of explosive limits
of H,-0,-steam mixtures in a 3-in. autoclave were
discovered by vapor-phase chemical analysis.
Apparently, inhomogeneity in the vapor phase led
to errors in estimating the composition of the
mixtures,

Syracuse University is continuing its investi-
gation of detonation pressures, damping of explo-
sion waves, transient loading, and vapor viscosity.
Partial results on the pressure and viscosity work
were reported, In particular, they confirmed the
superheated-steam viscosity data at 2000 psi as
reported by Timrot® and found that a 30% He-70%
steam mixture has a slightly higher viscosity than
pure steam.

8.2 SMALL REACTOR COMPONENTS
8.2.1 20.cfm Canned-Rotor Blower

Because of procurement and fabrication delays,
Allis-Chalmers Mfg. Co. postponed their promised
shipment of the 20-cfm gas circulator until early
June. Meanwhile, most of the blower test loop
piping was completed at ORNL, and instrumenta-
tion and electrical work is scheduled to start about
May 1.

8.2.2 Small Circulating Pumps

Longer stator life appears to have resulted from
a change from parallel connection to series con-
nection of the windings of the commercial stators
used in the 5-gpm pumps. The power input is
lower, and there is some reduction in the head
developed by the pump. The longest life experi-
enced with parallel-connected windings was 6900
hr, but in some cases the windings failed within
less than 1000 hr. With the windings in series,

%, F, Stephon et al., The Solubility of Gases in Water
and in Aqueous Uranyl Salt Solutions at Elevated Temper
atures and Pressures, BMI-1067 (Jan. 23, 1956).

3D, L. Timroth, J. Phys. U.S.S.R. 2(6), 419-435
(1940).

65



HRP QUARTERLY PROGRESS REPORT

no failures have been observed on three pumps
operating under different conditions for 580, 865,
and 8850 hr, respectively.

The first pump has accumulated 5750 hr of oper-
ation at 2000 psi and 300°C without difficulty
other than stator failures. The second has accumu-
lated 12,650 hr of operation at 1000 psi and 250°C
without difficulty other than stator failure. The
third pump, which has had series windings through-
out its life, has given no difficulty during its entire
8850 hr of testing with room-temperature water,
A recent examination of the moving parts of this
pump showed them to be in excellent condition.

8.3 4000-gpm LOOP

The 4000-gpm loop,* containing a Byron-Jackson
canned-rotor pump, was operated at 250°C to ob-
tain corrosion information pertinent to an HRT
startup, After a 100-hr water shakedown, Uo,sS0,
was added in gradually increasing concentration
over a 421-hr period. At this time a shutdown was
forced by a feed-pump pulsator failure.

8.4 TITANIUM-LINED EQUIPMENT

Material was ordered for a small titanium-lined
heat exchanger to be made by The Pfaudler Co.
and for the titanium-lined pipe that is to be fabri-
cated by the Crane Co, The heat exchanger design
was approved for construction. The pipe design is
complete except for a solution to the problem of
butt-welding the carbon steel outer pipe without
the shrinkage crushing the liner.

The Armour Research Foundation prepared four
test sandwiches with which they will attempt to
hot-roll-clad titanium to carbon steel, After the

4C. B. Graham et al., HRP Quar. Prog. Rep. Jan. 31,
1956, ORNL-2057, Sec. 8.3.1, p 74.
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rolling operation, the samples will be examined
and then tested to determine the tensile strength
and ductility of the bond, The contract, which was
to expire at the end of April, is being extended for
six months,

8.5 HIGH-PRESSURE FLANGE TEST®

The 4-in. 1500- and 2500-lb ring-joint flanges
with gold-plated rings did not leak during a 3000-
psi hydrostatic test with bolt stresses of 13,000
and 10,000 psi, respectively. However, during the
first thermal cycle, when the temperature was
raised at a rate of 125 to 150°F/hr, indication
of leaks started at 300°F and 70 psi pressure,
As temperature and pressure were increased to
600°F and 1750 psi, the leak rate went up cor-
respondingly. The bolt stresses increased slightly
during the heating cycle, according to strain-gage
readings., When the flanges cooled, many of the
bolts were only finger-tight.

The flanges were retightened with slightly higher
bolt stresses and again cycled thermally, with
similar results. They were then tightened to a
bolt stress of about 16,000 psi, and leak-tested
at atmospheric pressure with helium. The leak
rates were 0.35 and 0.37 cc/day across the 1500-
and 2500-lb flanges, respectively, At this point
the 2500-1b gold-plated O-ring was examined visu-
ally and appeared to be undamaged.

In an attempt to reduce the leakage, an unplated
O-ring was substituted in the 2500-Ib flange, and
it was tightened to 32,000-psi bolt load. The
helium leak rate was measured at 0.07 cc/day.
The 1500-lb flange will be tightened to approxi-
mately the same bolt stress before the next thermal
cycle is attempted.

51bid., Sec. 8.1.2, p 73.
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9. DEVELOPMENT OF BLANKET-SYSTEM COMPONENTS

R. B. Korsmeyer

9.1 STUDY OF CAKE FORMATION IN
LOOP 200A

D. G. Thomas R. B. Gallaher

Chemical, spectrographic, and particle-size analy-
ses of the cake formed during test 200A-3 were
completed,!  The chemical and spectrographic
analyses confirmed the preliminary report? that no
large concentration of contaminants or impurities
was present. However, the sulfate concentration
was lower than in any other test in which Th(SO,),
was added, X-ray crystallite measurements showed
no difference between the pumped slurry and the
cake. Sedimentation particle-size analysis indi-
cated a broader particle-size distribution in the
cake than in the slurry samples taken during the
test, and the mean particle diameter of the cake
removed from the pipe walls appeared to be smaller
than in any of the samples taken from the circu-
lating stream, X-ray-diffraction measurements on
several different layers of cake showed no evi-
dence of preferred orientation,

Figures 9.1 and 9.2 are photographs of a typical
piece of cake removed from one of the stub-end
flange sections. As can be seen from Fig. 9.1,
the ThO, cake modeled the tool marks on the stub
ends. Figure 9.2 is a photograph of the slurry
side of the piece of cake shown in Fig. 9.1. The
most distinctive features are the conchoidal frac-
ture shown on the bottom edge of the right piece
of cake and the texture of the surface of the cake
next to the flowing stream,

Since aluminum and silica were found, by analy-
sis, in the 200A slurry, an attempt was made to
produce hard cakes by circulating slurries of high
aluminum content and high aluminum and silica
content in the 5-gpm loops. Two runs of about
100-hr duration were made in which a slurry of

Ip, G. Thomas, Further Information on the Cake
Formed During Slurry Test 200A-3, ORNL CF-56-4-120
(to be issued).

2W, Q. Hullings, HRP Quar. Prog. Rep. Jan. 31, 1956.
ORNL-2057, p 80.

R. N, Lyon

D. G. Davis C. G. Lawson M. Richardson
H. N. Fairchild L. E. McTaggart A. N. Smith
R. B. Gallaher l. M. Miller D. G. Thomas
W. Q. Hullings R. H. Nimmo R. P, Wichner
A. S. Kitzes L. F. Parsly

thorium oxide calcined above 1000°C and ball
milled with aluminum oxide balls was circulated
at 250°C. The slurry had a pH of 6.0 and con-
tained about 10,000 ppm aluminum and 1,000 ppm
sulfate. Soft cakes were found in the pressurizers,
but no hard cakes developed.

Three other runs were made in which mullite
(3A1,0, +25i0,) was added to the slurry. In one
run the slurry, containing 1000 g of thorium per
kilogram of H,0, 1500 ppm aluminum as mullite,
and no sulfate, was circulated at 60°C, In the
second and third runs a similar slurry was circu-
lated at 250 and 60°C, respectively, before the
mullite was added. No difficulty was encountered
in circulating these slurries at lower temperatures,
but the pump became noisy at 250°C. These noises
disappeared when the temperature dropped to room
temperature, When the loops were opened, soft
cakes, and grainy material in some cases, were
found, but there was no evidence of the hard cake
found in the 200A loop. The cause of the hard

cake in loop 200A is still unknown.

9.2 SLURRY COMPONENT DEVELOPMENT
AND LOOP OPERATION

A. S. Kitzes

R. B. Gallaher M. Richardson
W. Q. Hullings A. N. Smith
R. P. Wichner

9.2,1 Westinghouse Slurry Pump 200A
W. Q. Hullings

In the 200A slurry pump, two modifications were
made to improve the life of the Kingsbury bearing:
the use of the lower bearing as a secondary seal
and the reduction of thrust loads by increasing the
diameter of the radial vanes on back of the im-
peller. The results of these modifications have
been reported.?

3w, Q. Hullings and A, S. Kitzes, Improvements in
the Operation of Westinghouse 200A Slurry Pump, ORNL
CF-56-2-33 (Feb. 3, 1956).
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rate of attack the results are inconclusive, and
additional testing is required before a decision
can be made as to whether sintered aluminum oxide
is sufficiently attractive as a bearing material to
warrant installation in large pumps.

9.2.3 Evaluation of Special Thorium Oxides
R. B. Gallaher

Slurries specially prepared in the Chemical Tech-
nology Division were circulated at 250°C for 100
hr in 5-gpm loops in order to compare the effect
of pumping on the properties of these slurries with
the effect on the properties of standard slurry pre-
pared from 800°C calcined oxide. Some of the
properties evaluated for the effect of pumping were
particle degradation, corrosion-abrasion of stain-
less steel, and general handling characteristics.

Results of the study have been reported. No
difficulty was encountered in loading these slurries
into the loops or in circulating them at elevated
temperature. The resistance of stainless steel to
attack was essentially the same for all the slurries
evaluated. Only the oxide prepared from the oxa-
late precipitated at 10°C and then calcined at
900°C for 24 hr showed no particle degradation
with pumping.

9.2.4 Dump-Tank Evaporator Tests
M. Richardson A. N. Smith

Two dump-tank systems for use in the HRT
blanket are still being investigated in small steel
or glass models.

(a) Combination Race Track—Vertical Gas Lift. —
Results with the combination race track—vertical
gas lift dump tank® continue to look promising.
Slurries containing 900 to 925 g of thorium per
kilogram of water were redispersed and circulated
with no difficulty after shutdowns for varying
lengths of time up to 30 days.

After the 30-day shutdown, with the bed in each
riser leg approximately 18 in. deep, a steam pres-
sure of 3 psig was required to set the bed in
motion. Once in motion, 3-psig steam was needed
to keep the solids suspended in 100 liters of
slurry.

4R. B. Gallaher and A. S. Kitzes, Comparison of
Various Thorium Oxides, ORNL CF-56-2-110 (Feb. 6,
1956).

5R. N. Lyon et al, HRP Quar. Prog. Rep. Oct 31,
1955, ORNL-2004, p 68-71.
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By supplying steam intermittently to the aux-
iliary heater, caking was less severe. In previous
runs, regardless of concentration, a viscous sludge
was always deposited between the auxiliary heater
and the downcomer walil.

(b) Conical Dump Tank with Yertical Gas Lift. -
An inverted-cone-shaped stainless-steel-lined tank,
previously described,® has been operated success-
fully for a total of 50 hr with slurry containing
1000 g of thorium per liter. A steam pressure of
3.5 psig was required to move the settled bed,
Once in motion, a steam lift rate of 1.25 Ib/min
of 3.5-psig steam was required to maintain homo-
geneity within 50 g of thorium per liter,

The system was opened for inspection after 50
hr of operation. No evidence of caking was found
(Figs. 9.4 and 9.5) except on those portions of
the lift tubes located in the vapor phase. A ‘‘heel”’
of highly stable foam was found in the bottom of
the cone; however, no difficulty with foaming was
encountered during operation when sufficient vapor
space was maintained.

9.3 SLURRY BLANKET SYSTEM TEST

L. F. Parsly {. M. Miller
L. E. McTaggart R. H. Nimmo

During the quarter the piping system was cleaned
chemically, and in-place calibration of the flow
elements was completed, The system was pressure
tested, and a number of minor leaks were repaired.
The system has been run on water at operating
pressure and temperature for over 300 hr, and oper-
ation of part of the system has been checked. The
water runs will be continued until all component
parts of the system have been proved to operate
in a satisfactory manner and base data on the
performance of the heat exchanger have been ob-
tained. The stainless steel core for the dummy
reactor was received and installed.

9.4 HEAT-TRANSFER AND FLUID-
FLOW STUDIES

C. G. Lawson

The mechanisms by which flowing thorium oxide
slurries leave the laminar flow regime and develop
At least two
possible mechanisms can be postulated: (1) the
yield stress will influence the flow as long as
the wall shear stress is the same order of magni-
tude as the yield stress, or (2) the eddies formed

turbulence are being investigated.,










as the fluid leaves the laminar fiow regime rapidly
destroy whatever structure causes the slurry to
exhibit a yield stress. The transition region be-
tween the laminar and fully turbulent flow regimes
is of particular interest; if the flow is described
more nearly by the first mechanism, this region
could very likely encompass the range of practical
design velocities.

Pressure-drop data were taken in the temperature
range 30 to 50°C in the laminar and nonlaminar
flow regimes with slurry flowing in a I-in. pipe
20 ft long. Two pressure taps are located 170
pipe diameters apart and 50 diameters downstream
from the entrance to the pipe. The data are plotted
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in Fig. 9.6 in the form of a friction factor vs
Reynolds number diagram in which the Hedstrom
moduli are shown. The nomenclature in the figure
is given in Table 9.1, and the data-point symbols
refer to slurries and systems having the properties
listed in Table 9.2,

A set of data taken with water to check the
instrumentation is also plotted with the Yon Kdrmdn
turbulent-flow friction factor vs Reynolds number
for Newtonian fluids in smooth pipes. The figure
shows that the slurry friction factors are higher
than those for Newtonian fluids at the correspond-
ing Reynolds numbers in the laminar flow regime
and that the transition region is less clearly de-
fined than is true for Newtonian fluids.
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TABLE 9.1. NOMENCLATURE FOR DATA PLOTTED IN Fig. 9.6

Symbol Definition Units
Ib-mass
nory Coefficient of rigidity of slurry (or viscosity of water)
ft-sec
Ib-force
T Yield stress of slurry —_—
Y 2
ft
Ib-force
T Shear stress at pipe wall
v 2
ft
|b-mass
Jo, Density of fluid _—
i3
gC’TyD2
H Hedstrom modulus Dimensionless
2
n
Pipe length ft
Butk average fluid velocity fps
8gc’Tw
f/ Friction factor Dimensianless
ov?
Ib-fo
Ap Pressure drop along length L i
f+2
Dvp Dvp
Re Reynolds modulus or Dimensionless
n H®
Ib-mass ft
8¢ Conversion constant _—
Ib-force sec?
TABLE 9.2, PROPERTIES OF SLURRIES PLOTTED IN Fig. 9.6
Symbol Slurry (g of ThO4 per Fluid Properties™ Temperature Pipe Diameter
kg of H,0) T, n p H (°c) (ft)
¢ 500 0.0785  0.0059 93 54,500 33 0.0874
| 500+ 0.0785 0.0059 93 54,500 33 0.0874
A 905 0.457 0.0050 114 515,000 30 0.0874
a 905 0.500 0.0042 114 793,000 47 0.0874
o 920 0.320 0.0058 115 268,000 48 0.0874
A 920 0.247 0.0045 115 5,400 47 0.012
Y Water 0 0.00071 62.4 0 18 0.0874

*See Table 9.1 for nomenclature.

**Second run.
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10. INSTRUMENT AND VALVE DEVELOPMENT

D. S. Toomb
A. M. Billings D. G. Davis
H. D. Wills

10.1 FUEL SYSTEM COMPONENTS
10.1.1 Flow Transmitter

A variable-area type of flowmeter with an induc-
tion-coil pickup was installed on the feed-pump
test loop and appears to be a solution to the
difficult problem of measuring reactor feed- and
purge-pump flows. Flowmeters for this service
must be installed on the discharge side of the
pumps to avoid pressure drops in the suction line.
The flows pulse from the action of the diaphragm
pumping heads; so a meter with linear output must
be used for the damped record to be an accurate
indication of the average flow. The flow trans-
mitter! shown in Fig. 10.1 has been used to date.

10.1.2 Liquid-Level Controller

The weld-sealed liquid-level control, manufac-
tured? to HRP specifications, which is to be
delivered in June, is shown in Fig. 10.2. A spheri-
cal metal float actuates a mercury contact switch
through the housing extension. The unit will be
used as a high- and low-level alarm.

10.1,3 Experimental Valve Program

(a) Sealing Bellows. ~ Three Fultori-Sylphon
type HR-2 bellows have been tested in uranyl
sulfate at 2000 psi ond 300°C, with an average
life of 45,000 cycles for a ‘/8-in. stroke. The
bellows testing stand which was used in these
tests is shown in Fig. 10.3. The bellows actuator
is mounted in an inverted position to permit the
bellows to be surrounded with fluid while under
test.

(b) Dump Valve Trim. — Of the approximately
30 valve trim materials proposed for investigation,

]Schune & Koerting Co., Cornwell Heights, Penn.
2Mc:gnefrcul Incorporated, Chicago 23, Ill.

3A. M. Billings, HRP Experimental Valve Program,
ORNL CF-56-2-42 (Feb. 14, 1956).

