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IN-PILE LOOP IRRADIATION OF AQUEOUS THORIA-URANIA SLURRY 
AT ELEVATED T E M P E R A m .  DESIGN AND IN-PILE 

OPERATION OF LOOP L-2-27s. 

H. C. Savage, E. L. Compere, J. M. Baker, V. A. DeCarlo, and A. J. Shor 

ABSTRACT 

An in-pile pump loop, ,designed to fit within horizontal beam hole 
E3-2 of the Low-Intensity Test Reactor (LITR), was used' to circulate an 
aqueous thoria-urania slurry while exposed to reactor irradiation. The 
total loop volume was about 1600 ml, including pump and pi-rssurizer, but 
the sliirry wac coiifiiled to the 900-ml volume of the main loop stream by 
means of a sintered stainless steel filter. The filter was an important 
feature of the loop design in that it pr0vided.a thoria-free filtrate as 
a purge stream to the pressurizer and pump bearings to prevent entry and 
accumulation of thoria in these two regions, 

Corrosion-test specimens of Zircaloy-2, titanium, and type 347 stain- 
less steel were placed in the loop at three different locations for expo- 
sure to threc different levels of irradiation. Duplicate sets of speci- 
mens in each position were exposed to flow velocities of 8 and 22 fps, 
respectively. 

The loop was connected to auxiliary equipment at the reactor face 
by capillary tubes. This equipment was used to remove slurry samples 
and to make additions of D20 and gas to the loop while operating in-pile 
and to drain and purge the loop before it was removed from the reactor. 

For the in-pile irradiation, tllorium oxide containing 0.43 w/o en- 
riched uranium, based on thorium, was used. This thoria-urania was 
produced by air calcination at l225OC of coprecipi'tated oxalates and had 
a mean particle size of 1.7 y. A palladium catalyst was dispersed in the 
slurry for liquid-phase recombination of the radj.olytic gas. 

The loop was operated in beam-hole HB-2 of the LITR from July 19 to 
October 19, 1960. During this period slurry was continuously circulated 
at 280°C for 2220 hr without incident; 1839 hr wcre at fill1 reactor 
power ( 3  ~wt), at which the estimated average thermal f l u  over the 300-ml 
volume core section was 5 x io12 neutrons/cm2*sec. 

At the start of in-pile operation the loop was charged to a concen- 
tration of 979 g of Th and 3.83 g of fully enriched U per liter (at 2 8 0 ~ ~ )  
which was reduced by sampling to 748 g of Th and 2.74 g of U per liter at 
the end of the irradiation period based on the assumption that no losses 
had occurred. Samples of slurry were withdrawn at intervalc for analyses 
to determine the effects of radiation on the thoria-urania slurry. 

When the experiment was terminated, the loop was drained, rinsed, and 
removed from the reactor for dismantling and examination in hot-cell faci1i'l;ies. 



1. INTRODUCTION 

Thorium oxide slurries are of interest as a fluid, fertile material in an 
aqueous homogeneous thorium-breeder reactor. Extensive out-of-pile studies of 
thorium oxide slurries have been carried out at ORNL since 1955,lY2 and in-pile 
experiments have been conducted in static and rocking autoclaves during the past 
several years.3 Since a pump loop capable of circulating the slurry more nearly 
duplicates the dynamic conditions which would exist in the reactor, a pump loop 
capable of circulating a thorium oxide slurry while exposed to reactor irradia- 
tion has been a major goal of the aqueous homogeneous reactor development program. 

A 5-gpm in-pile loop capable of circulating a thorium oxide slurry was devel- 
~ p e d ~ ' ~ ' ~  and was operated in an experimental facility of the Low-Intensity Test 
Reactor (LITR) from July 19 to October 19, 1960, to determine the effect of radia- 
tion on the physical properties of the thorium oxide and on the corrosion-erosion 
of contaiixnent materials. 

The thorium oxide, containing 0.43 wt $ uaa5 based on thori~lm, dispersed in 
D20, was circulated at a temperature of 280'~ and at concentrations to..1.3,50 g of 
Ton p e ~ .  kg sf D20 whil F: in-pile. A "sol-prepared" palladium oxide catalyst7 was 
added to the slurry for internal recombinwllu~i o f  %ho radinlytic gas ( ~ 2  + 112 02) 
formed ~vrder irradiation. Samples of the circulating slurry were removed f'rom 
the loop periodically for chemical. analy~is and determination of physical 
properties. 

Corrosion test specimens of Zircaloy-2, type 347 stainless steel, and titan- 
ium were exposed to the slurry at two different velocities (8 and 22 fps) and at 
three neutron-flux levels for information on the effect of reactor radiation on 
corrosion/erosion. 

This report describes the design features of the loop, the experimental 
facilities, and operation of the loop in-pile. Results of analyses of slurry 
samples removed during in-pile operation and dismantling of the loop and exami- 
nation of the corrosion test specimens and loop components have not been completed 
ana are llot rcposte? here. 

2. DESCRIPTION OF LOOP AND EXPERIMENTAL FACILITIES 

The in-pile slurry loop was similar to the pump loops used to obtain 
radiation-corrosion information with uranyl sulfate solutions8 and was designed 
to be operu:l:ed with the experimental facilities already in existence at the LITR. 
Only those modifications were made to the solution loopwhich were found necessary 
to ensure that the thoria remained in suspension during circulation. These modifi- 
cations involved redesign of the loop core section to increase the fluid velocity 
in that region f'rom two to six fps .(velocity' in the 318-in, 'sched-40 m i n  loop 
piping was nine fps) and the use of a filter to provide thoria-free filtrate. This 
filtrate was used as a pressurizer feed stream to prevent entry and accumulation 
of thoria in the low-velocity pressurizer (a.1 fps) and as a purge stream for the 
canned-rotor pump bearings. 

The loop was designed to operate at temperature and pressures to 300°C and 
2000 psia and was constructed entirely of type 347 stainless steel with the excep- 
tion of the pump bearings (aluminum oxide) and impeller (zircaloy-2). Total loop 
volume was -1630 CC, which included -520 cc for the pressurizer and 900 cc for 
the main loop stream and core section. The- remaining 210 cc. was taken up by the 



pump-rotor cavity (160 cc) and the various interconnecting tubing. By virtue 
of the filter all solids (thoria-urania, Pd catalyst, etc.) were confined to the 
900-cc volume of the main loop stream and core section. A schematic diagram and 
an assembly drawing of the loop are shown in Figs. 1 and 2, respectively. 

Tables Al, A2, and A3 in the appendix may be referred to for a tabulation of 
the drawing numbers, material identifications, volumes, and internal surface areas 
for all loop components. 

Figure 3 is a photograph of the loop core section which was designed to have 
a fluid-flow velocity of 6 fps (at 5 gpm) to prevent thoria dropout and deposition 
within the core. One-half-in. sched-40 pipe was used for the core section because 
of its appropriate cross-sectional area. The particular configuration used was 
the result of several considerations: (1) to provide sufficient volume (300 cc) 
to expose an appreciable fraction (35s) of the slurry to maximum neutron flux, 
(2) to provide space for corrosion-test specimens, and (3) to fit the existing 
loop container and beam-hole dimensions. 

Thirty-two corrosion test specimens were exposed to the circulating slurry 
in the core section and Co-A1 flux monitors, encased in stainless steel, were 
placed on the outside of the core for determination of the thermal flux by count- 
ing after termination of the experiment. A graphite reflector and moderator was 
installed to the rear of the core as shown in Fig. 2. 

An OlWL 5-gpn canned-rotor pump (~ig. 4) equipped with aluminum oxide bearings 
and journal bushings was used to circulate the thoria slurry. Except for the bear- 
ings and impeller, the pump was fabricated entirely of type 347 stainless steel. 
Zircaloy-2 was chosen for use as the impeller material because this alloy had been 
found to be more resistant than stainless steel to slurry corrosion-erosion in 
highly turbulent regions. The pump-bearing and rotor region was continuously 
purged with the thoria-free filtrate obtained from the sintered-metal filter. This 
prevented entry and accumulation of thoria in the pump-rotor cavity with resultant 
loss of thoria from the main loop circulating stream and also minimized the possi- 
bility of excessive bearing wear by the thoria solids. Since this filtrate was 
routed through the pressurizer (295'~) before entering the pump, it was necessary 
to cool it to prevent pump overheating. Thus the purge stream was cooled to about 
40°C before entering the pump. 

Pump-characteristic curves are shown in Fig. 5, and the effect of thorium con- 
centration on pump power is plotted in Fig. 6. During in-pile operation, pump-power 
measurements were used as a qualitative indication of the quantity of thorium in 
circulation. 

2.1.3 Filter 

A sintered-metal filter of type 347 stainless steel was a part of the main 
loop circuit and provided a thoria-free filtrate as a pressurizer feed stream and 
pump-bearing purge. The filter element was in the form of a cylinder 9/16 in. OD 
by 11/32 in. ID and 11 114 in. long. Mean pore openings were 4.0-p radius, with 
maximum-size openings of 6.2+ radius. The circulating slurry flowed axially 
through the cylinder, and the filtrate was collected in an annulus between it and 
the loop piping as shown in Fig. 7. For a pressure differential across the filter 
of 40 ft of water, an initial flow rate of approximately 7 cc/sec of thoria-free 
filtrate was obtained with the slurry at 280°C. An expansion bellows of type 321 
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Fig. 5. Characteristics of 5-gpm Pump (Serial No. 21 9), Water (H20) at 25O C. 
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stainless  s t ee l  was attached t o  one end of the f i l t e r  element t o  protect it 
against fracture due t o  d i f ferent ia l  thermal expansion between the  f i l t e r  and 
i t s  housing. Figure 8 is a photograph of the  f i l t e r  and bellows assembly. 

2.1.4 Pressurizer and Pressurizer Heater 

The pressurizer was fabricated from 1 l/k-in, sched-80 pipe with a volume 
of 521 cc a t  operating temperature ( 2 9 5 * ~ ) ,  and was mounted i n  a horizontal posi- 
t i o n  ( r e fe r  t o  Fig. 2). The thoria-free f i l t r a t e  from the sintered-metal f i l t e r  
was circulated t o  the pressurizer and returned t o  the loop through the r ea r  of the  
pump. Before entering the pressurizer, the f i l t r a t e  passed through a pressurizer 
heater where it was heated t o  a temperature above tha t  i n  the loop main stream t o  
provide steam overpressure. 

Fluid from the pressurizer heater entered the pressurizer a t  one end and 
exited a t  the opposite end. Both in l e t  and ex i t  l i nes  were of 1/4-in. x 0.049-in. 
w a l l  tubing connected t o  the bottom of the pressurizer ( refer  t o  Fig. 1 ) .  In 
order t o  maintain, a s  nearly a s  possible, equilibrium thermal conditions through- 
out the pressurizer, a pressurizer heating jacket was used t o  minimize heat losses. 
Two tubes of capi l lary dimensions, connected t o  the upper vapor space of the  pres- 
surizer, were used for pressure measurement and oxygen additions. 

2.1.5 Loop Heater 

Operating temperature of the loop was maintained and controlled by means of , 

a loop heater which consisted of Calrod-type e lec t r ic  heaters cast i n  an aluminum 
matrix around the main loop piping. Heater capacity was 7500 w. This re la t ive ly  
large capacity was required because the pump purge was cooled t o  about 40°c a f t e r  
leaving the pressurizer and required reheating t o  2806C upon re-entry into the 
main loop stream. Dependent on the pump-purge flow rate ,  5 t o  6 kw of heat were 
required t o  maintain the loop operating temperature of 280°C. 

