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SUMMARY OF THE KILOROD PRaTECT - A SEMIREMOTE 
lO-KG/DAY DEMONSTRATION OF 233V02-Th02 FUEL-ELEMENT 

FABRICATION BY THE ORNL SOL-GEL VIBRATORY-COMPACTION METHOD 

C ,  C .  Haws F. W . Miles 
J. L. Matherne J. E. Van Cleve 

1. ABSTRACT 

Heretofore the development of a reactor fuel  cycle based 
on thorium and *3% had been hindered by radioactivity 
resul t ing f r o m  the '3'U decay daughter products normally 
present i n  *33U. Be ause of t h i s  associated act ivi ty ,  an 
economical t h ~ r i u m - ~ % J  fuel  cycle requires rapid, simple 
chemical and mechanical processes eas i ly  adaptable by nature 
t o  remote operation. The ORNL-developed sol-gel process fo r  
preparing granular, mixed oxides of thorium and uranium uniquely 
meets t h i s  requirement. A complete system f o r  making fbel  
elements is obtained by coupling the sol-gel process with 
vibratory-compaction loading of fuel  tubes. During the past 
year an intermediate-scale demonstration (10 kg a day) showed 
the f eas ib i l i t y  of t h i s  combination of sol-gel and vibratory 
compaction. During t h i s  demonstration, more than 1 metric ton 
of * ~ % J O *  - 9'$ Tho2 sol ids  were prepared, Approximately 
1000 f'uel rods (hence the name Kilorod Program) were fabricated 
from the sol ids  t o  f i l l  a request of the Brookhaven National 
Laboratory. 

steps: (1) preparation o f  feed materials, (2) the sol-gel 
process, and (3 )  fuel-rod fabrication. In  the preparation of 
feed materials, the 232U daughter products were removed f r o m  
the 23% by a single-cycle solvent extraction process, and 
thorium n i t r a t e  crystals  w e r e  converted t o  a dispersible Tho2 
under a superheated steam atmosphere at  450 t o  500°C. In  the 
sol-gel process, UO2(NO3)2 and Tho2 feed stocks are blended at  
80°C t o  form a stable sol  ($ 233U02 - 97$ ThO2) The sol  is 
d r i e d  t o  a gel  at 80°c and then calcined and reduced at 1150°C 
t o  produce a sintered, fragmented UO2-Th02 product. Fuel rods 
are then fabricated by crushing the sintered solids and screen- 
ing the solids through a 6-mesh onto a 16-mesh screen. The 
remainder of the sol ids  are ball-milled t o  a powder of 
"smeared" s ize  distribution. 
i n  proper proportions, loaded into Zircaloy tubes by vibratory 
compaction, and the r o d  end-fixture is  welded into place. The 
completed fuel  rod  is  then inspected t o  ensure concentricity, 
straightness, weld integrity;  f i na l ly  it is  decontaminated 

Program behaved as expected. 

The Kilorod Operation was made up of three straightforward 

These powders are then blended 

All mechanical and chemical processes of the Kilorod 
After the s tar tup period, 
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equipment-repair frequency w a s  law . 
operations realized lo@ on-stream efficiency. 
efficiency w a s  
operating period and 8oqd for  the rod-fabrication equipmnt 
a f t e r  startup. The l a t t e r  two are part icular ly  good for  
direct ly  maintained high-level radiochemical operations 

F i f ty  kilograms of 23% (containing 38 ppm 232U) were 
purified by a new solvent extraction system (2-1/!& di-sec- - 
butyl phenyl phosphonate in  diethylbenzene) The extracted 
groduct met desired chemical specifications fo r  removal of 

gel part of the process w e r e  prepared by hydrothermal 
denitration. 
lished chemical specifications w a s  prepared by the sol-gel 
process during the program. 

and 200 rods,  each containing 310 g o f t h e  same mixed oxide 
were prepared. 
of theoretical  density, and variations of density were held 
t o  within +2$ of a median value along the active length of the 
f i e 1  column. 
larger operations. 

t i t i e s  of 23%, and radiation data necessary fo r  the design of 
larger f a c i l i t i e s  and higher ac t iv i ty  levels were collected 
Radiation exposure t o  workers i n  routine operations w a s  
limited t o  a tenth of the permissible levels.  
batch, approximtely 100 times more radioactive than the 
routine Kilorod batch, w a s  prepared t o  measure exposures t o  
workers at extreme levels of act ivi ty .  In  t h i s  safety t e s t ,  
aged 23% was used simulate 14-day-old feed solution con- 
taining 800 ppm of 'Y2U. The result ing exposures, using 
normal Kilorod operating procedures, were at worst eight times 
higher than when the customary Kilorod 233U feed solutions had 
been used. Thus, the present equipment, procedures, and work- 
ing areas can provide radiological safety at much higher 
concentrations of 232U than tha t  used in  the present program. 

Both Teed-preparation 
On-stream 

for  the sol-gel operation f o r  the en t i re  

%J d a q h t e r  products . 
More than 1200 kg of Th% suitable fo r  use i n  the sol- 

Over 1 metric ton of *3%O2-ThO2 meeting estab- 

Nine hundred rods, each containing 8% g of mixed oxide, 

The f'uel column i n  these rods averaged 89.q  

The ent i re  process may readily be scaled t o  

Experience w a s  obtained in  the handling of large quan- 

Indeed, a single 

2. INTRODUCTION 

Th i s  s v  report describes a successf'ul engineering demonstration 
of the sol-gel, vibratory-compaction process developed here, and i ts  

application t o  the production of 1100 Fuel rods  loaded w i t h  ceramic- 
grade thoria-urania fo r  use at Brookhaven National Laboratory. This 

demonstrat ion, conducted in  the K i l o r o d  Facil i ty,  represents the first 

. 
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remote fabrication of ceramic-oxide fbels. 
t o  protect the operators from the gamma radiation associated with 23% 

and Th, the contaminants i n  23% fuels. 

The f a c i l i t y  was shielded 

228 

The sol-gel portion of the process, while developed primarily f o r  
recycling thorium reactor fuels, promises t o  become an almost universal 

method fo r  preparing ceramic fuels because of i ts  simplicity and f lexi-  

b i l i t y .  
workers can be more eas i ly  protected from the gamma rays emitted by the 

decay products of 23?J and 228Th. Conventional methods, besides being 
more complex and less versati le,  require much higher calcination tempera- 
tures t o  densify the product and are not so adaptable t o  remote operation 

i n  a shielded f ac i l i t y .  

In  recycling 23% and thorium fuels by the sol-gel process, 

The Babcock and Wilcox Cowany has installed the sol-gel portion of 

the process in  t h e i r  p i lo t  plant at Lynchburg, Virginia, fo r  producing 
23%-Th recycle fuels.  They w i l l  use t h i s  process along with vibratory 

packing f o r  recycling such fuels t o  the Spectral-Shift-Control Reactor, 

fo r  example. 
Since about a thousand fuel rods were t o  be made, the program was 

called the "Kilorod Program. '' The f ac i l i t y  contained equipment to :  
1. 

2. prepare a mixed thorium-uranium dioxide by the sol-gel 
purify 23?J by solvent extract ion, 

process, 

3. size the powdered oxide, 
4. 
5 .  weld the end plugs, and inspect the finished rods. 
This summary report  on the engineering-scale demonstration of the 

sol-gel and rod-fabrication processes includes the following: description 

of the p i lo t  plant and procedures, operating experience, radiation 
experience, conclusions and recommendations, plus an Appendix, where 

certain detailed information can be found. 

load it into tubes by vibratory compaction, 

. 
L 

. 

3.  DESCRIPTION OF THE KILOROD PILOT PLANT 

The flowsheet f o r  the Kilorod complex is  shown in Fig. 1. Except 

for  the denitration operation, which is located i n  a separate building 



4 

HYDROTHERMAL 

DEN1 TRATOR 

ORNL-Dwg. 63-6210 
R- 3 

1 

AGED 

SOL-GEL F U E L - R O D  

PROCESS FA BR I CAT ION 

EXTRACTION SOLUTION 

232U DECAY PRODUCTS 

U 02 (NO 312 233U SOLVENT 

FUEL-ROD 

CARRIER 

F U E L  
RODS 

Fig. 1, Flawsheet for Kilorod Facility. 
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(4501), a l l  other un i t s  are  located in  the 3019 Building of the 

Laboratory. To simplify discussion, the f a c i l i t y  w i l l  be visualized 
as being composed of three parts, as shown on the flowsheet. These are: 

1. Feed preparation: hydrothermal denitrat  ion and solvent 

extract  ion. 

2. The sol-gel process: preparation of the sintered solids.  

3. The rod-fabricat ion operation: powder preparation and 

rod fabrication. 

3.1 General Flowsheets and Descriptions of 

Process and Equipment 

3.1.1 Floor Plan and Design Features of the Sol-Gel and Rod-Fabrication 

Units 
3.1.1.1 Radiation-Control Factors and Their Effects on Design. - 

Several factors concerning adequate radiological protection f o r  the 

workers were considered in  selecting a design fo r  the Kilorod Faci l i ty .  

Since 23% i s  a copious alpha emitter, containment requirements f o r  - 

23% are essent ia l ly  the same as fo r  plutonium. Additionally, 232U is - - .  
always produced i n  the preparation of 23%, and the penetrating gamma 

1 emissions of the daughters of 23?J present a f'urther hazard (Fig. 2 ) .  

The daughters can be removed by solvent extraction but grow back in; thus, 

the gamma-emission rate increases rapidly from the time of purification, 
making time a factor  i n  processing. L a s t ,  a weekly dose of 1500 m i l l i r e m s  

t o  the hands and arms w a s  permitted, much higher than can be tolerated 
2 

(100 m i l l i r e m s )  f o r  whole-body exposures. 

present design ~ e l e c t e d . ~  The result ing f a c i l i t y  is best described as a 

shielded glove-box operation. In  th i s  operation, higher doses are taken 
by intent on the hands and arms than on the body. A 20-day t i m e  l i m i t a -  

t i on  from solvent extraction t o  preparation of the last sol-gel batch of 

a given processing campaign appeared reasonable from the aforementioned 

calculations. 

t i on  were conservative, as w i l l  be seen. 

Models incorporating the above design c r i t e r i a  were studied, and the 

4 Experience showed tha t  t h i s  design and t h i s  t i m e  limita- 

. 
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Fig. 2. Decay Chain and Garma Activity in Th02-23%02 Fuels. 
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3.1.1.2 The Kilorod Design and Radiation-Control Policy. - A  single 
c e l l  (No. 4) of Building 3019 w a s  renovated t o  receive the p i lo t  plant 
equipment. Two balconies w e r e  erected, and processing cubicles were b u i l t  

on each balcony and the main floor (Fig. 3) .  
gamma work w a s  done in  these cubicles. 
l ining the inside of a11 processing cubicles with 1/8-in. mild-steel sheet. 

Shielding from the gamma rays is  provided by e i the r  4-1/2-in. s t e e l  plate,  

o r  8-in. barytes concrete block. Gloved hands o r  Castle-type manipulators 

are used f o r  all operations. High-density glass windows were provided f o r  
observing operations at all work (glove) s ta t ions.  Conventional "bag-out'' 
s tations were instal led fo r  introducing o r  removing materials from the 

cubicles. 

openings when gloves were not i n  use. 

protect the gloves during periods when work was not underway. 

were se t  i n  place on the inside surface of the alpha membrane as the glove 

w a s  removed from the hand. 

A l l  the high-level alpha- 

Alpha containment is effected by 

Retractable lead shields were provided f o r  closing glove-port 

Fire shields were also provided t o  

These shields 

I n  the design and location of the equipment for  t h i s  high-level alpha- 

gamma operation, attention was given t o  the repair  of equipment considered 

susceptible t o  mechanical fa i lure .  Accordingly, equipment considered sus- 
ceptible is  located near a glove and/or bag-out station, o r  such a s ta t ion  
is provided. In  t h i s  way, replacement par ts  could be "bagged" into the 

contaminated area, and replacement o r  repair  can be carried out without 

making entry into the cubicle. The design time required f o r  t h i s  w a s  w e l l  

spent since minor maintenance (replacement of pH electrodes, thermocouples, 
lights, o r  adjustment of l i m i t  switches) could be done promptly and as 

needed without requiring a plant shutdown. 

3.1.2 Preparation of Feed Materials Entering the Sol-Gel Process 

I n  essence, preparing the feed material consists of two processes: 
Tho powder is prepared by the hydrothermal denitration of thorium n i t r a t e  

crystals,  and 23% as a n i t ra te  solution is freed of 23% daughter pro- 

ducts by solvent extract  ion. 

2 

3.1.2.1 Thorium Oxide Feed Preparation: An Integral  Part of the 

Sol-Gel Process and the F i r s t  Step Toward Preparing the Mixed Oxides 

(Tho2%,) Needed f o r  Vibratory-Compaction Feed. - The thorium oxide feed 

is prepared by hydrothermal denitration of thorium ni t ra te  tetrahydrate 

(TNT) i n  a horizontal rotary denitrator.  

- 
The calciner she l l  i n  which the 
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Fig. 3. Kilorod Solids-Preparat ion and Rod-Fabricat ion Faci l i ty .  

The process f l o w  begins at the top l e f t  with sol blending, f l o w s  t o  the 

r ight  where the sol ids  are f i r e d ,  passes dam the ver t ica l  shaft as the 
powder is  prepared, and across the bottom as the rods are loaded and tested. 

’ 

. 
c 
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denitration takes place, wi th  i ts  clamshell heaters, is shown before 

assembly (Fig. 4) 
f ina l  assembly (Fig. 5 )  . 
the unloading position. 
kg of Tho2 product is discharged through the same end of the calciner. 

While operating, the she l l  turns on the trunnions at the end of the shell. 
a Denitration is  accomplished i n  5-1/2 h r  at 450-500"C by superheated steam. 

The product is a free-flowing, off-white powder, containing about 9546 Tho2. 
The remainder is water and n i t r i c  acid. 
f r o m  a smaller (2.5-kg) one without diff icul ty ,  further scaleup could 

probably be accomplished w i t h  similar ease. 

The heaters and the calciner shell are sham i n  

Note that  the calciner is sham t i l t e d  t o  
The TNT charge (30 kg) is loaded, and the 13.5 

Since t h i s  unit was scaled up 

G r e a t  care w a s  required t o  meet the U/Th r a t io  specification (see Sec 

3.1.5.3 
large quantit ies of powder having uniform properties, thereby f ac i l i t a t i ng  

control of the U/Th ra t io .  The blender w a s  simply a baffled rotating-drum 

that accepted a 70-kg charge of Tho2. 

f ive denitrator batches of about 13.5 kg each. 
A f t e r  blending, the powder is  sampled and weighed into seven 10-kg 

(+LO - g) batches. These batches are bagged individually into the sol-gel 

cubicle as one o f t h e  two feed materials. 

fo r  def ini t ion) .  Thus, a batch blender w a s  installed t o  provide 

This charge was made up of about 

In  the forthcoming discussion, the term "sol-gel"wil1 frequently be 

used as though the en t i re  sol-gel process were conducted within the high- 

level  alpha cubicle alone. 

integral  step of the sol-gel process, although it w a s  done i n  another area. 

Daughter Products of 23% Must be Removed t o  Permit Gloved Operation of 
the Kilorod Equipment. - Unlike the denitration operation, the solvent 

extraction system (SX) is not i n  the strictest sense a portion of the 

sol-gel process; however, it was a v i t a l  auxiliary. The f a c i l i t y  Tor the 

It is re-emphasized tha t  denitration i s  an 

3.1.2.2 Purification of 23% Peed Stocks by Solvent Extraction: 

- 

purification of the 23% was provided by minor modification of the 

P i lo t  P lan t  i n  c e l l s  5,  6, and 7 of Building 3019. 

%his is an "indicated" temperature obtained by thermocouple 
located between clamshell heaters and calciner shell. Temperature 
of calciner she l l  is estimated t o  be 75°C lower. 

Thorex 

inside 
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Fig. 4. Denitrator Shell aJl d Clamshell Heaters. * '  
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The 23% used in  t h i s  program w a s  produced under reactor conditions 

A s  t h i s  23% had been stored fo r  a number that  produced 38 ppm of 23%. 
of years, the 23% decay products had bu i l t  up t o  significant levels, 

and intense gamma ac t iv i ty  w a s  associated w i t h  the material. 

fore necessary t o  remove these gamma emitters by solvent extraction before 

the 23% could be processed in  gloved operations. 

It was there- 

The impuE 23% used as SX feed came from ni t ra te  solutions of vary- 
ing concentrations, and from metal fragments. The fragments were dissolved 
in  a boiling mixture of 1.4 M - thorium ni t ra te  solution containing 4 moles 

of f ree  n i t r i c  acid per l i t e r  (Fig. 6).  
charged t o  the dissolver vessel each time. 
geometrically unsafe tank w a s  ensured by: 

Four kilograms of 23% metal were 

Cr i t i ca l i t y  control i n  the 

1. the presence of thorium, which provided a 23%/Th ra t io  of 

0.025, and by 

the "eversafe" concentration of 23% i n  l igh t  water could 

never be exceeded. 

2. maintaining the volume in  the dissolver vessel such tha t  

The resulting solution w a s  then adjusted t o  terminal feed conditions by 

diluting with water. The procedure employing uranyl n i t ra te  solution feed 

material consisted in  the blending of t h i s  solution, i n  small increments, 
with thorium n i t r a t e  solution whose concentration w a s  400 g / l i t e r .  

columns placed i n  ser ies  (Fig. 7). 
pumped into the middle of a 384% by 5-in.-diam pulsed column (19 f t  each 
of scrub and extraction sections). 

di-see-butyl - phenyl phosphonate (DSBPP) i n  a diethylbenzene (DEB) diluent, 
extracts the uranium into the organic phase. The extract  is then scrubbed 
i n  the upper section of the column w i t h  a 0.8 M Al(N0 ) 
deficient (-0.4 M H') t o  remove entrained thorium and ionic contamination. 

The scrubbed organic is  then routed t o  a s t r i p  column where the uranium 

i s  removed from the organic phase with demineralized water. The strip 

column is a 5-in.-dian column, 20 f t  high. 

containing 10 g / l i t e r  23% is  then transferred through a static-diluent 
wash column t o  remove t race quantities of organic pr ior  t o  solution boildown. 

The uranium purification system ut i l i zed  a battery of two pulsed 
Feed from the adjustment tank i s  

The extractant, containing 2.5% 

solution, acid 3 3  - 
- 

The uranium product solution, 

. '  
i 
1 

- i  . '  

- 1  

. !  



ORNL-LR-Dwg. 74964 R-2 

I 
232U 38 ppm 

,THORIUM STORAGE 
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WATER - 

I BREAKUP] 

FEED 
ADJUSTMENT SOLUTION 
233U 5.0 g/l 233U 50-100 g/l 
Th 200 g/I 232U 38 ppm 
HN03 2.4 M 

320 g/l Th 
HNOa -4.0 M 
REFLUX 4 0 h r  
at IO8 O C  

- 
v 

Y HNO3 13.7M 

Fig. 6 .  Flowsheet for Preparing Feed f o r  the Solvent 
Extraction System. 
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Fig. 7. Flowsheet for Purifying 23%. 



Final concentration t o  100 g / l i t e r  is  done i n  a crit icali ty-proof 
evaporator. 

storage tank (R35) and withdrawn as needed in  the sol-gel process. 
solvent leaving the process is collected batchwise, t reated with 0.2 M 

N a  CO and reused. 

The tail-end product is  then stored i n  the evaporator-product 

Spent 

- 
2 3' 

The majority of the  vessels used f o r  chemical processing are not of 

c r i t  icali ty-safe configuration; consequently, several important operational 

and equipment modifications were made. 

the f a c i l i t y  w a s  limited t o  8.5 kg. 
The t o t a l  mass of uranium within 

Solutions w e r e  maintained below the - 

23% eversafe concentration of less than 10 g / l i t e r  by flowrate adjustments 

fo r  aqueous streams and by chemical saturation f o r  organic streams. 
only stream tha t  exceeded t h i s  value was the final-product stream (100 

@;/li ter) ,  which w a s  boiled down in  a cri t icali ty-proof evaporator - 5-in.- 

d i m  pipe surrounded by a 6-in.-diam steam jacket. 

The 

I n  addition t o  mass and concentration control, the feed extraction 

column and raff inate  catch-tanks contained suff ic ient  thorium t o  y ie ld  a 
23%/Th r a t i o  of 0.025. The thorium also served as a sa l t ing  agent f o r  the 

extract  ion. 
A s  a f i n a l  safety device, Pyrex glass  rings containing 4$ B w e r e  

placed i n  important process vessels. 
8-to 16-in. sections of the disengaging sections of the pulsed columns and 

in  large-diameter vessels. 

rings, and an x-ray procedure w a s  developed t o  ascertain t h e i r  location and 

cond it ion. 

3.1.3 

Nuclear hazards ex i s t  i n  the expanded 

These sections and vessels were packed with 

Sol-Gel Process Equipment and Operating Procedure 
Three operations of the sol-gel process were conducted in  the high- 

level  alpha-gamma containment area. These are: 
1, blending of the sol, 

2. 

3. 
evaporating (o r  dry ing)  the sol t o  a gel,  and 

calcining-reducing-sintering the gel  t o  the f i n a l  product. 
The equipment described here w a s  ins ta l led within t h i s  7-ft by 10-ft by 

8-ft-high contaiment area as shown in  Fig. 8. 
3.1.3.1 Description of Sol-Gel Process Equipment and Process 

Materials. - The p i lo t  plant equipment and some of the process intermedi- 

a tes  are: 
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1. The c r i t  icality-safe, slab-type blend tank used i n  prepilot-plant 

work is  shown i n  Fig. 9. The tank w a s  bu i l t  with a plate-glass w a l l  t o  
permit viewing of the mixing and possible buildup of material above the 

water l ine.  The recirculating-mixing-heating of the sol is w e l l  i l l u s -  
t ra ted  i n  t h i s  figure. 

n i t ra te  solution had just been added t o  the tank and the ppump started.  

The pump is mounted on a tight, external, closed pipe loop and provides fo r  
mcirculation and agitation. Thoria is added through the funnel (par t ia l ly  
shown at the top of the figure) i n  the next step of the blending operation. 

A t  the time the picture w a s  taken, the uranyl 

2. The pilot-plant blend tank is sham in  Fig. 10. It is identical  

i n  major features t o  the tank jus t  shown, except f o r  the plate-glass window. 

Gage glasses are used instead, and internal l ighting is provided. 
re la t ive s ize  and location of the funnel fo r  charging the powdered thoria.  

Note also tha t  the blend-tank pump suction connects t o  the bottom flange 

on the blend tank and tha t  the return stream from the pump re-enters the 

tank at a nozzle on the s t ra ight  side. 

jacketing a section of t h i s  pump loop. 

Note the 

The blend tank is heated by steam 

3. The t r ay  dryer is  shown on Fig. 11. Figure 12 shows a t r ay  of 

d r i ed  gel  being removed from the t r ay  dryer. 

fragments no more than 1/2 in.  in  the greatest dinension. 

The dried ge l  has broken into 

4, The calciner used in  the p i lo t  plant is shown in  Fig. 13. This 

f'urnace is a commercial unit  used in  heat-treating small tools,  a l tered t o  
a minor extent t o  permit operation within the process cubicle. 

ing e lemnt  is Kanthal A-1.  A sample of typical f i r e d  product is  sham i n  
Fig. 14. 

The heat- 

A water-cooling jacket is  provided on the top, bottom and two sides. 

This cooling is provided t o  lower the quantity of heat escaping t o  the 

cubicle, -by helping t o  hold the cubicle temperature t o  a level  permit- 
t ing  comfortable use of the rubber gloves. A cooling circui t ,  w i t h  air  as 

the coolant, was also specified in  the purchase of the calciner, being 
provided t o  remove heat from within the massive brickwork of the f'urnace. 

This circuit is necessary i f  the 24-hr t i m e  cycle originally specified, and a 
100°C (max.) product withdrawal temperature,are t o  be met. 
w a s  not properly designed and did not perform as specified. Thus, the 

The c i rcu i t  



Fig. 9. Cold-Testing Blend Tank f o r  Unit Operations Work. 

A t  t h i s  point i n  the sol preparation, the uranyl n i t r a t e  solution is 
in  the tank and being heated, ready for thor ia  addition. 



. 

e 

. 

. 
Fig ,  10. Pi lo t  Plant Blend Tank. 



Fig. ll . Batch Evaporator with Trays Partially Pulled 
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Fig. 13. Batch Calciner, with Door Raised. Door mounting 
and latches permit operation by one gloved hand. 



. ‘ I  

Fig .  14. Sintered Sol-& Product. Sham here are typical  

shapes of calciner product. ~ 

. 
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furnace charge had t o  be removed at 350°C instead of the 100°C originally 

desired (see Sec 4.1.2.2.2) The heating element is  a one-piece assembly, 
removable simply by pulling it through the firnace door. 

worked w e l l ;  

i n  less than 10 min. 

was necessary after pulling the element. 

complete element replacement required about 2 h r  of exposure i n  the cubicle. 

This feature 
one could enter  the cubicle and remove o r  replace the element 

Repair of the refractory opposite the burned out area 

This repair  took 1-2 hr; thus, a 

Minor revisions w e r e  also made at the Laboratory t o  permit the f'urnace 

t o  be operated i n  the sol-gel cubicle. 

balanced, and the suspension w a s  revised t o  make manipulation by one gloved 

hand possible. 

For example, the door w a s  counter- 

3.1.3.2 Sol-Gel Operation Procedure. - The flowsheet given as Fig. 15  
l ists  operating conditions fo r  each of the high-level alpha steps, as w e l l  

as the operating conditions f o r  the denitrator.  

Before blending the batch of sol, an accurately weighed 10-kg batch 
of denitrator product (Tho2) is  bagged into the sol-gel cubicle. 

analyzed 23% feed solution is  piped into the cubicle, and a calculated 

volume equivalent t o  the des i red  U/Th r a t io  is caref i l ly  neasured i n  the 

uranium wasuring, o r  U, tank (Fig. 16). 
(cathetometer) mounted outside the cubicle is  used t o  locate accurately the 

meniscus of the 23% feed solution in  the calibrated section of the U tank. 

Accurately 

A vernier-equipped telescope 

The blending operation is started by transferring the 23% feed solu- 
t i on  from the U tank t o  the blend tank. The blend-tank pump is started t o  

agi ta te  the batch, and steam is admitted t o  the steam heater. Nitrate (as  
HNO ) must then "be added" in  such quantity tha t  the "added NO - I t  plus the 

NO already present i n  the uranyl n i t ra te  (UNH) feed solution is  equivalent 

t o  a NO -/Tho2 mole r a t io  of 0.077 (ref* *I.  A t  the U/Th r a t io  specified f o r  
the Kilorod product, a NO -/U mole r a t io  of 2.5 i n  the UNH feed solution is 

roughly equivalent t o  an "added" n i t ra te  r a t io  (NO -/Tho2) of 0.077, and no 

HNO is added; thus the < 2.5 NO -/U r a t io  w a s  established f o r  S X  product. 

When the blend-tank temperature reaches 6ooc, the thoria  powder is  

3 3 
3 

3 
3 

3 
3 - 3 

added t o  the blend tank through the f'unnel at the top of the tank. 

t h i s  addition, the batch temperature continues t o  r i s e  u n t i l  it reaches 

80°c, where it is  held. 

During 

The batch is mixed f o r  30 min at 80°c after the 

c 
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Fig;. 15. Flowsheet for the Sol-Gel Process. 
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Fig  16 Uranium-Measuring Tank. 
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thor ia  addition. Ammonium hydroxide is then added in  an amount equivalent 

t o  0.01.7 g-mole of NH per g-mole of Tho2. After circulation is continued 

at 80°c f o r  another 30 min, the batch is ready f o r  sarnpling and t ransfer  t o  

the t r ay  dryer. 

3 

The inherent la t i tude  of all sol-gel operations is  well i l lus t ra ted  by 

the n i t r i c  acid and amnonia additions just  mentioned. 
addition, no consideration need be given t o  the quantity of n i t r a t e  i n  the 

Tho2 feed. The Tho 2 
ciently insensitive tha t  the variation i n  n i t ra te  concentrat ion of the 

Tho2 may be ignored. 

l e d  precisely, e i ther .  
the NH /Tho2 mole r a t io  of 0.013 t o  0.022, w i t h  0.017 selected as a 

"middle -of -the -road " value. 

control of the crushing and grinding characterist ics of the calciner pro- 

duct, because resistance t o  crushing and ball-milling increase w i t h  the 

mount of ammonia added. 

F i r s t ,  i n  n i t r a t e  

is  suff ic ient ly  uniform, and process control suf f i -  

The back-adjustment w i t h  ammonia need not be control- 

For example, t h i s  adjustment is satisfactory over 

3 
This broad control range actually allows some 

The s o l  is dried at 80 t o  95"C, using a 3/4-in. sol depth i n  the dryer 

trays.  

into alumina saggers and loaded into the calciner. 

The drying time averages 30 h r ,  After drying, the batch is  dumped 

The calciner may be charged at any temperature up t o  350°C. After 
charging, the temperature is raised from room temperature t o  1150°C i n  
4-1/2 hr. A i r  is purged through the calciner during th i s  time. When the 

temperature reaches l150°C,  the calciner is  flushed w i t h  argon f o r  30 min, 

and then the 4% H2 - 96$ A r  atmosphere is established fo r  Eduction of the 

U 0 t o  u02, Four hours are required fo r  reduction and s inter ing,  after 
which the atmosphere is  switched t o  pure argon, and the furnace power is 
turned off. 
blanket, and the crucibles are removed and immediately placed under an 
argon blanket u n t i l  mom temperature is reached. The next batch is loaded 

into the calciner immediately. 

nace is accomplished by a program controller. 

3 8  

The temperature of the furnace falls t o  350°C under the argon 

The ent i re  operating sequence of the f'ur- 

After being calcined, the batch is weighed and transferred t o  the rod- 

fabricakion portion of the f ac i l i t y .  

3.1.4 Rod-Fabrication Facil i ty,  Equipment, and Process 
The md-fabrication portion of the f a c i l i t y  occupies the lower two 

levels of the three-level Kilorod Fac i l i ty  (Fig. 17). Here, the three 
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major operations necessary t o  fabricate f ie1 rods f r o m  the bulk oxide 

w e r e  conducted, consisting in: 
1. preparing the powder, 

2. 

3. cleaning and inspecting the finished rods. 

3.1.4.1 

packing it into the rods and welding the end closures, and 

Description of Process Equipment and Flowsheet. - The 
detailed design, mockup testing, and a portion of the operating history 

so only a of the  f a c i l i t y  are available in  several publications, .6, 7 

general description of the equipment is provided below, with more attention 

given t o  the flowsheet. 

The rod-fabrication process starts with the delivery of the calcined 

sol-gel oxide t o  the powder-preparation equipment (Fig. 18). 
first crushed i n  a j a w  crusher and separated by a continuous screen 

c l a s s i f i e r  into three mesh-size fractions: +6, -6 +16, and -16. Through 

recycling of the +6 fraction and judicious charging of the bal l  m i l l  w i t h  

the -6 +16 and -16 mesh powders, sufficient amounts of coarse and f ine 
powders consisting of 55% -6 +16 and 45% unclassified fines are produced. 

The developmnt of equipment f o r  making the f ine fraction w i l l  be d i s -  

cussed under "cold startup" operations (Sec 4.1.3). The two fractions 

are then separately weighed on an automatic batch weigher and blended i n  

a "'V" blender. A vibrating feeder feeds the powder into the rods and 

densifies it by means of an air-driven vibratory compactor during feeding. 
The powder is  further densified after the rod is f i l l e d  by use of a weighted 

rider rod resting on top of the fue l  column. The end cap, spacer, and 
spring are then placed i n  the rod, and the end-closure weld is  made. 

the rod is ultrasonically cleaned and gamma scanned t o  determine the  

density fluctuations along the long axis. The welds are then helium leak 
checked, and the rod is  "smeared" t o  ascertain that  contamination level  is 

a safe one. Finally, the rod is loaded into the car r ie r  f o r  shipment. 

The oxide is  

Next, 

The powder-preparation equipment located i n  the powder preparation 

shaft, uses gravity t o  transport the fue l  through pipes from one equipment 

uni t  t o  the next. All the equipmnt in  the powder-preparation shaf t  is 

remotely controlled either e l ec t r i ca l ly  o r  by flexible shafts.  Minor 

I .  
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repairs are made in-place through glove-access ports. 
major repair, the equipment is  mounted on movable racks. I n  normal 

operation, the rack-mounted equipment occupies the front half of the shaft .  

Defective pieces of equipment can be removed by pushing the proper equip- 
ment rack t o  the rear  and l i f t i n g  the piece t o  the repair  area with a 

hoist .  

To f a c i l i t a t e  

The vibratory packer is shown i n  Fig. 19. An air-driven hammer is  

used as the compactor, 
The end-cap welding machine (Fig. 20) evacuates the rod, backfi l ls  it 

with helium, seats the end plug, and makes the f'usion end-closure weld. 
The ultrasonic cleaning device with i ts  parer supply is shown in  Fig, 

21. This uni t  f i l l s  w i t h  water, ultrasonically cleans the rod, drains, 

sprays the rod with fresh water, and dries the rod i n  a current of w a r m  
air, all controlled from a console i n  the operating area. 

The gamma-ray densitometer is  shown in  Fig. 22. 

packed-€bel density is measured by the attenuation of the 

as they pass through the fuel. 
s lo t  between the source and f'uel rod. 

The variation i n  
60 

Co gamma rays 
The beam is collimated by a 1/8 x 3/8-in. 

3.1.5 Chemical and Physical Specifications f o r  Process Intermediates and 

the Fuel Rods 

Preliminary c r i t e r i a  were set fo r  all process intermediates and f o r  

the f'uel rods, based on pr ior  development data. Ability t o  meet these 

specifications was tested in  cold s tar tup operations. 

the specifications were revised and extended. The f ina l  ones are given 
be low . 

After cold startup, 

3.1.5.1 Specifications fo r  Uranium Feed Product by Solvent Extrac- 

t ion.  I_ - The principal specification fo r  the uraniwn feed is  tha t  the 

nitrate-to-uranium ra t io  be < 2.5. 
Other specifications imposed on the solvent extraction process by the 

nature of the feed and accountability requirements are: 

Gross gama decontamination factor  > 100 
Thorium decontamination factor  > 103 
2 3 ~  recovered, > 99.0 
Material balance, $ 99 -0 
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Fig. 21. Ultrasonic Cleaner. 
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3.1.5.2 Denitrator Specifications. - A s  in much of sol-gel work, 

the tabulation of a rigorous set of specifications for  the Tho2 powder 

is not possible. 

powder w i l l  disperse properly. 
and a "cook's judgment" must be made on the acceptability of each batch. 

A NO '/Tho2 r a t io  between 0.03 and 0.06 is desired, with an average 

of 0.04 accepted as a good working number; however, batches above and 

below t h i s  range can be used i f  appropriate adjustments are made i n  the 

quantity of n i t r i c  acid added t o  effect  dispersion. 
0.02 and 0.08 can be processed. S t i l l ,  the NO -/Tho2 r a t io  is  not a satis- 

factory measure i n  i t s e l f ,  since frequently the results of the NO 

analysis may be questionable, and eas i ly  learned art  must supplement it. 

No tests have yet predicted whether a batch of dry 
The operation is performed by recipe, 

3 

Thus, ra t ios  between 

3 - 
3 

The best acceptance test yet devised f o r  a denitrator batch is the 

resul t  of a dispersion t e s t  made with a small samgle from the batch of 

Tho2. Here, about 50 g of Tho2 is  dispersed i n  100 cc of 0.14 - N n i t r i c  

acid. The Tho2 disperses t o  a sol upon stirring f o r  30 min at  80°c. 
s o l  sample is then poured into a sample bot t le  and stored f o r  several days 

before continuing the t e s t .  