9 have now been tested in the test loop (Fig. 10.4)
and the two trim testing valves (Fig. 10.5) designed
specifically for this program. Further tests on a
type 347 stainless steel plug and seat reproduced
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CORROSION AND MATERIALS
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Further corrosion testing was carried out in
vranyl sulfate—lithium sulfate systems.
was made with a solution containing initially
3.7 m U0,S0, and 3.7 m Li,S0,. An attempt was
made to operate at 360°C, but at this temperature
the concentration of the salts became so high
(~5.7 m U02$O4) due to loss of water to the vapor
that the solution actually crystallized in the cool
rotor region of the pump. The system was cycled
several times between 300 and 360°C, and as a
result the corrosion of austenitic stainless steel
was somewhat greater than was observed® in a
similar run at 350°C. However, even with the
thermal cycling, corrosion was slight at flow rates
up to 60 fps.

Equimolal concentrations of uranium and lithium
sulfates in solutions containing between 40 and
200 g of uranium per liter were circulated at 250
and 300°C. The corrosion results obtained on type
347 stainless steel specimens are given in Table
11.1, and the data are compared with those of
similar runs in which the lithium sulfate was
absent. Generally, the presence of lithium sulfate
in the uranyl sulfate solutions did not change the
critical velocity but did substantially decrease
the corrosion rate at the higher flow velocities.
At flow rates less than the critical velocity the
amount of metal that dissolved during the formation
of the protective film was less in the presence of
lithium sulfate than in its absence, although the
difference was not so striking as was the difference
at high flow rates.

It should be noted that at high uranium concen-
trations (300 to 700 g/liter) the presence of lithium

One run
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sulfate had @ more pronounced effect in reducing
corrosion than in the range of 40 to 200 g of
vranium. The effect was particularly noticeable
with regard to the critical velocity. At the higher
concentrations at temperatures of 250°C and above,
the critical velocity was increased on the addition
of lithium sulfate, whereas no such increase was
noted in the range of 40 to 200 g of uranium per
liter at 250°C,

The corrosion of type 347 stainless steel by
equimolal solutions of uranyl and lithium sulfates
was studied at 200°C with uranium concentrations
between 100 and 500 g of uranium per liter. The
results can be summarized as follows:

1. There was no critical velocity; all specimens
were corroded to the same extent regardless of
flow rate.

2. The corrosion rate was essentially constant;
a loose, black film formed at all flow rates but
little protection was afforded by the film.

3. The corrosion rate was proportional to the
uranium concentration; at 100 g of uranium per
liter the corrosion rate was 8 mpy; at 300 g, 12
mpy; and at 500 g, 21 mpy.

The corrosion behavior of type 347 stainless
steel at 300°C in solutions containing 300 g of
uranium per liter and less than equimolal concen-
trations of lithium sulfate has been reported’
previously. With the additional tests that were
completed during the past quarter, corrosion data

7). C. Griess et al., Quarterly Report of the Solution
Corrosion Group for the Period Ending Jan. 31, 1956,
ORNL CF-56-1-167, p 7-8.

TABLE 11.1. CORROSION OF TYPE 347 STAINLESS STEEL IN U0Q,50, SOLUTIONS
WITH AND WITHOUT EQUIMOLAL Li.‘,SO4

Solutions with Li2$04

Solutions Without Li2$04

Uranium T +
. emperalure  Critical Weight Loss Corrosion Rate Critical Weight Loss Corrosion Rate
Concentration ©C)
(¢/liter) Velocity at 15 fps* at 70 fps Velocity at 15 fps* at 70 fps
(fos)  (mg/em?) (mpy) (fos)  (mg/em?) (mpy)
40 250 20-30 1-3 40 20-30 9 240
100 250 10-20 23 70 10-20 33 380
300 30-40 4 230 *x *k *k
200 250 10-20 27 130 10-20 70 660

*At this flow rate, after the initial weight loss, a protective film forms and the corrosion rate decreases to a very

low value.

**No run made, since solution would form two liquid phases.
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have now been obtained at 300°C in uranyl sulfate
solutions containing 300 g of uranium per liter
with the following concentrations of lithium sulfate:
0.4, 0.7, 1.4 (approximately equimolal), and 2.0 m,
The results showed that with 0.4 and 0.7 m L.i, SO,
the critical velocity was 10 to 15 fps, whereas
with 1.4 and 2.0 m the critical velocity was 25 to
30 fps. Below the critical velocity a protective
film formed, and corrosion was low after the
formation of the film. Above the critical velocity
the corrosion rate was high and varied inversely
with the lithium sulfate concentration. At all
concentrations of lithium sulfate the solution was
phase-stable during the 200-hr test period.

Titanium, the high-strength titanium alloys, zir-
conium, and Zircaloy-2 showed no detectable
difference in corrosion in solutions containing
lithium sulfate and those under the same conditions
without lithium sulfate. In all cases the corrosion
resistance was excellent.

In a number of experiments it has been observed
that the critical velocity is usually slightly lower
on type 304L stainless steel than it is on type
347 stainless steel. The composition of the two
alloys is the same except for the carbon content
and the presence of niobium and/or tantalum in
type 347. However, the grain size of the two alloys
is greatly different; type 304L usually has an
ASTM grain size of 2 to 5, whereas type 347 has
a grain size of 7 to 8 or even smaller.

To determine whether grain size is an important
variable in determining the critical velocity, cor-
rosion specimens of the two alloys were prepared
in a variety of grain sizes. The specimens were
then exposed to 0.17 m UO,S0, at 250°C in the
critical velocity region (15 to 25 fps). The results
clearly showed that with type 304L. stainless steel
the critical velocity varied inversely with the grain
size. Although type 304L specimens of grain size
7 to 8 gave the same corrosion results as those
obtained with standard as-received type 347 stain-
less steel, which was of similar grain size, there
was no correlation between grain size and critical
velocity for the specimens of type 347 stainless
steel.

In order to produce large grain sizes, very high
temperatures (as high as 2300°F) had to be used
for long periods® of time, and it appeared that the

8See ORNL CF-56-4-138 (to be issued) for details of
heat treatments.
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carbides dissolved and, at least in some cases,
reprecipitated as large particles, The results
indicated that grain size and the distribution of
carbides in the steel are important factors in
determining the critical velocity under the con-
ditions investigated.

It should be noted that the above effect of grain
size is observable only in a narrow velocity range.
At low flow rates all specimens develop protective
films and practically stop corroding, and at high
flow rates all specimens are free of a protective
film and corrode at high rates.

The 4000-gpm pump loop? was used to make a
series of runs at 250°C. In the preliminary oper-
ation a dilute solution of urany! sulfate (less than
10 g of uranium per liter) with dilute sulfuric acid
was circulated for short periods at 250°C. Then
one run of 600-hr duration was made at 250°C, with
the uranyl sulfate concentration gradually in-
creased from 0 to 0.02 m and the copper sulfate
and sulfuric acid concentrations from 0 to 0.005
and 0.006 m, respectively. The oxygen concentra-
tion was maintained at 50 to 100 ppm. The aver-
age corrosion rate of the high-temperature system
based on nickel analyses was 0.5 mpy. A second,
506-hr run, similar except that the final concen-
trations were 0.04 m UO,S0,, 0.005 m CuSO,, and
0.015 m H,50,, was then made. The average cor-
rosion rate was 0.3 mpy. The standard corrosion
specimens showed corrosion rates comparable to
those obtained in the 100A loops under similar
conditions.

In order to demonstrate the feasibility of main-
taining very low copper sulfate concentrations in
dilute sulfuric acid solutions such as might be
needed for the HRT during operation with D20 in
the blanket system, one run was made in which a
solution containing 0.002 m H,50, and 0.0005 m
CUSO4 (30 ppm copper) was circulated in a stain-
less steel loop. The solution was maintained at
250°C for 200 hr and then at 300°C for 275 hr.
Throughout the run the copper concentration of the
solution remained constant and corrosion was
insignificant in the velocity range of 10 to 90 fps.

Recently the Chemical Technology Division
developed a solution for decontaminating stainless
steel surfaces.'® The decontaminating solution

9J. C. Griess and H. C. Savage e al, HRP Quar.
Prog. Rep. Oct. 31, 1955, ORNL-2004, p 80.

10p, E. Ferguson, R. D. Baybarz, and R. E. Leuze,
HRP Quar. Prog. Rep. Jan. 31, 1956, ORNL-2057, p 128.



consists of about 0.3 m CrSO, in 0.2 to 1.0 m
H2$04 and actually dissolves the ferric and
chromic oxide scale. In cooperation with the
Chemical Technology Division, four 100A loops
were descaled. In each loop a solution containing
approximately 0.3 m CrSO4 and 0.5 m H,S0, was
circulated for about 3 hr at 80 to 85°C.
loops two charges of solution were used; that is,
at the end of the first 3-hr period the solution was
replaced with a new one, which was circulated for
an additional 3 hr,

Only in one case was defilming essentially com-
plete and that was in one of the loops in which
two charges of the descaling solution were used.
In the other doubly charged loop run, scale removal
incomplete, apparently because the
chromous sulfate solution had been oxidized before
use. In the other two loops scale removal was
extensive but not complete, The solutions removed
from these two loops had large amounts of sus-
pended solids, and randomly located areas of the
loop walls still were covered with tightly adherent
scale. Analyses of the solutions showed that
insufficient chromous sulfate was available to
dissolve all the scale.

The efficiency of the utilization of chromous
sulfate in dissolving the scale was about 50%,
the remainder reducing hydrogen ions. The results
indicate, however, that essentially all the scale
could have been dissolved had sufficient CrSO4
been available.

The corrosion rates of type 347 stainless steel
specimens exposed to the defilming solution were
as high as 1000 mpy in some cases. But since
the exposure times were short, the extent of cor-
rosion was no greater than a few tenths of a mil
even in the worst cases. At low flow rates (ap-
proximately 15 fps) titanium and zirconium and
their alloys were only slightly attacked, but at
high flow rates the rate of attack was comparable
to that observed on stainless steel. The attack at
high flow rates was probably due to suspended
particles impinging on the surface of the speci-
mens with sufficient force to destroy the protective
oxide films, thereby allowing the metal to corrode.

In two

was very

11.2 LABORATORY TESTS

J. L. English J. C. Griess

The susceptibility of type 347 stainless steel
to stress corrosion cracking was demonstrated by
a pipe U-bend spray test.!'! The test apparatus
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consisted of six U-bends of type 347 stainless
steel welded pipe, four of which were fabricated
from l/z-in. sched-40 pipe and two from 3/8-in.
sched-40 pipe. The U-bends were attached to
common steam and condensate headers. Steam
pressure at 60 psig (153°C) was maintained within
the pipes, which were externally cooled by a
continuous spray of tap water. During the test,
which lasted for 10,790 hr, there were no obvious
leaks in any of the pipes.

Considerable quantities of scale formed on the
water-cooled surfaces of the pipes during the test.
Chemical analyses of the scale showed that it
contained 33.7% calcium, 3.7% magnesium, 2.2%
sulfate, and 0.076% chloride (760 ppm). The re-
mainder of the scale was probably carbonate and
water.

After the scale was removed from the pipes, a
liquid penetrant revealed the presence of numerous
cracks randomly distributed over the entire surface
of each head.
several of these cracks showed that the cracking
was transgranular and that at least some of the
cracks had very nearly penetrated the pipe walls.
In all probability the chloride ions in the water
which concentrated in the scale were responsible
for the observed cracking. These tests illustrate
the sensitivity of austenitic stainless steel to
stress corrosion cracking by water containing
chloride ions.

In the last quarterly repor preliminary cor-
rosion tests with Elgiloy, an alloy possibly suit-
able for use as a spring material in the liquid-level
controller of the HRT, were described. Both
vapor- and liquid-phase exposure to 0,04 m U02$0
containing 0.02 m H,30, and 0.005 m CuSO, at
300°C showed low general corrosion rates.

A continuation of these tests showed that
Elgiloy, at least under the conditions of test, is
susceptible to severe stress corrosion cracking.
After a total testing time of about 1000 hr, speci-
mens exposed to the liquid and to the vapor showed
large cracks. The origin of the cracks appeared
to be areas of highly localized residual stresses
such as the sheared edges of the 30-mil-thick
specimens and the numbers stamped on each speci-
men for identification purposes. Cracking was so

Metallographic examination of

$12

”E. L. Compere and J. L. English, HRP Quar. Prog.
Rep. July 31, 1954, ORNL-1772, p 94.

12, o, English and J. C. Griess, HRP Quar. Prog.
Jan. 31, 1956, ORNL-2057, p 86.
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severe on the specimen exposed to solution that
a wedge-shaped portion had broken completely
away from the remainder of the specimen. There
was, however, no significant increase in the
intensity of generalized corrosion attack on the
specimen. The solution contained less than 2 ppm
chlorine.

When a new supply of Elgiloy is available, further
tests are planned for determining how heat treat-
ment of the alloy influences its susceptibility to
stress corrosion cracking.

Several high-strength titanium alloys were ex-
posed to uranyl sulfate solutions of various concen-
trations in the temperature range 100 to 300°C.
The alloys included in these tests were A110-AT
(5% Al-2.5% Sn) and C130-AM (4% Al-4% Mn),
both products of the Rem-Cru Titanium Corporation
and MST 6AI-4V produced by Mallory-Sharon
Titanium Corp. Under all conditions of test the
observed corrosion behavior was excellent; thin,
adherent, brilliantly colored films characterized
the general appearance of the specimens. Stressed
specimens showed no tendency toward cracking,
and all specimens exhibited insignificant corrosion
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attack. The results obtained with titanium alloys
were the same as those obtained with commercially
pure titanium,

Further tests!3 with type 347 stainless steel

coupled with titanium, Zircaloy-2, and gold showed
that in 0.04 m UO,SO, containing 0.02 m H2504
and 0.005 m CuSO, boiling at 100°C there is no
detectable galvanic action. Uncoupled control
specimens showed the same weight loss and the
same appearance as did the coupled specimens.
Previously reported results!'4:13 indicated the
absence of galvanic cotrosion at 150, 200, and
250°C. Therefore under the conditions expected
in the HRT no acceleration of corrosion would be
expected by the joining of the above metals with
type 347 stainless steel.

B1pid, o 87.

14) C. Griess et al., Quarterly Report of the Solution
Corrosion Group for the Period Ending Jan. 31, 1956,
ORNL CF-56-1-167, p 25.

155, ¢c. Griess, H. C. Savage, ond F. J. Walter, HRP
Quar. Prog. Rep. July 31, 1954, ORNL-1772, p 79.
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12. SLURRY CORROSION

E. L. Compere

S. R, Buxton
G. E. Moore
R. M. Pierce!

12.1 PUMP LOOPS

Two tests,? runs CS-22W and CS-23, were made
in the 100A pump loop CS during the quarter., Run
CS-22W, a water run, was made in order to check
over-all loop performance after modification of the
condensate system used to provide purge water
for the rotor cavity of the 100A pump. Run CS-23
was made with thorium oxide slurry charged to a
concentration of 1200 g of thorium per kilogram of
water, As in previous runs, a rapid drop in slurry
concenftration occurred. However, the concentra-
tion was increased gradually to 1000 g of thorium
per kilogram of water when a newly developed
slurry-addition system was employed. Both tests
were made at 300°C with the addition of gaseous
oxygen, Run CS-22W was terminated after 54 hr,
while run CS-23 lasted for 312.6 hr.

In order to provide a larger and more reliable
supply of condensate to purge the pump rotor
cavity, and for other purposes, the loop condensate
system was modified prior to run CS-22W to relieve
the previously experienced gas binding in the
condensate system. This was done by installing
a l-in, pipe instead of I/4-in. tubing between the
pressurizer top and the condenser top. Thermal
circulation of steam and oxygen thereby could
occur via this and a lower return line because of
the different densities of the heated steam-oxygen
mixture in the pressurizer and the cooler oxygen-
enriched gas in the condenser. A Y-in., tubing
connection from this l-in. connecting pipe to the
throat of a venturi in the bypass mixing line to the
pressurizer provided an alternate, more positive
means of relieving any gas binding of the con-
denser. Although it did not prove to be necessary
on the CS loop, its operation was tested because
of interest in connection with the use of a similar
system on the in-pile slurry loop.

Run CS-22W was made in order to check out the
performance of the above system., During the 54-hr

10n loan from TVA,

%, L. Compere, H. C. Savage et al., Dynamic Slurry
Corrosion Studies, ORNL CF-56-4-139 (to be issued).

H. C. Savage

S. A, Reed
R. M. Warner
D. B. Weaver!

test at 300°C with oxygenated water, condensation
rates up to 7 liters/hr were obtained, and a flow of
4 to 6 liters/hr to the pump cavity was maintained.
Operation of the condensate system was excep-
tionally steady. During a period in which the
connection to the venturi was opened, thermo-
couples indicated a steady flow through the con-
necting line with continued steady operation of
the condensate system at approximately the same
condensation rate. Condenser capacity was esti-
mated to be the limiting factor in these operations.