2.1~6 Corrosion Test Specimens 

A t o t a l  of 48 corrosion t e s t  specimens of type 347 stainless  s teel ,  Zircaloy-2, 
and titanium were exposed t o  the circulating slurry i n  the loop. These specimens 
were mounted i n  s ix  holders; each holder contained an array of eight specimens 
as  shown i n  Fig. 9. Two types of holders were used; i n  one the flow channel was 
designed t o  give a velocity of 22 fps past the coupons (high velocity), and i n  the 
other 8 fps past the coupons (low velocity).  High- and low-velocity holder pairs  
were mounted i n  three different locations i n  the loop; one set,  i n  the main loop 
stream, removed from the neutron flux; a second set ,  i n  the rear  of the core section, 
f o r  an intermediate f lux exposure; and a t h i r d  se t  a t  the foremost position i n  the 
core f o r  the highest neutron-flux exposure. Each corrosion t e s t  coupon, 0.250 in, 
by 0.637 in. by 0.62 in. thick, was photographed w d  weighed before ins ta l la t ion  
i n  the loop. The machined and sanded surfaces of a l l  specimens were replicated 
f o r  comparison with postirradiation observation. I n i t i a l  weights of all specimens 
and identification of the material from which they were fabricated are tabulated 
in Table A4 of the appendix. 

2.2 Experimental Faci l i t ies  and Auxiliary Equipment 

The in-pile s lur ry  loop package, consisting of the pump loop, shield plug, 
and container can, was designed t o  operate i n  beam hole HB-2 of the LI'PR. This 
horizontal beam hole extends from a point adjacent t o  the reactor l a t t i c e  back 
some 13 f t  t o  the face of the reactor shielding. Only tha t  portion of the loop, 
the core section, which i s  close t o  the reactor l a t t i ce ,  was exposed t o  appreciable 
neutron flux, since the f lux decreases rapidly w i t h  distance from the l a t t i c e  as 
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shown in  Fig. 10. The fuel-loading pattern used in the LITR during in-pile 
operation of the loop is shown i n  Fig. 11. 

Two interconnected equipment chambers were located a t  the face of the reactor. 
These equipment chambers contained all the tanlrs, valves, and capillary tubing 
necessary t o  remove slurry samples from the loop and t o  make addi+uions of f lu id  
and gas during in-pile operation, The equipment chambers were sealed and vented 
t o  the reactor off-gas system t o  prevent accidental release of radioactive material. 
Lead shielding surrounded the equipment chambers t o  reduce the level of radioactivity 
from the storage tanks in  the chambers. A cutaway drawing of the loop f ac i l i t y  a t  
beam hole HB-2 is  shown i n  Fig. 12, and a process flowsheet is  shown i n  Fig. 13. 

From the standpoint of obtaining information on the effect of reactor radiation 
on thorium oxide slurries, the chemical analysis and physical-property measurements 
of samples of slurry routinely removed from the circulating stream of the loop were 
of primary importance, The equipment and procedures fo r  removing samples of the 
h i w y  radioactive slurry from the loop are described below, 

2-2.1 Sampling Equipment and Procedures 

With the exception of the lead-shielded container used t o  transfer the slurry 
samples t o  hot-cell f ac i l i t i e s ,  the entire sampling system was located inside the 
shielded equipment chambers, This system i s  shown schematically i n  Fig. 14. 

The i n i t i a l  withdrawal from the loop was into the 15-cc-volume tank, called 
the standard drain volume (SDV), and &er venting, the contents of the standard 
drain volume were transferred by displacement with low-pressure gas ( ~ 3 0  psia) t o  
the evacuated external sample tank. Briefly, the entire procedure consisted of 
evacuating the SMI t o  off-gas pressure through valves 12, 59, and 56. A sample 
was then withdrawn into the SDV through valves 3 and 7. Valves 3 and 7 were then 
closed and part of the pressure i n  the SDV was relieved by opening valve 20, which 
allowed expansion into the short length of capillary tube between valves 20 and 67. 
The SW was then f l r t he r  vented t o  the slurry dump tank by opening valve 6,  The 
f i r s t  15-cc slurry volume obtained was discarded t o  the slurry dump tank and was 
thus used t o  flush residual slurry (from previous samples) from the sampling lines. 
A second 15 cc was then withdrawn from the loop into the SDV and, af ter  venting, 
-30 psia of gas pressure f r o m  the low-pressure oxygen header was used t o  transfer 
the slurry t o  the external sample tank. A l l  l ines through which slurry had passed 
were then back-flushed with water from the wash-tank header, and these l ines were 
subsequently dried by flushing with oxygen gas from the low-pressure oxygen header. 

A mockup of the sampling system was tested during out-of-pile operation of the 
loop, and analysis of samples obtained in  t h i s  manner gave results which compared 
favorably with thoria concentrations expected from the book inventory (see Table 1, 
Sec, 3.4). 

2.2.2 Addition System 

For proper operation, the f lu id  volume i n  the loop must be maintained within 
f a i r l y  close limits. Thus it was necessary t o  replace the volume of slurry removed 
i n  sampling. This was done by means of an addition system located in  the equipment 
chambers. The addition system i s  shown schematically i n  Fig. 15. 

For an addition t o  the loop, the 50-cc slurry-injection tank was evacuated by 
means of an aspirator, The injection tank was then f i l l ed  with D20 or  slurry from 
the slurry reservoir. Pressure was then applied t o  the slurry-injection tank from 
the high-pressure oxygen-metering tank such that the pressure of the metering-tank - 
injection-tank system was several hundred pounds above that  in  the loop. By opening 
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valves 66 and 3, material in the injection tank was forced into the loop, and from 
the pressure-volume relationship the quantity of material forced into the loop was 
controlled by closing valve 3 when the pressure in the injection tank reached the 
predetermined value. An exact measure of the quantity added to the loop was then 
obtained by venting the injection tank, evacuating with the aspirator, and measuring 
the volume of fluid (from the reservoir) required to refill the injection tank. 

2-2.3 Slurry Dump Tank 

The slurry dump tank ( ~ i ~ .  16) was fabricated from 6-in. sched-80 pipe and had 
an internal volume of 4 liters. This compared with the loop volume of 1.5 liters. 
A sintered-metal filter tube was installed in the dump tank ard was attached to the 
discharge opening. The filter was used to prevent loss of thoria-urania solids 
by discharge out the drain line. A cylindrical metal tube placed around the filter 
served a dual purpose. First, it served as a dip tube through which supernatant 
water could be discarded from time to time to ensure that there was always adequate 
space in the tank (at least 2 liters) to contain the entire loop contents (-1.5 
liters) in case of an emergency dump. Second, the tube provided structural support 
for the filter and minimized plugging by shielding the surface from spattering when 
slurry was dumped into the tank. 

2.3 Instnunentation 

Instrumentation associated with the in-pile slurry loop experiment was designed 
to perf orm several different functions : (1) maintain loop operating conditions 
within prescribed limits, ( 2) provide information about conditions existing through- 
out the loop and its associated auxiliary equipment, and (3) take corrective action 
automatically when abnormal or unsafe conditions were reached. In order to perform 
these functions adequately, the instruments and control circuits must be extremely 
reliable, particularly with regard to the reactor safety interlocks, and must have 
a high degree of precision for measurement of the more critical operating variables. 
Some of the more important features are discussed below. 

2.3.1 Temperature Measurement and Control 

Temperatures of the main loop stream and pressurizer were maintained by the 
use of automatically controlled air-operated Variacs which supplied power to the 
loop and pressurizer heaters. Fourteen thermocouples were located around the 
loop for temperature monitoring and control as shown in Fig. 17. Thermocouple 13, 
attached to the loop piping at the pump discharge, was used to control the loop 
heater-power supply; thennocouple 8, attached to the 1/4-in. line between the 
pressurizer heater and pressurizer, controlled the pressurizer heater power for 
pressurizer temperature control. 

For precision measurements of the pressurizer temperature, three thermocouples, 
two of iron-Constantan and one of Chromel-Alumel, were placed in a thermocouple 
well in the pressurizer. Readings from these thermocouples were made by means of 
a precision potentiometer and on expanded-scale temperature recorders. 

2.3.2 Pressure Measurement 

Three strain-gage pressure cells were used to indicate the total loop pressure. 
Loop pressure consisted of the saturated-steam pressure plus excess oxygen gas 
pressure plus the radiolytic gas pressure generated when the reactor was in opera- 
tion. For a precise determination of the oxygen and radiolytic gases existing in 
the loop, a precision pressure indicator was used which, in conjunction with the 
precision pressurizer-temperature measurements, provided a means of calculating 
the gas partial pressures. 







The steam pressure was determined from the precision temperature measurements 
of the  D20 i n  the pressurizer. Radiolytic gas pressure was determined from the 
increase i n  pressure which resulted when the loop was placed i n  the neutron flwr, 
and t h i s  pressure was assumed constant throughout each period of irradiation. The 
radiolyt ic  gas pressure was rechecked a t  each reactor startup and/or shutdown. 
Excess oxygen pressure was calculated by subtracting steam and radiolytic pres- 
sures from the precision measurements of t o t a l  loop pressure. 

2.3.3 Heater-Power Measurements 

A knowledge of the t o t a l  quantity of e lec t r ica l  heat supplied t o  the various 
loop heaters  and t o  the pump provided a great deal of information about the opera- 
t i o n  of the experiment. For example, the difference between the summation of the 
loop and pressurizer-heater powers with the reactor shi~t, itown and with the rcaetsr 
a t  power was used t o  determine the amnnnt nf f i ss ion  m d  gamma heat generated 
within the  loop. m e  pressurizer heater power also provided a qualitative measure 
of the  r a t e  of f l u i d  flow through the pressurizer, since a constunt temperature 
dwrerence was  maintained between the loop and pressurizer. The pump power pro- 
vided information about the performance of the pump and was also used t o  estimate 
the  quantity of thorium i n  circulation ( ~ e c  . 2.1.2) . A l l  heater-power measurements 
were monitored by means of indicating and recording i n s t m c n t s ,  and further,  
watt-hour meters were used f o r  precise measurements. 

2.3.4 Radiation Monitors 

Six radiation monitors were located a t  various points in  the  loop f a c i l i t y  t o  
detect  the  escape of radioactive material. !These detectors also monitored the 
radiat ion level  i n  the small and large equipment chmbers during operations such 
a s  the removal of radioactive s lur ry  samples from the loop. Radiation levels  
measured by all s i x  of the monitors were continuously indicated throughout the in- 
p i l e  loop operation. Four of the  detectors were ion-chamber gamma monitors located 
in the small equipment chamber, one being close t o  each of the f our capillary tubes 
t h a t  were connected d i rec t ly  t o  the loop. The f i f t h  monitor was a sc in t i l l a t ion  
gamma detector used t o  detect any leakage of material from the loop by lnonitorlng 
a continuous loop-container a i r  sweep. A BF3 thermal-neutron detector was mounted 
i n  the  closure door of the small equipment chamber, d i rec t ly  i n  l ine  with the 
reactor beam hole, i n  order t o  detect any leakage of thermal neutrons. 

2.3.5 Reactor Safety Interlocks 

All reactor safety interlocks and d a r n  c i rcui t s  were designed primarily t o  
minlmize the  possibi l i ty  of uncontrolled release of radioactive material. This 
hazard i s  increased when the loop operation deviates from prescribed conditions. 
Figure 18 i s  a diagrammatic presentation of the reactor safety interlocks which 
would be actuated e i ther  by a service f a i lu re  o r  a loop component fa i lure  or  mal- 
function. These interlocks are discussed b r i e f ly  below. 