The 

A f t e r  several days, the characterist ics of the sol are visually 

examined. The sample bot t le  is  inverted; a f t e r  gentle shaking, no more than 

an extremely th in  f i l m  of very f ine sedinment should be found on the bottom 

of the bot t le .  This may be easi ly  resuspended into the so l  by continued 

gentle shaking. The sample bot t le  i s  then shaken vigorously t o  make the 
sol  w e t  the bot t le  bet ter .  In  a good so1,the f i l m  wets the glass uniformly. 
This wetting is as complete and uniform as though light machine o i l  were 
i n  the bot t le ,  There are no chalky streaks nor a chalky-looking f i l m  on 
the sides of the bot t le .  The s o l  is  blue-white, not challqy white. The 
intense blue of the s o l  becomes more noticeable as the film drains thinner 
and thinner down the w a l l  of the bot t le .  These are the visible character- 

i s t i c s  of a good sol, and hence, a usef'ul batch of Tho2. 

learn t o  accept o r  reject a batch of Tho2 powder. 

the NO -/Tho2 r a t io  and the dispersion test, so far must suffice as 

acceptance tests 

This dispersion test  is  qualitative; however, with experience one can 
Judgment, along with 

3 

, 
- 1  
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3.1.5.3 Specifications for Sol-Gel Process Intermediates and Calcined 
Product. - Specifications f o r  sol-gel process materials were not formally 

established at the s t a r t  of the program; in  fact ,  such c r i t e r i a  and/or 
analytical  procedures were continually developed throughout the demonstra- 

tion. 
based on Unit Operat ions ex-perience . However, preliminary but incomplete specifications were proposed, 

Following cold s tar tup in  the p i lo t  plant, a more formal se t  of 
specifications, and t h e i r  interpretations, were worked out w i t h  the custo- 

mer (BNL). These specifications are shown i n  Table 1. 

Table 1. Specifications fo r  Process Intermediates 
and the Product of the Sol-Gel Process 

Specification ( s )  o r  Desired Value ( d )  
Property Measured Pre  1 iminary Final 
U/Th ra t ioa 3.00 - + 0.03' ( s )  3.00 - + 0.05' (s) 
O/U r a t io  2.01 m a x .  Deleted 
Gas-release values 

C alciner product 

Crushed oxide 
0.01 s t d  cc/gm (max) (d) 

0.3 s t d  cc/gm (m) (d) 

0.05 s t d  cc/gm (d) 

0.3 s td  cc/gm (d) 

Deleted b 
Particle density 9.91 t o  9.94 m/cc (s) 

%/Th r a t io  is defined as 100 x 23%/23% + Th. 
presence of other U isotopes and is based only on the weights of these 
two mtals . 

%hese preliminary values were suggested in  Om-CF-61-4-76. 
'Any powders f a l l i n g  within the 3.00 + 0.10 range could be blended 

T h i s  ra t io  ignores 

w i t h  other powders t o  obtain a 3.00 - + .05 Tatio for  the blend. 

The difference between a specification and a "desired value" should 

be explained. The only r igid specification i n  the sol-gel operation 

required that the sol  batch meet the U/Th r a t io  ranges given above. 

desired value was the maximum value expected f r o m  routine operations and 
hence were values not expected t o  be exceeded. The customr's end-use of 

the product was not v i t a l l y  affected by exceeding these desired values, 

and therefore no batches would be rejected if  they did not stay below the 
desired maxima. E x t r e ~  variations, of course, could jus t i fy  rejection 

A 



of a batch by the custowr; none were rejected. 

were sa t i s f ied  when complete analyses were furnished and the values were 
within or reasonably near the ranges specified. 

en t i re  program were furnished BNL. 

The customer's needs 

Control data f o r  the 

The i n i t i a l  specification for  gas-release determinations required 

a gas-release t e s t  on pea-sized chunks f r o m  each batch of calciner product. 

This  t e s t  was made throughout the program. 

sample w a s  t o  be taken from the rod-loading operation following prepara- 

t ion  of every tenth rod; 

and the composition of the released gas determined, 

expensive t o  do this ,  so BNL agreed t o  composited powder samples f o r  each 

car r ie r  shipment, the composite t o  be made fromthe powder-control samples 
already mentioned. 

atnount of material entering the car r ie r  f r o m  any given ten-rod l o t  of 
product. 
careful analytical  work and gave be t te r  resul ts .  

Additionally, a powder control 

a it w a s  t o  have been tested f o r  gas release 
It would have been 

The composite w a s  t o  be weighed i n  proportion t o  the 

By lowering the number of samples processed, th i s  permitted more 

The 23% and Th content were t o  be determined fo r  both the coarse 
and fine powder fractions of the composite as well as the composite i t s e l f .  

From e a r l i e r  Unit Operations work, U/Th ra t ios  fo r  these fractions could 
not be expected t o  have be t te r  agreement than 3.00 I + 0.06, 
"flyers" outside th i s  range could be expected, and sampling d i f f i cu l t i e s  
were the suggested source of error .  

Occasional 

a 
The O/U and particle-density specifications were deleted from the 

f ina l  specifications because the mthod w a s  not accurate. 
determination procedures were being developed at the t i m e  the original 
specifications were proposed, and a satisfactory procedure for  routine 
''hot'' analysis w a s  expected. However, no satisfactory method appeared i n  
time fo r  use, 

Density- 

The O/U specification w a s  also dropped because there w a s  no analytical  

method sensit ive enough t o  determine the oxygen present at such l o w  uranium 

concentrations. I n i t i a l l y  t h i s  specification was based on common U02 

~ 

$ince the rods  contained almost 10 kg of powder, t h i s  sampling 
interval corresponded roughly t o  each batch of sol-gel oxide. 
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specifications. Since only $ U02 is i n  the sol-gel product, present 
analytical mthods can detect oxygen down t o  the U02.04 level  only. 

Further, the  2.04 value is  subject at best t o  an e r ro r  of +0.02, thus 

the O/U-ratio within the range i n  question i s  not an oqgen  determination 

but a method fo r  detecting olrygen. 

3.1.5.4 Specifications fo r  the Fuel Rod. - The configuration of the 
reference fuel  rod for  the BNL c r i t i c a l  experiments is  s h m  i n  Fig. 23. 
The BNL experiments required 900 of these rods and 200 identical  i n  

design except tha t  they are 18 in. long instead of 46-1/16. 
The nominal packed density w a s  not specified by BNL but was t o  be 

established from the average density of all rods fabricated. 
specified tha t  the rods  should have a fue l  density within - +2$I of t h i s  

average density and tha t  the density variation along any fuel rod should 
be within - +2$ of the average for the  rod. 

the rods were fabricated are presented i n  Table 2. 

It w a s  

The specifications t o  which 

Table 2. Fuel-Rod Specifications 

b Height of Average 
Fuel Bed Density Variation Density Variation Packedc 

( in . )  from Rod t o  Rod Within the Rod Density 

42+1 46-in. roda - 
14-1/2+1/2 a 

19-in. rod - 
9 -0 

%be length, including bottom end plug. 
'Determined C f r o m  operation w i t h  depleted (U, Th)02. 
Unit: g/cc. 

The cone-shaped Zircaloy-2 bottom fitting, used f o r  directing the 
rod in to  posit ion i n  the reactor l a t t i c e ,  is welded onto the tube i n  an 
inert-gas tungsten-arc welding operation outside the f ac i l i t y .  
groove i n  the bottom plug is used as a handling a id  during fabrication, 

In  the f ac i l i t y ,  the top plug, ceramic spacer, and spring are inserted as 
a uni t  into the fue l  tube a f t e r  compaction. The ceramic spacer and spring 

are used i n  the void area at the top of the &el rod t o  prevent the redis- 

t r ibu t ion  of the fuel  during handling. 

The annular 

The Zircaloy-2 top end plug, 
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joined onto the fue l  tube by a fusion edge weld i n  the fac i l i ty ,  is  

threaded t o  accommodate the s ta inless-s teel  hanger f i t t i n g .  
is used t o  f a c i l i t a t e  handling of the fue l  rod i n  the reactor l a t t i c e .  

This f i t t i n g  

. 

3.2 Alterations t o  Equipment or Ins ta l la t ion  

During Cold Startup Period 

3.2.1 Solvent Extraction P i lo t  Plant 

The solvent extraction process always worked w e l l ,  and the equipment 
r e l i ab i l i t y  w a s  exceptionally good. 

paign, the uranium concentrat ion of the solvent extract ion product varied 

widely, as indicated by the analyses of samples f r o m  the product storage 

tank (R-25). Accurate analyses and stable concentrations are absolutely 
necessary at t h i s  point t o  meet the exacting specification f o r  the U/Th 
rat io.  

However, during the first hot cam- 

The d i f f icu l ty  with concentration of the SX product i n  the storage 

tank arose th i s  way: 

packed with 4% glass Raschig rings (neutron poison). 

with an a i r  sparger and air-purged liquid-level and density probes. 

Samples taken immediately a f t e r  purification of the uranium fo r  the first 

campaign indicated a 23% concentration of 119 g / l i t e r .  

one week (only about 4 hr  of sparging f o r  agitation occurred during the 

interim) indicated a concentration of 129 g / l i t e r ,  and i n  a f e w  days (no 

further air  sparging) a further increase t o  137 g / l i t e r .  
ances verified the accuracy of the analyses and indicated that the varying 
concentration w a s  due primarily t o  the solution being concentrated by the 
d r y  air introduced by the instrument probes and, t o  a lesser  extent 
possibly, by sparging during sampling. 

The 18-in.-diam product tank (R-25, Fig. 24) w a s  

It w a s  also equipped 

Samples a f t e r  

Material bal- 

To correct the d i f f icu l ty  it w a s  necessary t o  in s t a l l  another product 
storage tank. 

eliminating the borated-glass Raschig rings used as neutron poison. 

practice, the purified product is transferred t o  R-35, where it is sampled 

before it enters the sol-gel process. 

3.2.2 

The new tank (R-35, Fig. 24) i s  5 in.  i n  diameter, thus 

In  

Alterations t o  Sol-Gel Equipment Immediately Before or During the 

Cold Startup T e s t i q  

Three pieces of equipment were altered significantly from the or igi-  
nal design during the construction-startup period. They were the U tank 
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(used f o r  measuring the uranyl n i t r a t e  feed solutions),  the t r a y  dryer, 
and the calciner. 

3.2.2.1 Redesign of the Uranium Tank. - I n i t i a l l y  the uranium tank 

w a s  made from a 4-f't length of 3-in. Pyrex glass pipe, of pxecise bore, 

The solution level  i n  the tank and hence the volume i n  the tank, was t o  be 

read with a vernier-equipped cathetomter  located on the  outside w a l l  of 

the cubicle. 

could be seen. 

reduced t o  1/2-in. at the bottom. 
design of t h i s  tank w a s  reconsidered, and one of improved design w a s  b u i l t  

(Fig. 25). 

A lead-glass window was provided thraugh which the meniscus 

The 3-in. glass  pipe of the main body of the tank w a s  
During the construction period, the  

The improved features of the later design were: 

1. 

section only, allowing the glass section t o  stand unconstrained. 

thermocouple lead and a vent made of flexible p l a s t i c  tubing en ter  through 

the top of the column. 

Rigid piping enters  the tank through the s ta in less  steel bottom 

Only a 

2. A large cross-section (equivalent t o  the  3-in. glass-pipe s i z e )  
is maintained throughout the glass portion of the tank, offering considera- 

bly more strength than the minimum 1/2-in. glass-pipe cross section 

presented in  the or iginal  column. 

underscored by the f ac t  t ha t  t h i s  column, even with a 3-in. straight pipe 

sect ion, was broken twice during construct ion. 

The des i rab i l i ty  of t h i s  change was 

3. Only one valve must be absolutely leak tight (HCV-8) f o r  t h i s  
assembly t o  meet operating requirements. 

slowly without affecting operation. 

A l l  other valves could leak 

4. A combination splash-shield and catch basin w a s  provided i n  case 
the column broke. The drain from the annular volume of t h i s  basin l e d  t o  
a s ta in less  steel beaker on the f loor  of the cubicle beneath the bottom 

of the uranium tank. 

5 .  Accuracy of solution delivery was s ignif icant ly  improved by 

locating the U tank end of the solution delivery l i ne  at the smallest 

cross-sectional area available within the tank, 

l e s s  than - +l5 cc, an e r ro r  of about O.5$, when the 2700-c~ batch volwne 
i s  considered. 

Accuracy of delivery was 

3.2.2.2 Alterations t o  the Tray Dryer. - The or iginal  t r a y  dryer  and 
i ts  accessories were assembled i n  a toroidal  arrangemnt. 

propeller-type fan forced the air across a heating coi l ,  over the s o l  

An enclosed, 
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( o r  gel)  i n  the trays,  and thence through a cooler (condenser) f o r  

removing the water picked up f r o m  the sol. 
di rec t ly  w i t h  the  cooler ou t le t .  
drawn from the assembly t o  the hot off-gas system t o  maintain a flow of 

a i r  into the equipment. 
following respects and f o r  the reasons indicated: 

The fan intake w a s  coupled 

A steady stream of a i r  w a s  t o  be w i t h -  

The design of the dryer  was altered i n  the 

1. There was considerable uncertainty about the service l i f e  of 
the fan bearings, since n i t r i c  acid vapor would contact it. 

2. Should the fan break down, it would be almost impossible t o  
repair  it under the conditions obtaining, because the bulky fan-cooler- 

heater combination would have occupied so much of the working space 

inside the process cubicle. 

one man i n  an air  s u i t  at any one t i m e ;  further, some portions of the 

assembly were simply inaccessible. A n y  minor breakdown would have resulted 

in  an extended plant shutdown. It w a s  imperative tha t  more space be 

obtained fo r  servicing and/or accessibi l i ty  should trouble develop i n  the 
dryer .  

This allowed only enough working room fo r  

Sn a l te r ing  the dryer, the  fan and the cooler w e r e  removed and the 

air heater f i t t ed  d i rec t ly  t o  the end of the t r a y  chamber by sheet metal 

adaptors. 

off-gas system. Thus air could be drawn fromthe cubicle through the  air 

heater and across the t rays  and thence into the hot off-gas system. 

heating plates  w e r e  made by welding 1/2-in. s ta in less  s t e e l  tubing in  a 

serpentine arrangement onto 1/4 x 24 x 24 in.  s ta in less  steel sheets. 
drying t r ay  w a s  removed f r o m  the upper compartment and one from the lower 
compartment of the dryer. 

within each dryer cavity was  obtained f o r  ins ta l la t ion  of these booster 
heating plates .  
the bottom of the upper and lower dryer coqartnents .  

The exhaust from the  dryer  w a s  connected d i rec t ly  t o  the hot 

Booster 

One 

With removal of these trays,  suff ic ient  space 

One booster heating p la te  was instal led at the top and at 

A working dryer, considerably l e s s  trouble-prone, much less d i f f i cu l t  

t o  service should the need arise, and leaving much more space f o r  servicing 

other equipment, w a s  obtained. 
3.2.2.3 Modifications t o  the Calciner and i ts  Control Circui t .  - 

Except for  incidental changes, the  calciner and the control c i r cu i t  

instal led for  the Kilorod operation w e r e  the same as those used i n  Unit 
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Operations work. 

w a s  about 20 kg, while it exceeded 40 kg w i t h  the Kilorod f'urnace. 

lay the primary trouble i n  the s tar tup of the Kilorod calciner. 

extra charge weight led t o  extreme lag of the charge temperature behind 
the element temperature during the heat-up portion of the calciner cycle. 

T h i s  l e d  t o  overheating of the f'urnace heating element (Kanthal AI-) and 
subsequent premature burnout of the elements. 

showed tha t  a heating-element l i f e  of about 30 cycles could be expected. 
Kilorod experience i n  cold startup showed only two t o  four cycles could 

be expected. 

However, the t o t a l  mass charged t o  the e a r l i e r  calciner 

Herein 

This 

Unit-Operations tes t ing  

To correct the intolerably short service-life of the Kilorod elements, 
the following changes were made t o  the design of the f'urnace as received 
from the manufacturer: 

1. The atmosphere entry pipe w a s  moved f r o m  the rear of the furnace 

t o  the front.  I n  i ts  original position, the en ter ing  gases blew di rec t ly  
on the thermocouple used f o r  sensing the temperature of the crucibles. 

This aggravated the aforementioned problem. 

2. Entering through the rear of the furnace, an open-ended tube w a s  

installed d i rec t ly  beneath and terminating near the geometric center of 

the bottom surface of the Kanthal heating element. 

(P t ,  Pt-16 Rh) were inserted into the furnace through t h i s  tube. 

bare junctions were pushed on through the open tube end (see Fig. 26) so 
that they could "see" the heating element direct ly .  

Two bare thermocouples 

The 

3.  Two other similar bare thermocouples were inserted through the 
rear of the furnace and into the furnace cavity on about 2-in. centers. 
These thermocouples w e r e  placed w i t h  the i r  Junctions about 1/16 in.  away 

f r o m  the rear of the crucibles. 

4. Each of the thermocouples of (2) w a s  connected t o  temperature- 

l i m i t  switches. One of these w a s  se t  t o  l i m i t  the element temperature t o  
1250°C. This instrument a l so  served as a recorder. The second, simply 

a l i m i t i n g  device, w a s  se t  t o  l i m i t  the temperature t o  1290°C. 
temperatures were selected t o  allow the fast heatup rate  desired i n  the 

calciner and yet low enough t o  protect the Kanthal element. 

burnout protection w a s  provided i n  both instruments. 

These 

Thermocouple 
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5 .  One of the thermocouples of (3) w a s  connected t o  a recorder t o  

obtain a record of the crucible temperature. The other w a s  connected t o  

a disk-type time-temperature program controller and controlled the rate  
of temperature r i s e  within the furnace chamber. 

Alterations made as described above were effective i n  preventing pre- 

mature burnout of the heating elements. The two independent temperature- 

limiting c i rcu i t s  may at first seem unnecessary, yet the primary c i rcu i t  
failed twice during the program. The use of these two c i rcu i t s  however 

d i d  make the time-temperature program controller unnecessary and it w a s  

not used i n  the last half of the program. 

3.2.3 Rod Fabricat ion 

Most of the equipment operated as originally designed and instal led.  

One item was modified (helium leak t e s t  chamber); one was added (balance); 

and one al terat ion of the f a c i l i t y  (sump jets) w a s  required. 

Helium-Leak-Test Chamber. - The helium-leak-detector vacuum chamber 

originally consisted of a double-0-ring-sealed uni t  tha t  pumped down only 

the weld t o  be inspected. A standard assault-mask f i l t e r  w a s  placed i n  

the high vacuum l ine  t o  f i l t e r  out any par t ic les  which may have been 

entrained i n  the pumpdown cycle. 

The attainment of a satisfactory high-vacuum seal  with the O-ring 
assembly w a s  d i f f icu l t ,  requiring precise alignment of the rod with the 

center axis of the vacuum chamber. 
f i l t e r  at a long distance from the pumps, about 1 5  f t  of 1/2-in. copper 

connecting pipe, would result  i n  an excessively long pumping cycle. It 

w a s  doubted tha t  10 rods per day could be examined w i t h  th i s  apparatus. 

I n  addition, the presence of the 

T h i s  chamber w a s  replaced w i t h  one made of 1-1/2-in. type 304 L 

stainless s t ee l  pipe. 

assembly, using the difference i n  pressure t o  effect  the seal .  The 

chamber was big enough t o  contain five en t i re  rods, thereby ensuring that  
t h i s  wculd not be limiting on the production rate. The par t ic le  f i l t e r  
was moved so that  it w a s  very near the pumps, t o  take advantage of the 
higher pumping speeds. 

The vacuum sea l  w a s  made by a simple O - r i n g  flange 

Additional Balance. - A balance, i n  addition t o  the one determining 
the w e i g h t  of the finished rod, w a s  placed between the blender and powder 
feeder s ta t ion.  

w a s  delivered from the t ransfer  bot t le .  
This balance was used t o  ensure that  a full rod  charge 
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S q  Aunp S. - Since the f i r s t - l eve l  cubicles were located below 
the hot-drain system, the l iquid waste w a s  raised fromthe sumps t o  the 

hot drain by steam-jet pumps. 
connected t o  the cubicle atmosphere through the j e t s .  Because of t h i s  

faul t ,  it w a s  not possible t o  a t t a in  the required cubicle in-leakage rate .  

Each delivery l ine w a s  opened and a valve inserted t o  correct t h i s  

condition. 
A t  the end of the cold s tar tup operations all equipment tha t  would 

contain 23% w a s  cleaned carefully t o  remove all traces of the depleted 

uranium. A l l  portable equipment inside the cubicles and all saggers i n  
which depleted uranium had been f i red were discarded. The cubicle and the 

floors and w a l l s  were scrubbed thoroughly. A l l  samples of uranium-bearing 

s o l i d s  were removed t o  another building (the denitrator area), sealed i n  

a large carton and stored. 

"he hot-drain system w a s  thus l e f t  direct ly  

Nine of the first ten  batches prepared were sanrpled before loading 
into the f i e 1  rods and submitted f o r  mass assay t o  ensure tha t  no isotopic 

dilution had occurred. No perceptible dilution w a s  found. 

3.3 U t i l i t i e s  and Waste Disposal 

3.3.1 E; 
Radiation instrumnts  and l igh ts  provided within the Kilorod c e l l  

are connected t o  both normal and emergency power supplies. 
charged, battery-powered l ight  was also provided in  the event tha t  the 

emergency generator d i d  not s t a r t .  N o  other equipment w a s  connected t o  

the emergency parer since operator safety w a s  not involved. 

A constantly 

303.2 A i r  Flow and Cubicle-Cell Operating Pressures . 
A i r  (2400 cfm) entered the c e l l  by way of the normal access stairwell  

a t  "Point A "  on Fig. 27. 
a f i l t e r  bank, equipped w i t h  gravity-operated louvres that  act  as back- 

f l o w  preventers. The f i l t e r  was comon, pleated, glass wool. This f i l t e r  

bank-louvre system and the c e l l  proper constitute the outer, o r  secondary 

c o n t a i m n t  fo r  the  operation. 

f i l t e r s  (see below) on the cubicles formed the primary (high-level alpha) 

containment . 

Before reaching point A, the air passes through 

The operating cubicles and absolute air 





Within the cel l ,  the a i r  is  s p l i t  into two streams: One supplies 
air t o  the working, or occupied, portion of the c e l l  exter ior  t o  the 
process cubicles, while the other supplies a i r  t o  the processing cubicles. 

The first of these air  streams passes up through the open portion of the 

c e l l  shaft and exhausts through an absolute f i l t e r  bank located i n  the top 

northwest corner of the c e l l  at "Point B." This f i l t e r  bank is also 

equipped w i t h  gravity-operated louvres . The discharge leads into the 

building off-gas duct and thence t o  the stack (Buildfng 3020). 

air stream enters a bank of absolute f i l t e r s  i n  the service area of the 

first balcony ( ?Point C") . From t h i s  bank, ducts equipped with gravity- 

operated louvres conduct the air  into the process cubicles. Leaving the 
process cubicles, the air passes through lever-operated damper valves at 

the air  ex i t  port of each cubicle and then through a f i n a l  bank of f i l t e r s .  

This bank includes both roughing (Fiberglas, 1 in.) as w e l l  as absolute 

f i l ters.  Again, these f i l t e r s  are located on the first balcony service 
area. From the f i l t e r  bank, the air passes through the upper, northeast 

corner of the c e l l  ( "Point D"), through gravity-operated louvres into the 

building off-gas duct and stack. 

space was regulated at about 2200 cfm, while the t o t a l  quantity passed 
through a l l  process cubicles at about 200 cfm. 

The pressure i n  the occupied areas of the c e l l  was always held at 

2 

The second 

The air passing through the working 

0.1 in.  (H 0) below atmospheric pressure. 

cubicles w a s  held t o  0.1 t o  0.2 in. H20 below the pressure within the cel l ;  

thus the operating cubicles were a t  a pressure 0.2 t o  0.3 in. (H20) below 
atmospheric. The building off-gas duct provided the pressure d r o p  needed 
t o  maintain the negative pressure differences. The f lowing  air proceeded 
from relat ively uncontaminated t o  progressively more contaminated ones. 

For example, on the first floor, air mved f r o m  the carrier-loading s ta t ion 

through the various cubicles of the fabricating area and w a s  removed at 

the rod-loading station. 

The pressure within the operating 

Immdiately before the start of cold-testing, each cubicle was made 

ready, and the air  in-leakage rate  w a s  determined. 
spaces met the 43.005 working space vols/min in-leakage rate  (at  1 in.  H20 

negative pressure), required by Laboratory practice .' The f i l t e r  banks 

were tested w i t h  dioctyl phosphate smoke i n  s i tu ,  also as required by 

Laboratory practice, and found t o  be >99.9# ef f ic ien t  . 

All hot working 
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3.3.3 Disposal of Wastes 
Each of the processing cubicles w a s  equipped with a f loor  drain, o r  

i f  on the bottom floor, a steam jet t o  the hot waste system. A l l  these 
waste l ines  and the process condensate f romthe sol-gel operations was  
piped t o  the hot waste. 

"t ied" t o  the process waste header. 

Normal steam condensate and cooling water w e r e  

Each vessel i n  the sol-gel system w a s  connected t o  the hot-vessel 
off-gas system and equipped as well with a water-cooled condenser. An 
inward sweep of air w a s  maintained on a l l  vessels at all times. Gases 
pulled through these condensers were piped t o  the common hot-off gas header, 

passed through an absolute f i l t e r  t o  remove par t ic les ,  and then into the  

hot-off-gas disposal system f o r  the plant.  

Solid wastes were picked up by vacuum cleaner f r o m  the tables  and 

other working surfaces. A s  the  bags w e r e  f i l l e d ,  they w e r e  replaced, and 

the f 'ull  ones bagged out fo r  reprocessing of the material they contained. 

Other sol id  wastes (broken crucibles, e tc . )  w e r e  bagged out and buried. 

4. OPERATING EXPERENCE 

4.1 Construction and Cold Startup Operations 

The SX equipment w a s  converted by September 1962, and cold t e s t ing  
started i n  November. 
January 1963 and the plant placed i n  operation fo r  the Kilorod Program i n  
March. 

The first hot (trace-element) runs w e r e  made i n  

Ins ta l la t ion  of the equipment began i n  cel l  4 i n  mid-October 1962, and 
Preliminary equipment testing began on 

During the period of April 3 t o  
w a s  completed i n  ear ly  March, 1963. 
February 1.5 and w a s  completed on M a y  3. 
May 3, test resu l t s  showed tha t  several equipment changes would have t o  be 

made i n  order t o  meet the throughput rates f o r  which the sol-gel process 

was designed (see Sec 3.2.2). 

adjustments made by May 10. Necessary equipment changes and cold-testing 
operations were completed on the rod-fabrication equipment i n  ear ly  June. 

Hot feed w a s  introduced into the sol-gel cubicle on June 11, 1963. 
4.1.1 Preliminary T e s t i n g  of the Solvent Extraction Equipment and Flowsheet 

Upon the completion of the necessary changes t o  the Thorex P i lo t  Plant, 

These changes w e r e  completed and f i n a l  

the solvent extraction plant w a s  operated i n  four trace-level and two 

c 
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intermediate-level (23% concentration about one-tenth that of full flow- 
sheet concentration) t e s t s  under flowsheet concentrations. 

The objectives of the t e s t  program w e r e  to :  
1. evaluate the proposed flowsheet; 

2. demonstrate the dissolver-charging procedures; 

3. test the sampling procedures, run sheets, data sheets, and 
account a b i l i t y  re qui rement s ; 

4. evaluate equipment operability; 

5. demonstrate c r i t i c a l i t y  control procedures and safeguards; and 

6. acquire operating experience. 
The resul ts  of the t e s t  runs are summarized i n  Table 3. 

Table 3. Summary of Startup Runs i n  the Kilorod 
Solvent Extraction P i lo t  Plant 

b Overall Decontamination Factors Distribution of U Losses (k) 
Run No. Gross 7 Thorium AW CUW cw 
CT -2 100 1100 

CT-3' 130 2.5 x i o  

a 

4 

CT-4 100 3400 
HR-1 500 1700 0.07 0.4d < 0.005 

HR-2 1900 0.05 0.3d < 0.005 
~- ~ ~ 

%un CT-2 and CT-3: column pulse amplitude, 0.8 in.; pulse frequency, 
50 cpm. 
Run HR-1 and HR-2: 
extraction, 50 cprn fo r  stripping. 

Run CT-4; pulse amplitude, 1.0 in.; pulse frequency, 50 cpm. 
pulse amplitude, 1.0 in.; pulse frequency, 58 cpm f o r  

%raniurn losses during CT runs w e r e  not significant.  
qhree-column operation (separate extraction, scrub, and s t r i p  column) 
$igh losses a t t r ibuted t o  entrainment i n  evaporator. 

< O.Ol$ i n  second half  of run F5-2 when water reflux w a s  added t o  evaporator 
top plate .  

CUW losses w e r e  

All objectives of the test  program w e r e  m e t .  Satisfactory decontamina- 

t i o n  factors,  uranium recovery, and product quali ty w e r e  assured fo r  the 

full-level runs. 
4.1.2 Sol-Gel Pilot Plant 

4.1.2.1 Denitrator Startup and Operating Data. - The rotary, hydro- 

thermal deni t ra tor  w a s  b u i l t  and operated during the pre-Kilorod (Unit 

Operations) tes t ing  program. As the  program was  anticipated at tha t  t i m e ,  
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the deni t ra tor  w a s  built large enough t o  supply Kilorod requiremnts . 
This earlier work had reduced the operation of t h i s  s tep of the sol-gel 
process t o  routine; so the equipment w a s  s tar ted up without event and 

operator t ra ining completed during January 1963. 
A s  a precaution, the first 12 batches of rotary deni t ra tor  product 

were analyzed f o r  NO - and Th (Table 4). Four l a t e r  batches were also 

spot-checked. These analyses w e r e  made t o  ensure tha t  the product w a s  

equal t o  tha t  made i n  the e a r l i e r  runs, o r  o therwise  sat isfactory f o r  

processing. The NO and Th analyses, with two possible exceptions, f e l l  
within the desired range; so subsequent deni t ra tor  batches were not 
analyzed. 

3 

- 
3 

Table 4. Analytical Data on Individual Batches 
of Thorium Oxide Prepared During Kilorod Startup 

Th NO -/Tho2 ($7 Mo ? e Ratio 
NO -/Tho2 RDPa NO 

RDpa No. 3 (4) Mo ? e Ratio No. (4) 
Th 

1 0.89 85.94 0 9039 9 0.97 86.23 0 .Ob2 
2 1.06 85.92 0.046 10 0.89 86.30 0 *039 
3 1.06 85.90 0.046 11 0.97 85.96 0.042 
4 0.58 86.40 0.025 12 1.33 85.28 0.058 
5 0.49 86.41 0.021 15 0.89 86.23 0 0039 
6 0.84 85.92 0 0037 20 0.84 86.33 0.036 
7 0.97 85.97 0.042 21 1.06 85.33 0 .Ob7 
8 0.80 86.33 0.0347 22 0.97 85.88 0 .Ob2 

%otary deni t ra tor  product - batch number. 

An t'optimumt' NO -/Th r a t i o  f o r  a Tho2 powder is judged t o  be about 
There is a broad range of NO -/Th rat ios ,  however, over which a 

3 
0.04. 
powder may be used. 

and there is  no pract ical  difference i n  behavior over t h i s  range. Powders 

with ra t ios  as low as 0.02 may be dispersed but frequently require a higher 

NO -/Th r a t i o  f o r  complete dispersion. 

0.03 a rb i t r a r i l y  set as the desirable minimum (Table 1). 

suspect fo r  several reasons. 

3 
Powders with ra t ios  from 0.03 t o  0.06 are satisfactory,  

3 
Two of the rotary deni t ra tor  products (RDP's 4 and 5) f e l l  below the 

Their ra t ios  are 
The standard dispersion t e s t  showed that both 
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batches could be dispersed readily at  the standard NO -/Th r a t io  (see 

Appendix). Control records gave no reason f o r  the low NO -/Th rat ios  
found i n  the two questionable batches. 

tests, and no abnormal behavior was noted i n  sol preparation. 

tunately, the duplicate sanples held on these two batches were used t o  
prepare analytical  standards before the discrepancies were noted; so a 

second analysis could not be made. 

re l iable  and is  frequently subject t o  e r ror  (see below). 

the above, it is suggested that the fau l t  l ay  in  sampling-analytical 

methods. 

3 
3 

The powder w a s  used i n  startup 

Unfor- 

- 
The NO analysis is not thoroughly 3 

I n  view of all 

Since most of the Tho2 needed i n  the Kilorod Program w a s  prepared 

before !hot"  operations began in  the cell-4 complex, the d a t a  collected on 
the large (nearly 70 kg) batches of blended powder are presented i n  Table 

5. One batch (BB-2) of the 16 prepared w a s  below the des?'.red lower l i m i t .  
The comments presented i n  the discussion on the RDP-4 and -5 samples apply 

here, also. 

i n  the footnotes below Table 5 t o  i l l u s t r a t e  the e r ror  commonly associated 

with the NO - analysis. 
low value is  of l i t t l e  concern if the other factors are favorable. 

Instal la t ion and Startup of Equipment i n  the Sol-Gel Cubicle. - 

The NO -/Thog ra t ios  calculated for  BB's 1 and 2 are presented 
3 

The allowable NO -/Th r a t i o  is so broad tha t  a 3 3 

4.1.2.2 

Objectives of Cold-Testing. - A s  the equipment had only been operated 

piece by piece t o  t h i s  point, a sustained five-day cold run (using depleted 

uranium and thorium) w a s  planned. 

intended t o  do the following: 

This sustained operating t e s t  was 

1. Show the operability of the sol-gel equipment as an integrated 
process on the lO-kg/day (design) scale. 

five-day work week and use the stringent c o n t a i m n t  and operating restr ic-  

t ions which l a t e r  high-level alpha work would require. 

Operation would cover the normal 

2 .  Confirm the estimate tha t  two men could sa t i s fac tor i ly  operate 

the plant. 

3. 
cat ion 

4. 

Demonstrate capability of meeting the stringent U/Th r a t io  specifi-  

Establish the f eas ib i l i t y  of operating the calciner on a 24-hr 

cycle. 
at 350°C would be rewired. 

To meet t h i s  time cycle, removal of the crucibles from the f'urnace 

The crucibles would have t o  be placed 
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Table 5 .  Analytical Data on A l l  Blended 
Powder Batches Prepared for the Kilorod Program 

Batch size, about 70 kg Tho2 

- 
BB' NO T h  NO3-/Th B B ~  NO Th N O ~ - / T ~  

- 
($I) Mole Ratio No* ($7 ( 8 )  Mole Ratio 

1 0.73 

2 0.66 

3 0.73 

4 0.80 

5 0.88 

6 0.89 

7 0.89 

8 0.80 

~~ ~ 

86.01 

86.20 

86.14 

85 994 

84.98 

85.88 

85 929 

84 79 

9 1.00 

10 0.93 

11 0.84 

12 1.06 

13 0.93 

14 0.84 

15 0.80 

16 0.80 

85 93 

85 9 34 

84.63 

85 995 

85.41 

85.94 

85.87 

85 57 

0.044 

0 .Ob1 

0 0037 

0.046 

0 .Oh1 

0 *037 

0 *035 

0 0035 

a 

0.039. 

be 0.037. 

(Powder) blender batch number. 
individual RDP analyses t h i s  r a t io  i s  calculated t o  be 

%sing individual RDP analyses t h i s  r a t io  is  calculated t o  

dEquivalent data not available for  t h i s  batch. 

. 

. 
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! -  
I 
i .  

I -  

immediately under an argon-purged cap, and the calciner recharged w i t h  

"green" gel. 
crucibles (with tools  and rubber gloves) while hot, and exposure of the 
UO Th02to a i r  fo r  several minutes while the crucibles were being placed 

under the argon. Had the furnace cooled in  the time stated in  the 

specifications, a 24-hr cycle would have been possible, with crucible 
removal a t  l0O"C. 