Before run CS-23, a newly developed slurry-
addition device was connected to the system., It
consisted of a flanged cone-bottomed slurry reser-
voir of 2.3-liter capacity, connected to the circu-
lating pump suction line by means of I/4-in. tubing.
Water from the condensate tank required to flush
the slurry into the system entered through a tubing
connection in the top flange; condensate flow was
metered with a high-pressure rotameter and could
be assisted, if required, by means of a pulsafeeder.
By charging the reservoir with slurry and then
flushing it into the system with condensate, thorium
oxide could be added to the loop while operating at
temperature and pressure and at the same time a
corresponding volume (at room temperature) of
water could be removed. Since the reservoir could
then be drained to remove the water, it follows that
it was possible for thorium oxide or water to be
added to the loop or removed from it independently;
thus the inventory and circulating concentration
can be controlled to a degree not heretofore pos-
sible on this loop. Flow of condensate to the pump
cavity passed through a branch circuit from the
condensate tank and was separately metered and
regulated.

During run CS-23 four additions of thorium oxide
slurry were made by using this system. Operation
was very satisfactory, and slurry transfer into the
loop was more than 99.8% complete in each case,
Numerous previous attempts to use a l.gph Lapp
pulsafeeder to charge slurry to a loop while it was
at temperature and pressure had failed,

Three sample barrels, loaded with pin specimens,
confained flow restrictors to give velocities of
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10, 21, ond 31 fps across the pins, with a total
flow of 37 gpm. In addition, the bypass mixing
line flow rate was originally 31 gpm and was re-
duced to 23 gpm at hour 265 of run CS-23.

For run CS-23 the loop was charged with 17.3
liters of a thorium oxide slurry from batch LO-2,
containing 1200 g of thorium per kilogram of water.
The thorium oxide had been prepared® at ORNL
from specially pure thorium nitrate by oxalic acid
precipitation followed by calcination at 800°C,
Before the loop was charged, the slurry was passed
while wet through a 200-mesh screen. The loop
volume up to the bypass mixer line inlet in the
pressurizer was 27.6 liters, and the wetted loop
surface at temperature was 21,000 cm?,

After startup, the loop was brought to 300°C,
A sample indicated the concentration to be 612 g
of thorium per kilogram of water, and four subse-
quent samples showed decreasing values between
500 and 444 g of thorium per kilogram of water.
Between hours 149 and 220, three additions of
slurry were made to the system, by means of the
addition device, with the concentration increasing
to an average level of 916 g of thorium per kilogram
of water. A final addition, 24 hr before the shut-
down at 312.6 hr, brought the conceniration to
1008 g of thorium per kilogram of water.

Irregularities in the pump power demand, usually
atiributed to gassing, boiling, or cavitation in the
pump, began at hour 120. Additions of water to
the loop gave temporary relief. Increasing the
oxygen overpressure to 350 psi did not help. The
loop was shut down at hour 247 to check for leaks,
but none were found. After 40 hr of down time, the
pump was restarted. The slurry resuspended
readily, as indicated by the return of pump power
demand to the previous level and by chemical
analysis of samples. The system was again shut
down at hour 264, and the flow through the bypass
mixing line was reduced from 31 to 23 gpm in an
effort to reduce any entrainment of gas by the
slurry between the pressurizer and the pump inlet.
Circulation was restarted smoothly, and the loop
was operated again at 300°C, The fluctuations in
pump power demand were somewhat relieved.

A final addition of slurry was made at hour 288.
At hour 294, increasing pump noise was noted, and

3e. L. Compere, H. C. Savage et al., Dynamic Slurry
Corrosion Studies (or Quarter Ending Jan. 31, 1956,
ORNL CF-56-1-168 {to be issued).
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the loop was shut down at hour 3126 to avoid
excessive damage to the pump.

Slurry was drained from the loop, and the system
was examined, No caking or unusual accumulations
of solids were found in the pressurizer or main
circulating lines, Pasty solids (density 2.7) par-
tially filled the annular channels of the sample
barrels; similar deposits were found in capped tee
arms serving as elbows.

Pump components suffered considerable wear.
The front Graphitar bearing increased in inside
diameter by 0.0485 in., and the rear by 0.0005 in.
Titanium seal rings were badly worn, The front
face of the impeller and especially the inlet hub
were abraded and pitted, with the impeller weight
loss being 29 g.

On the pin specimens exposed in run CS-23 the
following corrosion rates (in mpy) were observed at
10, 21, and 31 fps, respectively: gold, 0.05, 0.07,
0.34; austenitic stainless steels, 3 to 4, 3 to 7,
8 to 11; titanium and titanium alloys, 3 to 7, 4,
10 to 13; platinum, 0.4, 0.6, 2; Zircaloy-2, 1, 1, 4.
The corrosion rate for mild steel at 10 fps was
14 mpy and for tantalum at 21 fps was 0.7 mpy.

Generalized loop coorosion averaged 2.1 mpy
based on stainless steel corrosion products found
in the slurry, The corrosion rate appeared greatest
at the beginning and after additions of fresh
thorium oxide and appeared to diminish substan-
tially in the course of 100 hr. This may be at-
tributed to reduction in particle size of the slurry
by pumping during this period, though evidence is
not yet complete on this point. Attack rates for
titanium appeared to parallel those for stainless
steel, with slurry analyses for titanium accounting
for three-fourths of the impeller weight loss.

A second slurry corrosion test facility, 100A
pump loop BS, is currently being completed, This
loop will permit a single main flow circuit to be
used, in addition to the pressurizer mixing line,
and will use straight-through sample barrels, A
condensate system and a slurry-addition system
similar to those developed for loop CS will be
used. An all-titanium pump head will be used.
These modifications are expected to result in less
caking and plugging, more reliable pump operation,
better slurry-concentration control, and a more
precise knowledge of relative slurry velocity in the
various sample barrels,




12.1.1 In-Pile Slurry Loop

Several short-term water runs were made in the
experimental in-pile slurry loop to evaluate a
succession of modifications to the loop pressurizer
section and condensate system, A basic opera-
tional requirement of the present experimental in-
pile slurry loop includes a condensate system
capable of providing purge-water feed to the
bearings of the 5-gpm pump. The condensate sys-
tem is a scaled-down version of the system pres-
ently employed on the 100A pump loop CS de-
scribed in this report. This system has been
found to be satisfactory in slurry loop CS,

The loop contains several flanges so that the
flow pattern of the system can be varied over a
wide range, For example, all the flow or none of
it could be directed through the top of the pres-
surizer, In addition, a venturi has been included
in the 3/8-in. line to the bottom section of the
pressurizer, The suction side of the venturi can
be used to pull the steam-gas mixture from the
pressurizer through the condenser where the steam
is condensed. The noncondensables are returned
to the pressurizer via the venturi line, Such a
device might simplify the design of a condensate
system incorporated in an in-pile slurry loop by
eliminating vent lines in addition to ensuring
positive vapor flow conditions, The present sys-
tem relies on thermal circulation of the steam-gas
mixture,

The satisfactory operation of the above device
was demonstrated by stable operation with water
at 250°C, and 80 psi oxygen (room temperature),
in runs of 2 to 6 hr duration, Condensate was
regularly produced at 250°C by either thermal cir-
culation or use of the venturi at rates of 1.5
liters/hr. A purge rate to the pump of 0.9 liter/hr
was maintained,

As vyet, operation of the modified loop with
thorium oxide slurries has not been attempted.
This is the next immediate objective, after which
the loop geometry must be modified for installation
in existing reactor facilities.

PERIOD ENDING APRIL 30, 1956

12,2 TOROIDS

Attack rates on type 347 stainless steel, titanium
75A, and Zircaloy-2 were obtained in toroids by
circulating aqueous thorium oxide slurries of 1000 g
of thorium per kilogram of water at 250°C with
100 psi oxygen pressure. A comparison was made
previously3 on the basis of the maximum calcina-
tion temperature of the oxide and the relative
slurry velocity. The attack rates were shown to
be independent of the calcination temperature,
while the rates for the stainless steel and titanium
indicated a linear to second-power dependence on
the velocity.

The possible correlation® between ultimate size
of the oxide particles as determined by gravita-
tional sedimentation’ and the attack rates has now
been investigated. Degradation of the thorium
oxide particles occurs during circulation to about
the same extent as observed in loop tests,® The
minimum size is apparently dependent on the oxide
used, the 800°C calcined product from the Feed
Materials Production Center at Fernald, Ohio,
being degraded to an estimated average particle
diameter of 0.1y (83 wt % less than 0.7y), while
ORNL-produced batches D-17 and LO-1 showed a

size between approximately 0.4- and 1.0-y diameter.

However, at the present time uncertainties in
the particle-size determination in the presence of
large amounts of corrosion products and the sus-
pected presence of magnetite, indicating‘an oxygen-
depleted system, prevent an unambiguous corre-
lation between attack rate and postrun particle
size,

4G. E. Moore and E. L. Compere, Dynamic Slurry Cor-
rosion Studies, Quarter Ending April 30, 1956, ORNL
CF.56-4-139 (to be issuved).

56. W. Leddicotte and H. H. Miller, Anal. Chem.
Semiann. Prog. Rep. Oct. 20, 1954, ORNL-.1788, p 21.

5C. E. Schilling, HRP Quar. Prog. Rep. Oct. 31, 1955,
ORNL-2004, p 179.
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13. RADIATION CORROSION
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13.1

IN-PILE LOOPS
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13.1.1 Development and Construction

(a) General. — Construction of in-pile loop as-
semblies for operation in beam holes HB-2 and
HB-4 at the LITR is continuing. With the accumu-
iated experience in fabricating these loops and
the standardization of component parts, the rate
of construction of in-pile loops is more than ade-
quate for the beam hole availability at the present
time. This results partly from the longer period
of operation of the last in-pile loop in beam hole
HB-4 (approximately 2000 hr circulating time with
loop L-2-12). In addition, the installation of an
in-pile loop in beam hole HB-2 was delayed be-
cause of damage to the instrument panel in shipping,
necessitating repair, replacement of some sub-
standard valves in the auxiliary equipment cham-
bers, and the relocation of the sampling table.

(b) HB-4 Loop Package. ~ In-pile loop L-4-13
was completed and tested during the past quarter
and is now ready for installation in beam hole
HB-4 at the LITR. The loop is made from type
347 stainless steel and is designed and tested
for operation at temperatures and pressures up to
300°C and 2000 psia.

The type 347 stainless steel, tapered-channel,
corrosion specimen holders in the core and in-line
positions of loop L-4-13 contain corrosion coupons
of type 309 SCb stainless steel, type 347 stainless
steel, and crystal-bar zirconium. Impact specimens

lOn foan from TVA.

9

of zirconium with 20% niobium as an alloying ele-
ment and of Zircaloy-3a are included in both the
core and in-line positions. Two tensile specimens,
one of Zircaloy-3a and one of titanium Ti-A40,
are in the core position only, The loop will be
installed in beam hole HB-4 as soon as necessary
maintenance and repairs of auxiliary equipment
are completed.

(c) HB-2 Loop Package. — Fabrication of an all-
titanium in-pile loop,2 L-2-14, was completed.
The loop is designed for installation in beam hole
HB-2 of the LITR and for operation at temperatures
and pressures up to 300°C and 2000 psia. All
welding was performed by the shielded-arc process
with special jigs and/or trailers to ensure complete
inert-gas coverage of all sections of metal heated
by the welding process. The Metallurgical Group
assisted in prescribing welding procedures and
final evaluation of all welds for soundness. Figure
13.1 is a photograph of the completed loop.

An all-titanium, ORNL 5-gpm pump of the outboard-
bearing design is employed in loop L-2-14. Bear-
ings and journal bushings are of pure sintered
aluminum oxide, A performance test of this pump
was made in a test stand, and the results were
compared with those for similar pumps made of
type 347 stainless steel. No significant differ-
ences based on measurements of flow, head, and
electrical power demand could be observed be-
tween the performance curves of the titanium and
stainless steel pumps. The all-titanium loop as-
sembly is now being installed in the mockup test
facility at Y-12 for operational testing at design
temperatures and pressures.

(d) ORR Loop. — Conceptual design studies of
an in-pile corrosion loop facility for the ORR were
initiated. The large facility on the north side of
the ORR has been assigned to the Homogeneous

2G. H. Jenks et al., HRP Quar. Prog. Rep. Jan. 31,
1956, ORNL-2057, p 91-92.
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the pressurizer was noted during almost the entire
experiment, After the first 100 hr of circulation
time with enriched solution, the flow dropped
rapidly to about 20% of its initial value. At this
point the reactor was shut down, a variable-frequency
motor-generator set was installed from which the
circulatory pump was operated for the balance of
the experiment at 86 cps instead of at the normal
60-cycle line current, and attempts were made to
unplug what was assumed to be a partially plugged
pressurizer inlet or outlet line by varying the
pressurizer and loop temperatures. After an ad-
ditional 205 hr of circulation the loop was drained,
given a standard pretreatment operation in a further
attempt to clear the obstruction, charged with a
fresh solution of enriched material, and again
started up. Eight hundred hours later the flow
to the pressurizer had dropped to about 12% of
the original flow, and the experiment was termi-
nated.,

The two original enriched solutions charged to
the loop and the makeup solution were approxi-
mately the same composition: UO,SO,, 0.17 m;
CuS0O,, 0.031 m; H,S80,, 0.04 m. The first original
solution also contained 504 ppm of nickel. The
loop contained a variety of specimen materials,
including sapphire, sintered aluminum oxide, In-
coloy, crystal-bar zirconium, several stainless
steel and titanium alloys, and a large group of
Zircaloy-2 and Zircaloy-3 alloys.

The in-pile operation period with enriched solu-
tion was 1109 hr. The total circulation time was
344 hr for the first original solution and 786 hr
for the second original solution for a total of 1130
hr. The energy output of the LITR during this
time was 2175 Mwhr, and essentially all the power
was liberated at the 3-Mw level,

13.1,3 In-Pile Loop Experiment L-4-12

Exposure of in-pile loop L-4-12 in the LITR was
completed, Disassembly and examination of the
loop have not yet begun. No major difficulties
were encountered during operation of the loop,
although it was necessary at one point to drain
the solution from the loop to replace several valves
which had become plugged in the sampling system.
Operation continued after fresh solution had been
charged to the experiment, until additional valve
trouble made it advisable to terminate the experi-
ment,
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Unlike previous experiments, this one contained
nontapered titanium coupon holders in both the
core and in-line positions, Specimens were of
stainless steel, Zircaloy-2, and titanium alloys.
The loop solution was of the usual composition:
uo,so,, 0.17 m; H,S0,, 0.04 m; CuSO,, 0.03 m.
The in-pile operation period with enriched solution
was 2019.6 hr. The energy output of the LITR
during this time was 4385,5 Mwhr. For the initial
192 Mwhr, the reactor power was 1.5 Mw, Essen-

tially all the subsequent energy was liberated at
the 3-Mw level.

13,2 IN.PILE AUTOCLAVE TESTS

G. H. Jenks
R. J. Davis J. R. McWherter
H. O. Day A. R, Olsen
V. A. DeCarlo J. A. Russell
H. A. Fisch F. J. Walter
D. T. Jones K. S. Warren
R. A. Lorenz L. F. Woo

13.2.1 LITR Tests

The corrosion behavior of Zircaloy-2, titanium,
and type 347 stainless steel in reactor-irradiated
uranyl sulfate solutions was investigated further.
One Zircaloy-2 experiment, Z-17, was completed,
and another, Z-11, is in progress. Two experi-
ments with stainless steel, H-95 and H-96, and
one titanium experiment, T-2, were completed,
In addition, a bomb from an early experiment,3
Z-3, was opened and information obtained from
the pins and solution irradiated in this bomb.
Data for the experiments are presented in Table
13.1. As before, the values for irradiation time
are based on the energy output of the LITR with
3 Mwhr of energy equivalent to 1 hr. The corrosion
rate values are based on radiation time. A large
proportion of the results shown have not been
fully evaluated, and, where this is the case, the
listed value is accompanied by an approximation
sign. The plus-minus values which are listed are
standard probable errors computed from the spread
of the data,

The pin weight data for experiment Z-3 indicate
that the high concentration of excess sulfuric acid

markedly reduced the radiation corrosion of

3G. H. Jenks et al., HRP Quar. Prog. Rep. April 30,
1955, ORNL-1895, p 119.




TABLE 13.1.

LITR IN-PILE BOMB DATA

Initial O,

Fission
LITR Solution C it . Pressure at Exposure p irradiation Corrosion Rate Over-all Corrosion
B;:]b Beam Bomb Material olution Composition (m) E(r;nal;n;g;\t 250°C, Temperature Dec;v:ie'ry Time For O, Data Rate from Pins
°  Hole U0,50, CuSO, H,S0, ° Approximate (°C) (w/ml) (days) (mpy) (mpy)
{psi)
Z-3 HB-5 Zircaloy-2 (with 0,170  0.020 0.448 19.8 700 250 3.7 19.3 2.1 £0.1* 0.9 £0.1
three crystal- Zircaloy-2
bar zirconium 0.8 +0.2
pins) crystal-bar
zirconium
Z-11 HB-6 Zircaloy-2 0.172  0.010 O 93.2 550 250 ~9 5.2 ~8 Not available
Pius 0.0054 m KTcO,
280 2.1 ~17
235 4.8 ~6
Z-17 HB-5 Zircaloy-2 0.169 0 0.040 6.0 500 250 ~1.2 10.8 Variable
53** 0.4-19-51.5
4.3
280 6.9 ~3.4 1.9
250 4.5 ~15
H-95 HB-6 Type 347 stain- 0,042  0.049  0.039 93.2 550 250 ~2.4 24.2 3.0 - 0.2
less steel
280 17.4 ~0.3 0.7
5.3** ?
H-96 HB-6 Type 347 stain- 0.172 0.010 0 93.2 600 250 ~9 25.2 Variable 2.8 £0.2
less steel Plus 0.0011 m KTcOA (see text)
T-2 HB-5 75-A titanium 0.172  0.040 0.040 93.2 750 250 ~14 8.4 1.7 4.0 +0.1 (weight

gain)
2.4 +0.3 (weight
loss)

*This rate included an unknown amount of corrosion of steel capillary connections.