Rupture of the loop with resultant discharge of *he ent i re  loop contents into 
the loop container o r  equipment chambers was considered one of the most serious 
hazards. This hazard would be increased i f  the design temperature and pressure 
were exceeded, or  i f  concentrations of radiolyt ic  gas i n  the loop reached explo- 
sive proportions. Where operating l imi ts  were exceeded, the safety c i rcui t  was 
designed t o  reduce reactor power, the primary benefit  of which was t o  stop the 
generation of radiolytic gas. 

Loss of flow i n  the main loop c i rcui t  with resultant overheating of the core 
section would be caused by pump malfunction o r  fai lure.  For t h i s  reason %he safety 
c i r cu i t  was designed t o  reduce reactor power i f  the pump power became excessively 
high o r  low. 
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Excessive concentrations of'radiolytic gas in the pressurizer vapor space 
could detonate and could cause rupture of the loop. Steam diluent is effective 
in preventing this reaction, and for the heavy-water system in .the slurry loop 
(saturated D20 vapor, D2 + 02) no reaction occurs if the. mol $ steam is -86 or 
greater.s Thus the safety circuits were designed to prevent the formation of 
potential detonation mixtures in the loop and/or pressurizer by (1) loss of pres- 
surizer temperature with resultant loss of steam diluent, and (2) increased 
radiolytic gas pressure in the pressurizer and loop main stream. This was ac- 
complished by automatic reactor power reduction in the event of (1) failure of 
the pressurizer heater, (2) decrease in the pressurizer and/or loop temperature, 
and (3) increase in the loop pressure. This action stopped formation of the 
radiolytic gas produced by decomposition of the heavy water under reactor 
irradiation. 

In addition to the automatic controls and s a f ' ~ t y  interlook&, the experiment 
was continuously manned by experienced personnel on a 24-hr, 7-day-per-week basis. 
Each reactor power-reduction signal was preceded by an alarm, and reactor setback 
occurred only when the loop did not respond to corrective action by the operating 
personnel. 

3 .  LOOP. TESTS AND OPERATION, OUT-OF-PILF: 

Before the loop package was considered acceptable for in-pile operation, it 
underwent extensive testing in a mockup of the in-pile facility. The loop was 
also operated for 905 hr at temperatures and pressures corresponding to those 
proposed for the in-pile experiment. Tests of the various operations, procedures, 
and components were carried out both with water and the thoria-urania slurry pro- 
jected for in-pile test. Significant aspects of this out-of-pile test program 
are discus ged below. 

3.1 Pressure and Leak Tests 

Mter final assembly the loop was subjected. to a hydraulic pressure test of 
2300 psia ,at room temperatee (operating pressure in-pile = -1400 psia at 280"~ 
in the loop, 295°C in the pressurizer). Following this a helium leak test was 
performed by charging the loop with 350 psia of helium and probing with a 

: Consolidated Engineering Corporation leak detector, Model 24-101A. No leaks 
were found. 

3.2 Temperature-Pressure Calibration 

In order to establish the temperaturd-pressure relationship of the thermo- 
couples and pressure cells used to measure the pressurizer temperature and pres- 
sure, a "steam calibration" was made by charging the loop, under vacuui,. w.i.l;h D20 
and heating up to operating -conditions (280"~ in the loop, .29'j°C ,in the pressurizer). 
The indicated pressurizer pressure and temperature were compared with the datafor 
~~0.l' This calibration was used to establish saturation data from which oxygen 
and radiolytic gas partial pressures could be calculated when operating in-pile. 
The following results were obtained and the indicated corrections were applied for 
all subsequent operating periods, both out-of -pile and in-pile . 

Pressurizer Tem~erature as Indicated bv: 

C-A thermocouple, TC-9 P 296 .O~"C 
I-C thermocouple, TC-10 CI 294. 5g0c 
Indicated pressurizer pressure n 1196.8 psia 
Saturation temperature of D20 corresponding to 1196.8 psia E 295.14"~ 



Correct ion: 

3.3 Flow Rates 

The flow rate in the loop was determined by measuring the pressure drop 
across the loop core section and line-sample holder. The pressure drop - flow 
relationship for each of these components was established before final assembly 
of the loop. 

The pressurizer flow rate was determined from a heat balance around the 
pressurizer, pressurizer-heater circuit. Results are shown below. 

. . . . . . . . . . . . . . . . . .  mop flow 5.6 gpm . . . . . . . . . . . . . .  pressurizer flow 0.11 gpm (6.8 cclsec) 
Velocities: . . . . . .  Core (112-in. sched-40 pipe) 5.9 fps . . . . . .  Loop (318-in. sched-40 pipe) 9.4 fps . . . . . . . . .  Filter (0.406 in. ID) 13.8 fps 
Test specimens : 

High-velocity . . . . . . . . . . . . .  22.4 fps 
Low-velocity . . . . . . . . . . . . . .  8.2 fps 

3.4 Loop Operation with Slurry 

The loop was charged initially with D20 and -100 psi of oxygen 'gas and operated 
at temperatures of 280°c in the main stream and 295OC in the pressurizer. After 
50 hr of operation with D20 and oxygen, sufficient thoria-urania (batch DT-22) was 
added to bring the concentration of thorium in circulation to 1239 g of Th per kg 
of D20. 

Loop operation w i t h  slurry was then continued for a total of 855 hr under -these 
conditions of temperature .and pressure. During this period additions of thorium 
oxide were made to the loop to test the addition system proposed for in-pile opera- 
tion, and 10 samples of the slurry were taken to determine circulating inventory and 
to test'the sampling system and procedures to be used in-pile. The concentration 
of the thorium oxide in the loop throughout this period is tabulated in Table 1 and 
plotted in Fig. 19. In both Table 1 and Fig. 19 values obtained fromthe 10 samples 
are compared with those calculated from book inventory. The results indicate that 
essentially all thoria charged to the loop was being circulated. 

Over-all corrosion of the stainless steel surfaces of the loop exposed to the 
circulating slurry and to the thoria-free filtrate was calculated from the amount of 
oxygen consumed in the corrosion process and also from analyses of the slurry samples 
for corrosion-product iron, chromium, and nickel. The increase in the corrosion 
products of stainless steel in the slurry was at a steady rate as shown in Fig. 20. 

The loop main-stream area exposed to slurry represented about one half the 
total area exposed to slurry and filtrate combined. The area exposed to slurry 
only was used to calculate corrosion from iron and nickel oxides which were in- 
soluble, since it was assumed that the insoluble iron and nickel oxides formed in 
the thoria-free pressurizer circuit would not be transferred to the slurry in the 
loop main stream where the samples were taken. Conversely, the oxygen consumption 
and soluble chromium were assumed to represent corrosion of the total loop and 
pressurizer areas since they would be readily dispersed throughout the system. 



Table 1. Thorium Concentration and P a r t i c l e  Size 
During Ogt-of-Pile Operation 

Sample 
Numbe r 

Total  
Circula t ing 

Time* 
( h r )  

Concentration ( g  !Ch/kg ~ ~ 0 )  
Deviatcon of 

Book In-~entory Based on 
z t  St  a r t  ' . Sample Analysis Analytical  

Density: . Analytical  from Book of Sample ($:I 

P a r t i c l e  Size 

*Firs t  s l u r r y  addi t ion was at  50 hr .  
=Samples removed by means of a  ncckup of the in-pi le  sampling system. 
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Because of the  many specia l  t e s t s  such a s  measurements of the  a c t i v i t y  of t he  
Pd ca ta lys t  used f o r  recombination of r ad io ly t i c  gas ( ~ e c .  3.5), it was not pos- 
s i b l e  t o  determine the  t o t a l  oxygen consumption throughout the  e n t i r e  period of 
mockup operation. However, oxygen consumption measurements and corresponding cor- 
rosion r a t e s  f o r  some l imited periods of operation were obtained. 

On these bases the  corrosion r a t e  f o r  t he  855 h r  of operation with s l u r ry  
was estimated t o  be between 0.5 t o  1.0 mpy ( m i l  per  year) f o r  the  s t a i n l e s s  s t e e l  
surface area  exposed t o  c i rcu la t ing  s l u r r y  at 2 8 0 ~ ~  and a t  a flow r a t e  of .Ug fps .  
Further d e t a i l s  of t he  corrosion by t h e  thoria-urania s l u r r y  ( i n  ~ ~ 0 )  i n  t he  in- 
p i l e  pump loop w i l l  be discussed fu r t he r  i n  a report  t o  be issued a f t e r  examination 
of the  loop components and corrosion t e s t  specimens has been completed. 

Par t ic le-s ize  degradation of the  thoria-urania during t he  mockup run was 
s l i gh t .  The i n i t i a l  and f i n a l  mean p a r t i c l e  s izes  were 1.7 k, and values ranged 
between 1.7 and 1.4 with no .pa r t i cu la r  trend. 

The r a t e  of thoria-free f i l t r a t e  flow t o  the  pressurizer,  measured per iodical ly  
throughout the  run, i s  shown i n  Fig. 21. It can be seen t h a t  t h i s  flow stayed 
f a i r l y  constant i n  t he  range of 6 t o  7 cc/sec u n t i l  a r e l a t i ve ly  l a rge  quant i ty  
of palladium oxide ca ta lys t  (790 mg) was added t o  the  loop. Tnis addi t ion resul ted 
i n  a subs tan t ia l  pressur izer  flow decrease from 6.5 t o  3.5 cc/sec. The palladium 
oxide ca ta lys t  mean p a r t i c l e  s ize  (€0.1 w a s  l e s s  than t h a t  of the  c t rcu la t ing  
thor ia ,  and t h i s  small pa r t i c le - s ize  mater ia l  probably caused the  decrease i n  flow 
by plugging of the  f i l t e r .  

3.5 Catalyst-Activity Measurements 

Some 20 measurements of t he  a c t i v i t y  of the  Pd ca ta lys t  f o r  recombining 
rad io ly t ic  gas were made, and the  r e su l t s  a re  p lo t ted  i n  Fig. 22. A l l  a c t i v i t y  
values were calculated from the  r a t e  of pressure decay following a batchwise addi- 
t i o n  of D2 t o  the  pressur izer  vapor space i n  which an excess amount of oxygen was 
maintained. For the  s lu r ry  in-pi le  loop, recombination presumably occurred only 
i n  the  main loop, which contained the  sl.urry and ca ta lys t .  Previous calcula t ions  
had indicated t h a t  the  flow r a t e  between loop and pressur izer  was suff ic ie i l t  so 
t h a t  recombination k ine t ics  were control l ing when De gas w a s  introduced in to  the  
pressur izer  vapor space. However, an induction period of several  minutes was 
required before steady-state conditions were reached, 

The ca t a ly t i c  a c t i v i t y  was calcula ted a s  follows: t he  r a t e  of pressure-decay, 
following an induction period of several  minutes, was graphed on semilog paper and 
a s t r a i gh t  l i n e  could read i ly  be drawn through the  data. A f i r s t - o rde r  system r a t e  
constant, kT, was determined from the slope: 

The ca t a ly t i c  a c t i v i t y  was then calcula ted from the  conversion re la t ionship:  

Catalyt ic  a c t i v i t y  n ( ) ) ( kT) 
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where : 

Catalyt ic  ac t iv i ty  I ca t a ly t i c  a c t i v i t y  expressed as  moles of D2., recombined per 
h r  per l i t e r  of s lur ry  a t  100 psi  D2 pressure; 

nIp ZI mole-Pressure ra t io ;  i.e., moles of gas required t o  ra i se  the loop pressure 
1 psi;  

'ref 
P constant reference pressure (100 p s i  of D2 gas); 

kT 
e (1)  above; and 

V rer volume of s lur ry  i n  loop a t  operating conditions ( l i t e r s ) .  