This change in  firing procedure involved handling the 

2 

5. Prove f ina l  operating conditions f o r  the calciner. 

Results of Cold T e s t  Operations. - The five-day sustained operating 
t e s t  of the sol-gel cubicle w a s  conducted without event . With all steps 

of the operation under way, the following facts  were established: 

1. Two men could prepare 10 kg of product per day on a continuing 

basis. 

2 .  Ability t o  m e t  the primary specification for  the U/Th ra t io ,  

i.e., 3.00 - + 0.03 on individual batches, appeased doubtful; therefore 
permission w a s  obtained f r o m  BNL t o  revise the primary specification f o r  

individual batches t o  3.00 - + 0.05 (see Table 6). 
obtained t o  blend p d e r s  fa l l ing  outside the primary specification but 
within the 3.00 - + 0.10 range. By Wreement, t h i s  powder blending w a s  t o  
be done so that  the U/Th r a t io  obtained in  the blended product f e l l  within 

the 3.00 - + 0.05 specification; thus, f o r  exsmple, a batch whose U/Th r a t io  

was 3.10 could be blended w i t h  a batch analyzing 2.96 t o  obtain a 3.03 ra t io  
fo r  the blend. The uranium concentration f o r  the second sol batch would 

be lowered intentionally t o  accomplish th i s  purpose. 
value f o r  the U/Th r a t io  would not be 3.00 f o r  every batch during the hot 
operation, but would be adjusted as necessary t o  maintain as near a 3.00 

r a t io  as possible fo r  a given campaign o r  shipment. The success of th i s  

control scheme is  attested by the data obtained from hot operations (see 
Sec 4.2.2). 

3. 

Permission w a s  also 

In th i s  way the target 

Pulling the calcined product a t  350°C was practical  f r o m  an 

operating standpoint. 

under t h i s  handling procedure. 

There was no evidence that  the product w a s  oxidized 

4. An attempt w a s  made t o  raise the calciner charge from 10 (design 

capacity) t o  12 kg, but t h i s  was unsuccessful. 

saggers were sized t o  fill the firnace cavity f i l l y ,  w i t h  each holding 

I n  calciner design, two 



Table 6. 
During Sustained, Cold Operating Test 

U/Th Ratio Control Results . 

aPH Nominal U apH Nominal U 
SGBD" of Batch W t .  u+Th SGBDa of Batch W t .  
NO Sol kg) Ratio No. Sol (kg) R a t  i o  

1 - 12.4 3.01 7 3 *6 10.3 2.96 
2 - 12.4 3.04 8 3.5 10.3 2.96 
3 3.5 10.3 2.94 9 3 -8 10.3 2.96 
4 3.6 10.3 2.90 i o  3.7 10.3 3 .oo 
5 3.6 10.3 3.04 11 3.5 10.3 2-98 
6 3.6 10.3 2.96 12 3 08 10.3 3.01 

~- - -_ _ _  
a Sol-gel batch number, cold test series. 

is the apparent pH. ItaPH I? 

NOTE: The sustained cold operating t e s t  included s o l  preparation and 
d r y i n g  f o r  batches 8-12 and calciner batches 6-10. 

5 kg of green gel  ("bone-dry" basis). 

remained. 

loading beyond 5 kg under l imitation of glove operations. 

could be tolerated, the decision w a s  made t o  remain at the lo-& batch 

s ize .  

Less than 1 in.  of freeboard 
G e l  was unavoidably spi l led when trying t o  increase the sag;ger 

A s  no spil lage 

5 .  An air-operated pressure c e l l  w a s  installed t o  w e i g h  the product 
before it w a s  dumped t o  the solids-preparation shaft. T h i s  type of c e l l  
had given satisfactory performance in  previous instal la t ions at the Lab- 

oratory; however, a poorly designed mounting system prevented proper 
operation in  t h i s  service. As the inaccessible location of the pressure- 

c e l l  instal la t ion precluded reworking of the assembly, it w a s  decided not 

t o  use t h i s  par t icular  device and t o  go t o  mechanical scales operated with 

the gloved hands, and an inexpensive platform-type domestic scales (which 

could be read t o  within +1 oz) w a s  purchased f o r  temporary use. A second 
and more accurate triple-beam balance w a s  ordered f o r  later use. 
second balance w a s  capable of weighing 5 kg t o  within +5 g. 

balance w a s  available and used fo r  the second hot campaign. 
beam balance w a s  installed and ready fo r  use at the start of campaign 3 

- 
This 

The spring 

The t r i p l e -  
- 

. 

- I  
I 
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and w a s  used f o r  the rest of the program. 

for  the first hot canrpaign, but the resu l t s  are subject t o  a - +5$ error,  
and are therefore of l i t t l e  value. 

The pressure c e l l  w a s  used 

L i t t l e  data of value w e r e  obtained i n  the f i r s t  f ive batches prepared 

i n  the cold test operation, because of s tar tup troubles in  the various 
equipment pieces (see Table 6) .  I n  the sustained t e s t  (batches 6-12), 

however, everything functioned smoothly, and the d a t a  ensured tha t  hot 

operations could be undertaken with confidence from both equipmnt opera- 

b i l i t y  and product-quality standpoints. 

The gas-release values fo r  the calciner product had been expected t o  

be < - 0.03 s t d  cc/g (see Sec 3.1.5.3). 
release m i g h t  be as high as 0.05 s t d  cc/g. 

s t d  cc/g were confirmed fo r  the f inely divided powder as loaded into the 

l e 1  rods. These values (< - 0.05 s t d  cc/g fo r  calciner product and < - 0.3 

s t d  cc/g fo r  powdered oxide) w e r e  proposed and accepted as product 

specifications.  

Cold t e s t  data showed tha t  t h i s  

Gas release values of - < 0.3 

Control of the apparent pH of the so l  between 3.6 and 3.8 w a s  eas i ly  

accomplished, and i n  general the performance of the proposed flowsheet 

w a s  excellent. The calcined product obtained at these apH values w a s  
extremely hard and b r i t t l e ,  both desirable properties (see later discussion 

on these properties and apH control, Sec 4.2.2). 

formed sa t i s fac tor i ly  in  powder preparation, where rods were prepared with 

t h i s  feed consistently met  specifications (See 4.1.3). 

The material also per- 

The opportunity w a s  seized during the sustained operating test t o  
optimize operating conditions fo r  the calciner. 

O/U r a t i o  i n  the calciner product indicates t ha t  complete reduction of the 

U 0 was obtained. 
analytical  detection fo r  oxygen i n  the (3% U - g$ Th)02 product (Sec 3.1.5.3) 
Complete reduction was therefore obtained i n  runs 7 and 8 (Table 7). 
reduction period of about 4 hr  and a tenfold excess of hydrogen was required 

t o  complete the reaction. 

4.1.3 Rod-Fabricat ion P i lo t  P lan t  

A 2.04 (ma)  value fo r  the 

This 2.04 value actually represents the l i m i t  of 
3 8  

A 

During the i n i t i a l  cold tes t ing  of the fabrication equipment, it soon 

became evident tha t  the  powder-conditioning equipment w a s  the area of major 

concern. Despite e f fo r t s  t o  contain dust within the system, an unexpectedly 



60 

Table 7. Physical Data on the Sol-Gel Oxides Prepared During 

the Sustained Cold Operating Test 

G a s  
Batch Sample Re  lease o/u 
No. Code" ( s td  cc/gm) R a t  i o  

6 

7 

8 

SGOD- 
COC - 
COF- 
cow. - 

SGOD- 
COC - 
COF- 
cow. - 

SGOD- 
COC - 
COF- 
corn. - 

0 .Oh5 
0.024 

0.054 
o .25 

0 0035 
0.016 
0.10 
0.17 

2.10 

2.03 

2.04 

9 SGOD- 0.036 2 .og 

10 SGQD- o .018 -- 

%GOD is a calciner batch number. 
COC represents a batch of crushed oxide, coarse (6/16) fraction. 
COF represents a batch of crushed oxide, f ine  (-16/325) fraction. 
C O W  represents powder as loaded into the rods, i.e., 55$ COC - 

45% COF. 
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large quantity of oxide dust accumulated on the exter ior  of the equipent  . 
Obviously, t h i s  very abrasive dust can cause excessive wear of bearing- 

and bearing surfaces. 

trouble with the ball  m i l l  (Fig. 28). 
simultaneously rotated about three axes called fo r  several types of 

bearings Extensive modifications were essent ia l  t o  obtain a suitable 

working situation. Even a f t e r  apparently solving the bearing problem, 
other modifications were necessary; became of the wearing of bearing sur- 

faces, extraneous material w a s  introduced into the &el. Before cold 
testing, there w a s  concern that the classifier screens m i g h t  block during 

operation; however, the cold runs showed that sone screen blockage would 
occur but not enough t o  be of concern. 

conditioning equipment performed sat isfactor i ly .  
a material. holdup of about 2 kg w a s  observed during the cold runs. 

The abrasiveness of the powder caused extensive 
The requirement that the m i l l  be 

The remainder of the powder- 

In  the complete system, 

During the operation of the vibrator system, several modifications 

w e r e  necessary. 

required the elimination of the dust boot over the end cf the feeder 

trough. Although the elimination of the boot increased the dusting, it 

w a s  f e l t  that adequate feeder control could not be obtained without 

observing the feeding. 

u t i l i z e  a s l igh t ly  modified Swagelok tube coupling. 

standard 1/2-in. pipe t o  1/2-in. tube m a l e  connector w i t h  specially 

machined s p l i t  ferrule.  During the cold operations, fa i lure  of the 

Swagelok chuck was usually observed after 10 t o  12 rods; therefore, it is 

planned t o  change the Swagelok tube coupling after the compaction of s i x  

rods.  Also, a number of fa i lures  i n  the other components of the vibrator- 
chuck assembly are anticipated because of the extremely high levels of 

acceleration associated w i t h  the Branford 
20,000 t o  100,000 8 ) .  
on the unit ,  spare coqonents t o  the ent i re  vibratory cornpaction assembly 

are considered absolutely essential .  
I n  operating the vibrator, it was found tha t  the freedom of the anvil, 

The need t o  observe the feeding of the fue l  into the rod 

The chuck for holding the rod w a s  designed t o  

This coupling uses a 

a vibrator (reportedly as high as 
A l o n g  with dai ly  maintenance checks on a l l  fasteners 

t o  which the rod t o  be f i l l ed  is  attached and upon which the penumatic 
harmer impinges, is very important. The anvil must be allowed t o  wve  a 
short distance (about 1/16 in.) t o  obtain the desired compaction. If the 

%anufactured by the Branford Co., New Britain, Corm. 
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Fig. 28. Original B a l l  Mill. 



. 

I 

anvil  is not allowed t o  reciprocate, a reduction i n  packed density of 

8 t o  1 6  is  observed. 

Branford vibratory due t o  component fa i lures  within the vibrator uni t .  
Some d i f f i cu l t i e s  were experienced with the 

A f t e r  demonstrating the ab i l i t y  of the powder-preparation equipment 
t o  produce powders of three size fractions fo r  loading into the f ie1 

tubes, it w a s  decided t o  modify the .system t o  produce powders of a binary- 

size distribution. 
fractions w a s  based on two factors: 

the ternary i n  compaction density tha t  is attainable, and (2) 

is much eas ie r  t o  operate, especially remotely. 
the binary-size dis t r ibut ion w a s  optimized and now consists of a charge 
of 55% of a classified -6 +16 mesh fraction and 4546 of an unclassified 

ball-mill  fraction. The ball-mill fraction is controlled by the weight 

of charge and the time spent i n  m i l l i n g .  

mined which would resul t  i n  the most pract ical  use of the dis t r ibut ion 

produced by the j a w  crusher and which would pack t o  acceptable densit ies.  

The b a l l - m i l l  f raction has typically the distribution given in  Table 8. 

The decision t o  operate the system with two s ize  

(1) the binary system is equal t o  

the binary 
During the cold runs, 

A set of conditions w a s  deter- 

Table 8. A Typical Size Distribution fo r  the 

B a l l - M i l l e d  Fraction 

Percentage of 
R a n g e  of Par t ic le  Sizes  Par t ic les  Within Given Range 

-16 +50 
-50 +i4o 

20 

30 
-140 +200 20 

-200 +325 

-325 

25 

5 

With t h i s  distribution, 20 sample rods were packed t o  an average bulk 

density of 90% of theoretical, with a deviation from rod t o  rod of < l$. 
The density prof i le  measured with the gamma scanner within these rods w a s  

w e l l  within the specified - +2$, w i t h  the majority showing a deviation of 

< 1-1/2$. 
predicted from laboratory experience. 

The resul ts  w e r e  most gratifying, since they had not been 
Apparently, a w i d e r  d is t r ibut ion 
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range of powders can be ut i l ized with the bottom-actuated pneumatic 

device mounted similarly o r  on a beam mount. 

powder during compaction with the pneumatic device can account f o r  t h i s  

observation. 

The greater breakup of 

4.2 Hot Operation 

4.2.1 Solvent Extract ion P i lo t  Plant 

About 50 kg of 23% w a s  purified i n  nine runs during the Kilorod 

Program. 

i n  Table 9. 
purification by the sol-gel process. Specifications w e r e  met i n  each 

instance. 

A summary of the significant results of these runs is  presented 

Also presented are the specifications imposed on the 23% 

Detailed resul ts  are presented i n  Appendix Section 8.1.3. 
The gross gamma decontamination factors shown i n  Table 9 were obtained 

from the gamma ac t iv i ty  of the concentrated product . 
study of the gamma ac t iv i ty  of the product is presented i n  Fig. 29, which 

presents the change i n  garmna ac t iv i ty  of di lute  stripped product (expressed 

as gamma counts per min per mg of 23%) with timi? a f t e r  purification. 

Radiochemical analyses of the producte5 indicate the removal of more than 
9 9 . s  of the longer-lived daughters of 23% with the exception of about 
O.$ of the 212Pb. 

which w a s  extracted. The high energy gamma ac t iv i ty  (primarily T1) 
associated w i t h  the product decreased fo r  about four days as the 212Pb 
decayed and then began t o  increase as the 

Also presented i n  Fig. 29 f o r  comparison is  a curve of data obtained 

A more significant 

Apparently, the 212Pb resulted from the decay of 220Rn 
208 

228 Th concentration bu i l t  up. 

by Rainey i n  laboratory-scale countercurrent work. Because of shorter 
contact time less  220Rn was extracted i n  the coutercurrent work, result ing 

i n  lower 212Pb content and the absence of i n i t i d  decay as exhibited by 

the Kilorod product. However, a f t e r  a few days the ac t iv i ty  of the counter- 

current product is approximately of the same level as the Kilorod product. 

Approximately 1.3 kg of the material purified in  runs E - 2  and. E - 3  was 
used t o  supply the requirenent i n  another AEC-sponsored program. 

To summarize, the solvent extraction process used t o  purify 23% pro- 

duced material which met  a l l  specifications imposed by the sol-gel process. 

4.2.2 Results of Sol-Gel Operations 

By the completion of the Kilorod Program more than 1 m t r i c  ton (1003 

. 

kg) of product had been prepared. This included 993 kg of regular Kilorod 



Table 9. Kilorod Program Summaxy of Solvent Extraction Results 

Measurable 
Ionic %Ties 

ppm 1 
RUn Recovered NO3D Na, C a ,  
NO (€3) Gross y Thorium Ratio Al Mg L i  Total 

Decontamination Factors 233u 

HJ-1 4622 230 3.0 x lo3 2.42 2 4 9  2201.86 4744 
HJ-2 4527 380 5.0 x lo3 2.25 52 <360.22 193 
m-3  3784 416 3.0 x lo3 2.16 37 220.10 271 
Dc -1 4358 185 2.0 103 2.12 28 296.46 310 

DC-3 7918 2 58 5.50 103 2.12 16 75 59 113 
DC -4 5030 300 3.10 103 2.20 26 113 .oo 155 
H J  -4 5034 194 2.60 103 2.14 12 q 3 4  193 

Dc -2 7793 310 5.50 lo3 2.12 23 165.05 207 

HJ-5 6485 150 1.96 x lo3 2.19 26 62 162 
Specifications 100 103 2.5 
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product and the 9.9 kg prepared in  the high-radiation-level t e s t .  

Except f o r  the first campaign, as noted below, process control and product 
uniformity were excellent throughout the program. 

4.2.2.1 Ope rational Control of the U/”h Ratio During Hot Startup. - 
Ratio control fo r  the Kilorod operation must be divided into two operating 

periods fo r  analysis and discussion. 

12 runs, which comprised the first campaign. The second period includes 

the res t  of the program (campaigns 2-7). Ratio control was poor for  the 

first campaign but excellent f o r  the remainder of the program, as w i l l  be 
discussed. 

The first period includes the first 

A campaign scheme of operations w a s  selected f o r  the Kilorod operation. 

A batch of 23% was prepared by solvent extraction and placed in  the UNH 

feed solution storage tank. 

feed solution were given a campaign number i n  passing through the sol-gel 

and rod-fabrication operations. 

gel, and rod-fabrication equipment were cleaned thoroughly, and s t r i c t  

accountability made. T h i s  w a s  done fo r  c r i t i c a l i t y  control as well as 

account ab i l i ty .  

The solids prepared f r o m  t h i s  batch of UNH 

A t  the end of each campaign, the SX, sol-  

The capa ign  required storage of feed solutions for  several weeks. 

Proper feed-solution storage demanded an almost invariant uranium concen- 

t r a t ion  over the period of storage. This w a s  necessary i f  proper control 

of the U/Th r a t io  were t o  be obtained. 

number of analysts available w e r e  a lso t o  be considered. 

Analytical costs and the limited 

The original feed-solution storage tank (R-25) was unsatisfactory. 
The tank, which was f i l l e d  w i t h  boron-glass Raschig rings, could not be 
agitated properly w i t h  the air-sparge ring provided. 
became entrained by the agitating a i r  up into the packing, l o s t  a considera- 
ble m u n t  of water and then dripped back dawn into the solution i n  the 

lower part of the tank. This drain-back would occur fo r  an extended time 

a f t e r  agitation and sampling. 

between duplicate samples. 
air passed through the tank f r o m  instrumnt probes. 

steady but e r r a t i c  concentrating of the feed liquor. 

nine-day period the 23% concentration rose f r o m  116.8 t o  133.5 g / l i t e r ,  
obviously intolerable. 

Apparently the  liquor 

It was  thus d i f f i cu l t  t o  get agreement 

I n  addition t o  t h i s  drain-back, a current of 

Thus, there was a 

For example, i n  a 

Therefore, it was decided t o  stop operations and t o  



i n s t a l l  a new feed solution storage tank (R-35). 
have no packing as it was of c r i t i c a l l y  safe geometry (5-in. IPS, 13-ft 
high), and, being slender, agitation and sampling would be sat isfactory 

(see Fig. 30) .  

the en t i re  plant cleaned out, and the new feed solution storage tank 

installed.  

This new tank would 

Accordingly, the first campaign was halted after 12 runs, 

The resul ts  given in  Table LO show the control problem encountered 

i n  the f irst  campaign. A target  r a t i o  of 3.00 w a s  selected f o r  each batch, 

and yet individual s o l  analyses ranged f r o m  2.88 t o  3.19. 
primarily the resul t  of the d r i f t  i n  the feed solution concentration. 
However, superimposed on t h i s  uncertainty w a s  a l so  the analytical-sampling 
errors,graphically shown i n  the poor agreement between repet i t ive samples 

taken from certain batches (see resul ts  4A, 4B and k o r  lOA, lOB, 1OC and 

l O D ) .  Despite these d i f f i cu l t i e s  and using averages of a l l  analyses 

received on each batch, only one batch (No. 10) did not fa l l  within the 

3.00 - + 0.10 value i n  which powder blending was permissible. 

w a s  obtained t o  blend t h i s  batch with other powders. 

w a s  practiced with a l l  batches of t h i s  campaign as a precautionary measure. 

For example, batches 4 and 11 were blended, as were batches 8, 10, and 12. 

This w a s  

BNL permission 

Actually blending 

4.2.2.2 T e s t  of Feed Solution S tab i l i t y  i n  the New R-35 Storage Tank. - 
The process -control d i f f icu l ty  ar is ing from the unstable uranium concen- 

t r a t ion  i n  the R-25 tank, demanded a sampling-analytical study t o  ensure 
t h a t  adequate control could indeed be accomplished through use of the newly 
installed R-35 tank. This test was also highly desirable fo r  other reasons. 
F i r s t ,  the U/Th r a t io  specification demanded extreme accuracy i n  the 
uranium analysis of the feed solution, an accuracy not before m e t  i n  process 

control. Anything less than the most accurate analysis w a s  worthless, and 
the recognized l i m i t s  of accuracy indicated tha t  the precision of even the 

most accurate method was marginal. The coulometric method, accepted 

standard f o r  t h i s  determination, had been performed i n  the past, mostly by 
special is ts  .lo The number of analyses anticipated and the ava i lab i l i ty  
of these special is ts  only during the day made necessary the use of 

"production" analysts under production conditions. 

established not only t o  determine the s t a b i l i t y  of the solution concentra- 
t i o n  i n  the new storage tank but t o  test  the reproducibility of samples 

Thus the need was 

. .  

- I  
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Table 10. Individual U/Th Ratios for the 12 Batches 

Comprising the  F i r s t  Hot Campaign 

Sol-Gel R a t  io  by Sol-Gel R a t  io  by 

NO. S G B ~  Analysis No. SGB Analysis 
Batch Laboratory Batch Lab0 ratory 

1 

2 A  

B 

3 
B 

C 

4A 
B 

C 

5 
6 
7 

2 0 %  

3.02 
3.01 

2 099 
3.01 

3.01 

3 .Ob 
3 005 

3.19 
2 .gi 
2.94 
2 995 

8A 
B 

C 

9A 
B 

1OA 

B 

C 

D 
1lA 

1 l B  
12 

2.88 

2 *% 
2-92 
2 *99 
3.00 

3.15 
3.07 
3.11 

3 915 

2.91 

2.92 

2 093 

~- 

%hen repet i t ive sampling and analysis w a s  done, average of a l l  
values w a s  used t o  determine the rat ios .  



taken by the remote sampling device, the inherent accuracy of the nethod 

used, and the capabili t ies of the methods, men, and coulometers under 
product ion conditions. 

A s t a t i s t i c a l  study w a s  blocked out f o r  th i s  problem. Samples were 
withdrawiz i n  duplicate (or t r i p l i ca t e )  at irregular intervals from the 

R-35 tank over the period July 21 t o  September 3 (campaign 2). 

"original" analysis (see below) w a s  performed i n  duplicate on the samples 

immediately after wi thdrawal .  Determinations were made i n  duplicate, and 

a l l  resul ts  were reported. The unused portions of these sanrples were 

sealed and held f o r  periods ranging from 7 t o  17 days and submitted f o r  

repeat analysis (see below). These repeat analyses were made in  blocks 

ranging from 2 t o  6 in  number. 

The 

The s t a t i s t i c a l  evaluation of the data is the subject of another 
11 report. 

confidence level  : 
In  t h i s  evaluation, the following were established at the 95$ 

1. 

2. A s  a resul t  of a t-test, the mean of the original analyses and 

There is  no " d r i f t "  with time i n  the analytical  operation. 

the repeat analyses are equal. 

3. A gradual but small increase in  the concentration of the feed 

solution was found. 
a least-squares plot of the data, the concentration of the feed solution 
w a s  found t o  f i t  the following equation: 

This amounted t o  0.04 g m  U/liter/day. A s  a resul t  of 

U(g/liter) = 108.9 + 0.0428, 

where 
8 is  lapsed t i m e  i n  storage tank i n  days. 

4. The precision of the two coulometers assigned t o  the Kilorod 
Program w a s  equal. The same w a s  t rue of the work of the two analysts. 

5 .  The mean of the resul ts  obtained on coulometer 1 w a s  different 

from those fo r  coulometer 2. 

not equal. However, t h i s  w a s  t o  be expected since the first coulometer w a s  

used exclusively through the first t en  days (13 determinations) of the t e s t .  

The second one w a s  used throughout the remainder. The same is t rue of the 

operator's work, as one performed the f irst  24 "original" determinations, 

while the second performed 5 original determinations almost at the end of 

the program. 

r i s e  in  concentration discussed above. 

The mean of the operator's resul ts  were also 

I n  t h i s  regard, reference is  made t o  the clearly established 



Several spot checks throughout the  test period w e r e  also made during 

the period between the work of the  Kilorod analysts and the spec ia l i s t s  

mentioned. The maximum discrepancy noted i n  these tests i n  no case 
exceeded an acceptable 0.6 g / l i t e r  at the  lOO-g/liter level .  

Infrequent analysis of the feed solution (every 10 days) would provide 
excellent process control. The resu l t s  of the analysts '  work exceeded 

expectations; the commonly accepted e r ro r  f o r  the method under the handling 

of spec ia l i s t s  is  - +0.5-0.75 g / l i t e r  at the lOO-g/liter level,  as opposed 
t o  a - +0.2 g / l i t e r  at the 108-g/liter l eve l  obtained by the  Kilorod analysts. 

The ins ta l la t ion  of R-35 solved the U/Th r a t i o  control problem f o r  the 

remainder of the  Kilorod Program (campaigns 2-7). 

sampling-analytical problems associated w i t h  hot operations were also 
worked out. 
show the marked improvement made i n  the operation by t h i s  equipment addition 

(see Table 11) . 
A standard deviation of 0.038 was  maintained between the ta rge t  value of 
the  U/Th r a t i o  and the r a t io  by sol analysis over the last 88 batches 

processed. 

This study clear ly  showed the adequacy of the R-35 instal la t ion.  

4.2.2.3 Control of U/Th Ratio During the Remainder of Hot Operations. - 

A t  the same t i m e ,  the  

Analyses of the individual so l  batches of the second campaign 

This control is typical  of the remainder of the operation. 

Table 11. Individual-Batch U/Th Ratios Based on Sol Analysis 

Second Campaign 

SGB Ratio by Target SGB R a t  i o  by Target 
No. Sol  Analysis R a t  i o  No. Sol  Analysis R a t  i o  

13 
14 

15 
16 

17A 
B 

1 8 ~  

B 

19 
20 

2 a 9 8  
3.02 

3 a03 
3 003 
2.94& 

3.01 

3 .oo 
3 003 
3.08 

3 -07 

3 ,OO 

3,02 

3.02 

3 -02 
3 .OO 
3 -00 

3 .OO 
3 .OO 
3*05 

3 a 5  

21A 

B 

C 

22 

23 
24 

25 
2 6 ~  

B 

27 
28 

3.02 

3.01 

2 0 9 8  

2 099 

2.94 

3.01 

3.04 

3 -07 

3 003 
3.02 

3.03 

2 -97 
2 -97 
2 -97 
2.95 

3 .oo 
3 .oo 
3 .oo 
3 .oo 
3 .oo 
3 .oo 
3 .oo 

~~ ~ 

%he analyst questioned t h i s  resu l t  independently and requested 
resampling. 
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The U/Th r a t io  can be determined by three methods. The relat ive 
accuracy of those methods is discussed so the U/Th r a t io  data can be 
be t t e r  interpreted. 

In  the SS t ransfer  method the 23%J contained i n  the feed solution and the 

weight-analysis of the Tho2 feed are used. These values and the weight 

of the product leaving the cubicle are the most accurate data available 

t o  sol-gel operations (see Sec 4.3.3) . 
method.13 

the analysis of the two elements i n  the presence of each other i n  the so l  

is not as accurate as in  the analysis of the individual metals i n  the 

separate feed fractions. Also, the sampling of the sol  is not as good as 

the sampling i n  the SS t ransfer  method. 

The first (SS t ransfer  ra t io)  method is considered the most accurate. 

12 

The second, o r  sol-analysis method, is the second most accurate 

This r a t io  is based upon the analysis of the sol.  However, 

The th i rd  method (powder-analysis method) includes the preparation 

of a composite sample representing a large quantity of product ( the quan- 
t i t y  of product i n  a car r ie r ) .  

three,  undoubtedly the resul t  of sampling error .  

This r a t io  is the leas t  accurate of the 

The first (SS- t ransfer  ra t io)  method w a s  adopted as the o f f i c i a l  
r a t io  and is  the r a t io  upon which SS transfers t o  BNL w e r e  made. 

analysis r a t i o  w a s  useful as a confirmatory figure fo r  the SS-transfer 

ra t io .  

campaign, and the U/Th ra t ios  actually obtained i n  the sol-gel campaign 

represent t o  some extent a compromise between the two methods. 

The sol-  

Excellent agreement between these two could be expected over any 

The objective of each campaign w a s  t o  achieve an overall average 
U/Th r a t io  of 3.00 - + .O3. 

w i t h  the possible exception of the startup campaign (Table 12). 

same time, by established practice, no sol-gel product w a s  transferred 
t o  rod fabrication which d i d  not have a sol-analysis r a t io  within the 

primary specification (3.00 - + .05) range. 

follows: 
i n  temporary storage a f t e r  calcining. 

a "target" r a t io  selected t o  offset  the e r ror  apparent from the so l  
analysis of the e a r l i e r  batch. 

"paired" w e r e  thoroughly mixed before transferring t o  the rod-fabricat ion 

This objective w a s  eas i ly  m e t  i n  a l l  campaigns, 
A t  the 

This was accomplished as 

A n y  batch whose s o l  analysis f e l l  outside t h i s  range w a s  placed 
A second batch w a s  prepared with 

The batches of calciner product thus 
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Table 12. Summary of the ~ O O X ~ ~ % / ~ ~ ? J + T ~  

Ratios f o r  the Product of Each C q a i g n  

Campaign Number S S  -Trans fer S 01 -Analys is Range of 
No. of Batches R a t  i o  R a t  i o  Sol Analyses 

1 12 2.96 2 097 2.91 - 3.12 
2 16 3.01 3.02 2.94 - 3.08 

3 12 3 .oo 3 .oo 2.95 - 3-06 

4 13 3.02 3 .oo 2-94 - 3.07 

5 23 3.00 2 -99 2.91 - 3.05 
6 17 3 -02 2.98 2-93 - 3.04 
7 7 3 003 2 099 2.95 - 3.06 

t r a in .  "Target" ra t ios  i n  a l l  cases w e r e  held within the specification 

range t o  avoid unnecessarily large variations in  the product ra t ios .  

one case (campaign l), three batches were blended t o  obtain the desired 

r a t i o  before dumping. 

In 

The above batch-blending scheme favored the S S  t ransfer  data but 
resulted i n  a reasonable compromise between tha t  method and the sol  

analysis. The agreement obtained between the two methods is excellent 

(Table 13). 
resu l t s  of either of these two methods with the powder analysis but s t i l l  

12 falls within the +2$ error (3.00 + 0.06) predicted i n  the earlier work. 
The practice of withholding batches outside the primary specifica- 

A somewhat larger  variation is noted when comparing the 

- - 

t i o n  u n t i l  a "paired" batch w a s  available yielded d i s t inc t  benefits .  I n  
t h i s  way, it w a s  not possible t o  load a single rod w i t h  powder which d id  

not m e t  the r a t i o  specification. 

was withheld f r o m  campaign 1 f o r  t h i s  reason and later blended with 

material from campaign 3 (see Appendix). 

w a s  a lso blended t o  complete the first ca r r i e r  shipment. 

carrier-product ra t ios  were held very close t o  3.00 by t h i s  procedure fo r  

the first three carr iers ,  while variations i n  the ra t ios  fo r  the three 

corresponding campaigns varied. 

A considerable amount of powder (15 kg) 

Product f r o m  campaigns 1 and 2 

Note tha t  the 

The apparent wide range of sol-analysis r a t io s  which occurred i n  each 

of the campaigns should not be of concern in  an overall  process control 

c 
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i -  Table 13. Summary of the ~ O O X ~ ~ % / ~ ~ % + T ~  

Ratios fo r  the Fuel i n  Carrier Shipments by the Three 

Customary Methods 

Carrier SS-Transfer" Sol-Analys is  Powder-Analys is 
R a t  i o  Shipment No R a t  i o  R a t  i o  

2 099 
3 .oo 
2 *99 
3.02 
3 .oo 
3 .oo 
2 099 
3.01 
3 903 

2 099 
3 .oo 
3 .oo 
3 .oo 
2.98 

2 999 
2 097 
3 .oo 

3.01 

2 -99 
3 .Ob 
3.03 
2.96 
3 .oo 
2 095 
3.02 

3 -03 
2.94 

%est values f o r  the 2 3 % f i O O / 2 3 % + ~  ra t io .  

sense, because generally only one of the extreme ra t ios  shown represents 

a batch outside the primary specification range. The batch at the other 
l i m i t  of the range is  simply the "paired" batch. 

4.2.2.4 Gas-Release Values f o r  the Kilorod Product. - The gas release 
of each batch of calciner product w a s  determined throughout the program 

(Table 14). G a s  release f o r  each of the nine ca r r i e r  composite samples 

was determined by crushing the en t i re  sample t o  -100 mesh before out- 
gassing. This departure f r o m  the procedure upon which the gas-release 
specification w a s  writ ten w i l l  be discussed l a t e r .  

The gas-release data f o r  the calciner product f e l l  w e l l  within the 
l i m i t s  expected from the limited Unit Operations and cold s tar tup work. 
In  the mre extensive Kilorod work, 94 batches were made under standard 

operating procedure. 

s td  cc/g. 

cantly i n  excess of the expected maximum. 
Toward the end of the program, it w a s  decided t o  test the hot off-gas 

Four of these exceeded the expected maximum of 0.05 

The maximum of these exceptions was 0.057 and thus not s ign i f i -  

f r o m  the calciner fo r  ac t iv i ty .  

la ted i n  the hot off-gas l ine,  contrary t o  expectations. 

Up t o  t h i s  ti= no ac t iv i ty  had accuII1u- 

A high gas 



Table 14. Gas-Release Values f o r  the Powder 

Loaded into the Fuel Rods for  Each Carrier Shipment 
Conditions : 

1. Carrier composite sample used fo r  t h i s  test 

2. Sample crushed and passed through 100-mesh screen before checking gas release 

Sample 
Ident i ty  

G a s  Release 
( s t d  cc/gm) 

Carrier Shipment No. 

1 2 3 4 5 6 7 8 9 
- -  ~~- ~ ~- ~ 

comp. - A  0.48 0.18 0.41 0.29 0.54 0.37 0.19 0.67 0.30 

- B  0.52 0.25 0.43 0.32 0.18 0.9 0.26 0.67 0.24 
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release w i l l  be noted (< 1 s t d  cc/g - see Appendix) f o r  calciner batches 

96, 97 and 98. 
continuously from the calciner off-gas stream, and the operators could 
not maintain the atmosphere i n  the calciner. 
than normal i n  t h i s  respect, but when blended w i t h  material prepared i n  

normal operation the gas release was lowered t o  normal, that  is, 0.27 

f o r  the ca r r i e r  composite containing these calciner products (see ca r r i e r  

shipment No. 9 d a t a  i n  the Appendix) . 

- 
During these runs, samples were being withdrawn 

The product w a s  thus higher 

The gas-release data f o r  the composite powder samples appear high 

upon first examination. This is not t rue  when the effect  of a change i n  

the analytical  procedure is  considered . 
the gas-release t e s t  was  t o  be done on a composite sample of powder as 

taken d i rec t ly  from the rod-loading operation. 
powder was  +lo0 mesh. 

properties approximately equal t o  that  of the calcined product, o r  about 

0.05 s t d  cc/g. 
a 5-8 fold increase was obtained i n  the quantity of gas released, if  a 

given sample of coarse material w a s  crushed and ground t o  -100 mesh 

before out-gassing. In  real i ty ,  th is  is the increase i n  gas release 
noted between the "calciner product" and "crushed powder" values of the 

specification, that  is, 0.05 s t d  cc/g and 0.3 s t d  cc/g, although it was 

not so recognized at the time these values were agreed upon. I n  such 

case, the gas released by the coarse powder f ract ion is not appreciable 

when compared w i t h  the release of the f ine powder. Thus, a doubling of 
the gas-release quantity would be expected as a minimum from t h i s  chaage 

i n  the analytical  procedure . 