**At 1500 kw.
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Zircaloy-2. It is known from other experiments?
that the rate at the listed power density and in
the absence of excess acid is about 4 mpy. The
steel capillary connection was badly corroded in
the experiment; oxygen consumed in this process
probably accounts for the higher rate of attack
indicated by the oxygen consumption data, since
it was assumed in the calculations that oxygen
had been consumed only in the oxidation of
Zircaloy-2,

Experiment Z-11 was designed to test the effect
of the TcO,™ ion in solution on the radiation
corrosion of Zircaloy-2. The oxygen data indicate
that the additive has no effect on the corrosion.
The indicated rates at 250 and 280°C are essen-
tially those expected for a system containing no
TcO,~ but otherwise similar.

In all the previous Zircaloy-2 experiments the
solutions contained added CuSO,. In order to
establish the effect of copper on the radiation
corrosion of Zircaloy-2, experiment Z-17 was con-
ducted without copper in the solution. As shown
in Table 13.1, the enrichment was low and the
fission power density was about 1 w/ml. At this
low power density, the gamma-ray intensity in the
exposure facility proved sufficient to effect the
recombination of the majority of the radiolytic
gas produced by fission recoils. The pressure
of radiolytic gas during exposure both at 250 and
280°C reached a steady state of about 100 psi.
For approximately 100 hr at the start of irradiation,
the corrosion rate remained quite low. |t then
increased as shown in the table and remained
fairly constant at a given temperature, The rate
at 280°C was approximately double that at 250°C.
The rate at 250°C is essentially the same as that
determined for loop specimens exposed at the same
power density but in solutions which contained
0.03 = CuSO,. Hence, there is little indication
that the presence or absence of cupric ion in-
fluences the radiation-induced corrosion,

The data for the stainless steel experiment H-95
are rather erratic. Within experimental error, little
effect of temperature can be detected. The high
rate listed in the table persisted for about 100 hr
at the start of irradiation. It then decreased sharply
to the low rate,

4G. H. Jenks et al., HRP Quar. Prog. Rep. jan. 31,
1956, ORNL-2057, p 97.
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Experiment H-96 was designed as a test of the
performance of stainless steel bomb systems con-
taining no added acid, and, at the same time, of
the effect of the TcO,~ ion on the radiation-induced
corrosion. The results were essentially the same
as those obtained with an early bomb experiment,’
H-51. The corrosion rate indicated by the oxygen
increased from an initial value of about 0.6 mpy
to a value of about 5.3 mpy after several days of
irradiation.  Upon continued exposure the rate
slowly decreased to about 2.6 mpy. It should be
pointed out that the composition of the solution
was constantly changing during exposure, owing
to the introduction of nickel and the loss of hy-
drogen ions. It is very probable that precipitation
of uranium and copper took place fairly early in
the test,

The earlier experiment, H-5]1, was similar to
H-96 except that the solution contained no TcO,~
and employed an oxygen pressure of about 250
psi. Also, the fission power density in H-51 was
probably somewhat lower than in H-96. The results
of the present experiment H-96 are regarded as
evidence that the added H,S50, was responsible
for the improved corrosion behavior observed in
the recent series of steel experiments and that
the addition of TcO,~ had no effect on the radiation-
induced corrosion, at least in the absence of added
acid.

The interpretation of the results of the titanium
experiment, T-2, is not clear. The corrosion of
the pins as indicated by weight gains before de-
filming is greater than that indicated by average
weight losses after defilming. However, visual
inspection indicated that, with the exception of
one pin, some oxide remained on the pin surfaces
after defilming. The weight loss and weight gain
values for the pin which was the exception are
in near agreement. Hence, it appears likely that
the most nearly correct value for the over-all
corrosion rate of the pins is that determined from
the weight gains. However, this value is much
greater than the over-all rate indicated by the
oxygen data. This discrepancy is, at present,
unsolved. [t may be added that questions regard-
ing the effect of power density and of temperature
on the radiation-induced corrosion of titanium are
also unresolved.

5c. H. Secoy et al.,, HRP Quar. Prog. Rep. July 31,
1954, ORNL.-1772, p 162.




13.2.2 MTR Tests

Exposure of experiment ORNL-15-5 in the MTR
was completed, The autoclave and pin corrosion
specimens for this experiment were of Zircaloy-2,
The test solution was water-pressurized with about
400-psi oxygen. The experiment was installed
in the HB-3 facility on January 16, 1956, and was
operated during the subsequent cycle. During the
operation the experiment was retracted for 138 hr,
fully inserted for 104 hr, and partially inserted
(70%) for 80 hr.

The corrosion during operation as indicated by
the oxygen data is summarized in Table 13.2,
Specimen weight data are not yet available. The
indicated rate of 4 to 5 mpy for the fully inserted
operation may be compared with a rate of about 11
mpy for a depleted UO,SO, solution determined in
the previous experiment,® ORNL-15-4, The power
density and exposure temperature for the previous
experiment and the present experiment were similar.

Data for both the activation of zirconium and the
analysis of fission-product cesium are available
from previous experiments’*® ORNL-15-1 and 15-2,

G. H. Jenks et al., HRP Quar. Prog. Rep. Jan. 31,
1956, ORNL-2057, p 98.

7G. H. Jenks et al,, HRP Quar. Prog. Rep. July 31,
1955, ORNL-1943, p 130.

8G. H. Jenks et al., HRP Quar. Prog. Rep. Oct. 31,
1955, ORNL-2004, p 152.
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The flux caleulations from these data are not accu-
rate, because there are two fluxes involved, one
for the experiment when inserted and another when
retracted. However, the data indicate that the
valves for the average flux and fission power
density in the inserted position for these experi-
ments were about two-thirds of those previously
assumed. Hence, in experiment 15-2, for example,
the fission power density in the exposed position
was probably about 25 w/ml rather than the re-
ported® 35 w/ml.

The titanium bomb that had been exposed in the
MTR experiment® 15-3 was opened, and the ti-
tanium pin and pin holder and the platinum pin
were examined, The average corrosion rate of the
titanium specimen determined from the weight loss
data and from the irradiation time was about 12
mpy. As reported previously, the oxygen data
were erratic, but the maximum average corrosion
rate indicated by the oxygen was about 7 mpy.
It is estimated that during exposure the bomb wall
temperatures were about 20°C lower than the pin
temperatures; this difference in temperature may,
in part, account for the difference between the
oxygen data and the pin-weight data,

The weight loss determined for the platinum pin
was 0.3 mg. This value is somewhat greater than
the experimental error of the weighing and indi-
cates that the platinum was attacked to a small
extent.

TABLE 13.2. CORROSION RATES INDICATED BY OXYGEN DATA, ORNL-15-5

Estimated Power Density in

Estimated Temperatures of
Corrosion Rate

Position Solution from Absorption of Bomb Walls in Contact
Fast Neutrons (w/ml) with Water (°C) (mpy)
Fully inserted 4 295 440 5
Partially (70%) inserted 3 250 0.3
Retracted 0.4 280 1
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TABLE 14.1. IMPACT ENERGY vs TESTING TEMPERATURE DATA FOR AGED ZIRCALOY-2

Aging Time at 250°C Specimen and Break

Testing Temperature Impact Energy

(hr) No. (°C) (in.-1b)
0 769-3 -100 8
500 773-3 ~100 10
1085 770-3 ~100 9
1585 774-3 -100 8
0 761-1 15 15
500 765-1 15 13
1085 762-1 15 12
1585 766-1 15 14
0 769-1 90 16
500 773-1 90 22
1085 770-1 90 20
1585 774-1 90 20
0 761-2 150 27
500 7652 150 24
1085 762-2 150 27
1585 7662 150 28
0 769-2 200 32
500 773-2 200 38
1085 770-2 200 34
1585 774-2 200 36
0 761-3 254 60*
500 765-3 254 60*
1085 762-3 254 60
1585 766-3 254 50

*Broke on rebound.

14.3.2 Welding of Titanium-lined Steel Pipes

Titanium-lined carbon steel pipe of approximately
%.in. wall thickness, 3-in. nominal diameter, was
welded by two methods., Neither yielded a com-
pletely satisfactory weld, The first method con-
sisted in welding the root and first passes with
titanium wire up to a level below the juncture of
the carbon steel base metal and titanium base
metal, The weld of titanium was sound. Carbon
steel ribbon was then wrapped around the weld to
give a wrapping of slightly over ¥%-in. thickness
to a level above the juncture line o? the two base
metals. The remaining groove was filled with
carbon steel weld metal. The weld contained
voids where complete fusion of the wrapped steel
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ribbon had not occurred. Cracks that extended into
the base metal originated from these voids when
sections cut from the pipe were subjected to a
side bend test. This type of bend test is more
severe than would be expected in use, but results
of the test do indicate a weakness,

In the second method the first passes were again
made with titanium weld metal; vanadium was,
however, used as the transition material. Where
the vanadium came in contact with the carbon steel
base-metal wall, extensive cracking occurred.
The vanadium weld metal did not cause cracking
where it came in contact with titanium weld metal,
Fig. 14.9. Coarbon steel base metal, at the top in
the photograph, caused extensive cracks on that
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Fig. 14.8. Impact Energy vs Testing Temperature for Aged Zircaloy-2.

side of a vanadium weld bead, which is in the
central area of the figure. The juncture of the
vanadium weld bead with the titanium weld bead
at the bottom of the figure caused no perceptible
cracking. On completion of the vanadium layer,
carbon steel weld metal was placed on the va-
nadium weld metal barrier, Extensive cracking
occurred throughout the carbon steel weld bead,
The joint was not filled any further, as this type
of weld was not considered feasible. Microex-
amination of specimens revealed extensive
cracking through the weld,

14.3.3 Inert-Gas-Shielded Arc Welding of
Type 347 Stainless Steel

Satisfactory welds made according to HRP
welding specifications were made in type 347
stainless steel, with argon, helium, and nitrogen

used for protection on the root side of the welds,3
Additional work was carried out on the use of
nitrogen as a backup gas in the welding of type
347 stainless steel in a continued effort to take
advantage of the low cost of nitrogen.

When K-25 water-pumped nitrogen (the grade that
had been used in the previous study) was tested,
satisfactory welds were made; however, consider-
able variation in quality was found among various
gas cylinders, The welds varied in appearance
from silver to a purple tinge. The specifications
for this grade of nitrogen allow a maximum of
0.5% impurities with a ~100°F dew point; all these
impurities could be oxidizing gases. Similar
series of tests were made with both liquid-pumped,
high-purity dry nitrogen (99.8% minimum) and Linde

3w, J. Leonard, HRP Quar. Prog. Rep. Oct. 31, 1955,
ORNL 2004, p 156.

101









radiation effects on the crystal, the precision of

the method should be on the order of 0.3%.

Three cast type 347 stainless steel P-14 pulsator
housings from the pressure system of the injection
pumps were examined after their failure in mockup
service, Subsequently one of them was repaired,
but it again failed in service. Ostensibly, all
four failures were due to different causes, but
there were certain points of similarity.

1. Without exception, the housings showed a
nonhomogeneous macrostructure under radiography.

2. In most cases a number of stress raisers
were present owing to a machining operation,

3. Certain gross defects — for example, a pipe
defect completely through the vessel wall — indi-
cated a lax inspection program on the part of the
vendor.

As a result of these findings, four new P-9
pulsator housings from the reactor system were
inspected. These all showed the same hetero-
geneous structure and all had stress-raising
machine marks to a greater or less degree. One
had several large blowholes, which were readily
detected by radiography. A recommendation was
made that these housings should be rejected and
that an attempt should be made to obtain forgings
rather than castings.

SR, G. Berggren and J. C. Wilson, Solid State Semiann.
Prog. Rep. Feb, 29, 1956, ORNL-2051 (to be published).
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14.5 EFFECTS OF RADIATION ON STRUCTURAL
METALS AND ALLOYS

J. C. Wilson

Equipment and Facilities

R. G. Berggren
14.5.1

A beam hole apparatus for irradiation of impact
and tensile specimens is operating satisfactorily
in the HB-3 facility of the MTR. Specimen temper-
atures in this experiment range from 55 to 180°F.
Construction of an elevated-temperature apparatus
for use in the MTR was started. Design of an
apparatus for irradiation of titanium and zirconium
alloy specimens at 575°F in the MTR is sub-
stantially complete. The design calculations will
be checked in a mockup of the specimen chamber
before final design is completed. An experiment
for irradiation of tensile specimens in a lattice
piece of the MTR in contact with the coolant
water is being assembled. Specimens of ASTM-
A212B steel, Carriloy T-1, and types 301 and 305
stainless steel have been irradiated at less than
200°F in the HB-3 facility of the LITR.

A number of improvements in the hot-cell appa-
ratus are being developed which should result in
increased speed and accuracy of such testing.

14.5.2 Nickel Steels

Notch-bar impact tests were conducted on an
8'/2% nickel steel irradiated in the LITR and MTR.
Test results, reported in the Solid State Division
semiannual report,3 showed considerable decrease
in impact-energy values, Further impact tests on
other alloys are now in progress.
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15. THORIUM OXIDE SLURRY DEVELOPMENT

D. E. Ferguson J. P. McBride

V. D. Allred N. A. Krohn

A. R. Jones L. E. Morse

E. V. Jones C. E. Schilling
W. M. Woods

15.1 IRRADIATION STUDIES

A, R. Jones J. P. McBride
N. A. Krohn C. E. Schilling

Four aqueous slurries of 900°C calcined thorium-
uranium oxide prepared by two different methods
and containing 0.5 mole % (based on thorium) of
93% enriched uranium were irradiated in the LITR
at 300°C in the dash-pot-stirred irradiation bomb.
At a concentration of 1000 g of thorium per kilo-
gram of H20, three of the slurries were too concen-
trated to be pumped for longer than a few hours,
and the stirrer failed to operate after 9, 6, and
65 hr of stirring under irradiation, Out-of-pile
control experiments behaved similarly. For the
fourth experiment the slurry concentration was
reduced to 500 g of thorium per kilogram of H,0,
and no stirring difficulty was experienced during
the full 85 hr of irradiation.

The thorium-uranium oxide used in the experi-
ments in which the stirring stopped after 9 and
6 hr had been prepared by wet-autoclaving over-
night at 300°C a simple mixture of D-16 ThO,
and UO;.H,0, drying the resulting mixed oxide,
and recalcining it at 900°C. The mixed oxide
used in the other two experiments had been
prepared! from the thorium-uranous oxalates co-
precipitated at 40°C and decomposed to the
mixed oxide by a multistage calcination ending
at 900°C.

All slurries were mixed before they were placed
in the irradiation bombs, and the experimental
setups were pretested at temperature before in-
sertion into the reactor. Each slurry contained
1000 ppm of PdO as a catalyst for the recom-
bination of radiolytic gases. An oxygen over-
pressure (250 to 300 psi at room temperature) was
maintained during the experiments with the oxides
prepared from the coprecipitated oxalates.

]A. R, Jones et al,, HRP Quar. Prog. Rep. [an. 31,
1956, ORNL-2057, p 109~113,

15.1.1 Postirradiation Examination of Slurries

Three slurries of thorium-uranium oxide con-
taining 0.5 mole % of natural uranium which had
been irradiated' at 300°C in the LITR (LITR-11,
12, and 13) and two similar slurries which had
been irradiated at 300°C in the ORNL Graphite
Reactor (GR 9 and 10) were examined for possible
irradiation damage. The irradiation times were
151, 68, and 172 hr for the LITR experiments and
318 and 313 hr for the Graphite Reactor irradi-
ations. All slurries were visually unchanged and
showed no change in average particle size or
average crystallite size. No change in settled
density was observed in the slurries irradiated in
the Graphite Reactor. The slurries irradiated
in the LITR showed settled-density increases of 8
to 16%. Since no material balances were obtained
on the irradiated material, the settled-density
data should be considered only as showing that
no gross changes occurred in the slurry-settled
densities as a result of the irradiations.

15.1.2 Radiographic Studies with the Dash-Pot
Bomb

The behavior of thorium oxide slurries in the
dash-pot-stirred slurry bomb from room temperature
to 300°C is being investigated by means of x-ray
photography. With 160-kv x rays and a current of
6 to 12 ma, the details of the bomb, the stirrer,
and the slurry-water interfaces were sharply de-
lineated in the photographs (see Fig. 15.1).

The initial studies were carried out with a slurry
containing 500 g of thorium per kilogram of H,0
and prepared from D-16 thorium oxide recalcined
at 900°C. The slurry appeared to be uniformly
dispersed by the action of the stirrer from room
temperature to 300°C. When the stirring was
stopped at 100°C, the oxide settled down around
the stirrer to form an apparently uniform settled
bed (Fig. 15.12); when the slurry settled at 200°C,
marked structural formations appeared (Fig. 15.15);
when stirring was stopped at 300°C, the slurry
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solids settled rapidly, forming a plug on top of
the stirrer and a structure around it (Fig. 15.1c).
Cooling to 110°C without stirring was not suf-
ficient to break up this structure (Fig. 15.14).