Equations (1)  and (2)  assume t h a t  f i rs t -order  kinet ics  a re  controlling. 

As shown i n  Fig. 22, the r a t e  of recm'bination increase& (a s  expeczea) each 
time Pd ca ta lys t  was added t o  the loop. A similar (and unexpected) increase i n  the 
recombination r a t e  a l so  was seen when an.addition of thoria-urania was made. 

The data  indicated t h a t  the  Pd c a t a l y s t  was suf f ic ien t ly  active f o r  recombi- 
nation of the radiolyt ic  gas generation expected in-pile ( i .e., the concentration 
of gas could be held below detonation propoytions). However, because.of the 
decrease i n  a c t i v i t y  with pumping time (tl12 of 4 6 0  hr) ,  additions of f resh 
ca ta lys t  would probably be necessary f o r  long-term- in-pile operation ( i  .e ., 
1000 h r  o r  more). 

4. LOOP OPERATION, IN-PILF: 

After sa t i s fac tory  completion of the mockup testing; the loop was shut down, 
disconnected from the  auxi l iary equipment and instrumentation, and transported t o  
the LITR HB-2 f a c i l i t y .  The s lur ry  circulated i n  the loop i n  the mockup t e s t s  
was not removed. 

4.1 Loop Test and Operation a t  the Reactor 
Prior  t o  Reactor Ins ta l la t ion  

Before ins ta l la t ion  i n  the  reactor beam hole the loop was connected t o  the 
instrument panel and auxi l ia ry  equipment and operated a t  temperature and pressure 
f o r  85 h r  a s  a check of the in-pile f a c i l i t y  instrumentation and equipment. During 
t h i s  period two samples were taken t o  t e s t  the sampling and addition systems and 
procedures. The volume removed i n  sampling was replaced with D20. Another catalyst  
addition (0.09 g of ~ d )  was also made a t  t h i s  t h e ;  t h i s  brought the t o t a l  quantity 
of ca ta lys t  i n  the loop t o  0.02 m Pd .(1.4 g t o t a l .  ~ d )  . The catalyst  a c t i v i t y  was 
again measured by batchwise additions of Dg gas t o  the pressurizer vapor space 
( r e f e r  t o  Sec. 3.5). The ca ta lys t  a c t i v i t y  obtained i n  t h i s  manner was 0.00043 moles 
of D2 per h r  per l i t e r  per g of Th and was calculated t o  give a steady-state p a r t i a l  
pressure of radiolyt ic  gas ( ~ 2  + 112 02) of 11 p s i  a t  the expected l eve l  of irrad- 
ia t ion;  well below detonation l imi t s .  

The loop was ins ta l led  i n  beam hole HB-2 of the LITR on July 18, 1960, and 
s lu r ry  circulat ion a t  280°c was in i t ia ted .  
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4.2 Slurry  Circulation 

A t  the  s t a r t  of in -p i l e  operation i n  beam hole HB-2, t h e  loop contained 
1008 g of so l ids  (881 g of Th), 3.9 g of u02 (3,4 g of U, 91% u ~ ~ ~ ) ,  1.4 g of Pd, 
and 1226 g of D20. The t o t a l  loop volume a t  operating temperature and pressure 
was  1674 cc, but by v i r t u e  of t h e  f i l t e r  t h e  so l ids  were confined t o  t h e  900-cc 
volume of the  loop main stream ( r e f e r  t o  Fig. 1 and Table ~ 3 ) .  Thus t h e  s l u r r y  
.concentration i n  the  loop main stream was i n i t i a l l y  a t  1337 g of Th per kg of D20 
(979 g of Th per high-temperature [280°c] l i t e r  of s lu r ry ) .  

Slurry  was continuously c i rcu la ted  in-pi le  u n t i l  October 19, 1960, when the  
s l u r r y  remaining i n  the  loop was drained i n t o  t h e  s l u r r y  dump tank. Loop operation 
i s  summarized below. 

Nominal main-stream Le~uperature ( s l u r r y )  . . . . . . . .  280°c 
Nominal pressur izer  temperature ( D ~  0)  . . . . . . . . .  295 O C  

Circulation time in-pi le  . . . . . . . . . . . . . . . .  2220 hl. 
Time with LITR a t  3 Mw . . . . . . . . . . . . . . . . .  1839 h r  
Inventory concentration of t h o r i m  

( a t  reactor  s t a r t u p )  . . . . . . . . . . . . . . . . .  1337 g m/kg D20 
Inventory concentration of uranium 

( 9  U )  . . . . . . . . . . . . . . . . . . .  5.3 g U/kg D20 
. . ,  
I . .  

*Slurry contained 1.4 g of Pd a s  a radiolfi ic-gas combination ca ta lys t .  d. 

. 'L. 

During in-pi le  operation t h e  quant i ty  of so l ids  was reduced i n  a step-wise 
fashion by sampling, since the  volume of s l u r r y  removed was replaced with D20. 

The inventory concentration of thorium throughout t h e  3160 h r  of loop opera- 
t i o n  f o r  both out-of-pile and in -p i l e  periods i s  shown i n  Fig. 23. For comparison, 
the  c i rcu la t ing  concentration determined from chemical analyses of s l u r r y  samples .$t: 

removed i s  a l so  indicated.  It can be seen t h a t  the re  is  good agreement between *;.. 
concentration based on inventory and sample analyses f o r  t h e  out-of-pile , .. 

period i n  the  mockup run as  previously indicated ( ~ e c .  3.4, Table 1, and P'ig. 19) .  
However, f o r  the  operation a t  t h e  reac to r  s i t e ,  both p r i o r  t o  and a f t e r  i n s t a l l a -  
t i o n  i n  t h e  experimental beam hole, analyses of t h e  s l u r r y  samples indicated t h a t  
the  c i rcu la t ing  concentration of thorium was l e s s  than t h a t  predicted by book 
inv~nt.ory.  

There were o ther  c r i t e r i a  used t o  determine t h e  c i rcul$t ing concentration of 
thor ia .  These were ( 1 )  pump power and (2 )  f i s s i o n  and gamma heat .  The dependence 
of pump power on thorium concent.ra.tion a t  a loop temperature of 280°C i s  shown i n  
Fig. 6 and indicates  an increase of 100 w (900 t o  1000 w) a s  t h e  thorium concen- 
t r a t i o n  was increased from zero t o  1550 g of Th per kg of D20. The d a t a  of Fig. 6 
( ~ e c .  2.1.2) were obtained with t h e  pump power recorder i n  t h e  mockup f a c i l i t y .  
For t h e  pump power recorder a t  t h e  LITR, a 65-w dif ference i n  absolute pump power 
a s  compared t o  the  mockup recorder was found, but t h e  range of 100 w (965 t o  1065 w) 
f o r  a concentration range of 1550 g of Th per  kg of D20 w a s  found t o  hold. Although 
t h e  pump power was considered t o  be only a qua l i t a t ive  indicat ion of t h e  concentra- 
t i o n  of t h o r i a  i n  c i rcula t ion,  it indicated t h a t  some of t h e  t h o r i a  present i n  t h e  
loop was not c i rcu la t ing  during the  in -p i l e  operation. A comparison of t h e  t h o r i a  
concentration estimated from t h e  pump power and calcula ted from inventory f o r  t h e  
in-pi le  period i s  shown i n  Fig. 24. Based on pump power, it appeared t h a t  the  c i r -  
cu la t ing  concentration was a t  o r  near inventory when t h e  loop operation was f i r s t  
s t a r t e d  a t  the  LITR during t h e  out-of-pile t e s t  period p r i o r  t o  sample L-2-27s-lP. 
However, a f t e r  t h i s  f i r s t  sample t h e  pump power indicated a concentration l e s s  than 
inventory and thus t h e  major l o s s  of thoria-urania from ci rcula t ion,  based on pump 
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Fig. 24. Comparison of Thorium Concentration Based on Inventory and Estimated from Pump 

Power (Loop at 280' C) . 

2400 

ORNL-LR-DWG. 62999 
1600 I I I 1 I I 1 1 1 1 

Operating Time at  LIT,? (hours) 

1500 

Sample-6P 

I/ sample-7, 

/ 1000 - / sample-8P 

L-, 900 - 1 
I-,,-- ---,, 

800 - 
. / 1 

I 

- 

- 

- 

- 

- 

- 

- 

L--, 
700 - /Pump Power 

- 
L-,,--- 

1 
-0 
* 

600 - 0 

I 
- .- 

E 
I al 

500 

400 

3oo 

200 

100 

0 
0 200 400 600 800 1000 1200 1400 1600 1800 2000 2200 

I 
I- 

- c - 
L ------,-' oi 

- - 

- 4-10ut -a f -PE 

In-Pile 

- 

- 

- 

- 

- 

1 I I I I 1 I! 1 I 1 I 



power, may have occurred a t  t h i s  tCime, which was before reactor i r rad ia t ion  com- 
menced. Since fac tors  other than ' the s lurry density can a f fec t  pump power, t h i s  
evidence alone could not be considered conclusive regarding the quantity of solids 
i n  circulat ion.  

The combined f i s s ion  and gamma heat generated i n  the loop core section was 
a l so  followed throughout the  run. A l l  measurements were i n  the range of 950 t o  
1150 .w and could not be correlated with other observations of changes i n  the c i r -  
culating concentration of Th. Since only about 150 w of t h i s  could be at t r ibuted t o  
f i ss ioning  of the u ~ ~ ~ ,  only very gross e f fec ts  could be seen; i.e., i f  a l l  the 
t ho r i a  and i t s  associated uranium deposited i n  the core cr,  conversely, none of 
t he  tho r i a  circulated throu* the core. Thus no meaning= conclusions regarding 
the quantity of thor ia  i n  circulat ion could be drawn from the f i ss ion  and gamma 
he& measu.reyegts. 

The data  from sample analyses and pump power indicate t ha t  par t  of the thoria- 
urania was not i n  circulat ion.  However, a s  discussed l a t e r  ( s ~ c ,  4.0.2) these 

. appeared t o  be no deposits o r  cakes formed i n  the loop piping--at l e a s t  none which 
could not be readi ly rinsed out. It may be t h a t  a par t  of the sol ids  migrated to ,  
and were retained in, the pump-rotor cavity (-160 cc volume). The pump purge was 
designed t o  prevent t h i s  from happening, but the low pump purge flow existing 
f o r  most of the in-pi le  period may have been insuff icient  f o r  t h i s  purpose. It i s  
hoped t h a t  additional information concerning any deposits of thor ia  within the loop 
w i l l  be found when the loop i s  dismantled. Such information i s  t o  be reported l a t e r .  

4.3 Sampling and Additions 

Fourteen samples of the  s lu r ry  circulat ing i n  the loop main stream were re- 
moved from the loop; two samples were removed before loop i r rad ia t ion  commenced; 
s i x  were removed during the period of reactor i r radiat ion;  and s ix  terminal samples 
were taken just p r ior  t o  removal of the loop from the beam 'hole. In  the normal 
sampling operation, 38.8 cc of s lur ry  per sample was removed from the  I..onp. Most 
of t h i s  material  was discarded t o  the s lurry dump tank i n  purging the sample l ines ,  
and only about 12 cc of s lur ry  was transferred t o  the external sample tank fo r  
chemical analysis. Two samples of larger  volume, taken a t  the end of the run, 
contained about 70 cc of s lurry.  To obtain these samples required a t o t a l  with-. 
drawal of 174.6 cc of s lu r ry  from the loop. 