In  the original specification, 

More than 60$ of t h i s  

This re la t ively coarse powder has gas-release 

During the progress of the operation, it w a s  noted that 

14 

The expectation of a doubling of the quantity of gas released by 

t h i s  change i n  analytical  technique is supported by the results. Powder 
samples removed f r o m  the rod-loading s ta t ion  during the loading of the 

first 1% rods w e r e  analyzed individually fo r  gas release 

f o r  t h i s  first 14 samples while using the or iginal  procedure w a s  0.11 

s t d  cc/g, while the range w a s  0.05 t o  0.28 s t d  cc/g. These samples i n  

turn were used t o  prepare the first ca r r i e r  composite sample fromwhich 

gas-release values of 0.48, 0.50 and 0.54 were obtained. 

the most general data (Table 14) give further confirmation w i t h  an average 
of 0.37 s t d  cc/g and extreas  of 0.18 t o  0.67 s td  cc/g. 

The average 

The resul ts  of 
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The above change w a s  suggested as an improvement in  the analytical  

procedure since the BNL group w a s  interested i n  the t o t a l  gas contained 
i n  the product. 

product acceptable on these grounds. 

BNL agreed that  the change w a s  worthwhile and the 

While t h i s  change i n  procedure gave a be t t e r  value than the original 

method, it, i s  recognized tha t  it s t i l l  does not l iberate  a l l  gases from 

the solid product. 

these resul ts  would be subject t o  inaccuracies ar is ing from oxidation- 

reduction reactions occurring during the analysis. 

Only an arc-fusion method would do t h i s ,  and even 

4.2.2.5 Analysis of the Gas Released from the Carrier Composite 

Samples. - I n  the ear ly  part  of the Kilorod Program the gas-release 
apparatus could handle only small (1-g) samples. This sample size w a s  

large enough t o  give accurate gas-release values; therefore early gas- 
release values are satisfactory.  

i n  the capsules w a s  frequently too low fo r  mass-spectrometer use. 

Further, those capsules which apparently contained enough gas fo r  
analysis s t i l l  d i d  not contain enough sample t o  obtain acceptable 

accuracy. 

However, the quantity of gas contained 

Duplicate samples frequently had no semblance of agreement. 

This  problem was recognized, and the analytical  gas-release equipment 
revised so t h a t  much larger samples (10 g) could be used. 

manifold-capsule volume rat io  w a s  reduced considerably . 
higher capsule pressures could thus be obtained and the accuracy of the 
gas analysis improved markedly. A sufficient volume of sample was 

obtained f o r  analysis by both mass spectrometer and gas chromatograph. 
The gas chromatograph gave separate values fo r  the N2 and CO, not available 
from mass-spectrometer operation alone. 

gave no values f o r  water present. 

Also the 
Considerably 

In turn, the gas chromatograph 

Agreement between mass-spectrometric and chromatographic analyses is  

good, with the exception of the carrier-? sample (see Table 15). 
mass-spectromter data are presented first, showing the water contained, 

and then on a %one dry" basis fo r  direct  comparison with the gas- 

chromatographic values. 

on the water determination is  poor. Also note that there is a tenfold 
variation i n  water content f r o m  one sample t o  another. This cannot be 

explained. Analysis i s  considerably be t t e r  f o r  the other gases present, 

The 

Note tha t  the agreement between duplicate samples 

, 

. 
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Table 15. Composition of the G a s  Released by the Kilorod Product 
(VOlUm? $) 

Carrier 
Composite ~ n d . ~  

C02 NO O 2  Sample Method H20 H2 CH4 HCb N2 co N2 + co 
NO 

MS 23.9 21.3 0.4 0.2 -- -- 31.5 0.2 19.4 3.1 
4.1 26.9 0.5 0.3 -- -- 41.1 0.1 25.4 1.6 
-- 28.1 0.6 0.3 -- -- 42.0 0.2 26.1 2.9 

1 

-- 31.8 0.6 -- 5.2 25.6 30.8 2.2 28.7 -- 
MS 27.7 19.6 0.2 0.2 -- -- 28.2 0.9 19.7 3-5 

22.1 21.2 0.2 0.2 -- -- 30.7 0.6 21.9 3.1 
1.0 27.8 4.4 

-- 27.5 0.03 13.0 3.0 
-- 31.8 0.5 0.5 -- -- 44.0 0.3 20.5 2.5 -- 36.9 0.6 -- 4.72 30.7 35.4 2.2 21.2 -- 
2.2 33.7 0.2 0.1 -- 50.4 -- 13.2 0.1 
9.0 30.6 0.2 0.3 -- -- 47.3 0.2 12.2 0.3 

-- 27.2 0.3 0.3 -- -- 39.3 
-- 27.1 0.5 -- 5.0 32.3 37.3 2.0 25.6 -- 

MS 10.8 29.3 0.3 0.5 -- -- 40.2 Q.01 18.5 0.4 
[ E  

2 

35.9 19.7 0.3 0.3 -- 
3 [ E  rn 

-- 51.8 0.1 13.5 0.2 

E 17.3' 11.8 0.3 0.3 -- -- 36.6 4.2 28.9 0.6 

4 -- 34.1 0.2 0.2 -- [ E -- 34.8 0.9 -- 4.8 33.2 38.0 2.4 19.1 -- 

-- 14.3 0.3 0.4 -- -- 44.3 5.1 34.9 0.7 

-- 27.7 0.1 25.8 0.9 

-- 31.8 0.6 -- 12.8 12.9 25.7 5.9 38.3 -- 
E 20.6 28.2 0.2 0.4 -- -- 25.3 0.1 24.6 0.6 

5 

13.8 31.1 0.3 0.3 -- 
-- 35.9 0.3 0.4 -- -- 32 .o 0.1 30.5 0.5 -- 41.6 0.4 -- 7.1 25.2 32.3 3.1 28.0 -- 

rn 3.3 36.4 0.4 0.5 -- -- 37.9 0.1 20.0 1.4 
6.9 33.6 0.5 0.4 -- -- 37.2 0.1 19.9 1.4 

6 

-- 36.8 0.5 0.5 -- -- 39.7 0.2 21.0 1.5 -- 40.6 0.8 -- 4.5 29.9 34.4 1.5 21.9 -- 
2.02' 27.0 0.2 0.3 -- -- 43.3 0.2 26.8 0.2 

7 

-- 27.5 0.2 0.3 -- -- 44.2 0.2 27.4 0.2 

MS 3.0 33.8 0.5 0.4 -- -- 51.4 Q.05 10.7 0.2 
1.2 35.0 0.5 0.5 -- -- 52.5 Q.05 10.2 0.1 

-- 35.1 0.5 0.5 -- -- 53.1 Q.1 10.7 0.2 

-- 29.9 0.6 -- 6.0 32.5 38.5 2.74 17.1 L- 

{ E -- 38.3 1.0 -- 6.81 49.2 56.0 3.4 7.8 -- 

k -  ass spectrometer. 

%plicate sample los t .  

w - G- mmtogra$ic. 
bHydrocarbons. 



with only an infrequent 3 6  discrepancy between duplicates. 
reason, duplicate values are given only f o r  the water analysis and there 

only t o  show the discrepancies encountered. 

For t h i s  

The product-contained gases are primarily H2, H20, CO and CO , present 2 
i n  roughly equal volume percentages. Hydrogen is  present i n  the solids 

equivalent t o  The corrosion of the Zircaloy by the 

hydrogen is  of no concern in  the present fue l  tubes since zero power experi- 

mental use is planned. 

3 ppm by weight. 

The existence of a se t  of complex equi l ibr ia  between the gases given 

above and/or t h e i r  dissociation products at the 1200'C out-gassing tempera- 

ture  is recognized. 

an attempt t o  evaluate the effect  of these equilibria.  
i s  beyond the scope o f t h i s  report, and fir ther,  the available data are 
insufficient t o  support such an analysis. 

The analytical  data are presented as received without 

Such an evaluation 

4.2 2 . 6  Trace Elements i n  Feed Materials, In-Process Materials, 

and i n  the Powder Loaded Into the Fuel Rods. - Trace-element analyses 

were made on the 23% and thorium ni t ra te  feed materials, the denitrated 

thor ia  powder, and the pmdered solids as loaded into the fue l  rods. 

Trace contaminants fo r  a typical  23%J feed batch are given i n  Table 16. 
Note tha t  asl upper l i m i t  is  given for  most of the elements sought, 
meaning that  i f  the contaminant is  present (and it may not be) tha t  i t s  
concentration is below the stated l i m i t .  T h i s  use of l i m i t s  rather than 
exact values w a s  imposed upon the analytical  procedures by the s ize  of 

23% sample tha t  could be handled i n  the hot ce l l s .  A complete tabulation 
of the trace analyses f o r  a l l  23% feed-solution batches is  given in  the 
Appendix. 

attempt w a s  made t o  improve the spectrographic procedures. 
improvement was made, as shown by examination of the above referenced 

tabulation. 

product; thus the contaminants shown are correspondingly lower i n  concen- 

t ra t ion  i n  the f ina l  product . 

Trace-Element Contamination i n  the 23% of the Feed Solutions. - 

During the period of the Kilorod operation, a continuing 

A considerable 

Recall tha t  only 376 of the 23% is  present i n  the f ina l  
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Table 16. Results of Trace-Element Analysis of a 
Typical Uranyl Nitrate Feed, Batch HJ-4 

B a s i s :  ppm of 233u 

Element Element Element Element 

A$ 
A 1  

As 

Au 
B 

B a  

Be 
B i  

C a  

Cd 

C e  

co 
Cr 
cs 
cu 

DY 
E r  

Eu 

Fe 
G a  

Gd 

G e  

H f  

Hg 
Ho 

I n  

Ir 

K 

L a  

L i  

Lu 

Mi3 

Mn 

Mo 

N a  

Nb 

Nd 

N i  

os 
P 

Pm 

Pb 

Pd 

Pr  

P t  

R a  

Rb 

Re 
R h  

Ru 

Sb 

s c  

Se 

S i  

< 82 S m  

< 1  Sn 

< 33 S r  

164 T a  

Tb 
< 13 Tc 

< 7  Te 
< 33 Th 

< 13 T i  

T 1  

< 66 Tm 

< 7  v 
< 1.3 W 

< 7  Y 
< 7  Yb 
< 3  Zn 

Z r  

9 

Trace-Element Contamination in  the  Thorium Nitrate Feed Crystals. - A 

complete trace-elemnt analysis w a s  made on the thorium n i t r a t e  feed 
crystals .  

i n  the c lass ica l  sense. However, i n  the c rys ta l l izer  used t o  prepare the 

crystals,  thorough mixing was unquestionably obtained, and a l l  the crystals 

used were f r o m  the s a m  batch. The concentrations of the t race contaminants 

present f o r  two grab samples are given in  Table 17. 
values given for sample A are believed t o  be the best obtainable as they 
were obtaiced by using the most precise instrument and the best-trained 

personnel a t  the Laboratory. Also, as the thorium n i t r a t e  dissolved eas i ly  

Unfortunately, it was not possible t o  sample the crystals  properly 

The spectrographic 
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Table 17. Results of Trace-Element Analysis of Thorium Nitrate 

Feed Crystals  - Rare Earths  and Corrosion Products 

Spectrographic, ppm 

Sample I d e n t i t y  Sample I d e n t i t y  
Element A B Element A B 

Ag 
A1 
AS 

Au 

B 

Ba  
Be 

B i  

Cd 

C e  

co 

C r  

cu 

DY 
Er 
Eu 

Fe 

G a  

Gd 

Ge 

Hf 

Hg 
Ho 

I n  

Ir 

L a  

Lu 

M g  
Mn 
Mo 
Nb 

< 0.075 
1.9 
< 7.8 
< 1.5 
3 -9 
4.5 
< 1.5 

< 3.8 
< 1.5 
6 
< 1 .5  

< 0.00075 

1.1 
0.16 

< 1.9 
< 7.5 
< 0.38 
9.5 
< 0.61 
< 0.38 
< 0.15 
< 0.75 
< 1-5 
< 3.8 
< 1.1 

< 7.5 
2.3 
< 1.5 
< 3.6 

< 0.23 

< 1.9 

< 0.075 

< 0.068 

0.8 
< 6.8 
< 1.4 
< 1.2 

< 1.4 
< 0.068 
< 3.4 

4.3 

0.31 

< 1.4 

< 1.4 

0.41 
< 1.7 
< 6.8 
< 0.34 
< 2.90 
< 0.51 
< 0.34 
< 0.14 
< 0.68 
< 14 
< 3.4 
< 1.0 

< 6.8 
1.2 

1.4 
0.25 
0.054 

0.21 

< 1.7 

Nd 

N i  

os 
P 

Pb 

Pd 

P r  

P t  

Re 

Rh 

Ru 

Sb 

s c  

S i  

Sm 

Sn 

T a  

Tb 

Tc 

Te 

T i  

T 1  

Rn 

U 

V 

W 

Y 
Yb 

Zn 

Z r  

9.4 
0.25 
< 3.8 
< 15 
< 1.5 
< 0.75 
< 3.8 
< 1 . 5  

< 1.5 
< 0.75 

< 0.75 
< 0.75 
< 0.38 
1.4 
< 0.75 
< 1.5 
< 3.8 

3.8 
< 0.75 
< 7.5 
< 0.038 
< 1.9 
< 0.75 
< 1  
< 0.15 
< 1.9 
2 

< 0.38 
< 1.9 
< 0.15 

< 8.5 
< 0.17 
< 3.4 

17 
< 1.4 
< 0.68 
< 3.4 
< 1.4 
< 0.68 
< 1.4 
< 0.68 
< 0.68 
< 0.34 
< 0.14 
< 0.68 

< 3.4 
< 3.4 
< 0.34 
< 6.8 
< 0.034 

< 1.4 

< 0.68 
< 1.7 

< 0.14 
< 1.7 
0.68 
< 0.34 
< 1.7 
< 0.14 
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i n  water, there was  no e r ro r  from tha t  source, as would have been 

encountered i n  analyzing the product; therefore, t h i s  is believed the 
best boron analysis available. 

t i on  and analysis of product solids.) 

w a s  re-determined, since the first value w a s  unexpectedly high. The %" 
sample w a s  analyzed with less-precise hot-cell equipment by technicians 

rather than by thoroughly skil led analysts. Agreement between the two 

se t s  of analyses is satisfactory.  Except fo r  the discrepancy between the 

boron values, the differences are of no pract ical  significance. 
Trace contaminants that  could not be determined spectrographically 

(See further discussion below on dissolu- 
Note that the boron i n  sanrple A 

were determined by other methods and are l i s t ed  in  Table 18. 

Table 18. Other Trace Contaminants i n  
the Thorium Nitrate Feed Crystals 

Concent rat ion Concent rat ion 
Element ppm Element (PPd 

Bra 2.2 L i C  < 1  

C a C  12 

C l a  < 4  

CSC < 1  

Ib < 10 

KC < 1  

30 

< 10 b C l + B r  

< 1  

< 2  

%etermined by activation analysis. 
bDetemined by standard analytical  procedure; d i s t i l l a t i o n  and 

CDetermined by flame spectrophotometry. 
micro-t itrat ion. 
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Trace-Elenent Contamination i n  the Denitrator Product. - The 

deni t ra tor  product w a s  analyzed spectrographically f o r  trace-element 
contamination. Two composite samples w e r e  prepared. Composite A repre- 

sented the first deni t ra tor  batches (13-25), while Composite B represented 

later batches (26-54). 

from deni t ra tor  operation (see Table 19). 
These results showed no detectable contamination 

Trace-Element Contamination i n  the Product. - Each of the nine 

ca r r i e r  composite samples w a s  analyzed spectrographically f o r  t race con- 
taminants, and the resu l t s  are presented i n  the Appendix. 
presents these data fo r  a typical  shipment, No. 4. I n  view of the 
thorough feed-materials analysis already conducted, and by agreement w i t h  

BNL, a t tent ion i n  th i s  f i n a l  analysis was directed primarily toward con- 
taminants t ha t  may have been added during processing. 

Table 20 

The contaminat ion resul t ing f r o m  normal equipment corrosion and wear 
( C r ,  Cu, Fe, N i ,  and S i )  w a s  held t o  a very low level.  
spectrographic accuracy and sample-preparation errors,  the contamination 

added by the process may have been negligible. Compare data of Table 19 
with those of Tables 15-18. The ranges (ppm) over which these elements 

were present i n  the fue l  are abstracted from Table 19 and given below: 

If  we consider 

C r  < 0.1 - 2.3 Fe 1.7 - 97 
cu 0.1 - 2.1 N i  < 0.1 - 3.6 

S i  < 0.4 - 0.9 

The product has almost the s m e  contaminant leve l  for C r ,  Cu, and S i  

as the feed materials. The fue l  of car r ie r  shipments 2, 3, 4, and 5 w e r e  
spot-checked f o r  N a ,  K, and L i ,  none of which w a s  present t o  an objection- 
able level. 
from crusher operation, but, from the data above neither of these contami- 

nants is  of concern. 

powder has a higher i ron content than the corresponding "coarseff powder. 

(See i ron analysis under ca r r i e r  shipments 2, 3, 4, and 5.) 

Some neasure of the iron and s i l i c a  contamination w a s  expected 

The data are contradictory i n  tha t  some of the  "fine" 

Nickel is possibly picked up during the  processing, and contamination 

from iron appears t o  have increased i n  the later shipments ( ca r r i e r  ship- 
ments 6-9). 
objectionable f o r  any single element for  any of the ca r r i e r  shipments. 
This is considered here as excellent contamination control. 

The leve l  of contamination i s  not high enough t o  be 

" I  
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Table 19. Results of Trace Analysis of Denitrator 

Product ( Tho2) 

Results expressed as ppm 

E leme nt Comp. A Comp. B Element Comp. A Comp. B 

Ag 
A 1  
A s  
Au 
B a  
Be 
B i  
Ca 
Cd 

co 
C r  
cs 
cu 

Fe 
G a  
Gd 
Ge 
H f  
Hg 

I n  
Ir 
K 
L i  

M g  
Mn 
Mo 
Na 
m 

< 0.2 
0 .og 
< 7.8 
< 2  
< 3  
43.004 
< 5  
26 
< 4  

< 1.5 
1.3 
< 0.3 
< 2  

11 
< LO 
< 3.8 
< 0.9 
< 20 
< 15 

< 11 
< 10 
1.1 
< 0.05 

10 
0.7 
< 0.9 
290 
< 0.9 

< 0.2 
0.07 
< 7.8 
< 2  
< 3  
< 0.004 
< 5  
28 
< 4  

< 1.5 
I. .8 

0.3 
< 2  

13 
< 10 
< 3.8 
< 0.9 
< 20 
< 1 5  

< 11 
< 10 
1.8 
< 0.05 

14 
0.8 
< 0.9 
270 
< 0.9 

N i  
os 
P 
Pb 
Pd 

Pt 

Rb 
R e  
R h  
Ru 
Sb 
S i  

Sn 
S r  
Ta 

Te 

T i  
T 1  

v 
W 

Zn 
Z r  

I 
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Table 20. Trace Element Analysis f o r  Product 

in the Fourth Carrier Shipment 

Analys is  a Analysisa 
Element Cof COC Elelnent Cof COC 

A% 
A 1  

Au 

Be 
Ca 

Cd 

co 

C r  

cu 

Fe 

I n  
Ir 

K 

L i  

M g  

4.4 
< 4.4 
< 0,002 

< 4.4 
< 4.4 
1.4 
0.34 
15 .o 
< 3.1 
< 21.0 

0.8 

3 -9 
< 4.0 
< 0.001 
20 
< 4  
< 4  
1.2 
0.36 
7 08 
< 3.0 
< 20.0 
< 4  
< 0.04 
0.45 

Mn 

Mo 
N a  

Nb 

N i  

Pb 

Pd 

S i  

Sn 

T a  

T i  

v 
W 

Y 
Zn 

0.7 
< 0.42 

< 5.2 

4.4 
< 2.2 

0 09 
< 4.4 
< 12 

< 1.2 
< 0.44 
< 5.5 
0.17 

< 5.5 

1.2 

0.44 
< 0.4 
21 

< 5  
3 *6 
< 4  
< 2  

< 0.4 
< 4  
< 10 
< 1  
< 0.4 
< 5  
0.065 
< 5  

1 ,  

I 

~ ~~~~ ~~ 

%arts of element per million par t s  of powder. 

Analysis of the ca r r i e r  composite samples presented the most 

d i f f i c u l t  analyt ical  problem i n  the program. 

analyt ical  techniques on this  procedure throughout the operating period, 
but the problem w a s  never wholly solved. The compromise solution f i n a l l y  

adopted yielded no analysis f o r  boron at  a l l  and a l so  undoubtedly added 

som iron contamination. This solution was  the best  available,and but 
f o r  these two exceptions gave good resul ts .  Because of the analytical 

delays, all ca r r i e r  composite samples were held u n t i l  the end of the 

program and analyzed nearly at the s a m  time. 

Work continued on proper 

The problem arose primarily f r o m  the refractoriness of the sol-gel 
product. For example, the first ca r r i e r  composite sample w a s  refluxed 
f o r  11 days i n  f’uming HNO before the coarse par t ic les  f ina l ly  dissolved. 3 
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Th i s  w a s  not a pract ical  procedure. 
-100 mesh and t reat ing with n i t r i c  acid (0.004 - M in  HI?) readily dissolves 

them under reflux, but boron w a s  picked up from the glassware. 
crushing of the powder also introduced an undetermined amount of iron into 
the product. 

Crushing the  coarse par t ic les  t o  

The 

After weighing the problem caref i l ly ,  it w a s  decided t o  crush the 
product and then t o  dissolve it on a water bath; platinum dishes were used. 

It took about 24 h r  t o  dissolve the samples. 

(as BF ), and some iron w a s  introduced, the nethod w a s  satisfactory.  
iron values given in  Table 1-9 are therefore high, and boron w a s  detectable 

i n  only the first car r ie r  shipment, where it w a s  reported t o  be < 2 ppm. 

The boron analysis suggested f o r  the f i n a l  product is equivalent t o  t ha t  

originally present i n  the thorium ni t ra te  crystals (see Table 16). T h i s  

amounts t o  8-10 ppm. 

Although the boron w a s  los t  

The 3 

There w a s  no appreciable difference between the resul ts  of analyses of 
the  crushed (COC) and the crushed and ball-milled (COF) powders, insofar 

as alumina content is concerned. 

because the analyst infrequently reported tha t  some of the samples had a 

white, insoluble f loc  present. 

However, these alumina data are doubtful 

An attempt was made, beyond the spectrographic analyses reported i n  

Table 19, t o  determine the pickup of alumina from the ball-milling opera- 
t ion.  
fraction (COF) and the crushed (coarse) fraction (COC)  were routinely 

examined. 
inspection, then f i l t e red ,  ignited, and weighed. 

c ip i ta te  was equivalent t o  500 ppm based on the original sample weight, 
but was only 4% A 1  0 - the balance being Tho2. 

any event could thus not be expected t o  exceed 200 ppm. 

For t h i s  purpose, dissolutions of both the ball-milled (f ine)  

The sample containing the worst f loc  w a s  selected by visual 
The weight of the pre- 

The maximum alumina in  
2 3  

4.2.2.7 Activit ies Present i n  O f f - G a s  from Sol-Gel Operation. - 
During the cold startup operations, the gaseous exhaust from the calciner 

was sampled in  an attempt t o  determine radioactive species released by the 

calcination. 

Millipore f i l t e r  disks (0.047 p ) fo r  5-min sampling periods at 1-hr inter-  
vals throughout the calciner operating cycle. The particulate deposit 

caught i n  the f i l t e r  disks was counted f o r  alpha ac t iv i ty  on a "Poppy" 

T h i s  w a s  done by drawing the en t i re  gas stream through 
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at 8% geometry. 

get a buildup-and-decay curve. 

sufficiently,  a scaler laboratory instrument w a s  used t o  obtain these 
counts. The counts w e r e  repeated but at ever increasing intervals until 
the samples e i the r  decayed t o  zero or a steady s ta te .  

Counts w e r e  repeated on every disk at 1-hr intervals t o  
A s  soon as the decay rate had declined 

The cold test indicated tha t  radon w a s  the prime element i n  the off-  

gas, as a ha l f - l i fe  of about 10 h r  w a s  obtained by a l l  samples. 
release w a s  slow at low calciner temperatures, increased s teadi ly  t o  1000°C, 

and then a "burst 
Activity release began t o  decline shortly after 1150°C w a s  reached. 

samples released at low temperatures (less than 1000°C) decayed t o  zero 

over a period of days. 
for  a period of days w i t h  a s l igh t ly  greater half-life, but then reached 
a base level  tha t  exhibited an apparent ra te  of decay of about a few years. 

Because of the temperature and the much longer apparent half- l i fe ,  

G a s  

of ac t iv i ty  w a s  detected at approximately 1 1 5 0 ° C .  

The 

The samples taken during the "burst" period decayed 

the burst was postulated t o  be metallic radium released by sintering. 
Laboratory study of the burst release however showed tha t  the material 

released w a s  not the postulated radium. 

the Kilorod Program (calciner batches 97 and 98). 
data w e r e  obtained than in  the ear ly  test (see Table 21). 

The same procedure used during s tar tup w a s  repeated toward the end of 
More complete and be t t e r  

I n  examining the data, the following fac ts  are noted: 
1. The first appreciable ac t iv i ty  is noted at 500°C (Sample No. 5 ) .  

The ac t iv i ty  release is  e r ra t ic ,  but generally increasing from 500 t o  l L 5 O " C .  

2 .  

3 .  
The 'burst" of ac t iv i ty  is  first noted with Sample No. 16. 
Approximately 1 h r  after the "burst" is  noted, a maximum (Sample 

No. 18) is  reached. 

4. From the ?burst" a s teadi ly  declining rate of release is noted 
u n t i l  the furnace is  turned off at Sample No. 24. 

5 .  
cant levels.  

One hour a f t e r  power off the release rate  has fa l len  t o  insignif i -  

The tabulated release rates were single readings taken from the f i l t e r  

Periodic counts disks immediately after removal from the mounting f ixture .  
subsequently taken on the individual disks f o r  a long tjme show a buildup 

occurring on each disk a f t e r  the readings taken f o r  Table 21. Samples were 

I /  

I 
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Table 21. Release of Par t ic les  During Calciner Operating Cycle 

Elapsed Timea Temperature 
t o  Sample I n i t i a l  Alpha of Calciner 

Sample Removal Count on A t  TFme Sample 
No. (hr) F i l t e r  Disk Taken ("C) 

1 0.5 - 60 

2 1 .o - 175 

3 1.5 - 285 

4 2 .o - 38 5 
5 2.5 137,500 500 

6 3 e o  156,000 600 

7 3.5 500, ooo 700 
8 4 .O 112,000 790 

9 4.5 125,000 865 

10 5 00 188, ooo 950 

11 5.5 188, ooo 1,000 

13 6.5 156,000 1,095 

14 7 .o 231,000 1,135 

12 6 .o 175,000 1,060 

7.5 219,000 1,160 
1,155 8 .O 1.13 x i o  
1,155 6 

1,150 6 

1,150 6 

6 1,160 
1,150 6 

1,150 6 

1,150 6 

6 15  
16 
17 8.5 
18 9 00 
19 9 -0 

20 
21 10.5 

22 

23 
24 
25 

3.1 x i o  
5.2 x i o  
3.2 x i o  

10 .o 2.4 x 10 

2.0 x 10 

11 .o 1.5 x i o  
11.5 1.3 x i o  

12.5 269,000 1,100 

26 13.5 27,500 975 

12 .o 0.8 x io 6 1,140 

14.5 6,250 860 27 

%ero time assigned as time calciner power w a s  turned on. 

I 
! 
I .  



selected t o  show buildup-and-decay curves ear ly  i n  the calciner cycle 

immediately before the burst, and within the burst period. 

Sample 3 i l lustrated the low gas-release rate and low maximum 
release rate typical  of samples taken ear ly  i n  the calciner operating 

cycle. 

decreased t o  background within a week. 
Sample 9 was typical of the samples taken just  before the burst 

The ac t iv i ty  decayed sharply with a half- l i fe  of 7 h r  and 

period. 

the previously discussed sample. 

within a week. 

The decay showed a much higher maximum gas-release rate  than f o r  

This decay also reached background 

Sample 17 showed a higher release rate and m a x i m  value than d i d  

sample 9. 
background fo r  a long time (32 days). 

i n  the cold test t o  be radium, was found t o  be 23% (less than 546) and 
thorium (more than 95%). T h i s  specific particulate material (material 
t ha t  never decayed t o  background levels) w a s  released by the oxide only 
during the sintering-reduction portion of the calciner cycle. Samples 

drawn before o r  after t h i s  part  of the cycle decayed t o  background quickly. 

I n i t i a l l y  sample 17 decayed rapidly but d i d  not return t o  

This residual act ivi ty ,  postulated 

The burst of ac t iv i ty  released is undoubtedly analogous, insofar as 
the radon is  concerned, t o  the burst of f i s s ion  products observed when 
(U, Th)02 Fuel par t ic les  have undergone a sharp temperature increase. The 

U-Th-bearing fraction of the ac t iv i ty  is  postulated t o  be par t ic les  thrown 

into the sweep gas stream as the resul t  of fracture of the (U, Th)02 
par t ic les .  
ra te )  throughout the 1150°C hold period, the fracture is probably the 

resul t  of reduction-sintering, not thermal shock o r  relief of s t ra ins  

within the crystal  l a t t i ce .  

Since t h i s  release of par t ic les  continued (but at a decreasing 

The half-lives calculated fo r  a l l  samples i n  the period of fast decay 

actually ranged from 6 t o  12.5 hr .  

4.2.3 Results From the Rod-Fabrication Operation 
The operation of the f a c i l i t y  w i t h  23% as the feed material w a s  

in i t ia ted  a f t e r  the flowsheet had advanced t o  the point tha t  sustained 

operation w a s  indicated. 
two schemes: (1) the production of 120 finished rods, and (2) the pre- 

paration of about 100 kg of fuel. When 120 rods had been made, a short 

The operation w a s  separated into t i m e  periods by 

i 
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I .  

i .  

I .  

interruption w a s  required for  assembling and calculating the shipping 
d a t a .  

at the convenience of the fuel-production plant and w e r e  called "campaigns. " 
During the intercampaign breaks, the system w a s  remotely cleaned, a 
material balance made, and the operating history c r i t i ca l ly  reviewed. 

Modifications t o  the operating procedures were determined during t h i s  

period and in i t ia ted  at the startup of the ensuing campaign. 

The interruptions tha t  were based on amount of f'uel processed w e r e  

The end product of the Kilorod operation w a s  the production of 1100 

fue l  r o d s  containing about 880 kg of fuel.  
rods t o  obtain 1100 specification-grade rods; 7.6% of the t o t a l  rod produc- 

t i o n  w a s  recycled from the gamma-scanning step. Both the hardware and the 

fue l  w e r e  recovered and reused f r o m  a rod not meeting the density specifi-  

cations. The amount recycled between compaction and gamma-scanning steps 
during the early campaigns w a s  nearly 2 6  and ranged t o  a low of less than 
1$ (one rod out of 120) i n  the l a t e r  campaigns. 

the rods are presented in  Table 22, 

It w a s  necessary t o  pack 1191 

The swnmarized data fo r  

Table 22. Fuel-Rod-Loading Data 

Average Density Average 
Shipment Shipment i n  Shipment Rod Loading 
Number (kg) (g/cm3) (63) 

1 (120 rods)  

2 (240 rods) 

3 (360 rods )  
4 (480 rods) 
5 (600 rods) 
6 (720 rods) 

7 (840 rods) 

8 ( 9 0  rods) 

9 (1100 rods) 

108.8 
108.6 
108.4 
log .2 
log .2 

108.5 
108.7 

54.5 
62.6 

g .oo 
8 -93 
8.91 
8 0 9 8  
8.97 

8.96 
8 099 

8.94 

9.04 

906 
905 
904 
908 
905 
904 
906 
909 
313 



The sole cr i ter ion fo r  recycling a packed rod w a s  excessive varia- 

t i on  of the density within the rod, as determined by the gamma scanner. 

One area of needless concern was in  the f i n a l  end-closure weld, where no 
d i f f icu l ty  w a s  experienced. However it should be noted tha t  these welds 

were submitted t o  a helium leak t e s t  only. 
The maximum transferable contamination was specified a t  2000 d i s  min-l 

-2 2 cm . The rods were routinely cleaned t o  about 500 d i s  min cm t o  deter- 

mine the efficiency of methods and cleaning solutions. 

A time-and-motion study w a s  performed t o  es tabl ish base-line data 
fo r  the evaluation of other f a c i l i t i e s .  

extracted from that  study. 

The following i n f o m t i o n  has been 
24 

The manpower required t o  operate the f a c i l i t y  was one supervisor and 
three technicians. 
w a s  divided among these men, and elemental time values were determined f o r  

each. 
Calendar ti= is the length of time required t o  do an operation. Work time 

is the number of minutes required fo r  a man t o  perform that operation. 

A t o t a l  of 28 subroutines comprised of over 200 elements 

Table 23 presents the subroutines and time required fo r  each. 

I n  addition t o  a summary of times required f o r  each subroutine and 

f o r  each fuel  rod, summaries of t ine  required fo r  three production rates  

(7, 10, and 15 rods per day) are given. A l l  these data were used, a f t e r  

i n i t i a l  operation, t o  evenly dis t r ibute  work loads among the operators 

and t o  assess the efficiency of the operation. 
The operating effectiveness w a s  readily ascertained from data such as 

that  i n  Fig. 31, which shows that, fo r  an operating force of 3.5 men, the 
maximum possible production rate  is 15.5 rods per operating day. 
operating day does not include t i m e  t ha t  the f a c i l i t y  cannot be operated 
because of equipment breakdam, e tc .  It is  notable that, i n  calculating 

the operating effectiveness, an allowance of 108 min was  made fo r  reductions 

i n  work ti= caused by personal tw, fatigue, and the access l imitations 
imposed by the contamination-control area. 

An 

The analysis of the logbook is sham i n  Table 24. In  this  discussion 
the emphasis is placed on that  portion of the table  occurring below the 
heading ?Petal," where the crew and process effectiveness are shown. 

The effectiveness values re f lec t  the percentage of the time actually 
spent producing 120 rods, taking into account a factor fo r  the recycling 

. 

. 



Table 23. Operational Subroutines and Time Values 

Time i n  Minutes at lo@ Effectiveness 

Daily Time 
(Maxinulm Routine Included) Subroutine Cycle 

7 - ~ 0 d  10-Rod 15-Rod 
Schedule Schedule Schedule 

Per  Rod Time per  Subroutine Subroutine 

Nwnber Subroutine 
Of Rods Calendar Work Calendar Work Calendar Work Calendar Work Calendar Work 

N u m b e r  

0 
1 
2 
3 
4 
5 
6 
7 

9 
10 
11 
12 
13 
14 
15 

17 

19 
20 
21 
22 
23 
24 
25 
26 
27 

a 

16 

la 

Energize equipment; pick up l iqu id  nitrogen DOa 
Load i n  shipping cask - one man 120 

- second man 120 
J a w  crusher 11 
Recycle 11 
C B ~ L ~  m i l l  - 16 f r a c t i o n  in to  f ines  8 
BFU m i l l  - 6/+16 f rac t ion  in to  f ines  10 
Blend; t r a n s f e r  b o t t l e  loading 1 
Sample (-168-6/+16 f ract ions)  10 
S e a l  samples 10 

Sea l  old bag 10 
Compacting 1 
Transfer  plugged rod f o r  scanning 1 
Scanner check 1 
Welding 1 
Ultrasonic  cleaning 5 
Dry, leak t e s t ,  and weight 5 
Rod cleaning 10 
Smear - smear man 10 

- cubicle  man 10 
Assemble hanger and load i n  c a r r i e r  - hanger man 10 

- c a r r i e r  man 10 

Dispose of old bag (powder preparation cubicle) 10 

Mark, weight, and record empty rod 5 
3-piece rod end assembly 20 
Remove and dispose of cleaning pads 50 
Load shipping cask - one man 120 

- second man 120 

Total Time (excluding rout ines  1, 

12. 12. 
12. 12. 
9. 9. 
8-45 5-95 
21.9 21.9 
145.2 10.2 
432.1 12.1 
11.2 8.2 
5. 5. 
1. 1. 
2.1 2.1 
1. 1. 
16.7 7.5 
.9 .9 
9.8 4.6 
15.5 11.5 
39.45 13-95 
18.3 15.5 
10.7 10.7 
8.4 7.8 
6.2 6.2 
13.1 8.65 
13.45 13. 
15. 15. 
6. 6. 
10. 10. 
12. 12. 
9. 9. 