15,2 GAS RECOMBINATION STUDIES
L. E. Morse J. P, McBride

Out-of-pile investigation of the catalytic combi-
nation of stoichiometric hydrogen-oxygen mixtures
in thorium-uranium oxide slurries containing mo-
lybdenum oxide catalyst continued with studies
on the effect of catalyst concentrations from 0.05
to 0.20 m. With slurries containing 1000 g of
thorium per kilogram of H20, all catalyst concen-
trations gave combination rates more than suf-
ficient to maintain steady-state gas pressures at
less than 2000 psi at 300°C in a TBR-type
blanket.

The slurries were prepared by dispersing in
water a mixture of 900°C recalcined D-16 thorium
oxide, 0.5 mole % uranium trioxide monohydrate,
and molybdenum oxide at the required concen-
tration. The molybdenum oxide was prepared by
heating ammonium paramolybdate at 430°C for
16 hr in a covered dish. The dry solids were
mixed by tumbling them for 1 hr before dispersing
in water. Prior to its use in a recombination
experiment, the slurry was shaken for 3 hr at
280°C in the presence of an oxygen overpressure
(250 to 300 psi at room temperature).

The slurries as prepared gave somewhat random
combination rates, varying from 3 moles of
hydrogen per hour per liter of slurry at 248°C
and 500-psi hydrogen partial pressure for the
0.05 m MoO., concentration to 10 moles of hydrogen
per hour per liter at 264°C and the same hydrogen
pressure for the 0.20 m concentration, with a
surprising minimum in reactivity occurring at 0.1 m
concentration (see Table 15.1). Heating the
slurries at 270 to 280°C under a hydrogen partial
pressure greatly increased the combination activity
for all catalyst concentrations, with the greatest
relative increase occurring for the lowest concen-
tration. After the hydrogen treatment, the slurry
containing 0.05 m MoO3 gave a combination rate,
at 40°C and 500-psi hydrogen partial pressure, of
12 moles of hydrogen per hour per liter of slurry.
This compares favorably with the combination rate
obtained? with 0.01 m PdO catalyst of 3 moles

2
L. E. Morse and J. P. McBride, HRP Quar. Prog.
Rep. Oct. 31, 1955, ORNL-2004, p 169-172,
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of hydrogen per liter of slurry at 32°C and the
same hydrogen partial pressure. In addition the
molybdenum oxide catalyst appeared to be more
resistant than the palladium catalyst to poisoning
at room temperature. Reheating the slurries under
an oxygen overpressure did not appear to affect
the increase in activity brought about by the

hydrogen treatment,

The results are summarized in Table 15.1 along
with some data obtained previously3 with a slurry
of 660 g of thorium per kilogram of H,O of pure
oxide and an MoO, concentration of 0.1 m. An ef-
fort was made to obtain data at a temperature near
280°C, but in most cases the reaction rate at the
lower temperatures was so rapid that all gas was
consumed before this temperature could be at-
tained.

The specific reaction rate constants, £_, and
the rates of hydrogen combination listed in Table
15.1 were obtained from the decrease in total gas
pressure with time, first-order dependence (on
hydrogen partial pressure) and perfect gas behavior
being assumed.
of analysis have been described previously.

Experimental details and methods
4,5

15.3 SLURRY VISCOSITY MEASUREMENTS

N. A. Krohn J. P. McBride
W. M. Woods

15.3.1 Slurry Viscosity Measurements
in the Dash-Pot-Stirred Bomb

The relative viscosities of some thorium oxide
and thorium-uranium oxide slurries were measured
as a function of slurry concentration in the dash-
pot-stirred slurry bomb by use of the method
described previously.! In this method the oper-
ational characteristics of the bomb are calibrated
for solutions of known viscosity, and the viscosity
of a thorium oxide slurry being stirred in the bomb
is determined by comparing the operational data
with the calibration curves.

Table 15.2 lists the average viscosities ob-
served for the various slurries at temperatures of
50 to 300°C. The viscosities of these slurries

3L. E. Morse and J. P. McBride, HRP Quar. Prog.
Rep. Jan. 31, 1956, ORNL-2057, p 114,

4D. E. Ferguson et al., HRP Quar. Prog. Rep. Oct
31, 1954, ORNL-1813, p 143-144,

5H. F. McDuffie et al., Reactor Sci. Technol, 4(2), 23
(1954), TID-2013.
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TABLE 15.1. COMBINATION RATES OF STOICHIOME TRIC HYDROGEN AND OXYGEN MIXTURES
IN THORIUM OXIDE SLURRIES CONTAINING MoO, CATALYST

Slurry: 900°C calcined Th02, 1000 g of Th per kilogram of H20; 0.5 mole % UO3-H20;
M003; heated for 3 hr at 280°C under 02 (250-300 psi at room temperature)

MoO

H 2 Combination Rate

3
Concentration Conditions Tem::éc;ture k" (hr—l) PH = 500 psi
2
(m) (moles/he/liter)
0.05 As prepared 248 7 3
Heated for 1.5 hr under H2 at 270-280°C“% 40 11 12
0.10 As prepared 276 3 1
Heated for 1.5 hr under H, at 270-280°C* 115 21 16
Reheated reduced slurry for 2 hr under 02 206 67 31
at 270-280°C?
0.15 As prepared 281 21 5
Heated for 1.5 hr under H,, at 270-280°C“ 243 25 9
Reheated reduced slurry for 2 hr under 02 253 19 6
at 270-280°C?
0.20 As prepared 264 27 10
Heated for 1.5 hr under H2 at 270-280°C*% 160 16 10
0.1¢ As prepared 256 71 28
Heated for 1.5 hr under H,, at 270-280°C“ 135 16 12
Reheated reduced slurry for 2 hr under 02 204 49 26

at 250°Cb

%1000-psi H2 at room temperature.

b500-psi 02 at room temperature.

“In a slurry of 900°C oxide containing 660 g of thorium per kilogram of H20; see ref. 3.

as indicated by this method were found to be
essentially independent of temperature,

A new technique is being used to make viscosity
measurements in the dash-pot-stirred bomb. The
stirrer is operated in such a manner that it always
starts a stroke from its rest position in the bottom
of the bomb and is dropped (by energizing the
bottom coil) as soon as it attains its maximum
rise as shown on the oscilloscope used in
monitoring the stirring operation. Hence a situ-
ation is attained in which the time required for
an object in a fluid medium to travel a fixed
distance under a reproducible force function can
be measured. In the present instance the rise
time is equal to the product of the cycle time
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(reciprocal frequency) and the per cent of cycle
time that the upper coil is energized.

Calibration curves of kinematic viscosity vs
stirrer rise time were prepared from data obtained
with the use of water and silicone oils of known
viscosity. The curves are linear and yield vis-
cosity values for slurries similar to those reported
above and in the last quarterly report.}

15.3.2 Slurry Viscosity Measurements
with the Ultraviscoson

Slurry viscosity measurements were made with
the Ultraviscoson (Bendix Corporation, Model 621)
with the view of adapting it for slurry viscosity
measurements at high temperatures and pressures.
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TABLE 15.2, RELATIVE VISCOSITIES OF SOME THORIUM AND THORIUM-URANIUM OXIDE SLURRIES

Average Relative Viscosity (centistokes)

Slurry Concentration

Slurry
(g of Th per kg of D,0)

250 500 750 1000 1250
D-16 thorium oxide (650°C) 3.9 4.8 7.1 12.6 27.4
900°C refired D-16 oxide 3.6 4.2 5.0 8.5 13.7
900°C fired D-16 oxide—0.5% U0, % 3.5 3.8 5.1 6.8 11.0
900°C fired D-16 oxide~0.5% uo,* 5.3 6.8 18.2

(93.14% enriched uranium)

900°C fired Th0,~0.5% U0, 3.4 3.9 5.3 9.7 20.7
900°C refired D-16, pumped; X-28€ 4.1 5.5 11.0 20,0

“p-16 Thoz—an-Hzo wet-autoclaved overnight at 300°C; fired at 900°C for 4 hr.

bPrepared from coprecipitated Th-U(IV) oxalates (see ref, 1) by multistage firing ending at 900°C.

“Pumped for 100 hr at 300°C at a concentration of 1000 g of thorium per kilogram of H20 (see V. D, Allred, E. V,
Jones, and J. P. McBride, HRP Quar. Prog. Rep. Jan. 31, 1956, ORNL-2057, p 115-121),

The viscosities of slurries of D-16 thorium oxide
(650°C calcination) containing 217 to 1250 g of
thorium per kilogram of HZO were megasured over
the temperature range 25 to 90°C (see Fig. 15.2).

Up to thorium concentrations of 625 g per kilo-
gram of H,0, the slurry viscosities were es-
sentially the same as those of water over the
temperature range studied. Above this concen-
tration the viscosities increased with increasing
slurry concentration, At 25°C and a thorium
concentration of 1250 g per kilogram of H,O, the
measured viscosity was 6 centipoises. The vis-
cosities decreased with increasing temperature,
the rate of decrease being greater for the higher
slurry concentrations.

The viscosity values determined with the Ultra-
viscoson were much lower than those obtained for
similar slurries with a Brookfield viscometer,®
presumably because the Ultraviscoson measures
viscosity at much higher shear stress,

8c. E, Schilling, HRP Quar. Prog. Rep. July 31, 1955,
ORNL-1943, p 194-196.
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TABLE 15.3. HINDERED-SETTLING PROPERTIES OF SELECTED OXIDES

Therium Hindered- Calculated? Critical® Settled
Oxid C trati Temperature  Settling Particle Density Concentration R k
xide oncentration o a j Th kg (g of Th per k emarks
(g per kg of HZO) (°C) Rate .Slze (g of per kg (g per kg N
{em/sec) (microns) of Hzo) of HZO)
TO-10-900-24¢ 250 110 0.169 4.5 655
(pumped ~ 100 hr 250 155 0.281 4.5 580
as V-8) 250 205 0.335 4.5 545
250 265 0.663 4.8 520 760 Settled at temperature for
90 min
500 110 0.0061 1.2
500 158 0.0083 1.2
500 210 0.0116 1.2
500 265 0.0201 1.2 945 Settled at temperature for
90 min
500 1345 Cooled to room temperature
overnight; reheated to
265°C for 2 hr without
stirring
D-16-900-24 250 265 0.650 4.9 545 735 Settled at temperature for
(pumped ~. 100 hr 90 min
as X-28) 250 1127 At 265°C for 3 hr at room
temperature for 16 hr;
reheated to 265°C for
2 hr without stirring
500 196 0.055 2.5 660
500 265 0.136 3.3 665
P0.10-900-24¢ 250 100 0.154 4.5 470
(pumped ~ 100 hr 250 150 0.325 4.8 460
as U-37) 250 200 0.462 4.8 420
250 265 0.560 4.6 460 615 Settled at temperature for
10 min
500 97 0.0052 1.2 -
500 265 860 Settled at temperature for
90 min
500 1040 Settled 2 hr ot 265°C, then

over weekend af room
temperature; reheated to
265°C without stirring

%See ref. 9. U /1 - \]V2
st 2 4.15 x 102 [Tp < . >:l , (see ref. 7, p 120, where the constant **13"" should be *'130"" and g _ is 980 cm/sec?), where
e
D_T = apparent particle diameter, microns,
Uy = hindered-settling rate, cm/sec,
Ap = difference in densities of the oxide and the water, g/cm3,
u = viscosity, centipoises.
€See ref. 7.
Samples of the mixed oxide were taken for each similarly prepared pure oxide and mixed oxide.
calcination temperature and their properties de-  The product of surface area times crystallite size,
termined. 78D, shown in Table 15.4 has the same dimensions
Electron micrographs showed the mixed oxides as specific volume (reciprocal density). As seen
to have the same characteristic cubical shape as in Fig. 15.5, this value was decreased markedly
the pure oxide has. The results of the sedimen- for the mixed oxide, indicating that a densification
tation particle-size analysis were also very similar occurred as a result of the 1700 ppm of calcium
to those previously observed for the pure material., addition.
Figure 15.5 shows the relation between the The settling data show that the slurry-settling
specific surface area and the crystallite size for  rate was not markedly affected by the calcium
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TABLE 154, SUMMARY OF CHARACTERISTIC PROPERTIES FOR ThOz-CaO (1 mole % Ca)

Solid Characteristics

Suspension Properties

. Specific Mean Hindered-Settling Rate** Settled
Material* Cry;iﬂ::’llfe Surface nSD Particle " er(ecm/esecl)ngf are Concentration pH of Remarks
Area  (x 10=3) Diamet (g of Th per kg Supernatant
&) (m2/g) W  2°C 50°C  75°C  98°C of H,0)
TC-10-400-24 50 314 1.6
TC-10-650-24 136 18.4 2.5
TC-10-800-24 269 9.2 2.5
TC-10-900-24 425 6.0 2.5 1.0 0.0234 0.0312 0.0315 0.0554 1340 10.3
TC-10-1000-24 745 4.7 3.5 1.1 0.0167 0.0240 0.0324 0.0428 1315 10.1
T0-10-900-24 550 6.3 3.5 1.3 0.0604 0.0330 0.0468 1090 9.8 Pure oxide
TC-10-900-24 0.0103 1510 9.6 Ca** in supernatant
autoclaved at <50 pg/ml {less
800°C for 22 hr thon 6% of total)
TC-10-1000-24 0.0214 1390 9.4 Ca** in supernatant

auvtoclaved at

300°C for 22 hr

<20 ug/ mi (less
than 2,3% of total
in suspension

*The first number in the series indicates the oxalate precipitation temperature (in °C); the second number, the final firing temperature (in °C); and

the last number the firing time (in hours) at temperature.
**At a concentration of 500 g of thorium per kilogram of HZO.
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Fig. 15.5. Effect of Calcium Addition on Prop-
erties of Thorium Oxide.

addition. This is consistent with the results of
the particle-size analysis. In addition the settled
concentration of the mixed oxide increased; this
higher concentration is compatible with the ap-
parent densification of the oxide particles.

Autoclaving at 300°C an aqueous slurry of the
mixed oxide containing a thorium concentration
of 500 g per kilogram of Hzo resulted in the
dissolution of a maximum of 6% of the total
calcium contained in the solid and did not impair
the handling properties of the suspension.

15.5 SOL STABILITY STUDIES!!

Sols with ThO,/NO,~ mole ratios as high as
6.3/1 have been obtained by dialysis of thorium
nitrate solutions adjusted to pH 3.6 with ammonium
hydroxide. No extended stability tests have yet
been made. One sol, fluid at the boiling point of
water, was charged to a bomb and held at 300°C
for seven days. It was charged as a paste at room
temperature with a ThO_ concentration of 529 g
per kilogram of H,0. The bomb leaked and the
recovered thoria had the appearance of a dried

”Work done at Houdry Process Corporation,
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gel. The solid redispersed immediately in water
to an opalescent sol, which had a concentration
of approximately 40 g per kilogram of H,O and
showed no signs of sedimentation on standing for
two weeks,

Studies of the production of thoria sols by the
use of anion exchange indicated that the limited
capacity of the beds and the difficulty in con-
trolling precipitation in the beds make them
undesirable for use in making concentrated sols.
However, it is possible that anion exchange may
be useful in replacing the initial ion with other
stabilizing ions in sols produced by other means.

15.6 Tho, DISSOLUTION'?2

Thorium oxide dissolving tests have established
minimum acid concentrations of 0.03 M HF and

]2Work done at Vitro Laboratories.
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2.0 M final free HNO, as being required for
producing 1.5 M thorium solution from simulated
blanket solids calcined ot 800°C. It was found
that these concentrations resulted in complete
solution of a charge of solids in less than 4 hr
at reflux conditions but that decreasing the excess
HNO; to 1.0 M or decreasing the HF to 0.02 M
each failed to give complete solution after 6 hr.
The rate was accelerated by increasing the HNO
concentration to 4 M excess (with 0.04 M HF),
giving a dissolving time of 30 min. Further
increases in acid concentrations were attended
by rapid attack of the stainless steel reaction
vessel. Dissolving rates of the solids were not
significantly decreased by the addition of UO,SO,
and corrosion products in the proportions which
would result from drying equal volumes of spent
core solution and blanket slurry at 300°C. Tests
with such a mixture indicated that 0.04 M HF and
2.0 M free HNO, gave complete solution in 4 hr.
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16. FUEL PROCESSING

D. E. Ferguson
R. W. Horton

16.1 FISSION-PRODUCT CHEMISTRY
16.1.1 lodine Chemistry

The valence-state distribution of iodine in uranyl
sulfate solutions at 250°C was affected by the
composition of the gas phase above the solution.
With 0.02 m UO,50,-0.005 = H,SO, solutions at
250°C and under an initial oxygen pressure of
200 psi at room temperature, the free/combined
iodine ratio was 9/1. Addition of 15-psi hydrogen
to 200-psi oxygen (room temperature) increased the
ratio at 250°C to 12/1. When 50-psi hydrogen
and only 100-psi oxygen was used, the ratio
dropped to 8/1. The experimental data were
considerably more scattered with mixtures of hy-
drogen and oxygen than with oxygen alone.