Following each sampling operation the volume of s lur ry  removed from the  loop 
was replaced with D20 by means of the addition system. A t  the end of the period 
of reactor  i r radiat ion,  three t r ace r  compounds ( i , e  . , beryllium oxalate, yttrium 
oxide, and a thorium oxide slurry, batch MO-54) were added t o  the loop. Three 
of the s ix  terminal samples were taken a f t e r  the addition of all of these t racers .  
These t r ace r  additions with subsequent sampling were an attempt t o  obtain be t t e r  
information on t h e  quantity of thorium i n  circulation. Concentration of thorium 
based on sample ana lyses- i s  indicated i n  Fig. 23 along with t h a t  based on inventory. 

When the  loop was.transferred t o  the X-10 s i te ,  it contained 1111 g of solids.  
The two. samples taken p r io r  t o  ins ta l la t ion  i n  beam hole HB-2 reduced t h i s  t o  1008 g 
a t  the  s t a r t  of in-pile operation. The subsequent 12 samples fur ther  reduced the 
quantity of solids t o  377 g a t  the time the ,  loop was dumped. Of the 734 g of solids 
removed during sampling, 455 g were sent t o  the s lur ry  dump tank, and the 377 g 
remaining i n  the loop a t  the end of the experiment were a l so  sent t o  the s lur ry  
dump tank. ~ h u s . 8 3 2  g of so l ids  were t ransferred t o  the s lu r ry  dump tank, and 
289 g were sent t o  the laboratory f o r  analysis. 

Table A5 o f ' t h e  appendix summarizes all sampling and addition operations, 
along with the  corresponding loop inventory. 



4.4 Oxygen Inventory and Generalized 
Loop Corrosion Rate 

During in -p i l e  operation oxygen was consumed by corrosion of t h e  loop surfaces,  
which resu l t ed  i n  a decrease i n  t h e  quant i ty  (and pressure) of oxygen i n  t h e  loop. 
A t o t a l  of 4563 cc (STP) of oxygen was added t o  t h e  loop i n  e igh t  oxygen addi t ions  
t o  replace t h a t  consumed i n  corrosion and t o  maintain an oxygen overpressure i n  t h e  
loop. I n  order t o  r e l a t e  t h e  decrease i n  oxygen p a r t i a l  pressure t o  t h e  quant i ty  
of oxygen consumed, it was necessary t o  know t h e  volume of oxygen equivalent t o  a 
given change i n  p a r t i a l  pressure. For t h i s  purpose an "oxygen f a c t o r "  w a s  used. 
The "oxygen factor"  is  defined a s  t h e  c c ' s  (STP) of oxygen required t o  change t h e  
oxygen pressure i n  t h e  pressur izer  by 1 p s i .  It was obtained by dividing t h e  t o t a l  
volume of oxygen i n  t h e  loop by t h e  oxygen pressure a t  operating temperature. The 
oxygen f a c t o r  was rechecked a t  each oxygen addi t ion by dividing t h e  quant i ty  of 
oxygen added t o  t h e  loop by the  oxygen-pressure increase which resul ted.  The exact  
amount of oxygen added t o  the  loop was obtained by ca re fu l  metering from t h e  metering 
tank. 

The oxygen f a c t o r  is, of course, dependent upon t h e  quant i ty  of l i q u i d  i n  t h e  
loop, t h e  s o l u b i l i t y  of oxygen i n  t h e  l iqu id ,  and the  volume of t h e  pressur izer  vapor 
space. Meaningful measmements can only be obtained under equilibrium condit ions 
of temperature and pressure. I f  a l l  these  conditions remain constant throughout t h e  
m, no change i n  t h e  oxygen f a c t o r  should be observed. However, due t o  changes in: 
the  loop inventory (e.g., from sampling and addi t ions)  t h e  f a c t o r  changed from t i m ? .  
t o  time, and t h i s  change was taken i n t o  account i n  calcula t ing t h e  oxygen consumed. 
Oxygen f a c t o r s  calcula ted f o r  each oxygen addi t ion during t h e  in -p i l e  operation a r e  
shown i n  Fig.  25. The value shown f o r  each period of time i s  an average of a l l  
f a c t o r s  measured i n  t h e  period. The oxygen consumption throughout the  in -p i l e  opera- 
t i o n  a s  computed from these f a c t o r s  i s  p lo t t ed  agains t  operating hours i n  Fig. 26. 
The slope of the  p l o t  i s  an indicat ion of t h e  over-a l l  loop corrosion ra te ,  and a 
reference slope f o r  a r a t e  of one m i l  per year i s  indicated on t h e  graph. 

The r a t e  of oxygen consumption during in-pi le  operation i s  shown i n  Fig. 26 
and indicates  a generalized loop corrosion r a t e  of 0.7 mpy. It i s  t o  be noted i n  
Fig. 26 t h a t  the  i n i t i a l  corrosion r a t e  was higher than t h a t  observed during t h e  
l a t t e r  p a r t  of the  run .  

4.5 Mechanical Performance 

For both out-of-pile and in -p i l e  operating periods t h e  loop was operated f o r  
a t o t a l  of 3265 h r  a t  280°c, during which s l u r r y  was c i rcu la ted  f o r  3118 hr .  No 
mechanical d i f f i c u l t i e s  of any descr ipt ion were encountered during these  operating 
perj.nrl.s with the  exception of the  decrease i n  f i l t r a t e  flow t o  t h e  pressur izer  
observed in-pi le .  The loop remained l eak- t igh t  throughout i t s  operating his tory ,  
and no escape of radioact ive  mater ia l  was observed from the  loop i t s e l f  o r  during 
t h e  removal of s l u r r y  samples and addi t ions  of D20, t r a c e r  compounds, and oxygen 
gas. 

Pump operation was without incident,  and the re  was no evidence of excessive 
bearing f r i c t i o n  and wear or lnalfunction of t h e  e l e c t r i c a l  s t a t o r ,  

4.5.2 Sintered-Metal F i l t e r  

For t h e  out-of-pile operating period the  sintered-metal f i l t e r  exhibited very 
l i t t l e ,  i f  any, tendency t o  plug and reduce the  pressur izer  flow r a t e  except f o r  
t h e  flow l o s s  encountered when t h e  l a s t  two addit ions of palladium c a t a l y s t  were 
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made. However, immediately upon exposure to reactor irradiation, it was noted 
that the flow rate of filtrate began decreasing and was reduced from a rate of 
3.5 cc/sec to 1 cc/sec during the first 10 hr of reactor irradition. Thereafter 
the flow rate drifted downward for the next 150 hr to 0.7 cc/sec, and for the 
remainder of the run remained at about 0.5 cc/sec as shown in Fig. 27. The reason 
for the rapid reduction of pressurizer flow under irradiation is unknown; however, 
it is speculated that it is due to either (1) corrosion-product accumulation in 
the filter pores or (2) particle-size degradation of the thoria with resultant 
plugging of the sintered-metal pores with the smaller thoria particles. In any 
event, this decrease in pressurizer flow did not preclude continued loop operation. 

4.5.3 Sampling System 

No difficulty was encountered with the slurry sampling system. A substantial 
quantity of slurry was obtained in each of the standard-size samples (-12 cc). 
Larger tanks were used for two samples, and -Jj'O cc of slurry was obtained in each 
of these. All slurry samples removed from the loop were successfully transferred 
to hot cells and readily removed from the sample tank by remote procedures. 

4.5.4 Addition System 

The addition system and procedures proved to be highly satisfactory, and not 
only was D20 added to the loop, but three additions of tracer materials (solids . 
dispersed in ~ ~ 0 )  were made to the loop while operating at temperature and pressure. 

4.5.5 Valves 

Fifty-two valves designed for operation at pressures to 30,000,psi were in- 
corporated in the loop facility to perform the various operations such as slurry 
sampling, oxygen additions,.loop draining, etc. All valves.were identical except 
that in some a nonrotating :stem - design was used, and in others the stem rotated , 

in opening and closing; Based on previous experience, valves of the nonrotating- 
stem type were specified for dry-gas service; while.the rotating-stem design was 
used in slurry service. All valve bodies and seats were of austenitic stainless 
steel (type 304); however, three different stem materials were used: type 420 
stainless steel partially hardened, type 17-4 PH stainless steel (cond. H-1000), 
and ~tellite-6. Only onevalve failure, valve 40, in'the line used for oxygen 
additions, occurred during in-pile operation; this failure probably resulted from 
the fact that a rotating-stem design was inadvertently used in lieu of' the pre- 
ferred nonrotating type for the dry-gas service for which valve 40 was used. This 
did not preclude making further oxygen additions to the loop but did require 
special care to balance the presqures across the valve seat to minimize leakage 
of oxygen during each'addition. A tabulation of all valves incorporated in the 
in-pile slurry loop facility.and their operating history is given in Table A6 of 
the appel7.d.i x . 

4.5.6 Thermocouples and Instrumentation 

Thirteen iron-Constantan glass-insulated thermocouples and one Chromel-Alumel 
glass-insulated thermocouple were attached to the loop to measure and control 
operating temperatures of the main loop stream and the pressurizer; There were 
no thermocouple failures during the run. The three thermocouples (two iron- 
Constantan and one ~hromel-Alumel) located in the thermocouple well in the pres- 
surizer were initially calibrated as described in Sec. 3.2. Six iron-Constantan 
thermocouples were attached to the main loop piping; three of these were located 
on the loop core section and were subjected to the highest level of reactor radia- 
tion. No direct calibration of these thermocouples was made except to compare the 
six thermocouple readings with the loop at elevated temperature. 
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Before i n s t a l l i n g  t h e  loop container a l l  s i x  of these  loop thermocouples 
agreed t o  within +l°C. After  i n s t a l l i n g  t h e  container, t h e  core- inle t  thermo- 
couple (TC-4) decreased about ~ O C ,  and t h i s  was a t t r i b u t e d  t o  i t s  close proximity 
t o  t h e  water-cooled container.  As a check on t h e  r e l i a b i l i t y  and s t a b i l i t y  of 
t h e s e  thermocouples, temperature readings obtained a t  several  d i f f e r e n t  periods 
throughout t h e  in -p i l e  operat ion a re  shown i n  Table 2, and from these  da ta  it can 
be seen t h a t  t h e  thermocouple readings d id  not change s i g n i f i c a n t l y  during t h e  
2220 h r  of in -p i l e  operation.  For example, a comparison of several  thermocouple 
readings made jus t  p r i o r  t o  reac to r  s t a r t u p  and a t  termination of the  experiment 
show a maximum devia t ion of i n i t i a l  and f i n a l  readings of +2.1°C (core  i n l e t  
temperature) a s  shown i n  Table 3. 

Steady-state operat ing condit ions i n  t h e  I.oop were maintained by control l ing 
t h e  temperature of t h e  main loop stream and t h e  pressur izer .  Control of these  
temperatures was achieved by t h e  use of air-operated Variacs which supply power 
t o  t h e  loop and p ressur ize r  hea te r s .  Instruments of various types were a l s o  used 
t o  ind ica te  temperatures around t h e  loop c i r c u i t  and t o  ind ica te  and record 
var iab les  such a s  pressure,  pump power, hea te r  power, and temperatures and pres- 
su res  of the  a u x i l i a r y  equipment. For s a f e t y  protection,  t h e  more c r i t i c a l  
va r iab les  were in ter locked with t h e  reac to r  i n  such a manner t h a t  a reac to r  s e t -  
back would occur i f  sa fe  operat ing l i m i t s  were exceeded. The performance of t h e  
loop con t ro l  in'strumentation was exceptionally good. Operating condit ions within 
t h e  loop were maintained at  the  des i red l e v e l s  throughout t h e  2305 h r  of continuous 
in -p i l e  operation.  R e l i a b i l i t y  o f  t h e  instruments was achieved by frequent in- 
spection and servicing,  p a r t i c u l a r l y . d u r i n g  t h e  periods when t h e  reac to r  was shut 
down. Although 1'7 instruments, including s i x  rad ia t ion  monitors, were interlocked 
wikh t h e  reactor ,  no reac to r  setbacks occurred a s . a  r e s u l t  of instrument malfunction. 