2, 26 and 27) = 

b 1.71 
.1 

.?7 
1.99 
9.10d 
.40 

11.2 
.5 
-1 
.21 
.1 

.oa 

16.7 
.9 
9.8 
15.5 
7.89 
3.66 
1.07 
.84 
.62 

1.31 
1.35 
3. 
.3 
.2 
.1 
.oa 

a9 .22b 

b 1.71 
.1 
.08 
.54 
1.99 
.93 
.37 
8.2 
.5 
.1 
.21 
.1 
7.5 
.9 
4.6 
11.5 
2-79 
3-1 
1.07 
.78 
.62 
.a7 

1 - 3  
3. 
.3 
.2 
.1 

53.18b 
. 08 

12. 12. 

8-45 5.95 
21.9 21.9 

13.2 12.1 
78.4 57.4 
5. 5. 
1. 1. 
2.1 2.1 
1. 1. 

116.9 52.5 
6.3 6.3 

108.5 80.5 
78.9 27.9 
36.6 31. 
10.7 10.7 
8.4 7.8 
6.2 6.2 

68.3 32.2 

13.1 8.65 
13.45 13. 
30 30 * 
6. 6. 
10. 10. 

656.4 441.2 

12. 

8.45 
21.9 

13.2 
145.2 

112 .o 
5 -0 
1. 
2.1 
1. 

167. 
9. 
98. 
155- 
78.9 
36.6 
10.7 
8.4 
6.2 
13.1 
13-45 
30 * 
6. 
10. 

964.2 

12. 

5.95 
21.9 
10.2 
12.1 
82.0 
5. 
1. 
2.1 
1. 
75. 
9 .  

46. 
115. 
27.9 
31 
10.7 

6.2 
7.8 

8.65 
13. 
30 
6. 
10. 

549.5 

12. 

16.9 

13.2 

43.8 
145.2 

168. 
10. 
2. 
4.2 
2. 

250 5 
13.5 

232.5 
118.4 
54.9 

147. 

21.4 
16.8 
12.4 
26.2 
26.9 
45. 
6. 
10. 

1398.8 

12. 

11 .g 
43.8 
10.2 
12.1 

10. 
2. 
4.2 
2. 

13.5 
69 
172 * 5 

123. 

112.5 

41.9 
46.5 
21.4 

12.4 
15.6 

26. 
45. 
6. 
10. 

17.3 

840.8 

%O = one day output. 
bBased on 7 rod day. 

%all mil l ing  attended maxirrmm of twice a day (plus  one -6/+16 f r a c t i o n  b a l l  mil l ing)  t o  produce f i n e s  t o  neet maximum schedule. 
mi l l ing  done overnight and unattended. 
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ALLOWANCES - 408 min 
FATIGUE AND PERSONAL 48 min 
SPECIAL FOR RADIATION CONTROL 
AREA-60 min 

ORNL-DWG 64-1333 
480 

0 2 4 6 8 40 42 44 46 
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Fig. 31. Operating Effectiveness of Rod-Fabrication Operation. 
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T A B L E  24. A N A L Y S I S  O F  R O D - F A B R I C A T I O N  O P E R A T I N G  R E C O R D S  

14 

7 

2 

0-24 
2-4 

2 

136 10 
2 6 4 1 4  

4 2  

4 4 2 6-8 14 7 

2 4  8 4 

1 4  4 

1 

4 

I 

I 

2 

2 

1 

.5-32 

1-6 

2 

4 

6 

2-3 
1-8 

4 

4 

2 
6 

43.4 

1 1  

36.5 5 

11 2 I 24 

2 2 2 2-3 

4 4 1 4  

6 6  

5 2.5 
9 4.5 1 8 

2 a i 6  

4 4  

8 4  

4 2  

6 6  

43.4 43.4 

I l l  1 

1 .2 .2 
24 24 4 2 - 1 5 3 5  9 1 3 3 3 1 1  I 1 

5 2.5 

1 1  1 

4 4  5 4 z O  4 1 6  6 6 

I 24 24 24 

2 4 8  4 

8 8  

24 12 

1 8 8  8 

1 8 8 8  

1 8  8 

1 2  2 2 1  .2 .2 .2 
I 3  3 3 

.2 4 

3 

I 
5 

2 

8 

1 9 9 9 '  

6 

1 1-4 4 4 

2-4 4 4 

140 

48 

12 

4 

I 
I 

0.5 2.0 0.5 6 0.5 3 0.5 41.7 

3 1-3 5.5 1.8 87.5 1 4  8 2.7 

7 

1 

4 M 4 3 2 6 2 2 2 - 8 1 0  5 70 

24 

14 

1 2 1 1 0.5 0.5 0.5 I 4 4 4 19.5 

17 

32 
8 
4 

8 
I3 

6 

4-8 48 8 I 8 8 8 2.5 8 20 8 119.4 

2.2 
3 

W p h  Dan 1 2 2 2 1 2 2 2 1 2 2 2 1 2 2 2 1 2 2 2 1 2 2 2 I 2  2 2 1 2  2 2 1 2 2 2 1 8  
SUBTOTAL 51 4 3 . 2  307.9 9 2-24 71 9 2-15 59 13 2-24 76 5 .2-8 15.2 22 0.5-8 86 22.2 7 0.5-8 m.5 16.5 15.5 0.5-8 44.5 21.3 701.3 7 .2-8 21.2 

43.4 130.2 
- - - - - 43.4 86.8 - - 21.7 - 21.7 86.8 - C m p i a  

TOTAL 329.6 157.8 80.7 119.4 108 15.2 129.4 150.7 44.5 

L m  Work Time Days 15.2 d a y s  7.3 days 3.7 days 5.5 days 5.0 deyr  0.7 days 5.9 days 6.9 days 2.0 days 

' R n a k  Days. Rads reworked 
'Cask Crew Dmys. 'Effcclwencss 28.6 d s y r .  29% 12. days. 64% 9.7 days. 78% 

15.5 for 100 rods 10.2 d a y s  for 43 rods 0.7 days for 7 rcdr 0.1 days for I md 1.6 days for 16 rods 
12.4 days, 63% 11.7 days. 66% 12.5 days, 62% 12.1 days. 699. 4.8 days, 81% 15.4 days. 6% 119.2 

0.8 days for 8 d n  0.3 days for 3 rods 0.9 days for 9 rods 0.3 days for 4 rods 0.6 d s y r  f a  9 rods 

'Cask Process Dsys; ' E f f e e h ~ n c s s  53 days.  16% 16 dsyr .  51% 12.5 days. 6% 17.5 days. 48% 13.5 days. 589. 13.5 deya. 58% 17days. 49.1% 5.1 days, 76% 16 days. 60% 164.1 

54 d a y s  m days 13.5 d s p  19.5 days 17.5 d s y s  13.5 days 19 days 12 days 18 days 187 Cask Tots1 Days 
Calculated rn 15 rodddny 

schedule 

'Replace scsnncr ,*be 

'Cask P r a c r r  D s ) r  
JRcwo.k Ds)s  - (Cask Total Days - L a t  Work Time Days 

'Cask Crew D e ) r  

'crew ~ f f ~ t ~ ~ c n c ~ ~  

b R a e r s  E f f c c t ~ \ c n ~ r s  

Cask Total Days . Camp.ngn Days. e.&. 54-1 = 53. Cask P r a c s s  Days. 
No. of reworks ,c.g. .  (54-15.2) x 43 = 10.2. Rework Days. 

im + N ~ .  im + 43 

(Cask Total Days - Lost Work Time Days!. IM 
i m  ~ N ~ .  of reworks 

, c.g., (54 - 15.2) I lzo; 28.6, Cask Crew Days. 
120 1 4 3  

Effectwe cask Days sl rod schedule  I 100. e.&. E 5  (7-rod day) I 1W ~ 2% 
Cask Crew Days 28.6 

Elfcctivc Cask Days st md schedule . IW. c.g., 8 2 5  (7-rod day) I Im = 16%. 
Cask P r a c r l  D w a  53 



of rods between the compaction and gasrmta scanning steps. 
contribute t o  lowering the effectiveness, the major one being the t i m e  
spent i n  maintenance o r  repair. 
necessarily re f lec t  poorly on the performance of the crew o r  process; 

however, s o w  cause of extended off-stream time should be presented t o  
explain the low value. 

Several factors 

A low effectiveness value does not 

The process effectiveness ranged from a low value of 16$ i n  the first 
shipment t o  a high value of 7% i n  the seventh. 

contributors t o  the low value: 

(2) 
the seventh shipment w a s  characterized by a small amount of downtime and 

few recycle rods. 

There were two maJor 
frequent repair  of the ball m i l l  and (1) 

the large number of recycle rods, 43, required. The high value in  

I 

4.3 Material Balances 

In handling fissionable materials, accountability must be exact, 
and nonrecoverable losses of such materials cannot be tolerated.  E r r o r s  

inherent i n  process masurements, sampling, and analytical  procedures 

must be recognized. Kilorod experience met all expectations in  t h i s  
important phase of operation. 

certain terms used in  the following statements on material accountability 
and material u t i l i za t ion  must be defined. 
balance (termed "SS balance") am used synonymously. 
(termed "SS loss") represents a loss  of process materials ( "book"or other- 
wise) which cannot be explained. 
recoverable waste material which cannot be used again without extensive 
chemical reprocessing. Thus, for  example, any discrepancy between the 
material charged t o  an operation and the accounting of materials leaving 

an operation (waste and otherwise), represents a material ( "SS loss") loss.  
A s  a second example, the dust produced (and recovered) i n  deni t ra tor  

operation i s  a process loss since the dust can be reclaimed but must be 

completely reprocessed before the thorium can be used. 

4.3.1 Over-All 23% Material Balance fo r  the Kilorod Program 

To sirrrplirCy the discussion of these balances, 

Accountability and material 
Material loss 

The term process loss means a 

Table 25 presents a summary of the 23% material balance data fo r  
the ent i re  Kilorod Program. 

used in  sol-gel but purified fo r  Westinghouse (Bettis) . 
Included i n  t h i s  balance is the 23% not 
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Table 25. O v e r - A l l  Kilorod Material Balance 

I _  

I -  

$ .  

“3% Total U (g) 

Input 

From u-60 
From storage 
From Davison Chemical Company 
From Jezebel fuel  
FromM. Lloyd 
From bot t le  3 6 ~  

Total input 

Output: Shipments 

To BNL 
To Bettis 
TO M o  Lloyd 
TO Y-12 

Total shipments 

Process losses 
To BTC storage 
BPID, April 1964 

7,281 
615 

25,886 
12,257 

78 
66 

46,183 

7,081 
599 

25,179 
12,026 

76 
64 

45,035 

23,744 23,145 
13,345 12,989 

37,344 36,383 

109 107 
146 142 

Miscellaneous 

99 
1.31. 
146 
376 

97 
127 
134 
350 

F ina l  Kilorod Inventory 

Product tank. (R-25) 
Feed-adjustment tank (S-2) 
I n  retained mixed oxide 
In  retained rods 
In  canned ground mixed oxide 
Oxide i n  system 

Total inventory 

Total output + inventory 
Input-output 

Material balance, $ 

Tota l  U (g) 

4,018 
607 
289 
286 

2,430 
81 

7,711 
45,431 

752 
98.4 

*3% ( g )  

3,932 
595 
282 
279 

2,370 
79 

7,532 
44,283 

752 
98.3 



Measurement of feed stock and product values plus measured losses 

account fo r  98.$ of the t o t a l  23% handled; the only uncertainty in  the 

balance is  the 752 g unaccounted fo r  and accumulated over a nine-month 

period, af ter  45.035 kg were processed. 

and input figures may be explained as follows: 

Th i s  difference between output 

1. The content of the f ina l  solid inventory is based on weights of 

material obtained in  a rather incomplete cleanout of the rod-fabrication 
cubicle. 

t ions  were in  progress. 
Complete cleanout w a s  not pract ical  becwse subsequent opera- 

2. Part  of the difference may be attributable t o  analytical  and 

volume-measurement uncertainties. The l i m i t  of error fo r  the coulometric 

method of uranium determination has been established a6 +0.5$. Previous 

s t a t i s t i c a l  studies established a - +O .fi uncertainty i n  feed liquid-level 
measurewnts, even w i t h  dual instruments. 

I n  summary, it is f e l t  tha t  the over-all 23% material balance 

- 

obtained is well within the normal engineering-balance standards. 
4.3.2 Solvent Extraction Material Balance 

Table 26 presents a summary of the solvent extraction 23% material 
balance. 

balance. 

uncertainty f o r  analytical and volume-measurement losses. 

A t o t a l  of 99.4% of the material input is accounted f o r  i n  t h i s  

The 0.646 of unaccountable loss  is well within the established 

- !  

. 



99 

Table 26. Kilorod Program Solvent Extraction 

Over-All 23% Material Balance 

Input 2 3 5  ( 9 )  

From u-60 
From storage bot t les  

From Davison Chemical Company 

From Jezebel f ie1 

From M. Lloyd 
From bot t le  3 6 ~  

Total input 

output 

To sol-gel 
To Bet t is  

To M. Lloyd 

TO Y-12  

To B E  storage 

Accountable 10s se s 
Retained i n  product tank 

Retained i n  feed tank 
Total output 

7,081 
599 

25,179 
12,026 

76 
64 

45,035 

26,779 
12,989 

1.07 
142 
127 
97 

3,932 
595 

44,768 

Unaccountable Losses, g 267 

Material Balance 

44 768 x 100 = 99.4% 
5,035 

Table 27 is  a summary of the 23% and thorium material balances 
obtained i n  the individual solvent extraction runs. 
balances varied from 96.81 t o  102.6646 and averaged 98.9846. 
variation and relat ively infer ior  balances obtained i n  several runs is 

thought t o  be due t o  system holdup, an estimate of which is  impractical. 
The satisfactory over-all balances obtained f o r  the en t i re  program is 

thought t o  be a more accurate indication of the successful measurement of 

input and output quantities. 

The 23% material 

The wide 



Table 27. Kilorod Solvent Extraction Material Balance 

Runs 
HJ-1 HJ-2  HJ -  3 M: -1 Dc -2 DC-3 Dc-4 HJ-4 HJ-5 

Input 233u u-60 
Dissolution S-2 
Recycle s -2 
Cold feed s-4 

To ta l  233U input 
output 233u 

Product (R-25) 
Recycle (R-2) 
Feed tank heel s-4 
Process losses 
Samples t o  laboratory 

Total *3% output 

Material balance 23% 

Cold feed 
Hot feed 

Input Thorium 

T o t a l  thorium input 

output HAWC recovery 
Material balance 

(Thorium), 4 

3279 3452 3970 6784 72 59 5235 1570 1327 32,876 

1363 
3871 4026 1.19953 
181 929 5,290 

d m  5335 33 6283 50,188 
1 69 

197 352 897 680 96 
4056 

4 16 - 8 

4028 4407 3430 4109 7426 7634 4972 4767 6158 46,931 
217 847 103 2,588 

62 
8 6 10 95 

16 1 9z 123 
10 

441 352 314 96 
20 4 7 
10 16 8 7 10 20 

- 116a - SOb m m 

162 P 
m o  

97.06$ 102.66$ ioo.73$ 96.814 98.69$ 97.714 98.07$ 99.9% 99*97$ 

303,380 222,825 249,985 273,000 2e1,900 203,232 230,826 301,741 258,075 2,264,964 
229 461 279 169 261,030 178 796 316 139 337 016 226 883 223 865 350 590 2 402 949 e 501,994 511,015 451,796 525J606 d 4,667,913 

100.60 107.50 104.56 100.08 103.40 100.67 101.12 109.16 104.18 104.15 

%etained i n  R-2 at end of HJ-2. 
bMaterial returned t o  R-25 from R-35. 
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4.3.3 Material Balances Over the Sol-Gel Operation 
4.3.3.1 Material Balance Over Cold Startup. - Several methods of 

accountability were proposed fo r  the sol-gel operation. 
the study of a l l  these methods w e r e  taken during the  cold startup. 
subsequent analysis of the data showed tha t  the most accurate accounta- 
b i l i t y  could be maintained as follows. 

Data permitting 
A 

14  

1. Uranium would be charged by calculation against the system from 
the uranium tank values. 

2. Thorium would be debited t o  the process as calculated from the 
Tho2 analysis and the batch weight. 

coulometric uranium analysis, subject t o  a maximum e r ro r  of -O.’jO$ 

the  thorium analysis, subject t o  about the sane er ror .  Other e r rors  w e r e  

insignificant.  

The largest  e r rors  expected i n  these debits w e r e  those from the 
14  and 

3. Both uranium and thorium would be credited t o  the sol-gel cubicle 
on the basis of the product-weight dumped t o  the powder-preparation shaft. 

4. A rigorous accounting of a l l  analytical  samples and waste materials 
leaving the cubicle w a s  made. 

Material balances of 100 + < 1$ could be expected in  hot operations - 
using the procedure described, thus meeting a l l  accountability requirements 

f o r  t h i s  type of operation. 
The material balance made across the sol-gel cubicle during the cold 

t e s t ing  is  given in Table 28 and is the method used fo r  the hot campaign. 
4.3.3.2 Material Balances Across the Entire Hot Sol-Gel Operation. - 

Material accountability w a s  r ig id ly  maintained across the deni t ra tor  and 

the sol-gel cubicle. 
4.3.3.3 Material Balance: Denitrator Operation. - A calculated t o t a l  

of 1116 kg of thorium metal (as n i t r a t e )  w a s  fed t o  the deni t ra tor  during 
the Kilorod Program. The useful Tho product prepared from t h i s  quantity 2 
of n i t r a t e  crystals  w a s  equivalent t o  1094 kg of thorium mtal (see 
Table 29). 

analytical  samples and dust recovered fromthe off-gas condensate. This 
dust loss represents l e s s  than l$ of the material processed. Thorium oxide 

w a s  consumed at a high rate i n  analyt ical  t es t ing  during the  s tar tup - 5 kg 
i n  the first 20 runs. A f t e r  assurance tha t  operation was satisfactory,  the 

Process losses amounted t o  19 kg of thorium. This includes 
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Table 28. Kilorod Sol-Gel Operat ion: Over-All 

Material Balance During Cold Startup Tests 

Conditions : 

1, 

2. 

3. Thorium analysis by ignit ion 

4. 

Coulometric U analysis of UNH feed solution 

Volume UNH measured i n  U tank 

Thorium feed material and a l l  product materials weighed 

Percent 
Weight of 

(g) Tot a1 

Feed Materials - I n  
Tho2 
u02 

Product Materials - Out 
Product, Tho2 
Product, U02 
Sample of so l  
Heel of B-tank, Tho2 
Heel of B-tank, U02 
Operat ing loss  of dried gel  
Operating loss of oxides 
Dried-gel sample t o  laboratory 
Dried-gel (No. 11, No. 12) 

Total material accounted f o r  

121,540 97 01 

97,622 80.31 

60 0.05 

76 1.52 
780 (&.)0.62 
190 0 2 5  

2,988 

1,834 

1,310 1.04 

420 Unaccountable 10s se s 

Over-all U/Th r a t i o  f o r  t h i s  campaign = 2.99 



Table 29. Denitrator Operat ions Material Balance 
Metal Basis 

Product Thorium 
Quality Pro ce s s Account ab il it y 
Material Losses Totals 

Mat e rial Des cr ip t  ion (kg) (kg) (kg) 

Feed Materials In: 
2,802 kg TNT x 0.398 g Th/g TNT 1,116 -- 1,116 

Product and Waste Materials Out: 
Product weighed out 
Analytical samples 

Process Losses : 
Powder consurned i n  analytical  

Powder recovered from off-gas 
procedures -- 8.002 

condensate 
Subtotal 

-- 11.000 
1,094.306 19.002 

Total 

Discrepancy (SS Loss) = 3 kg 

Material balance : 99.846 

1,113 

sample s ize  w a s  reduced t o  66 g per 13.5 kg batch. 
operation the analytical  (process) losses would be considerably less than 

that  experienced here. 

Thus, i n  a sustained 

The discrepancy (SS loss) of 3 kg is  small. 

I -  
I -  
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4.3.3.4 Material Balance: Sol-Gel Cubicle. - The quantit ies of 
(23%, Th)02 prepared i n  each campaign, SS balances (elrpressed as percen- 

tage of individual incoming feed metals), and the apparent discrepancies 
i n  SS accountability are given i n  Table 30. Material balances f o r  23$J 
and Th over the sol-gel operation are presented i n  Table 31. 

The product weight data are poor f o r  campaign 1, as already discussed 

(see Sec 4.1.2). The table, therefore, is  incomplete f o r  campaign 1. 

The campaign-2 balance w a s  calculated using weights given by the 

domestic balance already described. 
accurate than the balance used i n  campaign 1, but even so is not highly 
accurate. This is  suggested as the reason f o r  the presence of a la rger  

error i n  campaign-2 accounting than i n  the succeeding ones using the 

metric balance. 

This balance is considerably more 

With the single exception of campaign 1, these data gratifyingly met  

accountability expectations. 
material balances are given i n  the Appendix. 

Complete de t a i l s  and calculations of these 

Table 30. Sol-Gel Over-All Material Balances 

C ond it ions : 
1. Spring-operated domest i c  balance used f o r  weighing product of 

2. Metric balance, capable of weighing t o  within +5 g, w a s  used f o r  

campaign 2; subject t o  +1-02. e r ro r  

campaigns 3 through 7 

- 
- 

Met a l l  i c  Oxide Account ab il it y 

23%1 Metal 
(kg) 

Feed Product SS Loss Thorium Metal 
Camp. Material Weight (kg) Accountability Accountability 

No. I n  out 0 

1 122 .8a 118.6 4.2 -- -- 
2 159.6 160.9 (1.3) ( 100.74) (101.16) 
3 118.7 118.5 0.2 99 -82 99 -90 
4 128.6 128.7 (0.1) (100 .og) (100.05) 

5 227 3 226.8 0.5 99 76 99 73 
6 167.1 166.7 0.4 99 79 99 78 
7 68.6 68.6 0.002 100.00 100.02 

Totals : 869.9 870.2 ( 0.3) avg . 100.03 100.11 

a Campaign-1 values were not used i n  preparing t o t a l s .  
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I -  

i .  

Table 31. Material Balance by Campaigns f o r  

2 3 ~  Recovery = 99.93$ 
Th Recovery = 99.83% 

233 u a d  Thorium Over the Sol-Gel Process 

Campaign 2 3 5  Input Th Input 23% output Th Output 
No. g> (d (63) (63) 

la 

2 

3 
4 
5 
6 
7 

Hot run 

Total 

3,196.18 

3,164.60 
3,449.95 
6,052.96 
4,520.85 
1,873 93 

265.07 
26,779 34 

4,255.80 
104, 693 
137,159 
102,468 
110,724 
195,530 
145,182 
59,972 
8,570 

864,298 

2,748 56 

3,344 39 
4,481.04 

3,490.01 
6,040.80 
4,513 094 
1,881.52 

259.96 
26,760.22 

89,992 

108,334 
112,070 
195,195 
144,974 
60,204 
8,419 

862,849 

143,661 

a Output weights subject t o  errors  as discussed i n  text. 

4.3.4 Material Balance Over the Rod-Fabricat ion Operation 

The material balance data are presented i n  Table 32. The process 
losses represent the material t ha t  leaked out of the system o r  spil led 

during t ransfer  i n  the compaction operations. This material was removed 

from the cubicles during postoperation cleanout and dissolved f o r  subse- 
quent recovery of the uranium and thorium. 

The SS loss represents the amount of material tha t  remained 
unaccounted f o r  at the end of each and also the f ina l  campaign. 

system w a s  remotely cleaned after each campaign, using a vacuum cleaner; 
but even after cleaning, some powder w a s  s t i l l  present on various surfaces 

and i n  inaccessible places. 

The 

The u t i l i za t ion  of the powder in  the comminution process w a s  lo@, as 
The over-all u t i l i za t ion  of the powder 

Of t h i s ,  89.51% w a s  loaded into the rods and 4.7% w a s  removed 

no off-size material was produced. 

was 94.25%. 
as analytical  samples. The unused analytical  samples do not represent a 
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Table 32. Fuel-Utilization Data 

Totala 
Campaign Fuel i n  Analytical Process Process Material i n  

No. Rods Samples Loss Hold Over SS Loss Campaign 

1 and 2 208.4 
2 and 3 130.2 
3 and 4 116.5 
4 and 5 197.7 

6 and 7 61.8 
5 and 6 163.3 

Total 877.9 

b Fuel 
Util ization 

89 51 

12 .o 
6.5 
6 .o 

11 .o 
9 -0 

2 .o 
46.5 

4.74 

Weight (kg ) 
16.5 31.4 
7.6 7.4 
4.4 10.7 
8.2 20.2 

3 .o 11.9 
13.5 -- 
53 02 81.6 

Percent age s 

5.42 -- 0.33 -- 

Y o t a l  material charged t o  system = t o t a l  material i n  campaign - 

bBased on material charged t o  system (980.8 kg) . 
process hold over; tha t  is, f o r  the t o t a l  program, material charged t o  
system = 1062.4 - 81.6 = 980.8 kg. 

process loss since they could be used i n  the present state for rod 

loading. 
program were completed, all must be reprocessed t o  recover the uranium and 
thorium. 

However, since they remained unused after a l l  phases of the 

4.4 Waste Materials Generated: Effi,ciency i n  U s i n g  Process Materials 

4.4.1 Waste Materials f r o m  Sol-Gel Operations 

Sol-gel operations were unusually e f f ic ien t  i n  holding the quantit ies 
of operational wastes t o  a minimum. Operational problems, resulting i n  

preparation of off-specification batches, were also held t o  acceptable 

levels.  

4.4.1.1 Denitrator Operation: Waste Materials. - A t  the conclusion 

2 
of the Kilorod denitrator operation, 95 batches of product-quality Tho 

(1277 kg) had been prepared in  the denitrator.  During t h i s  sane period, 
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five batches, amounting t o  67.5 kg Th02,were rejected. 

combined with dust and analytical  losses of 22 kg, give a t o t a l  process 
loss  of 89.5 kg Tho2 (see Table 29). 

material usage of 93% w a s  therefore obtained. 

4.4.2 Sol-Gel Operat ions : Waste Material 

These rejections, 

A feed-to-product efficiency in  

The dispostion of all materials tha t  entered the sol-gel cubicle 

Almost 99% of a l l  during campaigns 2 through 7 is given i n  Table 33. 
the product entering the cubicle w a s  transferred t o  the rod-fabrication 
portion of the f a c i l i t y  as finished product. Not a single batch was 
rejected during the en t i re  program. 

Table 33. Efficiency of Process Materials Usage in  

the Sol-Gel Cubicle 
Cond it ions : 

Includes campaigns 2 through 7 
A l l  figures given on metal basis 

Percentage of product oxides used = 99.1% 
Process losses = 0.8% 
Known accountability losses = 0.1% 

Product 
Weighed Process ss 

Losses out Losses 

Number of batches rejected 0 
Net product produced 771,131 
Miscellaneous wastes : 

Spilled process materials 4 54 

Blend-tank heels 5,311 
Analytical wastes 3,686" 793 

Totals 774,817 6,456 847 

Powder losses (recovered w i t h  
vacuum cleaner) 1,141 

%nused portions of analytical  samples returned d i rec t ly  t o  operation. 
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The largest  single process loss, mounting t o  8& of the t o t a l  loss, 
was the material held up i n  the bottom of the blend tank at the end of 

each campaign. 

one of several means. The heel could simply have been left  i n  the tank 

and mixed into the first batch of the next campaign. This w a s  feasible 

insofar as the process w a s  concerned, but a sharp intercampaign cut-off 

w a s  d e s i r e d  t o  obtain the precise material balances tha t  have already 

been discussed; so th i s  system w a s  not used. 

been t o  thoroughly rinse the blend tank immediately after making the last 
batch in  each campaign. This w a s  not convenient, although it could have 
been done. 

the discharge of the tank so that  it would drain completely. 

have required a shutdown and som construction work, deemed undesirable 
at the t i m e .  
product usage up t o  99.8$. 
the practice of pumping the heels t o  recoverable waste w a s  continued 
throughout the program. 

T h i s  process loss  could have been eliminated en t i re ly  by 

Another method would have 

Another method would have been t o  reroute the pump loop at 

This would 

Eliminating the blend-tank heels would have raised the 

The problem w a s  not believed significant,  so 

4.5 Equipment Rel iabi l i ty  and Maintenance Experience 

Equipment r e l i ab i l i t y  w a s  high f o r  the Kilorod Program as a whole, 
when the protracted plant outage so common t o  equipment breakdown i n  
other direct ly  maintained radioactive operations is  considered. The prime 

indicator of equipment r e l i ab i l i t y  i n  t h i s  program lies i n  the number of 

cubicle en t r ies  required, because a cubicle entry necessitated plant dawn 

time and an unavoidable interruption of operations. Records w e r e  kept on 
cubicle en t r ies  (major repairs) fo r  a l l  equipment throughout the program. 

a 

The on-stream efficiencies given below represent the actual t im  l o s t  
as a percentage of the t o t a l  scheduled operating t i m e  i n  the program. 
4.5.1 Solvent -Extract ion-Equipant Service Record 

The only d i f f icu l ty  encountered i n  the en t i re  S X  operation w a s  the 

variable concentration of the feed solution i n  the feed storage tank 

(R-25), which has already been discussed. 
feed-storage tanks w a s  completed during an intercampaign shutdown; there- 
fore no operating t i m e  w a s  los t .  Routine instrument and electrical .  

The ins ta l la t ion  of the separate 

a 
operation and entry of a man i n  an air s u i t  into the high-activity area i n  
the cubicle. 

A cubicle entry i s  defined as any occasion which required stopping 



servicing were required, but no down t i m e  resulted from any of these 

repairs. 

4.5.2 Denitrator Service Record 
On-stream t i m e  is considered t o  be lo@. 

A t  the start of the Kilorod Program, the denitrator had been operated 
t o  produce about 40 batches of Tho 

several heaters and themcouples  failed.  

of the denitrator shell started t o  leak and d r i p  acid condensate. 
the equipment continued t o  operate and produce sat isfactory product despite 

these fai lures ,  no time w a s  taken t o  repair the equipment before startup. 

During t h i s  pre-Kilorod work, 2. 
The s l i p  joint  at the discharge 

Since 

During the operating period, the equipmnt w a s  operated an additional 
99 cycles fo r  Kilorod use and 8 cycles fo r  other customrs. One o r  two 

heating e lemnts  and/or themcouples  failed,  but sufficient e l ec t r i ca l  

capacity and temperature control s t i l l  existed t o  permit continuation of 
the operation. 

In  November, without pr ior  warning, the steam was turned off t o  the 

process building, which caused the steam superheater t o  burn out. 

more than enough material had been produced by t h i s  time t o  meet Kilorod 

needs (1272 kg, while about 1000 kg were needed), the operation w a s  shut 

A s  

down 

Up t o  th i s  point, 100$ on-stream efficiency had been obtained, a 
period even longer than that covered by the Kilorod operation. 

After the shutdown fromthe Kilorod Program,the e l ec t r i ca l  heaters 

that  w e r e  suspected t o  have burned out w e r e  examined. 

none of the heaters had actually burned out, but that the crimp-on type 
lugs used t o  connect the wires t o  the heaters had burned off.  This w a s  
surprising, since 750”F, steel-sheathed, s t r ip  heaters had been used, and 
these elements had been operating (intermittently) above 500°C f o r  about 
two years. 

terminals it is doubtfi l  that  any fa i lures  would have occurred. 

4.5.3 Maintenance i n  the Sol-Gel Cubicle 

It w a s  found that 

Had hard-soldered joints  been made f r o m  the leads t o  heater 

Most maintenance items i n  the sol-gel cubicle w e r e  corrected w i t h  

gloved hands. 

support racks were readily replaced. Repair and adjustment i n  t h i s  

manner d i d  not affect  the on-stream time. 

I n  t h i s  fashion, themcouples ,  pH electrodes, and sagger- 
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Major repairs within the sol-gel mbicle  included the replacement of 
three burned-out calciner heating elements and the re-trimming of two 

control valves. Only three shutdowns were made, however, as the valve 

repairs were delayed u n t i l  c a c i n e r  repair w a s  necessary. 
Service l i f e  of the calciner heating elements averaged 33 cycles, 

exceeding expectations derived f r o m  Unit Operations work, where the 

average element l i f e  w a s  20 cycles. 
A s  the  calciner w a s  designed t o  a l l o w  disconnecting services by 

gloved hands, cubicle entry w a s  necessary only t o  remove the burned-out 

element, repair the refractory, and t o  push the new element into place. 

The heating element w a s  box-like, which permit ted i ts  removal by simply 
pulling the element through the open doorway. 

limited the amount of t i m e  spent i n  the cubicle f o r  calciner repairs. 

burned out element caused a two-day shutdown. 

removed, and the refractory w a s  repaired on the first day, and the new 

element w a s  ins ta l led the second. The maximum time spent i n  the cubicle by 

any worker f o r  any day w a s  2 hr. 

by any worker during calciner repair was  70 m i l l i r e m s .  

T h i s  repair scheme sharply 

Each 

The defective element w a s  

The maximum dai ly  whole-body dose received 

The triple-beam-balance support w a s  b u i l t  so that it could be introduced 

in to  the cubicle through a bag-out s ta t ion,  re-assembled inside the cubicle, 

and mounted on the elevator without entering the cubicle. This was done 
without d i f f i cu l ty  o r  error,  between operating campaigns. 

The miniature pH-electrode assembly, instal led during construction, 
never worked properly. 

0.5 uni t ,  than the more precise laboratory pH meter. 
attempts were made t o  service the electrodes and the instrumnt ,  but the 

idea w a s  dropped because the use of t h i s  instrument w a s  not mandatory. 

Instead, so l  samples sent t o  the laboratory for  sol analysis 
checked f o r  pH. 

It consistently gave lower readings, usually about 

Several unsuccessful 

were routinely 

Aside from the minor exceptions noted above, all equipment p e r f o m d  
as designed and without event. 

A t o t a l  of seven days of delay w a s  encountered i n  a l l  the major 
repairs mentioned above, out of the 100 days scheduled f o r  operation, 

resul t ing i n  an on-stream efficiency of be t t e r  than 9 6 .  
l en t  maintenance record f o r  a high-level alpha f a c i l i t y  d i rec t ly  serviced. 

This i s  an excel- 
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4 5.4 Maintenance i n  the Rod-Fabrication System 

The major portion of the equipment a l terat ions w a s  performed during 

the cold startup described i n  Sec 4.1; however, continuous maintenance and 

modification w e r e  required throughout the operation. The remote b a l l  m i l l  

(Fig. 28) performed unsatisfactorily, requiring repair  fourteen times 
during the first two months of operation. 

replaced with one of much simpler design and operable w i t h  gloved hands. 
The cause of the malfunctioning of the remote m i l l  w a s  the escape of 
powder f r o m  the system, causing excessive bearing wear. The remainder of 

the powder-preparation equipmnt operated only w i t h  periodic maintenance. 

The remote m i l l  w a s  eventually 

A number of alterations,  adjustments, and repairs on the vibratory 

compaction equipment (Fig. 19)  w e r e  also required. 

these d i f f icu l t ies  w a s  the  extremly high level  of acceleration (20,000 t o  

100,000 @ imparted by the Branford& pneumatic-compaction device. 