Ruthenium sharply decreased the free/combined
iodine ratio at 250°C from 9/1 to 0.1/1. This
effect was noticed when ruthenium was initially
present in solution or in the film on the surfaces
of the stainless steel equipment used for the
experiment. In the latter case complete defilming
of the equipment was necessary before the original
ratio (9/1) could be obtained even without adding
ruthenium,.  The effect of ruthenium could be
partially offset by the presence of either hydrogen
or stainless steel, which suggests that a higher
valence state of ruthenium was responsible for
the effects noticed. Transfer of iodine at 250°C
from uranyl sulfate solutions to silver in the vapor
phase was also inhibited by the presence of
ruthenium in the solution.

Experimental evidence was obtained which in-
dicates that the reaction between silver and iodine
is not an irreversible reaction at 250°C. Transfer
of iodine from silver to solution through the gas
phase was observed, and exchange of iodine
between silver and solution was practically com-
plete at 250°C in a few hours.

16.1.2 lodine-Removal Development Studies!

Final fabrication steps and pressure testing of
the 1000-psi ejector loop were completed, and

‘Work done at Vitro Laboratories, KL X-10026 (to be
issvued).

R. A. McNees

E. O. Nurmi

S. Petersen

preliminary runs were made with water and nitrogen
overpressure at 270°C. Liquid and gas flows
through the ejector were estimated from orifice
meter measurements (corrected for loop temperature
and pressure) as 0.69 gpm and 0.0235 Ib/min,
respectively. A batch scrubber with provision for
periodic sampling was installed in the gas loop
to take up iodine from the strip gas.

The characteristics of gas and liquid flow
through the ejector were observed in a preliminary
run at room temperature and atmospheric pressure,
The jet was unstable when the gas inlet was not
throttled; this resulted in a fluctuating suction
pressure and inefficient gas pumping. Some fluctu-
ation of gas pressure was observed at 270°C, but
a complete study of the flow characteristics at
high temperature has not yet been made.

Bench-scale experiments demonstrating the use
of neutral water and dilute A92$O4 solutions to
scrub iodine from a gas stream were concluded.
In one test iodine vapor was absorbed with water,
and the reaction was followed by periodic sampling
of the batch scrubber and effluent gas streams.
The scrubber functioned with approximately 98%
efficiency until an iodine concentration of 0.0076
g/liter was reached in the scrub liquid, at which
time the efficiency decreased noticeably.

Silver ion in the scrubber solution greatly ex-
tended the capacity and efficiency of the unit by
precipitating dissolved iodine immediately as Agl.
An absorber using dilute A92$04 functioned with
virtually '100% efficiency until all the silver ion
was precipitated. The use of silver solution in
a reactor system would, of course, require elabo-
rate precautions against possible entrainment in
the gas being recycled to the fuel stripper. In a
static experiment all iodine charged to a bomb
containing 0.1 M NaOH at 260°C was found in the
liquid phase as 10,= ion. Solutions of NaOH are
thus attractive as scrubbing agents for an iodine-
bearing strip gas under the same limitations as for
Ag,30,, offering high decontamination factors but
requiring effective isolation from the fuel system.

As an adjunct to the preparation of a conceptual
flowsheet for vapor-phase iodine processing of a
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full-scale reactor, as well as to provide a basis
for understanding the behavior of iodine in the
HRT, additional measurements of vapor-liquid and
valence distribution coefficients are being made
to substantiate data previously reported.? In tests
to date the equilibrium distribution coefficient
(mole fraction of I in vapor to mole fraction of
I, in liquid) in fuel solution at pH 2.1 has been
found consistently in the range 6 to 12. No
significant variation with temperature in the range
260 to 330°C or with oxygen overpressure was
observed. The tendency of elemental iodine to
partition in favor of the liquid phase in neutral-
water solution is significantly greater, yielding
gassto-liquid distribution constants in the range
0.2 to 0.5.

The valence state of iodine in vranyl sulfate
solution shows little dependence on temperature
and is approximately 7 to 1 in favor of the ele-
mental form at 260 to 330°C; increased oxygen
pressure appears to favor the elemental state. In
runs in which no oxygen overpressure was added
to the vessel, some iodine (initially charged as
iodide ion) remained in the -1 state. The ratio
of elemental to ionic forms of iodine was in the
range of 1.0/1 to 2.2/1 in nevutral-water solutions
and in simulated fuel (pH 2.1) at low temperatures
or low oxygen pressures. Ratios as high as
9.2/1 were obtained in fuel solution at 310°C and
570-psi oxygen.

16.1.3 Selenium

Selenium dissolved in simulated reactor fuel to
the extent of 50 to 250 mg per kilogram of H20.
With as much as 250 mg of selenium per kilogram
of H,0 present in 0.02 m» U0,S0,~0.005 m H,SO,
solutions heated at 300°C in quartz tubes, fhere
was always a precipitate. Precipitates were larger
for Se(lV) than for Se(Vl). Under the same con-
ditions there was no precipitate if only 50 mg of
selenium per kilogram of H20 was present,

16.1.4 Antimony

Similar experiments with antimony indicated a
maximum solubility of less than 500 mg of antimony
per kilogram of H,0. Tracer experiments showed
that at 275°C the amount of antimony remaining

2H, F. Reichard et al., Homogeneous Reactor Fuel
Reprocessing, Quarterly Progress Report, July 1-
%s{gtsé)‘Mbé‘f 30, 1955, Job 1087, KLX-10012 (Nov. 15,
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in solution was only 20 * 5 mg of antimony per
kilogram of H,0.

16.1.5 Niobium

Hydrous niobium oxide suspended in simulated
fuel solution gave no indication of dissolving at
300°C. However, at 250 to 300°C there was a
slow transition from a gelatinous to a crystalline
solid. Upon cooling, the crystalline material
slowly reverted to an amorphous form,

16.1.6 Technetium

Technetium in the heptavalent state was very
soluble; in the tetravalent state it was only
slightly soluble. At 275°C, with a hydrogen atmos-
phere over the solution, Tc(VIl) was reduced and
TcO, precipitated, leaving in solution only 12 mg
of technetium per kilogram of H20. The uranium
also precipitated. When TcO2 was suspended in
simulated fuel solution at 250°C, it did not dis-
solve when the atmosphere above the solution was
20% oxygen. However, at 250°C with greater than
90% oxygen, it dissolved rapidly to give a solution
containing 9.7 g of technetium per kilogram of H,0.,

16.1.7 Rhenium

In comparing rhenium with technetium it was
found that Re(VIl) was not reduced and precipi-
tated under the conditions that resulted in precipi-
tation of TcO,. Uranium did not precipitate under
a hydrogen atmosphere in the presence of Re(VIl)
as it did when Tc(VIl) was present.

16.2 REACTOR SOLIDS DISSOLUTION

In further studies on the dissolution of reactor-
formed solids, such dissolution being necessary
to avoid the necessity of handling radicactive
solids and to obtain a representative sample,
10.8 MH,SO, was a satisfactory solvent.

Following operation of the hydroclones in the
HRT Chemical Plant, the solids accumulated in
the underflow pot will be resuspended in fuel
solution and a sample taken. Since the reliability
of sampling a slurry under these conditions is
doubtful, complete dissolution of the collected
solids is desirable to obtain a representative
sample. The composition of the solids dissolved
ranged from practically pure simulated fission-
product solids to solids consisting of 90% cor-
rosion products. The solids had been subjected
to treatment ranging from no heating to drying at
300°C. Aging, for seven days at 300°C in fuel




solution, of mixtures simulating those expected
from reactor and chemical plant operation did not
decrease the effectiveness of this acid. Solids
taken from loops at Y-12 after hundreds of hours
of operation were also satisfactorily dissolved.
The rate of dissolution was high unless the
dried solids had been fired above 300°C. With
a ratio of 30 ml of acid to 100 mg of solid, the
reaction was essentially complete after 30 min
at 165 to 170°C. Thirty milliliters of this acid
dissolved, when used in three successive 10-mi
portions, 1 g of simulated solids which contained
90% Zircaloy-2 corrosion products and which had
been aged for one week at 300°C. A 0.4 M

chromous sulfate-1.0 M sulfuric acid treatment of

PaF BRRE 2k, 4
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this material gave only 6% dissolution when 100 mg
of solids was treated with 30 ml of reagent.

Dilute nitric acid was more effective than con-
centrated acid for leaching the uranium contained
in such solids. For typical simulated reactor
solids containing 0.2% vranium, 3 M HNO3 dis-
solved 25% of the uranium but less than 5% of
the gross solids present. The addition of
(NH“)ZCe(Noa)6 to 2.3 M HNO, increased the
leaching action of the acid and, after 20 hr of
refluxing, dissolved 60 to 70% of the uranium
while dissolving only 15% of the solids. Two
molar H2504 with Ce(HSO,), gave approximately
the same results, but chromous sulfate leached
almost none of the uranium from the solids.
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17. PLUTONIUM-PRODUCER BLANKET PROCESSING

D. E. Ferguson

J. M, Chilton
P. A. Haas

The study of plutonium chemistry included
adsorption of plutonium on metals, plutonium
solubility in U02SO4-Li2SO4 solutions, and in-pile
experiments, A titanium-lined hydroclone and a
pump were tested on loop T-1. A facility for
housing loops used in testing plutonium-producer
blanket processing is being designed.

17.1 ADSORPTION OF PLUTONIUM ON METALS

Experimental determination of plutonium ad-
sorption on titanium, Zircaloy-2, and type 347
stainless steel as a function of time and plutonium
concentration under simulated reactor conditions
was only partially successful. There was con-
siderable variation in results under apparently
identical experimental conditions. This variation
was probably the result of a difference in the
amount and nature of the oxide film on the metal
adsorption coupons even though they were machined
from the same stock and were handled in the same
manner. The least deviation was obtained for
titanium; the deviations for Zircaloy-2 and type 347
stainless steel were great enough to mask, partially
or even completely, the adsorption dependence on
a plutonium concentration and exposure time
(Fig. 17.1).

The amount of plutonium adsorbed increased
with increasing time and increasing plutonium
concentration. These data and similar data at
other plutonium concentrations up to 3 mg per
kilogram of H,0 and other times up to 160 hr can
be approximately expressed by the equation

1)) A(Ti) = 0.01 c2/3;1/2

where A(Ti) is plutonium adsorption on titanium
in pg/ecm?, C is the dissolved plutonium concen-
tration in mg/kg of H,O, and : is the exposure
time in hours. This equation is useful only in
determining the order of magnitude of plutonium
adsorption, In a total of 104 experiments, the
observed values differed from calculated values
by a factor of more than 4 in 15% of the cases and
by a factor of more than 2 in 25% of the cases.
Plutonium adsorption was greater on Zircaloy-2
than on titanium under the same conditions.
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Plutonium adsorption on Zircaloy-2 increased with
time in about the same manner as on titanium,
These data indicate that plutonium adsorption
does not increase uniformly with plutonium concen-
tration; however, this is probably a result of
masking due to differences in oxide film on the
metal. By assuming the same form of equation as
for titanium, the adsorption of plutonium on
Zircaloy-2 may be expressed approximately by

(2) A(Zr-2) = 0.03 c2/3;1/2

The units are the same as in Eq. 1. in a total of
86 experiments, the values differed from calculated
values by a factor of more than 4 in 25% of the
cases and by a factor of more than 2 in 35% of the
cases.

Results of experiments on plutonium adsorption
on type 347 stainless steel indicated that the
amount of plutonium adsorbed is proportional to
the exposure time instead of to the square root of
the exposure time,

The experiments were made with different
plutonium concentrations, low enough to prevent
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PuO2 precipitation, and for different exposure
times. All other conditions were held constant.
The metal samples were heated to 250°C in 1.4 m
UO,SO, contained in a pyrex-lined autoclave
under 90-psi oxygen and 180-psi hydrogen pressure.
All coupons of each metal were machined from the
same stock in an effort to eliminate metal differ-
ences.

The importance of the oxide film on the metals
was evidenced by the fact that titanium pretreated
in 1.4 m UO,SO, at 250°C under air for 16 hr
adsorbed 20 hmes as much plutonium as did the
untreated titanium. Zircaloy-2 pretreated in this
manner adsorbed 7 times as much plutonium as did
the untreated Zircaloy-2. Titanium and Zircaloy-2
pretreated similarly under 90-psi oxygen and
180-psi hydrogen adsorbed about the same amount
of plutonium as the untreated metal did., These
adsorption tests were made in 1.4 m uo,S0,
contaamismg 1.3 mg of plutonium per kilogram of
H,0. The solution was heated to 250°C in a
pyrex-llned autoclave under 190-psi hydrogen and
95-psi oxygen,

These results indicate that the surface condition
of the metal is a major variable, To understand
plutonium adsorption and to estimate the amount
of plutonium adsorbed in an operating reactor, the
nature of the oxide film must be understood.

17.2 SOLUBILITY OF PLUTONIUM IN URANYL
SULFATE~LITHIUM SULFATE SOLUTIONS

Results of plutonium solubility measurements in
4.0 m U02504—40 m Li, SO, at 250°C varied
considerably. The solubility of Pu(lV) was quite
low and varied from 8 to 20 mg per kilogram of
H,0. When a solution containing 4.0 m U02$O4—
4.0 m Li 504 and 4.7 g of plutonium per kilogram
of H ,0 was heated under 200-psi oxygen at 250°C
for 24 hr, part of the plutonium was oxidized to
Pu(VI); the total plutonium remaining in solution
was 40 to 50 mg per kilogram of H ,0.  Under
these conditions, but with 0.1 m chromlum added,
there was more oxidation to Pu(VI), and the total
plutonium in solution was 130 and 220 mg per
kilogram of H,O in duplicate tests. When acid
was added to the solution, the solubility of Pu(lV)
was increased. For a solution containing 0.1 m
chromium and 0.05 m H SO the soluble plutonium
was 350 mg per knlogram of H,0, and, when the
acid was increased to 0.1 m, the plutonium
solubility was 520 mg per kilogram of H,O. Since
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these results were obtained in single scouting
experiments, they do not necessarily represent
exact solubilities, However, they do indicate that
it is difficult to keep enough plutonium in solution
for a single-region plutonium burner reactor,

17.3 IN-PILE CHEMISTRY OF PLUTONIUM
AND NEPTUNIUM

The results of an experiment in which 1.43 m
UO,SO, (natural uranium) containing 0.010 m
CuSO, was irradiated in the LITR at 250°C are
in doubt because of handling and analytical
difficulties, After 10 days of irradiation, less
than 1% of the plutonium and less than 2% of the
neptunium were found as a loose precipitate, Most
of the plutonium and about half the neptunium were
found on the titanium bomb walls, The rest of the
neptunium and plutonium remained in solution,
Preliminary indications are that about 15 mg of
plutonium per kilogram of H_O remained in so-
lution, This is 5 times the solubility measured in
out-of-pile experiments,

The experimental difficulties were primarily
due to inadequate facilities for handling highly
radioactive materials and to the formation of
peroxide during a 30-hr decay period when the
solution was at room temperature. The inadequate
facilities made it impossible to thoroughly wash
the bomb walls, It is possible that some of the
plutonium and neptunium reported found on the
bomb walls was held there in a fairly loose UO
precipitate. For plutonium and neptunium cnalyses
the interference of certain short-lived fission
products was not anticipated. As a result the
initial analytical results were incorrect, and all
calculations were based on analyses run after
most of the neptunium had decayed. This resulted
in considerable error, since results were corrected
back to the time of bomb removal from the reactor,
In the near future adequate shielded facilities will
be available.

17.4 PROCESS TESTING LOOPS
17.4.1

Test loop T-1 has operated for 700 hr at over
250°C with 1.4 m uo,$0,-0.3 m H 250,. About
650 hr of this time was at 255 to 260°C In-
spection at the end of 350 hr showed no attack on
the all-titanium hydroclone or on other titanium

Equipment Tests
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from apressurizer failure and prevent their rupturing
the outer loop can,

Prototypes of loop components are being tested,
where necessary, to establish design parameters,
Flow restrictors to give a 100-ft pressure drop at
100 gpm were tested and found to give the design

value. The over-all coefficient for air cooling of
the loop is being determined in a test heat
exchanger,
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17.4.2 Plutonium-Producer Blanket Processing
Loop Facility

A facility for housing all future plutonium-
producer blanket processing loops is being designed
for the basement area in Building 4501. This
facility will contain radioactive material in case
of a major loop failure and includes separate
ventilation and off-gas systems.  Construction
drawings are being prepared by the ORNL Engi-
neering Division, and much of the equipment has
been requisitioned.
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18. EQUIPMENT DECONTAMINATION
D. E. Ferguson

R. E. Leuze

The object of the homogeneous reactor equipment-
decontamination program is to develop methods
for removing fission products and plutonium de-
posited on metal surfaces in the reactor or
chemical plant, Strong reducing agents such as
chromous sulfate, titanous chloride, stannous
chloride, and nascent hydrogen were previously
reported! to be effective for removing the oxide
film deposited on stainless steel by contact with
uranyl sulfate solutions at 250°C. Chromous
sulfate in dilute sulfuric acid is considered the
most promising reagent for decontaminating ho-
mogeneous reactor and process equipment. It
removes the oxide scale from titanium, stainless
steel, and Zircaloy; it dissolves these oxide
scales, with the exception of Zr0,; it dissolves
adsorbed plutonium and fission products; and it
contains no materials that would interfere with
reactor operation if not completely removed from
the system,

18.1 OXIDE SCALE REMOVAL

The effectiveness of chromous sulfate solutions
was shown by satisfactorily removing large
amounts of corrosion oxides from type 347 stainless
steel test loops that had been operated for several
years with UO,SO, solutions at temperatures above
250°C. After the loops had been treated for 4 hr
with 0.4 M Cr50,-0.5M H,SO, at 85°C, essentially
all the oxide was removed and the metal surfaces
were clean, Some of the oxide was removed as a
fine suspension. Complete dissolution was not
obtained because of either insufficient chromous
ion or insufficient acid, since all solids were
dissolved when treated with a fresh solution.
Corrosion rates during descaling of the loop were
several hundred mils per year compared with about
10 mpy determined in a number of static corrosion
tests. The reason for this difference is not known;
however, such corrosion rates are not serious
since only 4 hr is required for complete descaling.
(For additional data concerning loop descaling,
refer to Sec. 11.1.2.)

p. E. Ferguson, R. D. Baybarz, and R. E. Leuze,
HRP Quar, Prog. Rep., Jan. 31, 1956, ORNL-2057, p 128.
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In laboratory tests with metal coupons, oxide
film removal in a reasonable time required that
the solution be at least 0.2 M in H,50,. The
oxide removal rate increased markedly with
increasing H,50, concentration up to 0.5 M H,SO,.
At higher concentrations the rate of oxide removal
was slightly greater, but corrosion of the base
metal also increased.