4.5.7 Unscheduled Reactor Shutdowns 

There were t h r e e  unscheduled reactor  shutdowns caused by t h e  operation of t h e  
i n - p i l e  s l u r r y  loop, and these  a r e  described below: 

1. A f a s t  setback and reac to r  down p e ~ i u d  of 0.3 hr. occurred because of low 
flow r a t e  of coolant water t o  t h e  loop sh ie ld  plug. The low flow r a t e  was caused 
by an accumulation of r u s t  and d i r t  i n  t h e  coolant water o u t l e t  l i n e .  After  t h e  
plug was cleared,  add i t iona l  f i l t e r s  were i n s t a l l e d  i n  the  water l ine ,  and no 
f u r t h e r  d i f f i c u l t y  w a s  encouritered. 

2.. A momentary bui ld ing power - f luctuat ion actuated a r e l a y  i n  t h e  pump 
e l e c t r i c a l  c i r c u i t  which caused a reactor  setback which resuJ.ted i n  2.5 h r  of 
r e a c t o r  down-time . 

3.  One setback was caused by one of t h e  rad ia t ion  de tec to rs  when power t o  
one of t h e  de tec to rs  was acc iden ta l ly  turned o f f .  Reactor down-time was 0.4 h r .  

4.6 Radiation Ef fec t s  

Several  e f f e c t s  of r eac to r  rad ia t ion  on t h e  loop &d c i rcu la t ing  s l u r r y  a r e  
r e a d i l y  measurable while t h e  experiment i s  operating in-pi le ,  and continuous 
knowledge of these  e f f e c t s  is  use fu l  i n  following t h e  progress of t h e  experiment. 
The major e f f e c t s  which were continuously measured were ( 1 )  r a d i a t  ion-induced 
f i s s i o n  and gamma hea t  i n  t h e  loop-core section,  ( 2 )  .oxygen consumption, ( 3 )  t h e  
concentration of r a d i o l y t i c  gas, and (4 )  r ad ia t ion  i n t e n s i t y  of the  s l u r r y  a s  
measured when removing a s l u r r y  sample from t h e  loop. 



Tzble 2 .  Typical Operating Temperatures, L-2-27S* 

Tem2eratures w i t h  Reactor at  Zero Power (OC) Temperatures w i t h  Reactor a t  3000 kw (OC) 
Pump a t  60 cps Pump at 80 cps Pump a t  60 cps Pump at  80 cps 

Hours Circulation: 260-290 940-990 2260-2290 972-975 1810-1829 160-260 800-900 2020-2220 1752-1754 1804-1806 

Pressur izer  
H t r .  Temp. Cont., TC-8 295.5 292.8 297.1 293.0 292.1 295.1 292.9 296.9 295.3 295 -2 
H t r . ,  TC-6 294.7 292.4 296.4 292.3 291.: 294.8 292.5 296.4 294.8 294.8 
Temp. (I-c), TC-10 294.8 295.0 296.3 295.0 296.6 295.2 295.1 296.5 296.6 296.6 
Temp. (I-c), TC-7 294.4 294.9 294.7 294.9 295.C 294.6 294.9 295.0 295 295 .o 
Jacket Cont., TC-11 292.10 291.7 292.0 291.5 291.7 291.9 291.7 292.0 292 .0 291.5 
Temp. (c-A), TC-9 295.7 295.9 295.7 295.9 296.1 295.8 295.9 295.9 296.2 296.1 

Core Temperature 
TC-5 281.6 281.5 282.L 281.4 282.0 234.9 285.1 287.5 285.6 285.6 
TC -12 277.7 277.3 277.8 277.5 277.6 235.8 286.6 287.3 286.2 286.5 
TC -2 278.3 ' 278.4 278.9 278.0 278.6 2 284.2 285.4 284.4 . 284.5 
Inlet, TC-4 ,276.9 273.8 274.1 273.8 271.3 276.9 275.9 274.1 ' 274.7 274.6 I 

278.9 277.1 277.4 277.0 277.7 230.0 279.0 277.0 279.0 278.4 -!= Outlet, TC-3 wl 

~ump Temperature, TC-1 56.2 54.0 58.1 62 .O 63.3 55.4 60.3 58.5 65 .O 66.0 

Volts 
~ m ~ s / ~ h a s e  

- - -- - 

*Refer t o  Fig. 17 f o r  thermocouple locat ions .  
Auxiliary Equipment Cooling Water and A i r  Flow 

Flow - . . . . . . . . . . . . . . . . . . .  Plug 2z~olan-L 1.1gpmprocessH20 
Pump %nd l i n e r  coolant . . . . . . . . . . . . . .  1.4 gpm demineralized H20 

Equipment Chambers . . . . . . . . . . . . . . . . . . . . .  A i r  flow 0.4 scfm f i l t e r e d  a i r  
Vacuux . . . . . . . . . . . . . . . . . . . . . . .  3.0 in .  Hg 

Loop Container 
Pressure . . . . . . . . . . . . . . . . . . . . .  -10 psin . . . . . . . . . . . . . . .  Air-sweep r a t e  (RD-5) 0.28- scfm f i l t e r e d  a i r  . . . . . . . . . . . . . . .  Continuous a i r  bleed 0.33 scfm process air  



Table 3. Comparison of the Temperature Readings of the Six 
Thermocouples Attached to the Main Loop Piping 

Before and After In-Pile Operation 
(~eactor   own) 

Temperature ( OC) 
Period Hours Loop Temp. Core Core Core Core 'Core 
of Circ. 

In-Pile Control. Temp. Temp. Temp. Inlet Outlet Operation TC -13 TC-12 TC-5 TC-2 TC-4 TC-3 

Prior to reactor 11 279 -9 276.8 281.0 277.9 274.2 277.8 
s t  ttrtup 

Prior to slurry 2220 279.8 277.5 282.0 278.0 273.5 276.9 
draining 

After slurry 2222 200.11. 278.0 282.5 ?78,7 276.3 278.5 
draining 

Maximum deviation +o 5 +1.2 +1.5 4.8 +2.1 +o -7 

4.6.1 Fission and Gamma Heat 

The fission and gamma heat generated in the loop core section was obtained by 
making heat balances around the loop before and after each reactor sh~~tdown. A7.1, 
measurements were made with the loop and pressurizer at a constant temperature. 
Eleven measurements of the fission and gamma.heat were made during the in-pile 
operating period and are tabulated in Table 4. 

The total fission and gamma heat varied between 950 and 1150 w during the 
in-pile period as compared to a calculated value of 900 w based on the initial 
inventory of thorium and uranium. The calculated value of 900 w (fission and 
gamma heat) was made up of the following: 

Gaxtuna heating of core metal = 550 w 
Gamma heating of thoria-urania a 150 w 

Fission heat = 200 w 

TOTAL = 900 w 

Although the fission and gamma heat did not appear to correlate directly with the 
decrease in thoria and urania inventory, by sampling, the total generation of fission 
and gamma heat was in the range expected and was interpreted to indicate that there 
was no major loss or accumulation of slurry in the loop core section. 

4.6.2 Radiolytic Gas 

The slurry contained a palladium catalyst for recombination of the radiolytic 
gas generated under reactor irradiation. Sufficient catalyst was added such that 
the pressure of the radiolytic gas in the pressurizer vapor space was expected to 
be about 10 psi at the start of in-pile operation. Based on out-of-pile measure- 
ments of the catalyst activity and the observed decay of activity with pumping time 
at temperature (refer to Sec. 3.5),, the radiolytic gas pressure was expected to 
rise to about 50 psi after 1000 hr of in-pile operation. The expected rise did not 

. occur, and the pressure of radiolytic gas remained below 10 psi during the entire 
run. Recombination as a result of in-pile gamma radiationl1 was estimated to be 



Table 4. Fiss ion and Gamma Heat from Total Lcop Heater-Power Measurements 

Circulating Thorim* Heater-Power Measurements ( w) 
Total  Heat ( w )  F iss ion 

Test Time i n  Loop Eeactor Down Reactor a t  3 Mw Reactor Reactor and 
No. In-Pile 

(g) L3op Press.  Jacket Loop Press. Cacket a t  3 Mw 
Down Gamma 

( h r )  
2 

( 1+2+3) ( 4+5+6) 
1 3 4 5 6 7 8  7 - 8  

(4 

*Contained 0.5 w/o u ~ ~ ~ ,  based on thorium. 



suf f ic ien t  t o  account f o r  the estimated production ra te  of 0.08 mole/liter-hr, 
using a G valueL2 of 5 molecules of D2 per 100 ev. This eliminated the necessity 
of making fur ther  additions of catalyst  t o  the loop. 

4.6.3 Radiation In t ens i t i e s  

The loop shield plug and shielding around the equipment chambers were more 
than adequate i n  preventing any significant radiation leakage from the f a c i l i t y .  
During normal operating periods, radiation in t ens i t i e s  a t  the outside surface of 
t h e  equipment chamber shielding were no more than background. 

The major source of a c t i v i t y  inside the equipment chambers was encountered 
when the highly radioactive s lur ry  samples were removed from the loop in to  the 
equipment chambers. A measure of' t h i s  ac'1;ivity was ohtained by means of the ion 
chambers located. 'inside the equipment clwnber. nne of theoc d c t e c t o ~ s ,  m-3, was 
i n  cuillac*L With the 90-dl-OD (50-mil-ID) tubing through which s lurry passed durlng 
sampling. After sampling, most of the s lur ry  and associated a.ct,ivity was removed 
from t h i c  tubing by back-flushing with water. The ac t iv i ty  leve l  as  measured by 
RD-3 i s  shown i n  Table 5 f o r  two different  sampling operations; one reading was 
taken f o r  a sample rem.oved about 4 h r  a f t e r  reactor shutdown, and the other was 
f o r  a sample removed.1 min a f t e r  reactor shutdown. For reasons of safety, a l l  
samples were removed only when the reactor was down. 

Table 5. Radiation In tens i ty  a t  Sample 
Line During Sampling 

Time Between Maximum Radiation 
Sample , Hours Radiation ' Reactor Shutdown Intensi ty  of Sample Hours 
Number In-Pile at Mw and Line a t  Contact 

Sample Removal (RD-3) 

L-2-275-4 516.4 447 - 5  4.4 h r  78 r/hr 

L-2-27s-5 682.6 607.5 1.0 min 390 r/hr 

Radiation leve ls  a t  the outside surface of the equipment chambers during 
sampling were negligible except f o r  one small area. This area, representing an 
area approximating a 4-in. square, was a t  a point between the large and small 
equipment chambers where the lead shielding thicluless had been reduced t o  about 
1 in .  ( a s  compared t o  the normal 8- and 6-in. thicknesscs surrounding the large 
m d  small chambers, respectively).  This reduced shielding resulted from modifica- 
t i ons  necessary t o  i n s t a l l  a sampling tube i n  the  existing f ac i l i t y .  A maximum 

' reading of 200 mr/hr was obtained on the outside surface of the 1-in.-thick shield- 
ing when the  highly radioactive s lur ry  samples passed through the capi l lary tube.. 
However, because of the small area and geometry of t h i s  section and the short 
residence time of s lu r ry  i n  the capi l la ry  tube ( l e s s  than 5 min), personnel exposures 
were negligible.. 