The major cause of 

The rod-chucking mechanism, which w a s  used t o  attach the rods t o  the 

compactor, w a s  particularly susceptible t o  damage and required careful 

attention t o  the design of all components t o  eliminate stress risers. 
The static-load mechanism, which rides on top of the fue l  column during 

packing also required periodic repairs. 

maintenance at an average frequency of once per 100 rods. 

The vibrator un i t s  required 

The end-cap welding machine (Fig. 20) operated sat isfactor i ly ,  

requiring only replacement of the tungsten t i p .  

each 200 welds. 

The t i p  was replaced after 

The gamma-ray densitomter (Fig. 22) performed adequately, but not t o  
design expectations. 
measure the bulk density of the fuel  column. 

tube, however, w a s  unstable over a period of time, thus precluding the 

establishment of a long-term baseline f o r  measurement. Because of this ,  
it w a s  necessary t o  run a set of standards w i t h  each rod and compare the 
resu l t s  f r o m  these standards with those fromthe rod. Two typical scans 

are presented i n  Fig. 32. The separation between the standards is  used t o  

determine the number of chart divisions over which the f'uel-column scan can 

range and s t i l l  meet the specification of - +2$ of the bulk-density variation 

within a rod. 

A n  integrator c i rcu i t  w a s  provided by the design t o  
The output of the detector 

%anufactured by the Branford Company, New Britain, Corm. 
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The complete maintenance history is summarized i n  Table 23, divided 

into shipments of 120 rods.  

p e r f o m d  on a regular schedule, Considerable repair  work w a s  necessary 

during the production of the  first shipment, total ing 51 jobs. A s  

mentioned previously, the remote b a l l  m i l l  w a s  very troublesom and 

required repair  14 times during t h i s  period and averaged 10 man-hours 

per job. This i t e m  w a s  replaced during the l a t e r  part  of the period, 

and b a l l - m i l l  maintenance does not reappear u n t i l  the eighth shipment, 

when 4 h r  were required for repair. 

The items covered are not those which w e r e  

The other b i t  of important data garnered f r o m  Table 23 is the  

realization tha t  the more frequently repaired items indicate the need fo r  

further design improvements. The most frequently repaired i t e m  w a s  the 

compactor, which w a s  expected, due t o  the high stresses caused by the 
vibrators. This en t i re  assembly is presently being redesigned, including 

the vibrator i tself .  

5. RADIATION EXPERIENCE 

The radiation monitoring i n  the Kilorod Program may be divided into 

routine radiation monitoring during the production of the BNL fuel  (1) 
rods using 23% containing 38 ppm 232U and (2) 

ing a special run using 23% containing iw estimated 800 ppm 23?J. 

radiation monitoring dur- 

I n  each of these phases, the primary objective w a s  t o  ensure tha t  

radiation doses t o  personnel remained below m a x i m  permissible levels. 
In  addition, radiation data were obtained for  use i n  the design of future 

f a c i l i t i e s .  

5.1 Monitoring Procedures 

5.1.1 Personnel Exposure Monitoring 

Total body, hand, and arm exposures were used i n  the personnel 

exposure monitoring program. 

A. Total-Body-Exposure Monitoring - Total-body exposures w e r e  deter- 

mined by ORNL f i l m  badges, pocket ionization chambers, recording 

dosimeters, personal radiation monitors, monitrons, and whole body counters. 

. -  
I 

1 -  
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Urine and feces were also analyzed. 
the pocket ionization chamber (pocket meter) w e r e  used. 

w a s  processed quarterly, and the pocket meters daily. The f i l m  badge 

was used f o r  obtaining quarterly exposure data and the pocket rneters f o r  

dai ly  and weekly exposures. The quarterly film-badge figure is  much 

superior t o  the presumably equivalent figure obtained by adding the dai ly  

values of the pocket meters. 

low, daily, pocket-meter figures because of the rounding-off done i n  
reporting those data. Adding such rounded-off values results i n  a high 

cumulative error.  

week15 and three rems per quarter. 

have been superseded by data from the age-proration formulas, 5(~-18) and 

30( N-18), respectively . 

Mostly, the ORNL film badge and 
The f i l m  badge 

The error is especially large when using 

The recormnended t o t a l  body exposure l i m i t  w a s  100 m i l l i r e m s  per 
16 

If necessary, these values would 

The shielded cubicles provide l i t t l e  shielding f o r  the shoulder area. 
Since the pocket m t e r s  w e r e  customarily worn i n  one of the breast pockets, 

with the film badge hanging f r o m  the collar,  higher readings were obtained. 
This fact  makes the exposures presented higher than those actually received. 

However, design data based on such exposures w i l l  be conservative. 

In  some cases ( fo r  example, fo r  cubicle entr ies) ,  total-body exposures 

f o r  special jobs were determined with recording dosimters .  

of these instruments over the pocket meter w a s  that the exposure received 
could be read direct ly  f r o m  the instrument. 

w e r e  also worn t o  determine quarterly and dai ly  exposures. 

measured principally w i t h  the hand-exposure meter (film ring). 

recommended weekly exposure l i m i t  w a s  1.5 rems. 

would have been superseded by the quarterly l i m i t  of 25 rems. 

(PL); and, (3) 
three values were substituted into the equation: 

The advantage 

Film badges and pocket meters 

B. Hand and Arm Exposure Monitoring - Hand and arm exposures w e r e  
The 

If necessary, t h i s  value 
17 

Three film readings were obtained: (1) open window ( W ) ;  (2) p las t ic  
cadmium (Cd) . To determine the exposure i n  rems, these 

D s  = 2.5(W - PL) + Cd. 

Film d a t a  were reported weekly by the Health Physics Division and 

were rounded off t o  the nearest 0.1 r e m .  

values are given t o  the nearest 5 millirems. This w a s  done t o  reduce the 
cumulative error i n  the sums of the f i l m  ring data. 

In  t h i s  report, however, the 

. 
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Film rings were used i n  two ways: (1) by individuals and (2) at 

work s ta t ions.  

a l l  h i s  work for a calendar week and processed. 

used at each selected work s ta t ion  during a calendar week and then processed. 
Such a ring was worn every time work w a s  done at that s ta t ion  and w a s  kept 

i n  a lead container the remainder of the time. Stat ion f i l m  rings were 

used only i n  the sol-gel cubicle. 
the rod-fabrication because of the repeated short-time uses of the gloves. 

Also, the rings are mechanically weak, and repeated glove entr ies  broke 
them. 

A personal f i l m  ring w a s  worn by an operator i n  performing 
A s ta t ion  film-ring w a s  

They could not pract ical ly  be used in  

To obtain exposures t o  hands and arms i n  the rod-fabrication cubicles, 
s ta t ion  fi lm packs instead of f i l m  rings w e r e  used. 

onto the inside of one glove so as t o  contact the back of the hand, l e f t  
there for  a week, and then processed. 

side the shield. 

greater than those obtained by the use of the f i l m  pack, probably due t o  

additional exposure of the f i l m  pack while the glove hung outside the cubicle. 
For the 800-ppm 23% run, immediate exposures t o  the hands and arms 

A f i l m  pack w a s  taped 

When not i n  use the glove hung out- 

The values obtained by t h i s  procedure were 2 o r  3 times 

w e r e  obtained by recording dosimeters. 
a t h i r d  t o  a f i f t h  of corresponding film-ring data, apparently because of 

the shielding i n  the recording dosimeters. However, conservative use of 

the recording-dosimeter data and its immediate ava i lab i l i ty  prevented over- 

exposure of personnel. 

The exposures so obtained w e r e  about 

C. Exposure by Inhalation - Exposure by inhalation w a s  monitored by 
a Q-2340 continuous alpha monitor. 

The maximin permissible amount of alpha radioactivity i n  the air  w a s  
2 x pc/cc, the mpc value fo r  soluble 2%h.18 More than t h i s  requires 
tha t  the operators wear a respirator.  The concentration of 23%h w a s  chosen 

as the tolerance because of the high percentage ( g f i )  of 23%h02 i n  the 

m i x e d  oxides prepared i n  t h i s  program. 

5.1.2 Radiation-Background Measurements 
Radiation-background measurements were obtained with f i l m  packs, G-M 

survey meters, ionization chmbers, and "cutie pies." Film packs and G-M 

survey meters were used fo r  most of the work. 

cutie pies w e r e  used less frequently, and those used w e r e  the standard ORNL 

instruments . 
Ionization chambers and 
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Three readings were obtained from the f i l m  packs: 
p las t ic  (PL); and shielded (Cd) . 

(1) window ( W ) ;  

(2) 
the window readings - t o  correspond t o  both the hard and sof t  radiation 
received by the hands and arms. 
used fo r  exposures from about 20 t o  10 mi l l i rads  and an insensitive f i l m  

(du Pont type 834) f o r  exposures from 10 m i l l i r a d s .  

The data usually reported here are 

A sensitive f i l m  (du Pont type 555)  was 
4 

4 19 

The G-M survey meter used w a s  model Q-2092A-IR1, with a 0-20 m i l l i -  

The meters w e r e  calibrated every s ix  weeks by the use of rads/hr range. 
radium gamma rays of an averwe energy of about 1 MeV, with the shield 

closed and the batteries being charged continuously.2o Although the 

readings were energy dependent, t h i s  instrument w a s  used extensively 
because the design of its probe made it comparatively easy t o  obtain in- 

cubicle data. Its accuracy should be within - +% of full scale.21 The 

probes w e r e  usually unshielded, thus the readings corresponded t o  both 

sof t  and hard radiations. 

The frequency of obtaining radiation data during the BNL work 

depended on the need f o r  the data and the means of obtaining it. 

frequency of obtaining operator exposures were discussed above, except fo r  

cubicle entry d a t a  which were taken f o r  each entry. 
obtaining design background radiation data w a s  based on the processing 

campaign. Each campaign lasted three t o  s i x  weeks, and such data were 
obtained during f ive periods as follows: 

The 

The frequency of 

Period 1: A f t e r  cleaning out waste material from the preceding 
campaign and before any new material was charged. 

Period 2: During the s tar tup of the campaign. 
Period 3: During the middle of the campaign. 
Period 4: 
Period 5:  

Near the end of the campaign. 

After all processed material was removed but before 

cleaning out w a s t e  material. 

5.2 Routine Radiation Monitoring Program 

5 -2 -1 Total-Body EXPOSUE 

The total-body exposures of all Kilorod personnel are summarized i n  
Table 34. 

I 
Z '  

I 



Table 34. Summary of Total Body Exposure of All Kilorod Personnel 

Total Body Exposure, (millirems) 
3rd Quarter 1963 4th Quarter 1963 1st Quarter 1964 

Film Badge Pocket Meter Film Badge 
Dc Pocket Meter Pocket Meter Dc Dc 

Film Badge Personnel 
Identification Average Range of M a x i m u m  Average Range of Maximum Average Rmge of Maximum 

Total Weekly Daily Values Weekly Total Weekly Daily Values Weekly Total Weekly Daily Values Weekly 

Denitrator 
Operators 

-- -- -- -- -- A looa 1 5  0-25 35 3bb  26 0-15 30 

B 220 17 0-100 120' 240 18 0-20 30 310 24 0-40 100 

Sol-Gel 
Operators 

d 

A 100 1 5  0-25 35 See Denitrator Above 270 21 0-906 l 3 O d  
C 10 0.8 0 -20 35 120 9 0-20 20 160 12 0-30 55 

Rod-Fab . 
Operators 

12 0-20 40 250 19 0-10 30 350 27 0-30 55 
0-15 45 270 21 0-30 75 

D 1.50 
E 230 18 0-60 60 290 22 

60 F 310 24 0-25 55 200 15  0 -20 35 220 17 0-30 
G 170 13 0-30 50 120 9 0-10 35 160 17 0-15 30 

Supervisors 

R 70 5 0-15 25 50 4 0-10 20 60 5 0-20 30 
S 14Oc 11 0-20 35 20 7 0-5 5 60 5 0-15 25 
T -- -- 0-40 40 80 6 0-15 75 70 5 0 -20 20 

%orked first half of quarter in  ce l l  4 and last half at denitrator. 
"worked seven weeks at denitrator and s ix  i n  ce l l  4. 
'Assigned t o  another project for  the f i r s t  four weeks i n  the quarter. 
h i s  high value believed t o  be result of dropping of mte r s .  Operator did no unusual task during th i s  week. 
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The data indicates tha t  no employee received a quarterly dose t o  

the c r i t i c a l  organs greater than 350 millirems - a value much less than 

the maximum permissible quarterly exposure of 3 rems. 

weekly dose w a s  27 m i l l i r e m s .  

The highest average 

Also presented in  Table 34 are selected pocket-meter data. The 

recommended permissible dose fo r  e i the r  a day o r  a week was not equaled o r  

exceeded. 

quarter of 1963, and by operator A i n  the first quarter of 1964, were 
both believed t o  have been caused by dropping the pocket E t e r s .  Both 

reported exposures would have been highly improbable because the back- 

ground reading a t  the sol-gel cubicle face w a s  usually l e s s  than 1 m i l l i r a d ,  

and no unusual occurrence was recorded i n  the operating logbook i n  e i the r  

instance. 

The apparent weekly overexposure by operator B i n  the th i rd  

These data also indicate that the denitrator operator received as mch 

exposure during periods of denitrator operation as he (or  the regular sol- 
gel operator) received in  the sol-gel work. 
somewhat higher weekly t o t a l  body exposures were received i n  rod-fabrication 

than in  sol-gel work. 

It i s  also indicated tha t  

I n  all cases, analyses of urine and fecal  samples indicated exposures 
22 of l e s s  than one-fourth of the maxim permissible quarterly dose. 

work indicated no significant differences in  body burdens .23 Radiochemical 
species in  these comparisons were the daughter products of 2%h and 2%J. 
5.2.2 Hand and Arm Exposure 

Comparisons of whole-body counts of workers before and a f t e r  the BNL 

Table 35 presents a summary of the hand and arm exposure received by 
Kilorod personnel i n  campaigns 1 and 3 through 7. 
campaign 2. 

No data w a s  taken i n  

The d a t a  shows tha t  no employee received a weekly hand and arm 
exposure greater than the maximum permissible value of 1500 m i l l i r e m s .  
The greatest  weekly dose received by an individual w a s  1055 m i l l i r e m s ,  

during Health Physics week 13, 1964. 
cubicle during cleanout a f t e r  completion of the BNL program. The largest  

weekly dose during normal operation w a s  840 millirems, during Rp week 52, 

1963, also in  the rod-fabrication cubicle. 

This occurred in  the rod-fabrication 

Since the other weekly exposures 

- 
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Table 35. Radiation Exposure to Hands and Arms  f o r  A l l  Kilorod Personnel 
(Millirems), as Measured by Film Rings 

. : .  

Campaign 

Process 1 3 4 5 6 7--- - t-' 
~~ 

Range Average Range Average Range Average Range Averwe Range Average Range Average 

Sol-Gel 0-75 27 75-170 137 40-190 127 0-95 54 0-160 49 0-510 95 
Rod 

Fabrication 0-100 34 45-180 141 0-210 72 0-840 139 0-365 82 0-1055 125 



120 

w e r e  so much lower than the two values cited above, it follows tha t  the 

quarterly exposure f o r  an individual did not approach the maximum per- 

missible value of 25 rems. 

5.2.3 Radiation Backgrounds of Operating A r e a s  and Equipment 
Table 36 presents a summary of the radiation background i n  operating 

areas and equipment f o r  the BNL program i n  the range of 5 t o  30 days after - 

purif icat ion of the 23%. Two s e t s  of data are presented: (1) f i l m -  

pack open-window data and (2) 

Both sets of data correspond t o  doswes which would be received on the  hands 
and arms by personnel working i n  the cubicles. The film-pack d a t a  indicate 

tha t  the radiation background increased somewhat during campaigns 4 through 

7. 
indicates the  film-pack values are higher, sometimes by a fac tor  of 2 t o  3. 

data obtained by unshielded G-M survey-meters. 

A comparison of the campaign-7 d a t a  obtained by these two methods 

Table 37 presents period-1 and period-5 radiation-background data 

obtained with film packs at seven work s ta t ions f o r  campaigns 3-6. 
The fac t  t ha t  the radiation backgrounds f o r  period 1 at the  blend tank 

(BOS-1) and at the  crucible table  d i d  not change s ignif icant ly  during 

campaigns 4-7 indicates t ha t  cleanout w a s  effect ive during these campaigns. 

This f ac t  a lso shows tha t  the w a s t e  tha t  accumulated i n  each campaign at 
these s ta t ions w a s  new waste. It i s  also apparent tha t  some old waste 
remained a f t e r  each campaign, because the period-5 reading w a s  usually 

higher than the period-1 value. 
Cleanout w a s  less effect ive at BOS-2, the b a l l  m i l l ,  the  powder blender, 

and the rod-loading s ta t ions.  The radiation backgrounds from period 1 i n  

campaign 4 t o  period 1 in  campaign 7 almost doubled. 

represented s m a l l  oxide par t ic les  and dust which could not be cleaned out 
easi ly .  This w a s t e  apparently collected generally during each campaign. 

This increase probably 

5.2.4 Radiation Exposures by Operation 

A detailed analysis was made of the total-body and hand and arm 
exposures obtained during the BNL program t o  obtain the exposure by opera- 

t ion.  The procedure used i n  t h i s  analysis i s  presented i n  detail i n  the 

Appendix. Briefly, it involves assigning the exposures received t o  a 

par t icular  operation according t o  the  t i m e  spent on tha t  operation as 

indicated by a time-and-motion study made by J. J. Varagona. 24 

Y 

. i L  
* 
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Table 36. Radiation Backgrounds at Various Locations i n  the Sol-Gel 
and Rod-Fabrication Cubicles During the BNL Program 

Conditions: A l l  f i lm pack data were taken in  period 2 of each campaign, between 5 and 20 days a f t e r  
extraction; G-M survey meter readings were taken in  period 3, between 20 and 30 days mer 
extract  ion 

Radiation Background (millirads/hr) 
Film Pack (Window) G-M Survey Meter 

Campaign (Unshieided) 
Locat ion 4 5 6 7 Average Campaign 7 

A. Sol-Gel Cubicle 
WS-1 (Blend tank) 7.0 10 .o 15.4 11.7 11 .o 7 
WS-1 (outside cubicle face) Not available ..................................... <1 
WS-2 (No. 1 bagout station) 5 -6 8.8 15.4 14.3 11 .o 7 
WS -3 (Crucible stat ion) 10.4 9 02 22.9 7.6 12.5 10 

WS-4 (No. 2 bagout s ta t ion 12.5 13.3 35 -8 20.9 20.6 10 

green gel) 880 .o 230.0 200.0 400 .o 428 .O 200 
WS-14 ( t ray  of green gel Not 170.0 270.0 240 .o 227.0 200 

f i r ed  oxide) 1320 .oa 300.0 480.0 Not 390 .o 200 

WS-6 (Blender) 11.3 17.5 26.3 26 .o 20.3 10 
outside cubicle face, me) Not available ................................... 
Rod loading) 14.6 17.9 17.5 26 .o 19 .o 15 

WS-3 (outside cubicle face, 

WS-13 (top of crucible of 

WS-23 (top of crucible of 

B . Rod-Fabricat ion Cubicle 
WS-5 (Ball mil l )  20 .o 32.5 34.6 20.4 26.9 8 

Not available ..................................... < 2  =* 1 

avail  able 

available 

WS-7 (oUtsj.de cubicle face, m.) Not available ................................... 
%ot included in  average. 



Table 37. Radiation Background Data f o r  Selected Work Stat ions i n  Campaigns 3-6. 

Radiation Background (millirads/hr) 
Campaign Campaian 5 Cmaign 6 Campaian 7 

Period 1 Period 5 Period 1 Period 5 Period 1 Period 5 Period 1 Period 5 

Blend tank 10.7 10.2 18.8 N.A. 8.8 11.8 11.4 17.1 

Crucible tab le  4.5 5.4 5 *4 3.9 3 09 5 00 5 00 20.8 

Bos -1 10 .o 18.4 11.3 N.A. 7.5 8.3 11.4 14.6 a 

BOS -2 2 -9 i o  .8 i o  .8 6.1 6.1 9 *2 9 -2 15 .O 

B a l l  m i l l  13.3 N.A." 31 -7 20 .o 17.1 23.1 22.6 53.3 
Pmde r blender 14.2 N , A , ~  7 osb 32.1 17.6 26.2 23.5 30 .o 
Rod loading 10.4 N . A . ~  16.3 23.7 20.6 26.2 27.8 30.4 

t-J 
Iu 
Iu 

%lot available. 
bQuest ionable. 

. 0 ,  . . ' e  

- - .~ 
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A .  Total-Body Exposure - Table 38 presents the total-body exposure 

obtained by operation. 
which the BNL program w a s  conducted. 

are also given, The average values indicate the following: 

Values are given fo r  the three HP quarters i n  
Averages of the three quarter values 

1. The sum of the t o t a l  body exposures in  the rod-fabrication 
process w s  nearly twice the sum of the exposures i n  the sol-gel o r  denitra- 

t ion  processes. 
handled i n  the rod-fabrication phase of the process, and the operating t i m e  
was greater than that for  e i ther  of the other two phases. 

exposure in  rod-fabrication was l e s s  than the weekly tolerance of 100 m i l l i -  

rems, and therefore one man could have performed the operation without 
overexposure 

2, 

This is understandable because only the oxide powder is 

A t  any rate the 

The highest exposure i n  the sol-gel process was received while 

performing the operations at the crucible table while handling; oxide. 

3. The highest exposure i n  the rod-fabrication process w a s  obtained 

in  the compacting operation. 

B. Hand and Arm Exposure - The hand and arm exposure per operation i s  
presented in  Table 39. These data indicate: 

1. Hand and arm exposure i n  the rod-fabrication process w a s  about 

three t-s that  fo r  the sol-gel process, 

considerably l e s s  than the weekly tolerance of 1500 m i l l i r e m s ,  again 

indicating that one operator could have performed all phases of the sol-gel 
o r  the rod-fabrication process without overexposure 

The exposure for  e i the r  was 

2. The maximum hand and arm exposure i n  the sol-gel process w a s  
received in  the crucible-table operations, while that i n  the rod-fabricat ion 
process was received in  compacting and powder blending. 

5.2.5 Radiation Monitoring of Fuel Rods 
During the Kilorod Program, four fie1 rods were selected at random and 

periodically monitored w i t h  a G-M survey meter t o  determine the variation 

of radiation ac t iv i ty  w i t h  t im since 2% ac t iv i ty  removal or age of the 

fuel  mixture. 

resulting data showed no apparent correlation with age, whereas the G-M 
survey-meter values, which are presented i n  Fig. 35, increased steadily 

with age, as would be expected, because of growth of 23% daughter growth. 

A similar study was made w i t h  f i lm packs; however, the 

4 
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Table 38. Total-Body Radiation Exposures per Operat ion 

fo r  the Kilorod Program 

Source: Dc Values from f i l m  badges. See Appendix f o r  methods 

Total Body Exposure (millirems/week) 
3rd Quarter 4th Quarter 1st Quarter 

Proce s s Ope rat ion (1963) (1963) (1964) Average 
F: 
0 
.rl 

k 
c, 
.rl 

% 24a 

A l l  operat ions 1 5  Shutdown 20 
( 7  weeks 
operat ion) 9 

FI 

Blending 22 ga 20 17 
12& 
21 39 

22 - - operations at 29 
crucible table 51 

3 I 
l-i 

0 
u1 

Jaw crushing 
and sampling 
Ball m i l l i n g  

Blending 
(powder) 

Compacting c 
0 
d Scanning 
% u (transferring 
k 
4 Welding Fr 
a Ultrasonic 
2 cleaning 

rod f o r  scanning) 

Leak t es t ing  
and weighing 

Turco cleaning; 
smearing and 
loading into 

ca r r i e r  

Supe mi s ing 

3 02 

2.1 

5.3 

16 .o 
4.8 
0.5 

6.5 
2.2 

2.5 

4.4 

19 .o 

5 -1 

3 *2 
8.4 

20.0 

3 00 
0.4 

4.5 
1.6 

1.7 

5 04 

12 .o 

7.3 

4.6 
12 .o 

19.0 
3.4 
0.5 

6 .o 
2.1 

2 .3  

6.5 

14 .O 

5.1 

3.2 
8.4 

18 .o 
3.4 
0.4 

5.5 
1.9 

2.1 

5.4 

14.0 

! 

. I  

~ 

I . 

Total 
- 

67.0 66 .o 78 .o 67.0 
- -  

%rem sum of pocket-meter values. 

I 

a 
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Table 39. Hand- and Arm-Radiation Exposure per 

Operation for  the Kilomd Program 

Source: Film-ring data. See Appendix for methods. 

Hands and Arms Exposure, millirem/week 
4th Quarter No. of 1st Quarter No. of Weighted 

Process Operat ion (1963) Weeks (1964) Weeks A v e r a g e  

A l l  operat ions 

Blending 55 10 (one 53 12 (one 54 
Operations at - 70 operator - 68 operator) , - 69 
crucible table 125 121 9 gther 123 

a 4 

0 
rJY operator) 

a 
0 
ffi 

Jaw crushing 
and sampling 

Ball milling 

Blending (powder) 

Compacting 
Scanning 

Transferring rod 
for  scanning 

Welding 

Ultrasonic cleaning 
Leak testing 
and weighing 

Turco cleaning; 
swaring and 
loading into 

carrier 

44 

28 
72 

125 
27 
1 

18 
6 
7 

36 

* supervising 

11 

11 

10 

40 
103 

70 
15 
1 

15 

5 
6 

9-11 39 

11 59 
416 

11 

11 

8 

12 

54 

35 
89 
98 
22 
1 

16 
6 
6 

11-12 38 

8 86 r 
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Also included i n  Fig. 35 is  a plot  of data predicted by J. P. Nichols, 25 

using a dose point of 1.4 in. as compared with an estimated dose point 

of 1.6 in.  for the measured values. The measured data compares very 
favorably with the predicted values in  the overlapping region of the 

curves. 
of the closer dose point. However, the variation i s  the same as would be 

expected f r o m  the inverse-square l a w .  The agreement between the two s e t s  
of data is  be t t e r  than would be expected because no correction w a s  made 

fo r  the energy dependence of the G-M survey-meter data. 

5.2.6 Radiation Exposures During Maintenance 

A s  would be expected, the predicted values are higher because 

Two types of maintenance on operating equipment were performed: 

that done without entering the cubicles and (2) (1) 
ing the cubicles. When possible, maintenance w a s  performed externally, 
w i t h  the radiation exposure received not being monitored separately from 

tha t  received while operating. A radiation work permit w a s  issued fo r  
in-cubicle maintenance. The radiation exposure received was monitored 
separately with a recording dosimeter as well as with the film badge and 

pocket meters. During the program, only three maintenance jobs were done 

i n  which an individual received a daily total-body exposure of m r e  than 
20 m i l l i r e m s :  

1. 

tha t  done by enter- 

repairing b a l l  m i l l  on A u g .  8, 1963, during which one operator 

received 60 m i l l i r e m s  and a second operator 10; 

moving blender t o  maintenance area on Sept b 27, 1963, during 

which an operator received 30 m i l l i r e m s ;  
replacing furnace element on Oct. 29, 1963, during which an 

operator received 70 m i l l i r e m s .  

2. 

3. 

5.3 H i g h  232U Content Monitoring Program 

5.3.1 Objective 
Upon completion of the BNL fuel-rod commitment, a special  run w a s  

made w i t h  aged 23%NH t o  simulate operation w i t h  high 232U content feed. 

In  t h i s  run, 23%NH containing 38 ppm of 232U, which had been purified 

approximately s i x  years before, w a s  blended with recently purified 
material t o  obtain a daughter in-growth equivalent t o  tha t  of feed contain- 
ing an estimated 800 ppm of 232U which w a s  only 14 days old.  The principal 
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objective w a s  t o  obtain radiation d a t a  f o r  use i n  scaling up the process 

f o r  working w i t h  higher levels of 23% than tha t  encountered in  the 

Kilorod Program. It should be recognized tha t  since only one 10-kg batch 
of high-radiation-level oxide w a s  prepared, the radiation background and 

exposure data w a s  extremely conservative since inventory equilibrium w a s  

not attained. 

5.3.2 Radiation Background of Operating A r e a s  and Equipment 

Table 40 presents the radiation background i n  operating areas o r  

equipment during the 800-ppm 23% content run. These d a t a  indicate tha t  
the radiation backgrounds w e r e  two o r  three-times higher i n  the 800-ppm 

than i n  the 38-ppm work. 

5.3.3 Radiation Exposure 

Table 41 presents a summary of the radiation exposure experienced 

during the 800-ppm run. 

When the exposures result ing from 800-ppm and 38-ppm batches are put 

on the same basis ( m i l l i r e m s  per 10-kg batch), it is  indicated tha t  the 

t o t a l  body exposure f o r  the 800-ppm run w a s  about 3 times greater (117 
m i l l i r e m s ,  compared w i t h  3 5 ) .  The hand and arm data fo r  the 800-ppm run 
w a s  about 5 times greater (950 m i l l i r e m s ,  compared w i t h  1-90). Variation 
i n  the individual operations were about the same as the variation of the 

t o t a l .  

A s  previously mentioned, because of the l i m i t e d  amount of high-level 
material processed, "steady-state 'I background levels were not attained, 
and the radiation exposures attained are conservative. It is  estimated 

tha t  with continuous operation, the Kilorod f a c i l i t y  could process material 
having a 232V content of about 500 ppm. 

5.4 Application of Radiation Experience t o  Design Scaleup 

Table 42 presents the resul ts  of a study by J. P. Nichols, R. E .  

Brooksbank, and D.  E .  Ferguson t o  estimate the radiation dose rates  t o  

operating personnel as a fbnction of shielding and 23$J content. 

It is  estimated tha t  with weekly chemical purification, the average 

elapsed time during sol-gel and rod-fabrication work can be reduced t o  
about 7.5 and 12 days, respectively. If t h i s  t i m e  reduction were obtained, i 

- ,  

i 
- 1  
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Table 40. Radiation Backgrounds at V a r i o u s  Locations i n  the 
Sol-Gel and Rod-Fabrication Cubicles During the 8OO-ppm 23% Content Run 

Radiation Background (millirads/hr) 
Film Pack G-M Survey Meter 

Location (W indar) (Unshielded) 

Sol-Gel Cubicle 

WS-1 (Blend tank) 16.8 8 
WS-1 (outside cubicle face, max.) Not available ,,fja 

( A t  work table above blend tank) Not available 4 0  

WS-2 (No. 1 bagout s ta t ion 27.9 <lo 
WS-3 (Crucible s ta t ion)  36 *3  7 
WS-3 (outside cubicle face, max.) 0.8 3a 
(Bottom of t r ay  dumper outside cubicle face, 

shields closed, loaded crucibles on Not available 60-65 
table, max.) 

WS-4 (No. 2 bagout s ta t ion)  34.8 8 
Tray of dried gel, near contact 3,200 2, 5OOb 
Crucible of f i red  oxide, near contact 6,400 4, OOOb 

Rod-Fabricat ion Cubicle 

WS-5 ( B a l l  m i l l )  84.3 44 

ws -6 (Blender) 52 09 40 
WS-6 (outside cubicle, face, max.) 5 -6 2 .o 
Against bal l  m i l l  while i n  use Not avail  able 4 o o b  
Against j a w  crusher while i n  use Not available 120 
Against c l a s s i f i e r  while i n  use Not avail  able 180 
WS-7 (Rod loading) 91 -3 2 50 

WS-5 (outside cubicle, face, max.) 12.6 1.8 

WS-7 (outside cubicle face, max.) 1.3 1.4 
Rod ( a t  contact, 18 in. from threaded end) 600.0 4oob 
Rod ( a t  contact, 24 in.  from threaded end) 600.0 4oob  
Rod (at contact, 30 in ,  fmm threaded end) 657.0 *550b 

%hield closed. 
bCutie pie was used because of the 200 mr/hr l i m i t  on G-M survey meter. 



Table 41. Radiation Exposure During 800 ppm 2% 

Content R W ~  ( m i l l i r e m s  per Operator) 

Basis: One batch weighing 10 kg, producing 10 fue l  rods 

Total Body Exposure 
Shoulder Pocket Sleeve Film 

Hand and Arm Exposure 

Dosimeter Meter Dosimter Ring 

Sol-Gel Process 

Blending <11 

ope rat ion < 7  
Total <18 

Crucible-table 

Rod Fabricat ion 

Crushing 
Ball milling 

Blending 

Compacting 

Scanning 

Welding 

Clearing 
Leak tes t ing and 

weighing 
Smearing 

Supenris ion 
Total 

4 
6 
10 

8 

3 
5 
2 

2 

3 
4 

47 

10 27 

- 20 - 53 
30 80 

11 

18 
30 
40 
15 
20 

5 

10 

1 5  

95 

155 
2 50 
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Table 42. Estimated Radiation Dose Rates t o  Operating Personnel 
A s  a Function of Shielding and 2% Content f o r  Fuel Element Manufacture 

Glove-Box L i n e  Producing 9% Tho2 - 3$ 23b02 by Sol-Gel and Vibratory 

Compact ion; 23% Purified by Solvent Extract ion 

Average Post Average Post Weekly Radiation 
Shielding as Purification Purification Dose Rate t o  ’3’20 

Equivalent of Time i n  Sol- Time i n  Rod Operators L3”u Content 
Lead of Shadow Gel Process Fabricat ion ( m i l l i r e m s )  2 3 5 )  Ope rat ion (kg oxidelday) Shield Average (days) (days) Hands Body (ppm i n  

Type of Scale 

Kilorod f a c i l i t y  10 2 1-5 19 100 20 40 P 

Batch f a c i l i t y  10 

10 
10 

Semi cont inuous 
f a c i l i t y  100 

100 

2 

2 

0 

2 

0 

w 
P 15 19 500 100 200 

7.5 12 500 100 500 

7.5 12 50 100 50 

4.5 6 500 100 600 
4.5 6 50 100 50 
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the use of 2 

contains 500 

be processed 

in. of lead shielding would permit operation w i t h  23?J that  

ppm of 232U. Further, 23% containing 50 ppm of "?J could 
wi th  no shielding other than the w a l l s  of the vessels and 

glove boxes and f r o m  self-shielding i n  the fie1 material. 
By designing a plant t o  operate semicontinuously t o  minimize holdup 

times i n  a l l  steps, the average elapsed t im i n  sol-gel work can be 

reduced t o  4.5 days, and i n  rod-fabrication work t o  6 days. 

becomes reasonable f o r  a plant considerably larger  than the Kilorod f ac i l i t y .  

Much of the equipment in  such a plant would be automated t o  minimize 

attendance by personnel, and an automatic conveyor belt tray-dryer and a 
gravity-fed tube furnace would be used. Under these assumed conditions, at 

Such a design 

- I 

232; a rate  of 100 kg of t o t a l  oxide per day, 23% containing 600 ppm of 

can be processed w i t h  2 in. of lead shielding, and that containing 50 ppm 
w i t h  only the shielding offered by the vessels and fuel.  

In general, shadow shielding is required f o r  working w i t h  a m i x e d -  

oxide fue l  containing $ uranium-233 i f  the uranium contains more than 
about 50 ppm of 23% unless the glove box is w e l l  designed and extreme caR 

is taken i n  i ts  use. With 2-in. lead-equivalent shadow shields f o r  the 

major pieces of process equipment, 23'4 concent rat ions of about 500 ppm 

can be handled safely on a batch basis at a scale of about 10 kg of m i x e d -  

oxide per day. 
semicontinuous process is reasonable, and '3%J containing 500 ppm of '% 

A t  the larger  scale of 100 kg of t o t a l  oxide per day, a 

can be handled safely w i t h  shadow shields. Operation w i t h  higher levels 
of 23% w i l l  require complete shielding and remote operation. 