At 23°C a solution containing 0.4 M CrSO,-1.0
M H,SO, converted the oxide film on type 347
stainless steel to a loosely held oxide in 2 hr
and completely dissolved the film in 12 hr, At
87°C the oxide film was completely dissolved in
2 hr. Temperatures above 100°C cannot be used,
since the chromous ion at such temperatures is
oxidized by water to release hydrogen.

18.2 DECONTAMINATION

A 3-in, length of l/2-in.-|PS stainless steel pipe
from an in-pile loop (see Sec. 13.1.2) was decon-
taminated from 25 r/hr to 0.9 r/hr by contacting it
with 0.4 M CrSO,-0.5 M H,SO, at 85°C for 2 hr,
Essentially all the remaining activity was from
neutron-induced activity in the stainless steel,
About 80% of the gamma activity removed by the
chromous sulfate solution was zirconium and
niobium; the rest was primarily ruthenium and
cesium. A small amount of white Zr0,, which
probably came from Zircaloy-2 corrosion samples,
did not dissolve in the chromous sulfate solution.

Contaminated type 347 stainless steel coupons
were decontaminated from 750 to 1000 mr/hr to
4 mr/hr, and 97 to 99.7% of the plutonium was
removed, by treating them with 0.4 M CrSO,~0.5 M
H,S0, for 2 hr at 23°C. The oxide film was
converted to a loosely held oxide, which was
washed away with a stream of water. The same
reagent at 85°C completely dissolved the oxide
film in 2 hr and reduced the activity from 500 to
800 mr/hr to 35 mr/hr. More than 99.9% of the
plutonium was removed, and in some cases
plutonium decontamination factors were as high
as 105, Apparently some of the active material
was dissolved and replated on the base metal,
since a 10% NaOH-2.5% sodium tartrate-2.5%
H,0, solution rapidly reduced the 35 mr/hr to
2to 3 mr/hr.




Contaminated titanium and Zircaloy-2 coupons
were decontaminated from 120 to 130 mr/hr to
3 mr /hr by a 2-hr contact with 0.4 M CrSO4—].O M
H, SO, at 87°C. Ninety-eight per cent of the
adsorbed plutonium was removed,
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The coupons were contaminated for use in the
tests by a 100-hr contact at 250°C with 1.7 m
UO,S0O, solution containing mixed fission products
and 90 mg of plutonium per kilogram of H,0. The
atmosphere over the solution was 350-psi oxygen.
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19.1 CONCENTRATED SALT SOLUTIONS FOR
REACTOR FUEL MEDIA OR HEAT
EXCHANGER FLUIDS

F. J. Loprest  W. L. Marshall C. H. Secoy

It has been suggested that aqueous salt solu-
tions might be of interest as heat transfer agents
for use in nuclear reactors. Presumably, by dis-
solving a salt in water, the vapor pressure of water
could be lowered sufficiently so that power re-
moval operations could be carried out at higher
temperatures and still not exceed a particular
maximum pressure limitation. The higher operating
temperature would result in greater thermodynamic
efficiency, provided that other properties of the
water-salt system were favorable or, if unfavorable,
were offset by the higher available temperature,

It is perhaps possible that concentrated aqueous
salt solutions could be adapted for use in homo-
geneous reactors utilizing either solutions or
slurries. For example, soluble uranium salts could
be dissolved in a high-concentration aqueous salt
solution to produce a final solution of low vapor
pressure. Such a system might also alleviate the
problem of hydrolytic precipitation in very dilute
uranyl salt solutions. As another alternative,
concentrated aqueous salt solutions could well
provide stable media for the suspension of in-
soluble UO; or ThO, to form slurries capable of
fueling a reactor.

There is a good possibility that aqueous-salt
heat-transfer systems will be radiation- and ther-
mally stable as contrasted to the radiation and
thermal decomposition of organic liquids, that is,
diphenyl and others, at high temperature. In com-
parison with fused salt systems, which are solids
at room temperature, aqueous salt solutions can
be selected which are liquid from 25°C to tempera-
tures above 400°C. In addition an appreciable
concentration of moderator is present as hydrogen
or deuterium constituents of water, thus providing
suitable conditions for thermal reactors.

The purpose of this investigation was to select
and explore several aqueous salt systems with
respect to vapor-pressure lowering. The following

19. AQUEOUS SYSTEMS AT ELEVATED TEMPERATURES
C. H. Secoy

F. J. Loprest
W. L. Marshall

R. Slusher

factors were considered in their selection: The
salt selected must show a sufficiently high solu-
bility in water throughout the high temperature
range to achieve the desired vapor-pressure lower-
ing. It is desirable, but not necessary, that the
water-salt system be liquid at room temperature.
The salt must have sufficient thermal and radiation
stability in water for satisfactory use, and the
nuclide components of the salt must have low-
neutron-absorption cross sections and must not
produce highly radioactive daughter nuclides. In
addition, the usual properties of heat exchanger
fluids, such as viscosity, heat capacity, thermal
conductivity, and density, must be considered.

With these factors in mind, several aqueous salt
systems were selected for vapor-pressure measure-
ments, These systems were (1) 3.8 m Li2504
plus 3.8 m UD,S0, (combined solution), (2) Li, SO,
(saturated), (3) MgSO, (saturated), (4) 50.0 wt %
LiNO,, and(5) several Ca(NO,), solutions.

The experimental data were obtained by direct
measurement of vapor pressure with the use, in
most of the runs, of a precision Heise pressure
gage. Data for the systems of interest are com-
paratively shown in Tables 19.1 and 19.2 and in

Fig. 19.1. Experimental data were obtained at
every 2 to 5°C interval; however, in Fig. 19.1
and in the tables, only the data at approximately
10°C intervals are given, The actual vapor pres-
sure can be obtained by multiplying the ratio,
p/py, where p is the experimental pressure of the
solution and p, is the saturated steam pressure,
by the vapor pressure of saturated steam at the
particular temperature.

The data indicate no lorge changes of p/p, as
a function of temperature, at least up to 400°C.
It is not certain at this time whether the small
changes of p/p, with temperature for each par-
ticular curve are significant or whether they are
due to inaccuracies arising from experimental tech-
niques. The solution concentrations are those at
room temperature and do not represent the true
concentration at the high temperature. The high-
temperature concentrations, however, should not
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TABLE 19.1. YAPOR.PRESSURE DATA FOR SEVERAL SALT-WATER SYSTEMS

50.0 wt % LiNO3

(14.5 7 or 0,207 38mLiyS0, LisO , (sat) MgSO, (sat.)
mole fraction) 3.8 m U050, o )

t(°C) 2/t ¢(°C) /bg
{°C) /by * {°C) b/bg
214 0.407 220 0.71 240 0.97 225 0.92
220 0.407 225 0.70 245 0.90 235 0.92
225 0.405 230 0.73 248 0.88 245 0.91
230 0.402 240 0.72 250 0.91 256 0.98
234 0.401 245 0.73 252 0.94 260 0.96
238 0.399 250 0.74 260 0.95 262 0.97
243 0.399 255 0.75 265 0.96 267 0.95
250 0.399 260 0.75 270 0.97 275 0.94
254 0.405 270 0.78 275 0.98 281 0.96
259 0.403 275 0.79
270 0.407 280 0.81
275 0.406 85 0.81

280 0.408

*py = pressure of saturated steam (Osborne and Myers, U. S. Bureau of Standards); p = experimental pressure of the

solution,

differ from the room temperature value by more
than several per cent at the highest temperature.
In Fig. 19.2, p/p, measured at 350°C is plotted
as a function of the mole fraction of Co(NO3)2.
A mole fraction of 0.2 corresponds to the stable
solid hydrate, Ca(NO,),:4H,0, at room tempera-
ture. This solid melts at 42.7°C to form a liquid
which is apparently stable to above 400°C. A
slight orange-red vapor-phase coloration is observ-
able in sealed silica tubes in the temperature range
450 to 500°C, thus indicating some decomposition
of the nitrate to nitrogen oxides. Lithium nitrate—
water solutions apparently are as stable as
Co(NO3)2-H20. A 50.0 wt % LiNO, solution is
liquid from room temperature to above 400°C.
Figure 19.3 indicates the possible increase in
operating temperature for Ca(NO,),-4H,0 liquid
over that of pure water at a particular temperature
and pressure. For example, for a pressure of 2398
psi, Ca(NO,),-4H,0 liquid could be used at
412°C, 72°C above the temperature at which water
has the same vapor pressure. Since the line in
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Fig. 19.3 is essentially straight, it can be repre-
sented by the equation, At = 0,1875¢ +7.00.

In conclusion, favorable vapor-pressure lowering
could be achieved by using concentrated aqueous
salt solutions, which might indicate possible
advantages to be attained over pure water, organic,
and fused-salt heat-transfer agents. It would re-
main to be seen how the other heat transfer factors
and the radiation stability would compare with
the other liquid media after the differences in
allowable operating temperatures and in the other
factors were considered.

19.2 A STUDY OF DILUTE SOLUTIONS IN THE
SYSTEM U02$O4-Cu504-NiSO4-H2$O4-H20

F. E. Clark C. H. Secoy
J. S. Gill R. Slusher

The purpose of the study on the system UO,S0,-
CuS0,-NiS0,-H,50,-H,0 was to ascertain the
maximum temperature at which solutions of speci-
fied compositions could be held without the appear-
ance of a nonhomogeneity. A nonhomogeneity might
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TABLE 19.2. VAPOR PRESSURES OF C<1(N03)2-H20 SOLUTIONS

Concentration of Co(NO 3)2 (wt %)

69.5 (13.8 m or 61.6 (9.80 m or 50.3 (6.17 m or

37.7 (4.50 m or 324 (292 m or

0.20 mole 0.15 mole 0,10 mole 0.075 mole 0.05 mole Pure Water

fraction) fraction) fraction) fraction) fraction) #°C) p/po

u°C)  p/py Q) p/pg U°Cy  p/pg Q) p/pg H°0)  p/pg
200 0.413 200 0.622 21 0.622 204 0.898 200 0.942 200 1.000
212 0.417 211 0.603 217 0.888 212 0.930 210 1.014
222 0.432 222 0.571 212 0.656 228 0.869 222 0.943 225 1.000
234 0.411 234 0.569 239 0.832 230 0.953 235 1.004
250 0.407 246 0.575 222 0.657 247 0.848 238 0.959 245 1.007
264 0.420 250 0.575 228 0.665 257 0.838 246 0.968 250 1.009
278 0.421 258 0.589 238 0.672 271 0.838 250 0.967 260 1.013
297 0.435 266 0.593 245 0.679 283 0.819 258 0.974 270 1.006
313 0.436 274 0.600 250 0.679 292 0.810 266 0.973 280 1.010
322 0.437 22 0.604 260 0.687 313 0.810 278 0.972 290 1.002
330 0.434 290 0.608 273 0.695 319 0.804 286 0.963 300 1.005
336 0.434 298 0.609 280 0.706 334 0.802 294 0.961 310 1.008
340 0.434 306 0.607 290 0.701 340 0.806 300 0.951 320 1.002
347 0.433 314 0.606 300 0.699 354 0.790 308 0.948 330 1.007
350 0.434 322 0.602 310 0.699 360 0.783 318 0.935 345 0.999
355 0.428 330 0.600 321 0.696 370 0.783 324 0.927 350 1.002
360 0.425 338 0.577 330 0.691 332 0.922 360 1.006
365 0.428 348 0.573 340 0.692 340 0911 370 1.012
370 0.426 358 0.542 350 0.686 348 0.901 374 1.018

368 0.545 360 0.683 356 0.891

370 0.544 370 0.678 365 0.883

380 0.54* 380 0.67* 372 0.879

388 0.54* 390 0.68* 380 0.88*

400 0.67* 390 0.88*

400 0.88*

*Using extrapol ated values for p,.

involve the formation of a second liquid phase
or the formation of one or more solid phases. The
composition variables were limited to selected
values for each of the components in the range of
HRT interests. The nominal values chosen were:

Molality
UOzsC)4 0.04
Cuso, 0, 0.005, 0.01, 0.02, 0.03, 0.04
NisO, 0, 0.01, 0.02, 0.03, 0.04
H,50, 0.01, 0.02, 0.03

Ninety stock solutions representing all combi-
nations of these values were prepared. The analy-
sis of these solutions has not been completed, but
in all completed cases the analytical values agree
with the nominal concentrations within a few per
cent,

The method of determining the phase transition
points consisted in sealing samples of the solution
in 1-mm quartz tubing and observing the solution
with a 6X telemicroscope while the tube was being
heated in an aluminum block furnace. Agitation
was obtained by intermittent vibration of the tube
with a Burgess Vibro-Tool.
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Early in the work some indication of attack on
the quartz was observed after 30 min of heating.
Therefore all tubes were arbitrarily limited to not
more than 15 min in the hot furnace. For each
solution a series of tubes was employed, the first
being used to determine the approximate tempera-
ture of transition and succeeding tubes to fix the
temperature more accurately and to verify the ob-
The short duration of
the equilibration and the rather limited stirring
obtainable introduce doubt as to whether equilib-
rium was really established, This fact, as well
as uncertainty as to the amount of corrosion of
the quartz, makes the data presented in Table
19.3 of qualitative value. Further doubt as to the
validity of the temperatures as given arises from
the fact that, even though the phase transitions
in all cases were sharp and reversible, the amount
of material involved is very small, The initial
appearance of the solids was usually very difficult
to detect, and redissolving of the crystals upon
lowering the temperature was usually too slow for
the arbitrarily imposed time limit.

No effort has been made to identify any of the
solid phases. In Table 19.3 they have been placed
in one of two groups designated ‘‘YS” (yellow
solid) and *‘GS" (green solid), respectively. All
species in the YS-group probably contain uranium,
and members of the GS-group may contain uranium.
Two of the solutions, Nos. 4501 and 4502, yielded
a finely divided red solid upon quenching from
temperatures above about 250°C, The red solid
could not be obtained without the quench, and it
slowly redissolved. It appears to be the same
as a red solid obtained in earlier work as an equi-
fibrium phase in solutions of lower excess acid
concentration, which was tentatively identified as
Other possible solid phases

servation by duplication.

a copper uranate.

PERIOD ENDING APRIL 30, 1956

which have previously been identified include the
following:

Yellow

NiO . 2.5U03 . 503-xH20

NiO +4U0, - 2504 +yH,0 Orange-yellow

3Cu0- 503 . 2H20 Green
4Cu0 . 503 . 3H20 Green
Cu0O. 2U03 . 2503 *7H,0 Dark green

Several general conclusions appear to be valid
from an inspection of the data. At low copper or
nickel concentrations the initial phase separation
is the appearance of the second liquid phase.
Increasing either the copper sulfate concentration
the nickel sulfate concentration lowers the
temperature of phase separation slightly, Increas-
ing the acid concentration elevates the tempera-
ture, being more effective in the absence of copper
and nickel than in their presence. At higher nickel
or copper concentrations a solid phase appears at
temperatures lower than two-liquid-phase phe-
nomena, and, as either of these ion concentrations
increase further, the temperature of precipitation
drops rapidly. Increasing the excess acid allevi-
ates this effect somewhat. The data indicate that
operation of the HRT at the maximum design tem-
perature (300°C) with the proposed solution compo-
sition will result in precipitation of uranium if
the nickel concentration is allowed to rise to more
than about 0,02 m, It is assumed that there will
be 0.02 m excess acid (50% based on the uranium)
plus enough acid to equal the nickel concentration.
Conditions in parts of the pressurizer appear to

or

be in an even more doubtful state.
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TABLE 19.3.