After back-flushing the sample l ine,  the radiation l eve l  a t  RD-3 dropped t o  
about 600 mr/hr with no apparent decay f o r  the succeeding week. When the in-pile 
operation was terminated and the thor ia  was removed from the  loop by flushing, the 
radiat ion background inside the small equipment chamber was about 300 mr/hr from 
the  radioactive material  contained i n  the s lur ry  dump tank. 



4.7 Special Operations and Observations 

Several operational phenomena occurred during in-pile operation of the slurry 
loop which had not been observed in the uranyl sulfate solution loop experiments 
previously operated,a and in this respect were unique to the slurry loop. 

4.7.1 Oxygen Pressure 

Throughout the period of in-pile operation an oxygen overpressure was main- 
tained in the pressurizer. Normally a gradual decrease in the oxygen pressure 
occurred as oxygen was consumed in corrosion. For the in-pile slurry loop this 
rate of decrease (from corrosion) was in the range of 1 to 3 psi/24 hr. A step- 
wise decrease of about 20 psi in oxygen pressure also occurred when a sample was 
removed from the loop because of the decrease in the loop liquid inventory. 
However, most of this loss was recovered when the volume removed in sampling was 
replaced. 

Unexpectedly large decreases (40 to 100 psi) in oxygen pressure occurred 
during in-pile operation when samples were removed from the loop and occasionally 
when the loop temperature was lowered 5OC (from 280 to 275O~) to measure the 
pressurizer flow rate. However, the oxygen overpressure returned to its normal 
value after sampling when the volume removed by sampling was replaced (by a D20 
addition) and after a flow check when the loop temperature was brought back to 
280°c. This unexpectedly large oxygen pressure loss was observed when the first 
sample, L-2-27s-3, was taken after irradiation commenced (265.9 hr of circulation) 
and during all subsequent sample removals unless a D20 addition to the loop was 
made just prior to sampling. This excessive loss of oxygen pressure was also 
observed during some of the pressurizer flow checks which involved lowering of the 
loop temperature from 280 to 275°C and was larger than could be accounted for by 
the increase in vapor volume in the pressurizer. The pressure was always recovered 
when the temperature was returned to 280°C. This loss of oxygen pressure was not 
seen during the first 11 flow checks made but was encountered during flow checks 
12, 13, 14, and 15 (773.7 to 948.9 hr of in-pile circulation). 

Because this excessive loss occurred during operations which reduced liquid 
volume in the pressurizer (by sampling or lowering of loop temperature), it 
raised the question as to whether or not the liquid level in the pressurizer was 
adequate (discussed in Sec. 4.7.2). Thus it was decided to increase the D20 
inventory in the loop by about 50 cc. This was done after 968 hr of circulation 
and temporarily relieved the problem. No further excessive losses of oxygen 
pressure were observed during the pressurizer flow checks until pressurizer flow 
check 26 (after 1306 hr of circulation). However, subsequent to this, the loss 
o f  pa.rt..i.al pressure was encountered for all remaining flow checks. 

Although the reason for this phenomenon is not clear at present, it is thought 
to be related to the low flow rate in the pressurizer (~ec. 4.4.2) which substanti- 
ally decreased the rate of transfer of gas between the loop and pressurizer and 
also made it difficult to maintain thermal equilibrium in the pressurizer. This 
could have caused erroneous pressure and temperature measurements13 when the loop 
temperature and pressure were upset by the sampling and flow-check operations. 

Under steady-state operating conditions the low pressurizer flow rate had no 
apparent effect on oxygen pressure measurements. Thus it appeared that the low 
pressurizer flow rate affected the ability of the loop to recover from transient 
upsets which caused erroneous oxygen partial-pressure values during these operations. 
Ithis assumption was supported 'by the Tact that the excessive loss of oxygen pressure 
during pressurizer flow checks could be prevented by increasing the pressurizer 
flow rate. This was done on occasion by increasing the pump speed (by operation 



on 80-cps power supply) which increased both the flow in the main loop stream and 
the pressurizer. 

4.7.2 Liquid Volume in the Pressurizer 

The volume of the pressurizer was 521 cc as compared to the total loop volume 
of 1620 cc. During in-pile operation the liquid level in the pressurizer was deter- 
mined by difference between the known loop volume and slurry inventory. For proper 
pressurizer operation it is necessary to maintain at least 100 cc of liquid in the 
pressurizer at elevated temperature. This is required in order to submerge the 
thermocouple well in liquid for accurate temperature measurement. Further, the 
pressurizer outlet line must be submerged in liquid so that gas will not be pulled 
into the rear of the pump and cause cavitation. 

Accurate knowledge of the pressurizer vapor volume is also necessary to deter- 
mine the total quantity of oxygen in the loop from the oxygen pressure measurements. 
A direct measure of the liquid level in the pressurizer cannot be made; but in 
addition to the value calculated from the loop volume and slurry inventory, the 
vapor volume (and corresponding liquid level) was calculated each time oxygen was 
added to the loop. 

. At the start of in-pile operation the vapor volume in the pressurizer was 
calculated to be 212 cc (309 cc liquid volume) at operating temperature. Based 
on loop inventory calculations, the pressurizer vapor volume varied between 29 
and 212 cc throughout the period of in-pile operation. These changes occurred 
as a result of sampling and additions. 

Eight oxygen adaitions were made tluring the experiment from which the vapor 
volume in the pressurizer was calculated and compared with inventory values. A .  
comparison of the pressurizer vapor volume determined from inventory and that cal- 
culated for each oxygen addition is shown in Table 6. It can be seen that con- 
siderable discrepancy sometimes existed between the two values thus obtained; 
however, it should be noted that all values show that the pressurizer contained 
sufficient liquid for proper loop operation (>lo0 cc). 

Table 6. Pressurizer Liquid Volume and Vapor Volume as Determined 
from Slurry Inventory and Oxygen Additions 

Circulation Oxmen Liquid Volume in Pressurizer ( c c ) ~ J ~  
Date Time Addition from from 

(hr) Number Oxygen Addition Slurry Inventory 

a 
Total pressurizer volume was 521 cc. At least-100 cc liquid required 
for proper operat ion. 

'values i n  parentheses indicate corresponding vapor volume. 
C Not determined; leak in valve 40. 



The only known source of e r r o r  i n  t h e  loop inventory values was t h e  uncer- 
t a i n t y  i n  the  volume of s l u r r y  removed i n  sampling. Since t h i s  volume was based 
on removing an amount exact ly  equivalent t o  t h e  standard d ra in  volume, any leakage 
past  valves i n t o  t h e  dump tank (no t  believed t o  have occurred) would have a f fec ted  
the  inventory calcula t ions .  Values of pressur izer  l i q u i d  l e v e l  determined from 
oxygen addi t ions  depended on a knowledge of t h e  amount of oxygen added, oxygen 
s o l u b i l i t y  i n  t h e  s lurry ,  t h e  quant i ty  of s l u r r y  i n  t h e  loop, and measurements of 
the  oxygen pressure i n  t h e  loop. Of these,  t h e  most l i k e l y  source of e r r o r  was 
measurements of the  oxygen pressure i n  the  loop before and a f t e r  each oxygen 
addit ion.  As noted i n  Sec. 4.7.1, these  oxygen pressure measurements could have 
been i n  e r r o r  because of t h e  low pressur izer  flow r a t e .  

4.7.3 Core I n l e t  and Outlet Temperatures 

During in -p i l e  operation t h e  temperature di f ference across  t h e  core sect ion 
was continuously recorded. A t  t h e  s t a r t  of in-pi le  operation t h e  core At was 
about 4.5OC, but gradually decreased t o  -1.5OC a f t e r  1200 h r  of in -p i l e  operation. 
This decrease was a r e s u l t  of a decrease i n  t h e  core o u t l e t  temperature ra the r  
than an increase i n  t h e  core i n l e t  temperature. This l a t t e r  temperature stayed 
f a i r l y  constant throughout t h e  in -p i l e  run. 

With t h e  reactor  operating at  power, t h e  core At could be brought back t o  
i t s  i n i t i a l  value by increa.sing the  s lurry flow r a t e  (by increasing t h e  pump speed) 
a s  shown i n  Fig. 28. Decreasing t h e  reac to r  power ( shutdown) a l s o  bad the  same 
e f f e c t .  This phenomenon was not completely understood, but one poss ible  explana- 
t i o n  i s  t h a t  some deposit  of s o l i d s  occurred i n  t h e  pipe a t  t h e  core e x i t ,  where 
the re  was a change i n  the  cross  sect ion of t h e  piping (decreasing from 112-in. 
sched-40 pipe t o  318-in. sched-40 pipe) .  A deposit  of s o l i d s  a t  t h i s  point  may 
have decreased t h e  t r a n s f e r  of heat  t o  t h e  thermocouple located on the  bottom 
s ide  of the  pipe. However, i f  s l u r r y  deposit ion occurred, such incremental l o s s  
from c i rcu la t ion  was too small t o  be observed from the  measurements of pump power, 
f i s s i o n  and gamma heat, o r  sampling. After r e tu rn  t o  i n i t i a l  values, a subs tan t i a l  
period of time (up t o  one week of operation) was required before t h e  core i n l e t  
a.nd. oilt,l.et temperatures curlverged again. 

4.8 Loop Removal 

4.8 -1 N o m l  Slurry  Draining and Flushing of Loop 

A t  termination of t h e  experiment t h e  s l u r r y  remaining in t h e  loop was 
dumped i n t o  t h e  s l u r r y  dump tank i n  t h e  small equipment chamber. This was done 
by opening t h e  valve i n  the  loop drain  l i n e  while t h e  loop was operating at temper- 
a t u r e  and pressure. The pump was all.owed t o  operate u n t i l  cav i t a t ion  occurred, 
a t  which time t h e  pump was shut off ,  but loop draining was continued through t h e  
loop drain  l i n e  ( a t  t h i s  point  t h e  valves i n  the  pump dra in  l i n e  were opened t o  
d ra in  any mater ia l  held  up i n  t h e  pump-rotor cavi ty)  u n t i l  all mate r ia l  t h a t  could 
be removed was t ransferred t o  t h e  dump tank. The loop was then r e f i l l e d  with D20, 
t h e  pump turned on, and again t h e  loop contents were dumped with t h e  pump running. 
This f lushing operation was repeated u n t i l  t h e  loop had been r insed f i v e  times, 
a t  which time radia t ion monitors on t h e  loop and pump dra in  l i n e s  indicated t h a t  
no more radioactive mater ia l  was being removed from t h e  loop a s  shown i n  Fig.  29. 
Although no radioactive s l u r r y  was removed through t h e  pump dra in  l i n e  during 
sampling, t h e  rad ia t ion  monitor, RD-2, on t h e  pump dra in  l i n e  w a s  close enough t o  
t h e  loop d ra in  and sample l i n e  t o  de tec t  r ad ia t ion  during sampling. The rad ia t ion  
i n t e n s i t i e s  at RD-2 a r e  included with those from RD-3, loop d ra in  and sample l i n e ,  
a s  add i t iona l  evidence t h a t  addi t ional  r ins ing  operations were not required. 



Fig. 28. Core AT Change with Flow Velocity, In-Pile Slurry Loop 



UNCLASSIFIED 

Operation (sample and rinse) 

Fig. 29. Radiation Intensities at Drain Lines During Sampling, Draining and 
Rinsing Operations. 