In the Kilorod Program, the solids-handling equipment and cubicles 
were decontaminated effect ively w i t h  a vacuum cleaner; chemical treatment 
w a s  not needed. 
Tho2 powders, which were d i f f i cu l t  t o  remove f r o m  surfaces. 

i t y  apparently is  at t r ibutable  t o  the refractoriness of the sol-gel oxide, 

Th i s  experiment indicates that equipment can be maintained i n  unshielded o r  
l i gh t ly  shielded glove boxes following relat ively e f for t less  decontamination. 

T h i s  is contrary t o  previous experiments w i t h  ceramic-grade 

The dissimilar- 

I n  the above discussion, operation wi th  weekly radiation exposure t o  
operators of 100 m i l l i r e m s  per week has been assumed. 
operation at a level  of 40 millirems per  week is  recommended; therefore, the 

permissible 23% content levels suggested i n  Table 41 should be reduced 60$. 

However, routine 

1 



6. CONCLUSIONS AND RECOMMENDATIONS 

The Kilorod Program was an unqualified success, meeting every 

objective. 

sustained, as scheduled, over long operating periods. The longest of 

these w a s  fourteen consecutive days in  the November-December period. All 

equipment except the calciner could produce a t  l eas t  double the product ion 

design rate .  Rod-fabrication operations were similarly successful, with 

an average sustained production rate  of 1.3 rods having been demonstrated 

over a period of 10 scheduled operating days. 

fabricated i n  a single working day, once during the program. 

and fabricat  ion specifications were m e t  o r  exceeded. 

The lO-Q-per day design rate  for  the sol-gel operation was  

A maxim of 21 rods w a s  

A l l  chemical 

From the Kilorod experience, the following conclusions are reached: 

1. The sol-gel process for  preparing a 3% U02 - 9fi product is now 

This process can be scaled up direct ly  t o  a practical ,  working process. 

any immediately foreseeable production ra te .  
2. A sol-gel, rod-fabrication combination i s  also a practical ,  

working process tha t  can be scaled up direct ly  t o  any imediately foresee- 

able product ion rate. 

3. Specifications requiring both high product purity and f i e 1  element 

uniformity can be m e t  routinely in  a combined sol-gel, vibratory-compaction, 

fuel-rod-preparat ion plant. 

4. Batch rejection and internal recycle of materials (as wastes) are 

almost n i l  i n  a sol-gel, vibratory-compaction operation as represented by 
the Kilorod in s t a l l a t  ion. 

5 .  Both sol-gel and rod-fabrication operations are amenable t o  rigid 

analytical  control, as evidenced by the process control during t h i s  
program. 

6. Exposure of workers t o  radiation at the 38-ppm 23% level w a s  far 

below permissible limits. 

7. Considerably higher 23% concentrations can be handled safely in  

the present equipment by current operating procedures. 

8 .  Loss of process materials i n  all operations can be held t o  

extremely low if not insignificant values. 
I .  

I -  
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9. Aged 23% (38 pprn 2%) can be sa t i s fac tor i ly  purified f o r  use 

i n  the sol-gel process by a solvent extraction process based on extraction 

by di-sec-butyl phenyl phosphonate. 

From Kilorod experience the following recommendations are made: 

1. The problems associated w i t h  the gases contained i n  the f ina l  sol- 
ge l  product should be studied. 
them i n  conjunction w i t h  the normal operation. 

Unfortunately, it was impossible t o  study 

2. Consideration should be given t o  the design, construction and 

s tar tup of a continuous denitrator. 

pletely dependable i n  all respects, is  a high-labor-cost operation. Any 

future, large-scale thorium processing plant mst necessarily include a 

complete and continuous conversion of a thorium ni t ra te  solution t o  a 
powder (or  sol). 
reduction item now apparent and i s  also probably the one requiring the 

leas t  e f for t  (or  money). 

The present unit ,  even though com- 

In  t h i s  innovation l i e s  probably the largest  single cost- 

3.  The cost of gases (Ar, Ar--4$ €+) was excessive and must be 

reduced. Other gases, quantity purchase and storage, and error-proof 

mixing system should be considered. 

The success of the Kilorod Program represents a significant break- 

through i n  the fabrication of ceramic fue l  elements. 

vibratory-compaction combination offers  advantages i n  simplicity, r e l i ab i l -  

i ty ,  and ease of process control available in  no other fabrication scheme. 

The sol-gel, 
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8.1 Detailed Information on the Solvent Extraction Operation 

8.1.1 Description of Fac i l i ty  
The Thorex Pi lo t  Plant i n  c e l l s  5, 6, and 7 of Building 3019 w a s  

modified t o  provide a f a c i l i t y  fo r  purification of the 23% feed stocks 

f o r  the program. A schematic equipment flowsheet is presented i n  Fig. IA. 
The 23% content and age of the 23% available, together w i t h  the 

planrned semiremote method of fabrication, indicate that  a gross gamma 

decontamination factor  of only 100 was required. I n  addition, the sol-  
ge l  process requires that the '3% feed should not have a n i t r a t e  t o  
uranium ra t io  above 2.5 if  a sat isfactory gel  is  t o  be obtained. 

requirement necessitates a thorium decontamination factor  of at l ea s t  1000. 

solvent containing 2 5$ (di-sec-butyl - phenyl phosphonate) , also i n  diethyl- 

benzene, provides gross gamma and thorium decontamination factors as much 

as 4 times greater than tha t  offered by a similar system employing t r ibu ty l  
phosphate . While it is true that the decontaminat ion-factor requirement 

is  relat ively low, it w a s  decided t o  use the newer EBPP solvent t o  obtain 
p i lo t  plant experience. 

T h i s  

Extensive experimental work by Ryon indicates that the use of a 

I n  the DSBPP flowsheet, the adjusted feed is introduced into the 

extraction column w h e r e  it is  contacted w i t h  the extractant . The uPanium 
is extracted into the organic phase, which is then scrubbed w i t h  a 0.8 M 

aluminum n i t r a t e  solution which is 0.4 M acid deficient t o  remove entrained 
thorium and ionic contamination. 
t i on  column is routed t o  storage. 
a s t r i p  column where the uranium i s  removed from the organic phase w i t h  

water. The resultant uranium solution is then transferred through a 
s t a t i c  diluent w a s h  column f o r  the removal of t race quantit ies of organic 

pr ior  t o  concentration. Spent solvent i s  collected batchwise, treated 

with 0.2 M N a  CO and reused. 

To provide a f a c i l i t y  f o r  the 23% purification the Building 3019 

- 
- 

The aqueous raff inate  f r o m  the extrac- 
The scrubbed organic then cascades t o  

- 2 3  

solvent extraction f a c i l i t y  was extensively reconditioned and modified . 
Extracting and scmbbing were done in  the original 5-in.-diam, 38-f't-high 
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pulsed column (N-1) .  

extraction and three scrub stages w i l l  be required.  When operating at a 
pulse amplitude of 1 in. and a frequency of 58 cpm, the required stages 
are obtained when introducing the feed a t  a point t o  obtain 1.5 ft of 
extraction and 17 f t  of scrub. 

be obtained by operating w i t h  an additional 5-in.-dim column providing 

12 ft of pulse plates (P-1) . 

Laboratory resul ts  indicate that at least four 

If necessary, additional scrub stages could 

The organic stripping w a s  performed in  an existing 5-in.-diam, 20-ft- 

high column (R-1) . 
amplitude and 50 cpm the required two stages w i l l  be obtained. 

Ryon's resul ts  indicate tha t  when operated a t  1.0-in. 

A new 2-in.-diam column packed w i t h  1/2-in. Raschig rings (s ta inless  
s t ee l )  f o r  the s t a t i c  diluent-wash column, and a new 5-in.-diam product 
evaporator and product storage tank, were instal led.  

The majority of the vessels t o  be used are not of c r i t i c a l l y  safe 

geometry; consequently, several important operat ional and equipment modif i- 
cations have been made, 

not exceed 8 kg. 
value of 10 g / l i t e r  by flowrate adjustments fo r  aqueous streams and chemical 

saturation for  organic streams. 
was  the f ina l  product stream (100 g l l i t e r ) ,  which was boiled d a m  i n  a 

5-in.-dim evaporator c r i t i c a l l y  safe t o  a concentration of 200 g / l i t e r .  

The t o t a l  mass of uranium within the f a c i l i t y  d id  

Solutions were maintained below the 23% maximum "eversafe" 

The only stream which exceeded t h i s  value 

In  addition t o  mass and concentration control, the feed extraction 
column and raffinate catch tank contained sufficient thorium t o  yield a 
23%/Th r a t io  of <o .025. 

A s  a f i na l  safety device, Pyrex Raschig rings containing 4$ B were 
placed i n  c r i t i c a l  process vessels, notably in  the expanded sections of 
the columns, waste tanks, solvent tanks, and product tanks. 

The product evaporator is  made of 5-in. pipe, w i t h  a Jacketed section 
2 providing 4.5 f t  

for  vapor de-ent ra imnt ,  and the feed is  introduced between the bottom 
two plates.  Cold t e s t s  before instal la t ion indicated that at 25 l i t e r / h r  

boilup, entrainment w a s  negligible when operated w i t h  no reflux; however, 

i n  the intermediate-level runs, operation without reflux resulted i n  over- 
head losses as high as 0.5%. 
2 f't above the feed reduced the loss  t o  Q.014 during the latter part of the 

intermediate level run and was negligible throughout the hot operation. 

of heating surface. Three perforated plates are provided 

The use of 3 l i t e r / h r  water reflux introduced 
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A s  previously mentioned, satisfactory sol-gel product is dependent 

on s t r i c t  control of the n i t ra te  ion concentration i n  the sol. This 

establishes an upper l i m i t  on the nitrate-to-uranium ra t io  in  the solvent 
extraction product. ( In  the Kilorod process t h i s  r a t io  is  2.5 .) 

Product from the solvent extraction system normally contains a constant 

concentration of excess n i t ra te  ion (n i t ra te  from sources other than uranyl 
n i t ra te ) .  A s  a result ,  the nitrate-to-uranium ra t io  i s  high at the begin- 

ning and end of a solvent extraction run since the uranium concentration 
is  low at these times. Consequently, off-specification product is obtained 

fo r  a period at the beginning and at the end of each run. 

During operations, a product cut is collected as feed t o  the  evaporator. 

The nitrate-to-uranium ra t io  is controlled by diversion of product between 

the product tank and recycle tank. 

8.1.2 Detailed Discussion of Operating Procedures 

Operation of the Kilorod sol-gel and rod-fabrication f a c i l i t y  at the - 

design capacity required about 265 g of 23% per day and a program t o t a l  
of nearly 28 kg. 

equilibrium flowsheet conditions is 250 g/hr. 
the solvent extraction f a c i l i t y  is such tha t  it would be possible t o  purify 
the ent i re  23% requirement i n  about 112 h r  of equilibrium operation, 

daughter growth necessitates intermittent operation. 
t h i s  growth and c r i t i c a l i t y  safety considerations led t o  the decision t o  
accumulate no more than a three weeks' supply or t o  process the uranium in  

batches of about 5 kg. 

The capacity of the solvent extraction f a c i l i t y  at 
Although the capacity of 

'32, 

I n i t i a l  prediction of 

Each purification batch involved the following operat ions : 
1. cold feed and scrub makeup, 
2. 
3. solvent extract  ion, 

4. solvent treatment, and 

5. reworking of "off-spec" solutions. 

These operations w e r e  conducted with two operators per 8-hr sh i f t ,  

following detailed operating sheets. 
quantities (more than 500 g) of 23% were supervised by technical personnel. 

The run sheet for  the solvent extraction operation is presented as an example 

of the procedures used. 

metal dissolution and/or hot feed makeup, 

Operations involving significant 
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KILOROD 

Solvent Extraction Column 
Startup and Operation Run Sheet 

Time - 

Run number 
1.0 Equipment check: 

- Date 3 
1.1 Check tha t  the following tanks are empty: 

N4 J N2 9 N 8  , ~ 1 6  
, N 7  , R 2  , R 3  
, T10 

1.2 Check tha t  the following tanks contain 

nuclear poison and level  of each remains 

constant: P3 t p4 9 P70 

> R 9  j s5 3 T5 

, T20 , T25 
1.3 Check tha t  ~ 6 9  contains l i ters 

of clean solvent and tha t  sample resu l t s  
indicate 2.5 w t  $ DSBPP is within speci- 
f i ca t  ions. 

1.4 Check tha t  ~ 1 8  contains HAS solution 
with sample resu l t s  within specifications.  

Record resu l t s  of sample: H+ , 
AL 

1.5 K 2  and K 3  made up and sample results 
indicate HCX within specifications. H+ 

2 .O Complete containment check-out run sheet before continuing f'urther. 

Approved t o  proceed t o  s tep 3.0 by 

3.0 Diluent wash column. 

3.1 
3.2 

Wash column empty 

R 2 8  empty . 



Date - Time - 

I 

4.0 Column star tup 

4.1 

- 
4.2 

R - 1  column 

P-1 column 

3.3 

3.4 

3.5 

3 *6 
3.7 

3.8 

Measure ( 5 )  f ive l i t e r s  of water and 
t ransfer  t o  diluent addition tank C-19. 
Open drain valve under Clg and drain 
contents of Clg t o  R20. 
When Clg is  empty close valve and add 

(5) f ive l i ters  of diluent (DEB) t o  Clg. 
Set PlHC-R-21 t o  18 inches water pressure. 

Drain contents of Clg t o  R 2 0 .  Then close 
Clg drain valve. 

Set Fl-R27 t o  60% of scale. 

Close jet  suction valve (TOG 
Close steam t o  bottom j e t  (TOG 

Close steam t o  interface jet  (TOG 

Set FRC-HCX t o  control on automatic at - 46. 

) *  
) *  

1. 

(25 l i t e r s /h r )  . 
Open K2PS recirculation valve. 

Open K2 t o  K20s suction valve. 

Open K2P discharge valves t o  FR-HCS. 

Open K2P discharge valves t o  FR-HCX. 

S t a r t  K2PS. 

When L i - R 1  indicates r i s e  in  l iquid level i n  
column, open R1P transmission valve and start 

R1P. Bleed a i r  from pulse transmission l ine .  
Set R1P as follows: 

amplitude 
f re quency 

Set LiRC-R1 t o  control on au tomt ic  at P Q. 
Set FI-RIP t o  1 6  of scale. 

Close jet  suction valve (TOG 

Close steam t o  bottom jet  (TOG 
1. 

) *  
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Date - 9 Time - 
- Close steam t o  interface j e t  (TOG ) *  

Close P11 t o  R 1 1  valve. 

Open P11 t o  P1 valve. 

Open ~ 1 8  t o  ~ 1 8 ~  valve. 

Open ~ 1 8 ~  t o  P14 valve. 

Open P14 t o  P1. 

Start  ~ 1 8 ~  and adjust rate t o  25 l i t e rs /hr .  

- 
- 
- 
- 
- 
- 

NOTE: Watch P1 L i  closely and do not allow P1 t o  overflow t o  R 1 1 .  

4.3 

When L1-P1 indicates buildup in  P1, open P-1 

P transmission valve and P1P transmission 

l ine bleed u n t i l  the  l ine is free of air. 
S ta r t  P1P and se t :  

Amplitude at 

Frequency at . 
Set LLRC-Pl at 3%. 
Set ~ 2 6 - m ~  at 25%. 

When ~ 2 6  liquid level  reaches 16, start ~ 2 6 .  

N - 1  C O ~ W  

Set LlRC-N1 on manual control with "0" output. 

When flow t o  N 4  is established, open valve i n  
pulse transmission l ine .  
Start N1P and bleed air from pulse transmis- 
sion l ine .  
Set amplitude at 
Set frequency at 

Set LlRC-N1 t o  control on automatic at - Q. 
Approved t o  proceed t o  step 5.0 by . 

Date . 
5.0 Establishing organic flow through system. 

Close T5P t o  T 4  

- Open ~ 6 9  t o  T5P 

- Close FB-HAX by pass 

- 

Open T5P manual valves - 



Date - 3 Time - 
- S e t  FRC-HAX at $ on 

Star t  T5P. 

Set F1-P1P organic purge 
- 
- 

I -  
1 

. 

automatic control. 

at 6 l i t e r s /h r  . 
(Approximately 2 6  on ro,orneter). 

6 .o Sta r t  recording data requested. 

Approved t o  proceed t o  step 7.0 by . 
Date . 

7.0 Synthetic feed. 

S4 should contain 
feed. 

l i t e r s  of synthetic 

Open N 9  t o  N 1  (TOG 

Open S4P t o  Ng (TOG and TOG ) *  
1. 

Close valve and cap S4P flush l ine.  

When column operation is satisfactory and 

material balance indicates proper column 

operation, start S4P. Adjust feed rate t o  

1 i ters /hr  . 
8.0 Hot feed operation. 

When S4 IR has depleted t o  $7 Pmeare 
t o  j e t  feed in  S2 t o  S4. 

Transfer approved by 

Record: 

L.L. Sp. G. Vol. Temp. 
s2 

s4 
Open block valve 
Open TOG . Je t t ing  contents of S2 

t o  S4. 
TOG and close block valve 

Jet N 4  t o  N2 and sample 

Record: 

When S4 ceases t o  build up shut-off 

s2 

s4 

L.L. Sp. G. Temp. Vol. 
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Tim? 2 Date - 
Adjust feed rate t o  l i t e r s /h r .  
A f t e r  

rotating HCU stream t o  R3 .  
Comply with sampling schedule. 

When resu l t s  on N2 sample are known, j e t  
N2 t o  N8. 
When N4 volume reaches 300 l i ters,  je t  N4 t o  

N2 and sample. 

J e t  contents of N2 t o  N8. 
Cut N8 t o  N7. 
organic i n  N8 on D L N ~ .  

Dispose of N8 and N7 as directed. 

h r  on hot feed, open valve 

Watch closely f o r  indication of 

9.0 Cold feed shutdown. 

Sparge S2 fo r  1 hr.  

J e t  S2 t o  S4 when approved. 
Transfer approved by 

Record : 

L.L. Sp. G. Temp. Vol . 
s2 

s4 
When t ransfer  from S2 t o  S4 is  complete, 
record: 

I 

L.L. Sp. G. Temp. Vol . . 
s2 

s4 
i 

S w i t c h  HCU flow t o  R2  after h r  . 
Sparge S4 f o r  1 hr.  

Time start ; time f in i sh  . 
S t a r t  sampling HCU flowing stream every 

h r  . 
When sample of HCU indicates 23% a < lo* 
cts/min/ml, proceed t o  s tep  10.0 



10.0 Column shutdown. 

Date - 
i 

, r- 

.I 
3 .  

. 

1 .. 

. 

Close organic purge v d v e  t o  PIP. 

Set FRC-HAX on manual control with "0" 

output. 

Shut off T5P. 

Close ~ 6 9  t o  T5P. 

Set LIRC-N1 t o  95%. 
When LlRC-N1 indicates all aqueous, shut 

1. off S ~ P .  Close (TOG 

NOIE:  

all aqueous. 

Watch level i n  N4; level  may start t o  increase before N1 is  

If so, shut off S4P and f inish f i l l i n g  column w i t h  scrub. 

When N 1  is  all aqueous, set LlRC-P1 at 95$ 
and shut off ~ 2 6 .  
When P1 is  all aqueous, shut down M-18~ and 

close suction and discharge valves. 

Set LlRC-R1 t o  66%. 
When LIRC-R1 indicates a l l  aqueous, shut-off 

K2Ps. 

Set FRC-HC4 t o  "0" w i t h  no output t o  valve. 

Close K2PS suction valve . 
Close K2PS discharge valve 
Close K2PS recirculation valve . 
Shut off FI-R-lP purge. 
Shut off R1P. 

Close R1P transmission valve. 
J e t  N 4  t o  N2. 

Sample ~ 6 9  code . 
N2 code . 
R2 code 

Shut-Off N1P. 

Close N1P transmission valve 

Shut-Off P1P. 
Close PLP transmission valve 

Set LIRC-R1 100 c/o. 
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8.1.3 Detailed Dissolution Data 
Three dissolution runs were made during the Kilorod Program using the 

procedure described i n  Sec 3.1.2. 
HJ-1 are presented i n  Table LA. 

Typical d a t a  obtained i n  dissolution 

Table IA. Dissolution Data f o r  Run HJ-1 

Time at Analysis of Total U Dissolution Rate 
Boiling Point Solution i n  Solution Over Internal 

( 105 OC hr)  (a: counts min-l a) ( g >  (g of U/hr) - 
1000 7 -6 1.93 x 10 

7 

25.5 6.19 x i o  
32 6.50 x i o  
37 6.70 x 10 

7 44.5 6.9 x i o  
7 52 6.5 x i o  

13 3.82 107 2100 

3000 

3600 
3800 

3900 
-40 50 

19.5 5.2 x 10 
7 
7 
7 

-- 

165 
160 

140 

100 

30 
20 

20 
-- 

. 

-” 
. ,  



co Table 2 A  

Run Numbers G 
HJ-1 HJ-2 HJ-3 Dc-1 DC-2 E - 3  DC-4 HJ-4 HJ-5 

Compos it ion  

2 3 5 ,  @;/liter 
Th, g / l i t e r  
mo3, 

Average Flowrate 
Li te rs /hr  
$ of Flowsheet 

solvent  (m) 
Cornposit ion 

% DSBPP 

Average Flowrate 
L i t e r s  /hr 
$ of Flowsheet 

4.66 
230.00 

2.60 

43.57 
87.14 

2.74 

99.91- 
99-91 

3.75 
225.50 

2.73 

44.70 
89.40 

3.34 5.22 

2.61 2.78 
224.00 220.50 

5.74 
245.45 

2.75 

45.44 
90.88 

2.60 

103.20 
103.20 

5.17 
213.00 

2.43 

51.26 
102.52 

2.65 

103.90 
103.90 

5.18 
220.50 

2.82 

47.85 
95 * 71 

2.75 

102.69 
102.69 

5.32 3.81 p 
214.50 212.35 0 

2.71 2.57 a 
m 

52.69 51.83 0 
105 * 38 103.66 

$ s 
ct 

43-56 39.50 
87.12 79.00 

2.74 2.74 2 
Y 99.20 108.00 Q, 

108 .oo 0 
ct 
t-l. 

99 -20 

0.75 
0.39 u) 

2.5 t o  3.5a 2.45 2.59 

101.50 
101.50 

101.60 104.40 
101.60 104.40 

Scrub (EX) - 
Composition 

A 1  ( M I  
Acid Deficiency (M) 

o .84 0.91 
0.42 0.37 

0.80 0.80 
0.41 0.46 

0.80 0.95 
0.45 0.38 

0.83 0 .83 
0.45 0.45 

26.70 
106.80 

Average Flowrate 
Li te rs /hr  
'$ of Flowsheet 

Strip (HCX) 
Average Flowrate 

Li te rs /hr  
$ of Flowsheet 

Results 

Product, g ( 23%J) 
Proc. Losses, 
Mat'l B a l ,  $ 

Product Qual i ty  

g 2 3 % / l i t e r  
No3/u r a t i o  
A I ,  ppm 
Th g / l i t e r  
y counts min-l 
7 DF 
Th DF 

26.37 29-55 
105.48 118.20 

27-90 26.00 
111.60 104.00 

27.09 25.30 
108.36 101.20 

30.80 30 .oo 
123.20 120 .oo 

27-70 
110.80 

27.00 
108 .oo 

30.10 28.20 28.48 
120.40 112.80 113.92 

27 * 30 27-70 
109.20 114.80 

30.00 28.58 
120 .oo 114.32 

3430 4109 7426 
0.22 0.16 0.13 

100.73 96.81 98.69 

7634 4972 
0.25 0.15 

97.71- 98.07 

4767 6158 
0.11 0.16 

99.93 99.97 

4028 
0.21 

97.06 

4407 
0.34 

102.66 

114.42 
2.42 

2490 

125.68 

52 
2.25 

114.35 113.42 129.73 
2.16 2.12 2.12 
37 28 23 

128.78 114.32 
2.12 2.20 
16 26 

121.13 126.71 
2.14 2.19 
12 26 

3-76 4 1.62 ,+ 3.04 4 2.55 1.01 4 0.9 4 1-58 4 1-93 4 1.43 

2 30 380 416 1.85 310 258 301 194 150 
6.09 x i o  7.44 x i o  7.17 x 10 1.38 x LO5 8.79 x 10 9.11 x 10 7.47 x 10 8.15 x 10 1.17 105 

3.0 lo3 4.6 x 103 2.55 103 2.04 103 5.5 103 5.5 103 3.1 103 2.6 103 1.96 103 

%ee Sec 8.1.5, Plant  Performance f o r  R u n  HJ-2.  
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8.1.5 Summary of Solvent Extraction Plan% Performance 

Run HJ-1. - The solvent extraction columns, product evaporator, and 

a l l  auxiliary equipment f’unctioned well. Equilibrium was  attained i n  

the columns f a s t e r  than expected (4 h r  a f t e r  hot feed, compared with 6 hr  

expected), and depletion of uranium from the system w a s  also fast, being 

nearly complete 12 h r  a f t e r  exhaustion of hot feed (20 h r  anticipated). 

Run HJ-2. - The solvent extraction columns, product evaporator, and 
a l l  auxiliary equipment functioned well. 

at tr ibuted t o  a periodic, low extractant content i n  the recycled solvent 

(diluent w a s  periodically added in  the solvent recycle tank t o  reduce 

the extractant content, and mixing may have been poor). An increase in  

the s t r ip  column pulsed frequency f r o m  50 t o  58 cpm d i d  not significantly 
decrease the uranium recycle in  the solvent below the 1.346 of run HJ-1. 
An unexplained increase in  the extractant (di-sec-butyl phenyl phosphonate) 

content from 2.5 t o  3.5% i n  the diethylbenzene diluent occurred during 

the run. 
(R-35)  w a s  installed before the run t o  minimize product analysis varia- 

t ions experienced i n  the glass-Raschig-ring-filled tank (R-25) . 

The 0.3@ HAW loss w a s  par t ly  

- 

A c r i t i c a l l y  safe (5-in.-diam, cadmium-lined) product tank 

Run HJ-3 .  - The solvent extraction columns, product evaporator, and 

a l l  auxiliary equipment functioned sat isfactor i ly .  An increase i n  the 
s t r i p  column pulse frequency from 50 cpm t o  58 decreased the uranium 
recycle i n  the solvent from 1.% (run HJ-1) t o  0.31%. 
and s t r i p  column product streams indicated a DF fo r  224Ra of at least 

5,000. 
during run H J - 3 .  

Analyses of feed 

The DSBPP content of the solvent remained constant at 2.4546 

Run DC-1. - The solvent extraction column and auxiliary equipment 
functioned sat isfactor i ly .  The product evaporator w a s  operated with the 

steam co i l  processing approximately 30 l i t e r s l h r  of HCU feed, compared 

w i t h  about 20 l i t e r s /h r  i n  the previous run when operating with the steam 
jacket. 

i n  an average flowing stream HCW loss  of 0.18. 

The s t r i p  column w a s  operated with a pulse amplitude of 58 cpm, 

Run DC-2. - Solvent extraction column and auxiliary equiprnent f’unc- 

tioned sat isfactor i ly .  

Run DC-3. - Solvent extraction column and auxiliary equipment f’unc- 

t ioned sat is  f act  o r  i l y  . 

. 

- 1  

* 

f 

. 
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Run DC-4. - Solvent extraction column and auxiliary equipment 
fbnct ioned sa t i s fac tor i ly  . 

Run HJ-4. - Solvent extraction column and auxiliary equipment 

functioned sat isfactor i ly .  
hot operation caused a complete shutdown. 

of power, operations were resumed without abnormal losses t o  extraction 

column raffinate or  stripped solvent. The incident resulted in  abnormally 
high entrainment of 23% t o  the product evaporator condensate. 

material, containing 8 g 23%, w a s  concentrated and recycled t o  the next 

run. 

of the product by the treatment of the s t r i p  solution with a mixed res in  

exchange column, 

A power fai lure  about 5 hr  a f t e r  start of 

However, a f t e r  re-establishment 

This 

No significant reduction w a s  noted in  the ionic contaminant content 

R u n  HJ-5. - Equipment performance w a s  excellent. 

8.2 Detailed Tabulations of the Data Collected 

During the Sol-Gel Operation 

Table 3. Isotopic Analysis of Uranium i n  Carrier 

Shipmnts (at. $) 

Conditions : 

A l l  values are average of two readings 
A l l  analyses calculated t o  t o t a l  loo$ 

Carrier 
Shipment 

NO 1 2 3 4 5 6 7 8 9 

Isotope : 

233u 97.665 97.395 97.235 97.270 97.295 97.240 97.855 97.950 97.840 

1.335 1.475 1.505 1.565 1.550 1.560 1.265 1.200 1.350 

-- 0.015 0.025 0.005 -- 

234* 

235u 

238u 

-- -- -- -- 
0.975 1.125 1,260 1.165 1.155 1.200 0.880 0.850 0.795 

. 
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Table 4A. Composition of Gases Released by the Powder-Loaded 
into the Fuel Rods (vol $) 

Cond it ions : 

Gas sample obtained by heating 100-mesh powder t o  12OOOC i n  vacuum 
G a s  analysis by mass spectrometry 

4 Shipment 1 2 3 5 
- 

No. A+Ba A B A B AD B A B 

Element : 

H2 

CH4 
H2Q 

HC 

N2+C0 

O 2  

c02 

A 

NO 

23.9 

4.2 
-- 

-- 
65.5 
0.3 
0.2 

5.9 
-- 

27.4 
1.1 

5 09 
0.8 

60 .o 
0.3 

4.5 

-- 

-- 

24.4 
0.4 
8.4 
0.4 

43.2 
0.1 

-- 
23.1 
-- 

Shipment 6 7 8 9 
NO A B A B A B A B 

Element: 
23.9 31.2 36.4 33.6 

2.2 0.6 3.3 6.9 
-- -- 0.5 0.4 

N 2 4 0  62.3 59.1 37.9 37.2 
1.2 a.l 0.1 0.1 

A 0.3 <o.i -- -- 

H2 
CH4 
H2° 

O2 

cog 

0.3 a.1 0.4 0.5 

HC 

9.8 9.1 20.0 19.9 
-- -- 1.4 1.4 NO 

2.5 
<o .05 
0.8 

Q.05 

74.6 
18.4 
0.8 
2 09 
-- 

27.0 33.8 35.0 
0.2 0.5 0.5 
2.0 3.0 1.2 

0.3 0.4 0.5 
43.3 51.4 52.5 
0.2 a . 0 5  a 0 5  
-- -- -- 

26.8 10.7 10.2 

0.2 0.2 0.1 

%amples A and B combined. b Duplicate sample los t .  

. 

I 

L 
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Table 5A. U/Th Rat ios  and Gas-Release Values for the Powder Loaded into the Fuel Rods 

Carrier 
Shipment 
No. 1 2 3 4 5 

Gas G a s  G a s  Gas 
Ratio by Sample Ratio by Release Rat io by Release Ratio by Release Ratio by R e  l e  as6 

Identity Analysis ( s t d .  cc /g) Analysis (std. cc/g) Anal y S i 8  ( std. cc / g) Anal y sis ( s t d .  cc/g) Analysis 

Coarse A 2.96 
B 

3.08 
2.91 

3.02 
2.94 

3.01 
2.96 

3.00 
2.89 

Fine A 3.06 2.96 2 -99 2 0 9 9  2.99 
B 2.99 3.00 3 *03 2.98 

B and 0.54 3.04 0.25 3.04 0.43 3.01 0.32 3.01 

R a t  io : 2 0 9 9  3.04 3-03 2.96 3.00 

Conpa A 0.48, 0.50 3.04 0.18 3.01 0.41 2.90 0.29 2 *99 

Powder 

P wl 
P 

Carrier 

5 6 7 8 9 Shipment 
NO. 

Gas G a S  Qas GELS G a s  
Release Ratio by Sample Release Ratio by Release R a t  io by Release Ratio by Release 

Identity (std. cc/g) Analysis ( s td .  cc/g) Analysis (std. cc/g) Analysis ( s td .  cc/g) Analysis ( s td .  cc/g) 

Coarse A 2.99 3.01 2.94 2 -97 
B 2.98 3.14 2 $94 2 -99 

Fine A 3-03 2 *99 3.06 2 0 9 6  

B 3.06 3.01 2 -98 2.86 

Compa A 0.54 3.01 0.37 2.98 0.19 3-00 0.67 2.97 0.30 
B 0.18 2.89 0.38 3.06 0.26 3 -05 0.67 2.91 0.24 

Powder 
R a t  io : 2 *95 3 3.03 2.94 

'Average of two composite values used in  preparing U/Th powder ratios. 
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Table 7A. Detailed Calculation of SS Transfer Ratios 

Sol-Gel Sol-Gel 
Batch No. 23% Th 23?J + Th Batch No. 23% Th 23% + Th 

Carrier Shipment No. 1 

1 88.16 
2 261.53 
3 261.24 
4 261.61 
5 92.95 
6 273.56 
7 273 * 56 
8 261.34 
9 266.92 

Total: 

3,013.66 
8,890 * 53 
8,880.24 
8,893.61 
3,152 * 95 
9,299 * 56 
91299.56 

85889.92 
8,884.34 

10 
11 
12 
13 
14 
15 
16 
17 
18 

269.37 

265.16 
267.65 

266 .g6 
267.26 

266.70 
266.70 

267.24 

269.71 
4,448.12 

8,892.37 
8,889.70 
8,889.70 
8,838.16 
8,840.65 
8,849.24 

8,849 26 
8,842.71 
8,839-96 

lu, 936 e 1 2  

Sample calculation: 235 x + ~h = 4,448.12 x 100/148,936.12 = 2.99 

SS Weight Rat io  = 2.99 

Carrier Shipment No. 2 

19 2.69.71 8,573 8,842.71 25 265.04 8,569 8,834.04 
20 269.71 8,573 8,842.71 26 265.04 8,569 8,834.04 8,834.04 
21 262.42 8,571 8.835.42 27 265.04 8.569 
22 260.44 8;576 8i856.44 28 265.04 8;569 8i834.04 
23 265.04 8,569 8,834.04 29 265.15 8 573 8 838.15 

Total: m & T % m  

SS Weight Ratio = 3.00 

Carrier Shipment No. 3 

30 265.15 8,573 8,838.15 36 263.76 8,528 8,791.76 
31 264.68 8,558 8,822.68 37 263.76 8,528 8,791.76 
32 259.15 8,528 8,787.15 38 263.76 8,528 8,791.76 
33 264.15 8,540 8,804.15 39 263.76 8,528 8,791.76 
14 261.76 8.528 8.791.76 1 and 5a 156.05 5.188 5.744.05 

263.76 8;528 8i751.76 8, 10,-12~ 
Total: 

55 

. 
m 

Y 

- !  . 
m 

SS Weight Ratio = 2.99 

Bpmduct imm ear l ie r  campaigns. 
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Table 7A (cont inued)  

Sol-Gel Sol-Gel 
Batch No. 23% Th 23% + Th Batch No. Th 2 3 5  + Th 4 (SGB) (I3 g SGB (63) 

40 263.76 8,528 8,791.76 46 265.13 8,484 8,749.13 
bl 262.41 8,484 8,746.41 47 265.84 8,450 8,715.84 

43 266.91 8,484 8,750.91 49 

( 
233u 

C a r r i e r  Shipment No. 4 

42 266.91 8,484 8,750.91 48 265.94 8,598 8,863.94 
265.94 8,598 8,863.94 
268.69 8,598 8,866.69 44 265.13 8,484 8,749.13 50 

45 265.98 8,484 8,749.98 
Tot a1 : 

0 

I .  