OBSERVED TEMPERATURES OF THE APPEARANCE OF NONHOMOGENEITY IN THE
SYSTEM UOZSO4-CuSO4-NiSO4-H2504-H20

134

Solution Temperature
No. CUSO4 (m) Ni504 (m) New Phase* ©0)
0.04 m U02$04; 0.01m H2$O4
4001 None None 2LP 335
401 None 0.01 2LP 325
4021 None 0.02 YS 295
4031 None 0.03 YS <288
4041 None 0.04 YS 247
4501 0.005 None 2LP** 318
451N 0.005 0.01 2LP 323
4521 0.005 0.02 YS 287
4531 0.005 0.03 YS 265
4541 0.005 0.04 YS 231
4101 0.01 None 2LP 318
41 0.01 0.01 2LP 317
4121 0.01 0.02 YS 280
4131 0.01 0.03 YS <273
4201 0.02 None 2LP 316
4211 0.02 0.01 2LP 313
42 0.02 0.02 YS +GS 277
4231 0.02 0.03 GS 255
4301 0.03 None 2LP 308
4311 0.03 0.01 GS 255
4321 0.03 0.02 GS 238
4331 0.03 0.03 GS 220
4401 0.04 None GS 256
4411 0.04 0.01 GS 226
4421 0.04 0.02 GS 215
4431 0.04 0.03 GS 208
0.04 m U02$O4; 0.02 m H2$04
4002 None None 2LP 345
4012 None 0.01 2LP 328
4022 None 0.02 2LP 313
4032 None 0.03 YS$ 279
4042 None 0.04 YS$S 268
4502 0.005 None 2LP** 327
4512 0.005 0.01 2LP 323
4522 0.005 0.02 2LP 316
4532 0.005 0.03 YS 21
4102 0.01 None 2LP 330
4112 0.01 0.01 2LP 332
4122 0.01 0.02 2LP 315
4132 0.01 0.03 YS 272
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TABLE 19.3. (continued)

Solution Temperature
No. Cu504 (m) NiSO4 (m) New Phase* ©0)
4202 0.02 None 2LP 322
4212 0.02 0.01 2LP 323
4222 0.02 0.02 2LP 314
4232 0.02 0.03 2LP 315
4302 0.03 None 2LP 320
4312 0.03 0.01 2LP 314
4322 0.03 0.02 YS 311
4332 0.03 0.03 YS 283
4402 0.04 None 2LP 324
4412 0.04 0.01 YS 260
4422 0.04 0.02 GS 313
4432 0.04 0.03 GS 241

0.04 m U02504; 0.03 m H,50,

4003 None None 2LP 352
4013 None 0.01 2LP 333
4023 None 0.02 2LP 322
4033 None 0.03 YS 3N
4043 None 0.04 YS 291
4503 0.005 None 2LP 332
4513 0.005 0.01 2LP 335
4523 0.005 0.02 2LP 323
4533 0.005 0.03 2LP +YS 335
4103 0.01 None 2LP 335
4113 0.01 0.01 2LP 334
4123 0.01 0.02 2LP 323
4133 0.01 0.03 YS 290
4203 0.02 None 2LP 38
4213 0.02 0.01 2LP 328
4223 0.02 0.02 2LP 323
4233 0.02 0.03 2LP 323
4303 0.03 None 2LP 326
4313 0.03 0.01 2LP 324
4323 0.03 0.02 2LP 38
4333 0.03 0.03 2LP 320
4403 0.04 None 2LP 328
4413 0.04 ' 0.01 2LP 325
4423 0.04 0.02 2LP 331
4433 0.04 0.03 YS 299

*2 LP indicates appearance of second liquid phase; YS indicates appearance of white, yellowish-white, or orange-
yellow solid; GS indicates appearance of green or bluish-green solid.

**Produced finely divided red solid upon quenching.
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20. RADIATION STUDIES OF THORIUM NITRATE SOLUTIONS

J. W. Boyle

Three of the principal decomposition products
obtained from irradiated thorium nitrate solutions
are hydrogen, oxygen, and nitrogen; 100-ev yields'
of these gases have been reported previously for
various types of radiation. Of considerable im-
portance to the thorium nitrate blanket program is
the back reaction between nitrogen and the other
decomposition gases. Since the nitrogen in a
breeder blanket will have to be N3, any molecular
nitrogen produced by radiation decomposition will
have to be collected and converted to nitrate for
reinsertion into the blanket if a steady-state
pressure is not attained at operating
temperatures and pressures,

nitrogen

The solution used for studying the extent of the
back reaction between nitrogen and the other gases
was 7 m in Th(NO,),:2HNO, and0.06 in enriched
U02(N03)2. Thermal decomposition of this solu-
tion to yield gaseous products was quite pronounced
at elevated temperatures. This thermal decompo-
sition at elevated temperatures was reversible
when the solution was cooled. Equilibrium between
the gaseous decomposition products and the solu-
tion was attained almost instantaneously at tem-
peratures above 140°C and more slowly as the
temperature was lowered. The vapor pressure,
which gives a measure of the thermal decomposi-
tion, was determined over the temperature range
140 to 290°C. A logarithmic plot? of the vapor
pressure of the solution, P+ against the vapor

1, W. Boyle and H. A. Mahlman, HRP Quar. Prog.
Rep. Jan. 31, 1955, ORNL-1853, p 201.

2D, F. Othmer, Ind Eng. Chem. 32, 841-856 (1940).

TABLE 20.1.

H. A. Mahiman

pressure of pure water, Py,o, at the same tem-
perature gave a straight line:

log Py, = 1.049 log Py,0 + 0.071 .

Two type 347 stainless steel, platinum-lined
autoclaves containing the above solution were
irradiated in hole 11 of the Graphite Reactor and
showed that there was little back reaction involving
nitrogen in the temperature range 140 to 240°C,
The pressure of permanent gas increased linearly
with dose in each of the experiments. During the
second experiment the temperature was increased
once to 290°C, at which temperature a leak was
suspected. The temperature was immediately
lowered below 200°C, and the pressure again
increased linearly for four more days; then the
experiment was terminated.,

Three similar autoclaves were heated out-of-
pile, and all three leaked when the temperature
was raised above 275°C, The leak at the high
temperature was apparently caused by the low
thermal expansion of platinum, which was used in
sealing the tubing to the type 347 stainless steel
autoclave. The difference in the thermal expansion
coefficients of platinum and type 347 stainless
steel produced a net loosening of the closure as
the temperature was increased. When a suitable
autoclave has been prepared the reaction at 290°C
will be investigated.

The composition of the gas collected at the end
of the autoclave experiments and of the residual
gas after the hydrogen was burned off is compared
in Table 20.1 with the composition of the gas from
a typical silica ampoule experiment.

COMPARISON OF COMPOSITION OF GASES IN AUTOCLAVE AND IN AMPOULE

Composition of Gas Collected

(%)

Constituent

Composition of Residual Gas

Autoclave Ampoule Autoclave Ampoule
0, 68.3 44,2 68.8 67.6
N, 29.5 8.6 29.9 27.0
H, 0.8 45.5
N,0 0.8 0.8 0.8 2.5
co, 0.5 0.9 0.5 2.8
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The platinum lining catalytically recombined
most of the hydrogen with oxygen in the autoclave
experiments so that only a trace of hydrogen was
present at the end of the experiment.? The auto-
clave and ampoule experiments agreed fairly well
when the hydrogen and corresponding amount of
oxygen were removed from the sample. This is
shown by the last two columns in Table 20.1,

The material balance found in the ampoule
studies is satisfactory if the following decompo-
sition reactions are assumed:

3. w. Boyle and H. A. Mahlman, Chem. Semiann.
Prog. Rep. Dec. 20, 1955, ORNL-2046, p 70.

PERIOD ENDING APRIL 30, 1956

(1) H, production: H,0~>H, + ‘/202
(2) N, production: 2HNO;~> H,0+ N, + 2,0,
(3) N,0 production: 2HNO;~> H,0+ N,0 + 20,

(4) CO2 production: (CH,), +x1 '/202’*'9 xH20
+ xC02

Oxygen is produced in reactions 1, 2, and 3 and
is consumed in reaction 4, A material balance
was also obtained in the autoclave experiment
assuming that a small amount of air (3.2%) con-
taminated the sample. The method used to collect
the gas sample would allow a small amount of air
to mix with the sample before the analysis was
made.
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21. CAPTURE CROSS SECTION OF U236

J. O. Blomeke!

A measurement was made of the effective capture
cross section of U236 in highly irradiated MTR
fuel elements. This was done by analyzing the
Np 237 formed from the U235 by the following series
of reactions:

J. Halperin

R. W. Stoughton

Neptex) to recover the Np237 that had been pro-
duced. Seven of the fuel elements were individually
dissolved and sampled for analysis. The remaining
four were dissolved together and analyzed as one

m U235 (n,y) > Y236 (n,y) > 237 _B—-) Np237 m
~ 6.7d
=

Eleven fuel elements and shim rods which had
been exposed to integrated flux-times ranging from
about 8 x 1020 to 2 x 102! neutrons/cm? were
processed2+3 in the ORNL Pilot Plant (Operation

1Chemical Technology Division.

2E. Shank, personal communication.

3F. T. Howard and W. H. Sullivan, Oak Ridge National
Laboratory Status and Progress Report January 1956,
ORNL-2044 (Feb. 7, 1956).

batch. A measure of the flux-time was obtained by
a mass analysis of the uranium in each sample.4
The measured U236/U235 (atio together with the
cross section of U235 and U236 (see Table 21.1)
permitted a calculation of an integrated flux-time
for the irradiation. The effective capture cross
sections of U236 could then be computed from
radiochemical analyses of the Np237 in each

4The mass analyses were carried out by L. O.
Gilpatrick, J. Sites, J. R. Walton, and C. R. Baldock.

TABLE 21.1. YIELDS OF U236 AND Np237 AND DERIVED EFFECTIVE CROSS SECTION OF U236

Final U235 Content

Sample  Initial U235 Content © u236,y235 St (x 10-29) Np237/U235, x 103 o (U236,
No. (9) (exp) (exp) (barns)
Calculated Experimental
AFA-100 169 95.7 84.5 0.1177 8.35 1.90 36
MD-100 169 66.0 74.6 0.239 13.8 5.40 30
MD-200 168 45.7 49.7 0.403 19.1 10.7 24
MD-300 131 57.0 62.2 0.1976 12.2 5.0 38
MD-400 109 45.6 48.9 0.213 12.8 5.85 39
MD-500 169 73.0 74.5 0.201 12.3 3.62 27
MD-600 131 50.4 52.3 0.273 14.0 6.68 36
MD-700 131 52.9 59.5 0.226 13.3 6.30 38
MD-800** 479 155 158 0.318 16.6 9.54 32

*Based upon g (U235)a“ = 106 barns, aa(Uzas)." = 685 barns, aa(Np237).“ =170 barns.

**Consists of composite of four fuel elements.
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sample of dissolved fuel. The pertinent equations
for this calculation are as follows:

PERIOD ENDING APRIL 30, 1956

reactor, It is thus apparent that U236 (analogous
to U238) has o very large resonance integral

235
- U236 ) o (U2) _ e+[0a(U235)-0(U236)]¢’
U235 0(u236) - aa(U235)

N 237 1
B) —— = o(U?3) g (U239) .

U23 [a(Np237) - aa(U235)] [0(U236) Ua(U235)]

e[aa(Uzas)—G(U236)1¢l lo,(LZ35)~o(Np237)] g
e
+ + .

lo(Np237) — 0 (U234 ][0,(U?3%) - a(U3)]

The data and results obtained in these experi-
ments ore summarized in Table 21.1. The accuracy
of the U236/1J235 ratio on which the flux-time is
based is probably within 2%. However, the error
in the uranium analyses plus the uncertainties in
the total solution volume are in the range of 10 to
15%. An estimated chemical yield of 85% was
applied to the Np237 analyses, and the uncertainty
in thaot analysis is also estimated as +10%. The
values of 0(U236)e” for each run are tabulated in
the last column of Table 21.1. There is internal
evidence suggesting faulty analyses in sample
MD-200. An average of the effective capture cross
sections of U236 (excluding MD-200) for these
irradiations is o(U""“)e‘f =34 1 6 barns,

This value may be compared with the thermal
value of 6 barns reported by Pomerance> and an
effective reactor cross section of 24 t 7 borns
reported by Auclair® and co-workers for the Saclay

5p. J. Hughes and J. A. Harvey, Neutron Cross Sec-
tions, BNL-325 (July 1, 1995).

53, M. Auclair et al., Compt. rend. 241, 392 (1955).

[a(U236) - o(Np237)][aa(U235) - a(Np237)]

compared with its thermal cross section. In the
core of a reactor where the ratio of resonance to
thermal flux is highest, U236 absorbs neutrons of
resonance energies predominantly,

J. A, Harvey and V. E. Pilcher? have measured
the resonance parameters of U236 with the BNL
fast chopper. Their data yield o resonance integral

of
f o(U238)d(In E) = 312 barns
0.4

This
consistent with the high effective cross section of
U236 shown in Table 21.1. Since the resonance
effect is lorge, an observed effective cross section
of U236 will be very sensitive to both the particular
reactor and the exact position in which the sample
is irradiated. This would appear to account for
the difference in effective cross sections reported
by Auclair and co-workers ond the value reported
here,

lotter value of the resonance integral is

Tv. E. Pilcher, D. J. Hughes, and J. A. Harvey,
‘*Neutron Resonance Parameters of y234 and U236,"
Bull. Am. Phys. Soc. 1, Series ll, 187 (1956).
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22. PROTACTINIUM CHEMISTRY

B. Weaver

22,1 EXTRACTION OF PROTACTINIUM

A study of the extraction of tracer protactinium
by kerosene solutions of di(2-ethylhexyl)phosphoric
acid was continued, The addition of 2% (wt/vol %)
2-ethyl hexanol to 0.1 M di(2-ethylhexyl)phosphoric
acid in kerosene was observed to increase the
distribution coefficient of tracer protactinium
between this solvent and 0.1 M HNO3 from 32 to
154.

It is probable that observed distribution coef-
ficients and differences between them in HNO
systems are only apparent. The above coefficients
were obtained from a solution that was two months
old. When the freshly extracted organic phases
were re-equilibrated with HNO, solutions, widely
varying coefficients were found. Results are shown
in Table 22.1. It appears that tracer protactinium
in HNO3 exists in more than one state, one of
which is highly extractable under the experimental

TABLE 22.1. DISTRIBUTION COEFFICIENTS FOR
PROTACTINIUM INTO 0.1 M D2EHP + 2% 2EH

Molarity of HNO3 Extract No. D (org/aq)
0.1 1 154
0.1 2 7 %103
0.5 1 114
0.5 2 1840
0.5 3 >3 x 10°

TABLE 22.2.

F. M. Scheitlin

conditions, The experiment has not been carried
far enough to determine whether there is an
equilibrium between two states with a definite
rate of transformation. This behavior is parallel
to that previously observed! in tributyl phosphate—
nitric acid systems, where the distribution coef~
ficients were very small,

Protactinium was easily stripped from the organic
solvent by a 10% aqueous solution of (NH,) Co,.
The ammonium salt of D2EHP is soluble in
kerosene. '

22.2 EXTRACTION OF THORIUM AND RARE
EARTHS

Since thorium also extracts into 0.1 M D2EHP-
kerosene—-2% 2EH, an attempt was made to find
conditions which would reduce its extractability.
The extraction of yttrium, as a representative of
the rare earths, was also studied. These experi-
ments were done on a macro scale, Some results

are shown in Table 22.2.

22.3 BEHAVIOR OF PROTACTINIUM TOWARD
HYDROXYLAMINE

Tracer protactinium and thorium were carried
with iron precipitated by NHzOH. Uranium is held
in solution by complexing under the same con-
ditions.

]S. S. Brondt and A. T. Gresky, Progress Report:
Laboratory Development of the Thorex Process, ORNL-
1367, p 88—-89 (Dec. 17, 1952).

DISTRIBUTION COEFFICIENTS FOR THORIUM AND YTTRIUM INTO ORGANIC SOLVENTS

Aqueous Phase Organic Phase Phase Ratio D (org/aq)
0.5 M HNO,-0.0366 M Th 0.1 M D2EHP (2% 2EH)—kerosene 1 >108
2.0 M HNO,-0.0366 M Th 0.1 M D2EHP (2% 2EH)—kerosene 1 27
0.5 M HNO,—0.02 M Y 0.1 M D2EHP (2% 2EH)—kerosene 1 0.17
4.0 M HNO,-0.02 M Y 0.1 M D2EHP (2% 2EH)—kerosene 1 0
0.5 M HNO, ~0.0366 M Th *DIBC in kerosene (1:1) 1 0
0.5 M HNO,—0.0366 M Th 0.1 M D2EHP + 2% DIBC in kerosene 1 >108
0.5 M HNO,-0.0366 M Th 0.1 MD2EHP + 10% 2EH in kerosene 2 >103

*DIBC = Diisobutyl carbinol,
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— PERIOD ENDING APRIL 30, 1956

22.4 CARRIER PRECIPITATION OF 03 M H3P04, ~2 M NaCl, and 1.5 M NH4CI at

PROTACTINIUM pH 1.5. The FePO, is readily soluble in acids,

but the extraction coefficient of protactinium into

Tracer protactinium was carried to the extent of  diisobutyl carbinol from 6 M HCI containing FePO,

greater than 99% by FePO, from a chloride so- is only 0.33. The iron extracts approximately as
lution, Conditions were as follows: 0.006 M Fe, well,
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