4.8.2 Loop Removal 

No difficulty was encountered in removing the loop from the beam hole into 
its shielded container. After the loop was removed from the beam hole, a radia- 
tion survey of the loop was made through a l 318-in. x 1 518-in. rectangular 
opening in the shielded carrier. Radiation readings were made at a number of 
points on the loop and indicated that substantially all slurry and associated 
fission products had been removed. Figure 30 is a schematic diagram of the loop 
showing the radiation intensities at various locations along the length of the 
loop. Except for the radiation intensity at the core section (>lo0 r/hr), which 
resulted from the induced activity in the stainless 'steel piping, radiation 
levels were below 6.5 r/hr, well below the 78 r/hr readings observed for the 
radioactive slurry during sampling operations. 
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Fig. 30. Radiation Survey of Loop L-2-27s 'After Withdrawal. 
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Table Al. Tabulation of Surface Areas of Loop Components 
Exposed t o  Slurry  and D20 

I Component 
Drawing 
Number 

Area 
1 in.&) 

Circulat ing Pump 
Sc ro l l  
Impeller (zircaloy-2) 
Dnpeller screw ( ~ i r c a l o y - 2 )  
Thermal sh ie ld  
R ~ t . n r  
Housing assembly 
Bearing holder ( f r on t  ) 
BearAng holder ( r e a r )  
Bearing spacer 

347 s t a i n l e s s  s t e e l  pump a rea  exposed t o  
s l u r r y  a t  280°C ( including sc ro l l ,  
f ron t  of thermal shie ld ,  and sect ion 
of housing from s c r o l l  weld t o  f r on t  
of thermal sh ie ld )  

Core - 
Core piping 54.8 i n .  of 112-in. sched-40 

pipe 
*Coupon holder (two, high ve loc i ty )  
*Coupon holder ( two, low ve loc i ty )  

Loop Piping 
3/8-in. sched-40 pipe (55.5 in . )  
1/2-in. sched-40 pipe (32 in .  ) 

* k - l i n e  coupon holder (high veloci ty)  
*In-line coupon holder (low veloci ty)  

Pump discharge f i t t i n g  
F i l t e r  un i t  ( s lu r ry  s i de )  

Tot a 1  

Total  

Total  181.6 1171.7 

Pressur ize r  Ci rcu i t  
Wetted surface (assuming 200 ml vapor space) a)-E-4375 67.2 435 -0  
Unwetted surface (assuming 200 m l  vapor TD-E-4375 42.2 273.0 

space) 
Calculated volume a t  pressure and 

temperature r 521.2 ml 
F i l t e r  un i t  ( f i l t r a t e  s ide)  TD-C-4978 28.3 182.5 

*Does not include corrosion specimer1.s. 



Table Al (continued) 

Component 
Drawing 
Number 

Area 
( in .&) ( cmd ) 

Tubing 
1 / 4  in. x 0.049 in. wall, 126.5 in. TD-F-4982 79 -2 512 .O 

(pressurizer circuit) 
0.090 in. x 0.020 in. wall, 455 in. TD-F-4982 71.6 462 .O 
(~ines 2, 3, 4, and 5) 

0.060 in. x 0.020 in. wall, 138 in. 

Total 159.5 1030.1 
.. = - 

347 SS Area Exposed to Slurry 
pump 
Core 
Loop piping 

347 SS Area Exposed to D20 Only 
Pump 
Pressurizer (wetted area) 
Filter unit (filtrate side) 
Tubing (pressurizer circuit from filter 
discharge to rear of p q )  

Total ,347 SS Area 

Zircaloy-2 Area Exposed to Slurry 
Pump impeller 
lmpeller screw 

Total 

Total Zircaloy-2 Area 

*Does not include corrosion tist specimens. 



Table A2. Tabulation of Loop Drawings and Materials 

Drawing 
Number 

Material  Source and/or 
Iden t i f i ca t ion  No. Component 

Pump Assembly 
Housing 

End piece 
Drain nozzle 
Flange 
Ba i l  
m r g e  f i t t i n g  

Rotor shaf t  TD-D-2765 
Stub shaf t  
Journal bushings ( 2 j 

(pure, f ine-grained alumina) 
Rotor c&n 
End p5.ace 
Clamp rings.  
Plug 

1247 
1040 

Kearf'ott Co. 

Rear bearing housing TD-C-4913 
In se r t  

1247 
American Lava Co. 

fiSiMag 652 
P .o. 63~-57983-3 

Front bearing housing TD-C-4913 
I n s e r t  

1247 
Kearfott  Co. 

Befiring spacer 
Thermal sh ie ld  
Impeller 

347 ss 
347 ss 

Zircaloy-2 
( commercial 

grade) 
Lircaloy-2 

347 ss 

1193 
1247 

Oregon Metallurgical  
H t  . No. OMC39001 

Impeller screw 
Sc ro l l  

Discharge piece 
Body 
Ends ( 2 )  
Nipple 

Loop Piping 
318-in. sched-40 

F i l t e r  
End, item 2 
Housing, item 1 
Housing, item 3 
End, item 4 
Bellows, item 7 
F i l t e r ,  item 5 
Adapter, item 6 

1268 
HRP-200-2 

1183 
1245 

Unknown 
P .O. TOY-77013 

1243 
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Table A2 '( continued) 

Component 
Drawing 

Material 
Source and/or 

Number Identification No. 

Sample Holders 
Low velocity 
High velocity 
Reducer 

Core 
1/2-in. sched-40 pipe 

Pressurizer TD-E-4375 
Body 
Ends (2) 
Nipples 
Connecting tubing (114 in. 
by 0.045 in. wall) 

Capillary T.,l ne 
Line 1: 0.060 in. OD by 
0.020 in. ID capillary 

Line 4: 0.080 in. OD by 
0.040 in. ID capillary 

Lines 2, 3, and 4: pump 
purge line 0.090 in. capillary 

Purge-cooler line: (114 in. OD 
by 0.035 in. wall tube) TD-F-4986 
water flow channel only 

Pressuretaps: (114 in. OD TD-F-4982 
by 0.045 in. wall) ( cut 
off and seal-welded after 
initial flow measurements) 

1259 

Unknown 

1222 

1256 

1261 
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Table A3. Tabulation of Volumes of Loop Coinponents 

Operating Conditions 
Component at 280C Temperature Volume 

(c.1 ( "c) (c.1 

PUP 

Main stream 

Pressur izer  ( i n l e t  l i n e )  

p ressur ize r  ( o u t l e t  l i n e )  

F i l t e r  Homing ( e f f l uen t  ~ i d e  

Pressur izer  

( l iqu id ,  nominal) -(295) (321.1) 

(vapor, nominal) (295) (200*0) 

Circulat ing loop t o t a l  1616.7 i637.4 

Pressure c e l l  No. 1 

Pressure c e l l  No. 9 

Pressure c e l l  No. 10 

Line 1 

Ifline 2 

Line 3 4.1 28 4.1 

Line 4 3 5 28 3-5 

Line 5 0.5 28 0.5 

Total  f o r  Lines and.Pressure Ce l l s  36.8 36.8 

Total  Loop Volume 1653.5 - 1674.2 

(core  volume measured a t  2 8 O ~  = 304.0) 



Table A4.  Identification and Initial Weights of 
Corrosion-Test Specimens 

Holder Coupon Number, Location Position Number Material Material Weight 
Item No. Velocity ( g >  

1 
Low 

Line 

2 
High 

Line 

3 
Low 

Core, 
high-flux 

ZB9 
TD-3 
SA5 
ZBlO 
ZBll 
s ~6 
TL3 
ZB12 

4 
High 

Core, 
high-f lux 

5 
Low 

Core, 
low-f lux 

6 
High 

Core, 
low-f lux 



Table A5. Summary of Sample Volumes, Addition Volumes, 
and Loop Inventory, Loop L-2-27s 

- .  - . .  . Room- Loop Inventory 
C; lrcuatlon 

Time Ope rat ion 
(hr) 

- 

Temperature (g) 
Volume Total Th 
(c.1 D20 Solids 

Received from Y-12 
D20 exp. No. 1 + 1.7 
Sarn~1 e Nn. 1 =h?,Q 
Catalyst add. No. 1 +41.0 
D20 add. No. 2 +36 .1 
D ~ O  exp. NO. 2 + r.4 
U20 exp. No. 3 '+ 1.0 
Sample No. 2 -40.7 
D20 add. No. 3 +35 .o 
D20 exp. No. 4 + 1.2 
Loop inserted in beam-hole HB-2 
Sample No. 3 -38.8 
D20 add. No. 4 +41.0 
D20 exp. No. 5 + 0.9 
Sample No. 4 -38.8 
D20 add. No. 5 +40.2 
Sample No. 5 -38.8 
D20 add. No. 6 +36.8 
D20 add..No. 7 +37 5 
D20 exp. No. 6 + 1.1 
D20 ex??. No, 7 + a..a 
Sample NO. 6 -38.8 
D20 add. No. 8 40.2 
Sample No. 7 -38.8. 
D20 add. No. 9 +35 5 
Sample NO. 8 -38.8 
D20 add. No. 10 +44.0 
D20 exp. No. 8 + 1.0 
Sample No. 9 -38.8 
D2Q add. No. I1 +38.6 
D20 add. No. 12 +35 -6 
Sample No. 10 -% .8 
D20 add. No. 13 40.4 
Sample No. 11-l* -58.2 
D20 add. No. 14 +50*5 
Sample No. 11-2 -58.2 
D20 add. No. 15 +5O.O 
Sample No. 11-3 -58.2 

Be oxalate 10 .O 
D ~ O  rinse 11.. . 0 
Y203 slurry 
D20 rinse 

No. 15.5* 15 .O 
D20 rinse 10.0 
D20 addition 20.0 



Table A5 ( continued) 

Room- Loop Inventory 
Circulation Temperature 

Time Operat ion (g) 

( h r )  
Volume Total  

( C C >  D20 Solids 
. Th 

Sample NO. 12-1s -77.6 
D20 add. No. 16 +50.0 
Sample No. 12-2 -58.2 
D20 add. No. 17 +50.0 
Sample No. 12-3 -58.2 
D20 add. No. 18 +46.5 
Sample No. 13  -38.8 
D20 add. No. 19 +50.0 
Sample No. 3.4 -58.8 
Loop drained t o  dump tank 

*The large quanti ty of s lu r ry  removed f o r  samples 11 and 12 required ex t ra  . 
additions of D20 t o  maintain the  required l i qu id  l eve l  i n  the  pressur izer .  

HTracers  added = 0.195 g Ya03 
0.072 g Be0 
8.812 g mo2 + uo2 

(6.77 g T~I  + 0.88 g u ~ ~ ~ )  



Table A6. ' Tabulation of Valves Used i n  the  
In-Pi le  Slurry Loop F a c i l i t y  

Valve Type Stem Type Material  Exposed t o  Number of Times 
Number Ra N D  Body Stem Slurry D20 O2 operatedC 

420 
420 
420 
17-4 
17 -4 
420 
420 
17-4 
42.0 
17-4 
420 
460 
420 
420 
17-4 
17-4 
420 
17-4 
420 

S t e l l i t e  
S t e l l i t e  

17-4 
420 
420 
420 
420 
4E0 
420 
420 
420 
420 
420 
420 
420 
420 
11.20 
420 
420 
420 
420 
420 
420 
17 -4 

S t e l l i t e  
S t e l l i t e  

17-4 



Table A6 ( continued) 

Valve Type Stem Type Material  Exposed t o  Number of Times 
Number Rd N~ Body Stem Slurry  D20 O2 operat  edC 

1 2 4 '  X 316 420 X 
126 X 304 420 X 
127 X 316 S t e l l i t e  - X 73 
510 X 304 S t e l l i t e  X 67 
511 X 304 S t e l l i t e  X 19 
512 x 304 420 x 

a 
Rotating. 

C 
Valves not shown operated infrequent ly  (normally l e s s  than 10 times) . 
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