I -  . 
c 

SS Weight Rat io  = 3.02 

Carrier Shipment No. 5 

5 1  265.94 

54 265.83 

56 258.05 

52 265.94 

55 258.05 

57 258.04 
T o t a l  : 

8,863.94 
8,863.94 
8,860.83 
8,601.05 
8,601.05 
8,601.04 

58 
59 
60 
61 
62 
63 

263.94 
263.95 
265.75 

263.96 
261.76 

261.32 

3,152.53 

8. 797.94 
8if97.95 
8,799.75 
8,710.32 
8,797.96 

SS Weight Rat io  = 3.00 

C a r r i e r  Shipment No. 6 

64 261.76 8,463 8,724.76 71 265.84 8,595 8,860.84 

261.76 8,463 8,724.76 74 264.04 8,595 8,859.04 
68 261.54 8.461 8.726.54 75 264.04 8,595 8,859.04 

263.54 8,463 8,726.54 72 265.84 8,595 8,860.84 
265.84 8,595 8,860.84 

65 
66 263.54 8,463 8,726.56 73 
67 

SS Weight Rat io  = 3.00 

Carrier Shipment No. 7 

76 176.34 5,701 5,877.34 82 264.15 8,541 8,805.15 

78 263.25 8,541 8,804.25 a4 262.14 8,594 8,856.14 

81 267.79 8,541 8,808.79 87 12;:58 
4;;47 

8, 4 276 .5 a 

77 258 0 71 8, 541 8,799 * 71 83 256.90 8,541 8,797.90 

79 259.62 8,541 8,800.62 85 268.53 8,594 8,862.53 
80 265.97 8,541 8,806.97 86 263.97 8,594 8,857.97 

Tota l  : 2793 95 95 17 9 ,353.95 

SS Weight Rat io  = 2.99 

C a r r i e r  Shipment No. 8 

87 128.26 4,147 4,275.26 90 267.40 8,587 8,854.40 
88 265.81 8,594 8,859.81 91 267.40 8,587 8,854.40 
89 267.40 8,587 8 854 40 

1,462.08 
265.81 8,594 8,859.81 9 

Tota l :  

SS Weight Rat io  = 3.01 

Carrier Shipment No. 9 

266.46 8,557 8,823.46 
269.20 8,557 8,826.20 
269.20 8,557 8,826.20 
75.49 2 400 2 475 49 

263.35 8,371 8,634.35 97 
98 265.60 8,587 8,852.60 

267.40 8,585 8,854.40 99 

93 
94 
95 
96 266.46 8,557 8,823.46 100 

T o t a l  : m m * G b i e z  
SS Weight Rat io  = 3.03 
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Table 8A. U/Th Ratios and Gas-Release Values Obtained for Every 

Sol-Gel Batch Prepared During Kilorod Program 

Sol-Gel 23%/23% + Th Gasa Sol-Gel 23%/23% + Th Gas 

(SGB-1) Analysis (std cc/g) (SGB) Analysis (std cc/g) 
Batch No. Ratio by Released Batch No. Ratio by Released 

Campaign 1 

1 A  
2 A  

B 
3 A  

B 
C 

4 A  
B 
C 

5 A  
6 A  

B 
7 A  

Campaign 2 

13 A 
14 A 
1 5  A 
16 A 
17 A 

B 
18 A 

B 
19 A 
20 A 

Campaign 3 
29 A 
30 A 
31 A 

B 
32 A 
33 A 
34 A 

Campaign 5 
41 A 

B 
42 A 
43 A 
44 A 
44 B 
45 A 

B 
46 A 

Campaign 6 
54 A 
55 A 
56 A 
57 A 
58 A 
59 A 
60 A 
61 A 
62 A 

B 

64 A 
63 A 

Campaign 7 
77 A 

B 
78 A 
79 A 
8 0 A  
81 A 
82 A 
83 A 

B 
84 A 

B 
85 A 
86 A 
87 A 
M A  
@ A  
g o A  
91 A 

2.92 
3.02 
3.01 
2.99 
3.01 
3.01 
3.04 
3.05 
3.19 
2 -91 
2.94 
- 

2.95 

2.98 
3.02 
3.03 
3-03 
2.94 
3.01 
3.00 
3.03 
3.08 
3-07 

3.00 

3.10 
3.02 

3.01 

3.05 

2.95 

2 -99 

2.94 
2.94 
3.01 
3.02 
2.97 
2.98 
3.02 
3.00 
2.95 

3 
2.95 
2 -96 
2 e99 
3.00 
3.01 
2 -99 
3.01 
2.87 
2 -95 
2.96 
2.97 

2.93 
2.94 
2 -99 
2.95 
3.02 
3.04 
3 .m 
2.93 
2 .P 
2.97 
2.94 
3.03 
2.98 
3-03 
2.98 
2.97 
2.96 
2.95 

0.018 
0.013 

0.013 
- 

- 
- 

0.004 
- 
- 
- 

0.013 
0.018 
0.005 

0.050 
0.019 
0.038 
0.054 
0.016 
0 .018 
0.005 

0.010 
0.036 

- 

0.013 
0.017 
0.016 

0.025 
- 

0.013 
0.020 

0.010 

0.012 
0.018 
0.019 

- 

- 
0.010 
- 

0.015 

0.030 
0 -053 
0.025 
0.009 
0.018 
0.057 
0.048 
0.012 
0.056 
- 

0.004 
0 -035 

0.007 - 
0.005 
0.015 
0.005 
0.019 
0.009 
0.022 

Sample Lost 

0.008 
0.007 
0.003 
0.006 
0.004 
0.020 
0.004 , 

- 

- 

8 A  
B 
C 

9 A  
B 

10 A 
B 
C 
D 

11 A 
B 

12 A 

21 A 
B 

22 A 
23 A 
24 A 
25 A 
26 A 

B 
27 A 
28 A 

35 A 
36 A 
37 A 
38 A 
39 A 

B 
4 0 A  

47 A 
4 8 A  
49 A 
50 A 
51 A 
52 A 
53 A 

B 

65 A 
66 A 
67 A 
6 8 A  
69 A 
70 A 
71 A 
72 A 
73 A 
74 A 
75 A 
76 A 

9 2 A  
93 A 
94 A 

B 
C 
D 

95 A 
B 
C 
D 

96 A 
B 

97 A 
B 

9 8 A  
99 A 

LOO A 
B 

2.88 
2.92 
2.92 
2.99 
3.00 
3.15 
3.07 
3.11 
3.15 
2.93 
2.91 
2.92 

3.02 
3.01 
2.94 
2 -99 
3.01 
3.04 
3.07 
3.03 
3.02 
3.03 

3.00 
3.01 
2.96 
2 . 9  
3 -07 
3.06 
3.00 

3.01 
2.96 
3-05 
2 -99 
3 .M 
2.98 
3-09 
3-05 

3.00 
3.00 
2.96 
3.00 
3.01 
3.00 
3.05 
3.02 
3.04 
2 e99 
3.04 
3.00 

2.95 
3.04 
3-05 
2.96 

2-97 
2.95 
3.00 
2.98 
2 .98 
2.97 
2.96 
2.95 
2.93 
2 .w  
3.01 
3.06 
3.06 

2.94 

0.038 - 
- 

0.015 

0.034 
- 
- 
- 
- 

0.031 - 
0 . o s  

0.021 
0.022 
0.043 
0.026 
0.013 
0 .of% 
0.022 

0.010 
0.033 

- 

0.013 
0.015 
0.011 
0.014 
0.007 

0.012 
- 

0.011 

0.015 
0.042 
0.040 

0.039 

0.031 

- 

- 

0.015 
0.018 
0.014 
0.004 
0.016 
0.006 
0.057 
0.008 
0.006 
0.004 
0.010 
0.011 

0.008 
0.010 
0.034 - 
- 
- 

0.027 - 
- 
- 

O.07lb 

0.103” 

0 .i75b 
0.025 
0.020 - 

:Obtained by heating semple t o  1200°C i n  vacuum. 
Off-gas upset due t o  furnace t e s t .  

. 
a 
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Table gA. Gas-Release Composition for the F i r s t  

Twenty-eight Sol-Gel Calciner Products, Before Crushing 

Sol-Gel Composition of Released Gas (vol %) 

O 2  c02 
HC N2 + CO ( SGB) H2 CH4 H2° 

Batch No. 

1 

2 

3 
4 
7 
8 
9 

10 

11 

12 

1-3 
14 
15 
16 
17 
18 

19 
20 

21 

22 

23 
24 
25 
26 
27 
28 

- 
0 -7 
1 *3 
6.4 
- 
- 
3.5 
- 
- 
- 

16.1 

- 
4.7 
- 
- 
- 
6.7 

10.3 
10.4 
- 
3.6 
5 .4 
9.5 

14.8 
13.8 

5 9 1  

0.7 
9.5 
3.5 

2 09 
14.3 
3.5 

10.4 
1.1 

- 

2.5 

17.1 
25.5 
0.4 
5 -4 

15.8 
13.0 
1 .o 
- 

0.4 
1.1 
- 

6.5 
15.5 
7.4 

17.4 

43.7 
47.8 
15.7 
47.6 
15 .o 
8 .o 

7.4 
13.8 
12.6 
59 92 
26.7 
23.5 
40.2 
13.4 
42.1 

14.1 

43.5 
70.8 
53.7 
60.5 
54 .O 

41.7 
48 -9 
53 -6 
59.3 
42.6 

1.6 
0.3 

25.5 
1.4 
9 -0 

47.4 

56.3 
51.3 
3.7 
0 -9 

1 .o 

2 .o 
- 
- 

28.1 
- 
- 

4.1 
0.7 
2.5 
1.1 
- 
- 
- 

3.7 
0.3 

47.2 
47.2 
47.0 
40.4 
76 .o 

66.9 
32.8 
32.5 
72.6 
20.3 
52.2 
49.7 
52.7 
53.1. 
42.1 
43.5 
15.6 
33.1 
25.3 
43.7 
54.8 
39.1 
21.4 
14.8 
20.1 

41.7 

NOTE: Gas analysis data contained i n  t h i s  table i s  presented f o r  
record only, as it i s  less accurate than s i m i l a r  data 
obtained later i n  program (see text) . 

. 



Table 1OA. Gas-Release and Gas-Analysis Data fo r  the 

F i r s t  15 Powder Samples Removed f r o m  the Rod-Loding Station 

Composition of Released G a s  
co Gas - 

NO (s td  cc/g) H2 O 2  c02 
CH4 H20 HC N2 + CO Batch Releaseda 

1 

2 

3 
4 
5 
6 
7 
8 
9 

10 

11 

12 

13 
14‘ 
15 

0.054 
0.045 
0 .og2 
0.11 

0.14 
0. 5kb 
0.18 

0.11 

C 

0.18 
0.05 

0.12 

0.22 

0.17 

C 

3 .9 
14.7 
32 .o 
16.9 

7.4 
32.1 

33.0 
13.9 
30.2 

30 -9 

C 

0.5 2.3 
3 -0 

0.5 4.3 
0.4 1.3 
1.0 0.2 1.6 
0.3 0.8 0.6 

0.9 
0.4 0.2 

0.9 0.1 1.4 
0.5 2.2 0.6 

0.6 

0.3 0.6 

21 04 
14.0 

10.5 
47.0 
57.2 
57 *9 
44.0 
59 02 

55.5 
36 .1 
50.6 

53.5 

0.3 75.5 
<LO 83.0 

0.4 80.4 
36.6 

0.1 7 .8 

47.7 
8.1 

2 .a 6.2 

23.4 

0.07 46.6 
0.2 18.4 

0.5 14.2 

a 
b Obtained by heating sample t o  120O0C under vacuum. 
Analyst reported sample t o  be contaminated w i t h  wax.  
Not measured. C 

NOTES : 

Argon content, Q.5 percent. 

CO designates crushed oxide sample removed f romthe  feed t o  the rod- 
loading station. Gas-analysis data contained i n  t h i s  table is 
presented f o r  record only as it is less accurate than similar data 
obtained l a t e r  i n  program (see t ex t ) .  

* 

t 

i 

I 
‘ i  

. 
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Table 1 l A .  Kilorod Program: Trace Analysis of Uranyl Nitrate Feed Batches Prepared i n  Solvent Extraction Pi lot  Plant 
Parts of Element Per Million Parts 23% 

Solvent Extraction Batch Numbers Solvent Extraction Batch Numbers 

Element (1) (2) (3) (4) (5) (6) (7) (8) Element (1) (2) (3) (4) (5) (6) (7) (8) 
H J - l  ILS-2 IiJ-3 DC-1  DC-3 E - 4  HJ-4 HJ-5 HJ-1 HJ-2 HJ-3 DC-1  E - 3  DC-4 HJ-4 HJ-5 

Ag 

A1 
A s  

Au 
B 

Ba 

Be 

Bi 
C a  

Cd 

Ce 
co 

C r  

cs 
cu 

ny 
E r  

E h  

Fe 
G a  
Gd 

G e  

Hf 

Hg 
Ho 
In 
Ir 
K 
L a  

L i  

LU 

Mg 

Mn 

Mo 

N a  

m 
Nd 

‘3 
2490 

<332 
4 6  

<33 
G 6 4  

<1 
<166 

<166 
4 6  

4 3  
4 6  

<75 

<7 

a 3  

<332 
<17 
246 

‘25 
<17 

<7 

<33 
4 6 4  

<166 

<50 
<332 
6 6 4  
6 6  
‘27 
4 6  
<l 

<3 
<10 

2009 

(83 
4 1 5  

N i  

os 
P 

Pb 
Pd 
P r  

Pt 

Rb 

Re 
Fth 

Ru 
Sb 

sc 

S i  

Srn 

Sn 
Sr  

Ta 

Tb 
T C  

Te 

T i  

T1 
Tm 

V 
W 

Y 

Yb 
Zn 

Z r  

5 

4 3  
e 3 0  

‘332 

<332 
<166 

<166 

<166 
<166 

<17 
4 

9 
4 2  

<166 

‘208 

4 3  
cs 

<166 

Q 

4 2  

<17 

4 6  

4 6 4  

<3 

cs 
4 3  

<7 
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Table 1%. Trace Elements Present With Powder Loaded into the BNL 

Fuel Rods f o r  Carrier Shipments 1-9 

Carrier S h i p e n t  No . 
1 2 3 4 

Fine Coarse Fine Coarse d Elementa Comg FineC Coarse 

Ag; 

A 1  

Au 

B 

Be 

Ca 

Cd 

co 

C r  

cu 
Fe 

I n  
Ir 

K 

L i  

M g  
Mn 

Mo 

N a  

N b  

N i  

Pb 
Pd 

S i  

Sn 

T a  

T i  

v 
W 

Y 
Zn 

Zr 

-- 
0.53 
<4 

-- 
Q .001 

1.2 

4 
4 
<o .14 
0.34 
8.1 

<3 
QO 

Cq 

Q .04 
0.11 

Q .04 
<o .4 
3 -8 
<5 
Q.14 
a 
<2 
Q.4 
4 
<lo 
<1 

Q.4 

<5 

<5 

-- 

-- 

-- 
4.8 

<3 -9 

Q .OW 

-- 

-- 
<3 -9 
<3 *9 
1.6 
1.5 
28 .o 
<3 .o 
e o  .o 

-- 
-- 
-- 

0.63 
Q.58 

4 . 7  
0 -99 
<3 -9 
Q .O 

Q.39 
<3 99 
<96 .o 
a . 9 6  

Q.39 
Q.8 
0.21 

Q.8 

-- 

-- 

-- 
0 -45 
<4 .O 

-- 
Q .001 

1.2 

4 .O 

4 .O 

a .I4 
0.1 

5 -2 

<3 .o 
QO.0 

4 . 0  

<o .04 
0.17 
<o .04 
a . 4  
6 .o 
<5 .o 
Q .14- 
<4 .O 

Q 00 

Q 04 
<4 00 
<lo .o 
Q.1 

Q .4 
<5 .o 
0.06 

<5 .o 
-- 

-- 
4.4 
4 . 4  

-- 
Q .002 

4 . 4  
4 . 4  
1.4 
0.34 

-- 

1 5  .o 
<3.1 
e1 .o 
-- 
-- 

0.8 

0 -7 
a . 4 2  
-- 

<5.2 

1.2 

4 . 4  
<2 .2 

0 -9 
C4.4 
<12 .o 
C1.2 

Q .44 
<5*5  
o .17 

K5.5 
-- 

-- 
3 09 
4 .O 

-- 
a .001 
20 .o 
4 .O 

4 .O 

1.2 

0.36 

7.8 
<3.0 

QO .o 
4 .O 

Q .04 
0.45 
0.44 
<o .4 
21 .o 
<5 .o 
3 06 
4 .O 

Q .O 

Q .4 
4 .O 

<lo .o 
<1 .o 
Q.4 
<5 .o 
0.065 
<5 .o 
-- 

* !  

. 
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Table 12A ( continued) 

Carrier Shipmnt No. 
5 6 7 a 9 

b Comp. b Comp. b Comp C d b Element Fine Coarse Comp. 

j -  

1 

A1 
Au 

Be 

Cd 

co 

C r  

cu 

Fe 

I n  

Ir 
M g  
Mn 

Mo 

m 
N i  

F% 
Pd 

S i  
Sn 

T a  

T i  
v 
w 
Y 
Zn 

6 .o 
4 00 
a .001 
4 .O 
4 .O 

1.6 
0.94 
11 .o 
Q .O 
QO .o 
0.58 
1.4 
a .4 
<5 .o 
1.5 
4 .O 

Q .O 

a . 4  
4 .O 

<10 .o 
<1 .o 
a . 4  
<5 .o 
o .07 
<5 .o 

5 -4 
<3 -8 
Q ,002 

<3 -7 
<3.7 
1.1 

1.1 

39 -0 

-9 
<1g .o 

a . 3 9  
a . 5 7  
4 . 6  
1 e 1  
<3 ,8 
<1.9 
Q.38 

-- 

<3.8 
'95 00 
Q 095 
Q.38 
Q . 7  
0.15 
Q -7 

8.5 
4 .O 
a .002 

<4.0 
4 . 0  

2 03 
2 e 1  

97.0 
<3 .o 
e o  .o 

-- 
1.4 
.6 

<5 .o 
2.4 
4 .O 

e .O 

a . 4  
4 .O 

<lo .o 
a .1 
Q .4 
* * 5  
0.4 
Q . 5  

9-3  
4 .O 

<o .002 

4 .O 

4 .O 

1.1 

0 09 
56 .o 
<3 .o 
(20 .o 

-- 
1.1 

Q .6 
<5 .o 
1.4 
a .O 

Q .O 

a .4 
4 . 0  

<lo .o 
Q.1 

a .4 
Q.5 
0.4 
Q . 5  

2.8 
4 . 0  

a e 0 0 2  

4 . 0  

a .O 

1.4 
0.5 
40 .O 

<3.0 
QO .o 

-- 
0.6 
Q .6 
<5 .O 

1.1 

G.0 

-Q .O 

Q.4 
G .O 

<LO .o 
<o .1 
Q . 4  
Q . 5  

Q . 5  
0.2 

4.2 
4 .O 

a .002 

4 .O 

a .O 

1.9 
0 .aa 
57.0 
<3 .o 
e o  .o 

-- 
0.86 

.6 
<5 .o 
1 *7 
a .O 

Q .O 

Q .4 
a . 0  

<lo .o 
Q.1 

a . 4  
Q * 5  
3 -4 
Q - 5  

Yalues given denote parts of element per million par ts  of powder. b 

%he f ine fraction resul ts  f r o m  the ball-milling operation. 
%.he coarse fraction i s  screened through a 6-mesh onto a 16-mesh 

t'Comp.tt denotes a composited sample prepared by mixed 55 w t  % of a 
coarse f ract ion and 45 w t  $ of a fine fraction, 

screen. 

. 
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Table 13. 

of ( 2 3 % - ~ ) 0 2  Prepared i n  the Kilorod Program 

M a s s  Assays fo r  the F i r s t  Batches 

. 
b 

M a s s  Assays of the Uranium 
i n  the Powder Sampler Loaded into 23% Feed 

Batch No. F i r s t  Fuel Rods 

Isotope M-la HJ-2" Range of Values 
b 

23% 97 e88 97 36 

23BU 0.83 1.11 

234u 1.29 1.50 

-- 0.03 235u 

97.17 - 97.87 

0.84 - 1.31 
0.01 - 0.05 

1.28 - 1.47 

a bAverage of two readings. 
The first ten  powder batches w e r e  sampled; however, the sample 

from batch No. 9 w a s  l o s t  i n  the laboratory. 

Table 14A. Composition of Argon-Hydrogen Mixtures 

Used i n  Kilorod Program (vol $) 
Five Cylinders, random solution 

H2 4.217 4 -249 4 a937 5 326 4- .654 

CH4 0.005 0.0006 0.0006 0.0005 0 .ow5 
0.0013 0 .oO24 0.0026 0.0021 0.0023 H2° 

0.0032 N2 + CO 0.0033 0.0035 o ,0032 0.0028 

O2 0.0064 0.0068 0.0067 0.0063 0.0070 

A 95 771. 95 737 95 -050 94.662 95 333 

c02 0.002 0.0002 0 .mol 0.0001 0.0001 

. 

a ,  

0 .  

r 

. 

. 
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8.3 Method Used t o  Obtain Radiation 
Exposure per Operation 

? 

I .  
! -  

i u  

! a  
I 

NOTE: The following method was used t o  calculate the data in  

Tables 38, 39, and 41. 

A. Denitration Process (one operator) 

1. Obtain the sum of the pocket-meter data during a given 

Health Physics (HI?) quarter fo r  the denitrator operator 

from Table 34, Sec 5.2.1. 
at the denitrator; therefore, exposures t o  the hands and 

arms w e r e  not determined. 
Divide the value i n  step 1 by the number of weeks the deni- 

t r a t o r  w a s  operated during tha t  HP quarter t o  obtain the 

average weekly exposure. 

(Note: Film rings were not worn 

2. 

B. Sol-Gel Process (two operators) 

1. L i s t  the  operating steps in  the  sol-gel process: 

a. Blending 
b. Loading evaporator 

c . Unloading evaporator 
d .  Loading furnace 
e. Unloading furnace 

f .  Sampling and dumping f i r e d  oxide 

2. Combine steps a and b and term the aggregate operation 

'blending;" combine the other four steps and c a l l  the 

aggregate operat ion "operat ions a t  the crucible table  " 

Base the radiation exposure t o  the t o t a l  body and t o  the 
hands and arms on the s ta t ion  f i l m  r ing data for  campaigns 

4-7 at the blend tank (WS-1) and crucible table  (WS-3). 
The calculations are 8s follows: 

a. 

3. 

L i s t  the campaign data fo r  radiation exposure and 

number of weeks fi lm rings used and determine t o t a l s  

as follows: 
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Exposure t o  the Hands and Arms at: 
c 

ws-1 ws -3 
C ampaign C q a i g n  

Campaign Total. No. of Weeks Total No. of Weeks 
No. ( m i l l i r e m s )  Rings Used ( m i l l i r e m s )  Rings Used 

4 200 4 350 4 
5 100 2 305 4 
6 190 
7 390 

3 300 6 
6 550 6 

Total 
for four 
campaigns 880 1 5  1505 20 

b. Divide the t o t a l  exposure for the four campaigns by 

the rmmber of weeks tha t  data were taken t o  obtain the 

overall weekly average exposure. 

WS-1: O v e r d l  weekly average exposure = 880/15 = 58.6 
millirems/week. 
Overall weekly average exposure = 1505/20 = 75.3 
millirems/week . WS-3: 

C. Determine the percentage of exposure received during 

each aggregate operation as follows: 

(1) 
(2) Operations at the 

Blending = 58.6/58.6 + 75.3 x 100 = 43.8 or 44%. 

crucible table = 75.3/58.6 + 75.3 x 100 = 56.2 or  5%. 

4. For the two operators, add together the average weekly 
exposure for  each W quarter t o  obtain a total average weekly 

exposure for tha t  HI? quarter. 

were : 

The sources of the exposure 

rype of 
Exposure 3rd Qtr. 1963 4th Qtr. 1963 1st Qtr. 1964 

Total body ORNL film badges Pocket meters ORNL film badges 

Hands and 811115 Not available Film rings Film rings 

n 

* !  

. 
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SR 
No, 

0 

1 

2 

3 
4 

5 
6 

7 
8 
9 
10 

11 

12 

13 
14 
15 

Pocket-meter data were used fo r  total-body exposures i n  the 

4th quarter of 1963 because of the many changes of personnel. 

Film-ring d a t a  were used throughout f o r  exposure t o  the hands 

and a m .  

5. Distribute the t o t a l  average weekly exposure for  each HP 

quarter between 'blending" (44%) and "operations at the 

crucible table 'I ( 56%) . 
C . Rod Fabrication (three operators and. one supervisor) 

1. Obtain the sum of the pocket meter o r  f i l m  ring data for a 

given campaign f o r  each rod-fabrication worker. 
Divide the value i n  step 1 fo r  each worker by the number of 

weeks i n  that  campaign. 
2. 

3. U s i n g  the seven-rod-per-day schedule, l i s t  the work times 
24 for the 28 subroutines (SR's) as given below: 

Assignment 

G 

DEG 

DEG 

D 

D 

D 
D 
D 

D 

DEG 

D 

DEG 

E 

G 
F 

G 

Subrout ine 

Energize equipment; pick up l iquid nitrogen 

Load i n  shipping cask - one man 

Load i n  shipping cask - other man 
J a w  crusher 

Recycle 
B a l l  M i l l  - 16 fraction into fines 
B a l l  Mill - 6 + 16 fraction into fines 
Blend; t ransfer  bot t le  loading 

Sample (-16 and -6 +16 fractions) 

Seal samples 
Dispose of old bag (powder preparation 

Seal old bag 

Compacting 

Transfer plugged rod fo r  scanning 

Scanner check 
Welding 

cubicle ) 

Work Time 
(min) 

12 .o 
< 1.0 

1.0 

5 995 
21.9 
10.2 

12.1 

57.4 
5.0 
1 .o 

2.1 
1 .o 

140 .Oa 

6.3 
32.2 

80.5 
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SR 
No. 

16 
17 
18 

1.9 
20 

21 

22 

23 
24 

25 

26 

27 

Assignment 

G 

G 

DEG 

DEG 

DEG 

DEG 

DEG 

B 

G 

DEG 
DEG 

DEG 

Subroutine 

Ultrasonic cleaning 
Leak test  and weigh 

Turco cleaning 

Smar  - one man 
Smear - one man 
Assemble hanger and load into car r ie r  
Assemble hanger and load into car r ie r  

Mark, w e i g h ,  and record empty rod 

Three-piece rod-end assembly 
Remove and dispose of kleenex 
Load shipping cask - one man 
Load shipping cask - other man 

Work Time 
(min) 

27.9 
31 .o 

7 08 
6.2 
8.65 

13.0 
30 .o 
6 .o 
10 .o 

< 1.0 
1.0 

10.7 

karagona's figure of 52.5 min was revised t o  20 min per rod, based - 

on later experience. 

4. Eliminate subroutines i n  which negligible radiation exposures 

were received and a lso subroutines requiring less  than 2 min. 

Combine subroutines 18-22, which were done jo in t ly  (as 
designated by 'TIEG" i n  the assignment column). 

5. 

SR No.  Work T i m  (min) 

18 10.7 

1-9 7 08 
20 6.2 
21 8.65 
22 13 .o 

Total 46 35 

6. A s s i g n  one-third of the aggregawe time for suaout ines  3-22 

(46.35 min divided by 3 = 15.4 min) t o  each of the three 

operators: D, E, and G 

Determine the percentage of each worker's time spent on each 
operat ion, as follows : 

7. 

a 

, 

1 

. 



. 
4 

Column 1 
SR No. 

Column 3 
Column 2 Work Time 

Subroutine (min) 

3, 4, 8, 
and 10 

5 and 6 
7 
18-22 

a 

Total 

J a w  crushing and sampling 35 
B a l l  milling 22.3 

Ble nd ing 57.4 
Turco cleaning, smearing, and 

loading into car r ie r  (one-third) 15.4 
130.1 

, 
i 

I 

Column 1 
SR NO. 

Column 2 
Subroutine 

Column 4 
Percentage of 
Work Time per 

Operat ion 

26.9 
17.1 
44.1 

11 .g 
100 .o 

Column 4 
Column 3 Percentage of 
Work Time Work Time per 

(min) Operat ion 

12 Compacting 140 .O go .1 

loading into car r ie r  (one-third) 15.4 9 09 
Total 155 04 100 .o 

18-22 Turco cleaning, smearing, and 

1 

Column 1 Column 2 
SR No. Subroutine 

14 Scanning check 
None Supervising 

Total 

Column 4 
Column 3 Percentage of 
Work Tim? Work T i m  per 

(min) Ope rat ion 

32.2 20.1 

79 *9 
160 .o 100 .o 
- 127.8 - 

. 
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Column 1 
SR No. 

1.3 
15 
16 
17 
18-22 

Total 

Column 2 
Subrout ine 

Column 3 
Work Time 

(min) 

Transferring rod fo r  scanning 6.3 
Welding 80.5 
Ultrasonic cleaning 27.9 
Leak test and weigh 31 .o 
Turco cleaning, smearing, and 

loading into ca r r i e r  (one-third) 15.4 
161.1 

Column 4 
Percentage of 
Work Tim per 

Operat ion 

3 09 
49 09 
17.3 
19.3 

9.6 

100 .o 

8. To obtain the radiation exposure fo r  a given operation i n  
a given campaign, multiply the value from s tep  2 for the 

appropriate operator f o r  tha t  campaign by the percentage 

value i n  column 4 f o r  t ha t  operation. 

s 

1 

.i 

c 



REFERENCES 

. 
r 

. 

1. E .  D. Arnold, ?Radiation Hazards of Recycled 23% - Thorium Fuels, 'I 

Proceedings of the Thorium Fuel Cycle Symposium, Gatlinburg, Tennessee, 

Book I, TID-7650, pp. 253-284 (Dec. 5-7, 1962). 

2. Health Physics Manual, Procedures and Practices f o r  Radiation Protec- 
tion, O a k  Ridge National Laboratory, Procedure 20. - 

3. A. L. Lotts, e t  a1 "The O a k  Ridge National Laboratory Kilorod Facil i ty,  'I - -*, 
Proceedings of the Thorium Fuel Cycle Symposium, Gatlinburg, Tennessee, 

Book I, TID-7650, pp. 351-383 (Dec. 5-7, 1962). 
A. L. Lotts, e t  al 4. "The O a k  Ridge National Laboratory Kilorod Faci l i ty ,"  -*, 

Proceedings of the Thorium Fuel Cycle Symposium, Gatlinburg, Tennessee, 

Book I, TID-7650, p. 379 (Dec. 5-7, 1962). 

5. M. E .  Whatley, - -  e t  al., Unit Operations Section Monthly Progress Eieport, 
N O ~ .  1962, ORNL-TM-441, pp. 53-67. 
J. D.  Sease, A. L. Lotts, and F. C. Davis, "MeV Remote Fac i l i ty  and 

Equipment at the O a k  Ridge National Laboratory for Fabrication of Fuel 

Rods Bearing 23%J and Thorium Oxide," Proceedings of the 11th Conference 

on Hot Laboratories and Equipment, ANS Winter Meeting, New York (Nov. 

J. D. Sease, A.  L. Lotts, and F. C . Davis, '!l?horiu~n-~~%ranium Oxide 

(Kilorod Fac i l i ty  - Rod Fabricat ion Process and Equipment) I' ORML-3539 
(April 1964). 

6. 

18-21, 1963). 
7. 

J. E .  V a n  Cleve, Jr. and A. L .  Lotts, "Operating i n  a Semiremote Fac i l i ty  

for Fabrication of Fuel Rods Containing 233U, Tho2, Proceedings of the 
12th Conference on Remote Systems Technology, ANS Winter Meeting, San 

Francisco (Nov. 30, Dec. 3, 1964). 
M. E .  Whatley, -- e t  al., Unit Operations Section Monthly Progress Report, 

ORNL Radiation Safety and Control Training Manual, p. 63, item C .  

8. 
ORNL-TM-441, pp. 53-54. 

9. 
10. W . D. Shults, '?Jranium, Automatic Controlled-Potential Coulometric 

Ti t ra t ion Method, 

R 12-20-60), ORNL Master Analytical Manual, TID-7051, suppl. 3 (June 

1961) and suppl. 4 (June 1962). 
John R.  Lund, "Stat is t ical  Evaluation of Results of Determinations of 

Uranium i n  Tank R-35 Solution (Campaign 2) ,"  ORNL-CF-64-8-58 (Aug. 31, 

Method Nos. 1 219225 and 9 00719225 (1-29-60 and 

11. 

1964) 



f 

168 

'\. .. 
12. 

1.3 

14. 

15 
16. 

17 
18. 

19 
20. 

21. 

22. 

23 
24. 

25 

M. E .  Whatley, -- e t  al., Unit Operations Section Monthly Progress Report, 

ORNL-TM-441, pp. 53-54. 
M. E .  Whatley, e t  al., Unit Operations Section Monthly Progress Report, 

ORNL-TM-441, pp. 53-54 
Letters from T. Koizumi t o  C .  C.  Haws, en t i t l ed ,  'Baterial  Balance for  

First Hot Run Series," Aug. 19, 1963, ' ha t e r i a l  Balance i n  Sol-Gel 

Preparation f o r  Cold Run Testing, 

Health Physics Manual, Procedure 20, p. 2. 

W .  T .  Thornton, D. M. Davis, and E .  D. Gupton, 'Vhe ORNL Badge Dosi- 

meter and Its Personnel Monitoring Applications," om-3126, p. 1-5 

Aug. 7, 1963. 

(Dec. 5, 1961) 
Health Physics Manual, Procedure 20, p.  1. 

"Maximum Permissible Body Burdens and M a x i m  Permissible Concentrations 

of Radionuclides i n  A i r  and i n  Water for Occupational Exp~sure ,~ '  

National Bureau of Standards Handbook 69, U. S .  Dept . of Commerce, 

P. 82 (June 5, 1959) 
Private communications with E D. Gupton, June 1964. 
Private communication with Dave Clark, June 1964. 
D. M. Davis and E .  D. Gupton, H I  (Third 

Edition) Om-332, p. 49 (May 7, 1963). 
Private communication with C . H. Miller, May 1964. 
Private communication with P. E. Brown, July, 1964. 
J. J. Varagona, A. L. Lotts, and J. E .  Van Cleve, Jr., '!Pime Study of 
Fuel Rod Fabrication in  the Kilorod Fabrication," ORNL-3740 ( t o  be 

published). 

P. Nichols, "Radiation Levels i n  the Kilorod Program," ORNL-CF-63-10-55, 

p. 10 (Oct . 21, 1963) 

I 

r 

c 

1 

. 



\ 

1 

4 

L 

r 

ORNL-3681 
UC-25 - Metals, Ceramics, and Materials 

TID-4500 (42nd ed.) 

INTERNAL DISTRIBUTION 

1. Biology Library 67. C .  S. Lisser 

5. Reactor Division Library 69. H. G. MacPherson 
2-4. Central Research Library 68. A. L. Lotts 

6-7. ORNL - Y - 1 2  Technical Library 70. J. L. Matherne 

8-37. Laboratory Records Department 72. A. B. Meservey 
38. Laboratory Records, ORNL R.C. 73. F. W. Miles 
39. M. Bender 74. E. L. Nicholson 
40. C .  A. B l a k e  75. W .  A. Pate 
41. W. D. Bond 76. F. L. Peishel 
42. G. E.  Boyd 77. M. K.  Preston 
43. J. C. Bresee 78. R. H .  Rainey 
44. W. D. Burch 79. M. W. Rosenthal 
45. T. A. Butler 80. J. D. Sease 
46. W. H .  Carr 81. M. J. Skinner 
47, W .  H.  Cook 82. G. M. Slaughter 
48. F. L. Culler 83. J. W. Snider 
49. J. E. Cunningham 84. W. C .  Thurber 
50. D. A. Douglas 85-86. J. E. Van Cleve 
51. W .  S.  Ernst, Jr. 87. V. C. A. Vaughen 
52. D. E. Ferguson 88. C .  D. Watson 
53. J. H Frye, Jr. 89. A. M. Weinberg 
54. B. E .  Foster 90. M. E. Whatley 
55. H. E. Goeller 91-110. G. D. Whitman 
56. W .  R. Grimes 111. M. B. Bever (consultant) 
57. F. E. Harrington 

58-59. C .  C .  Haws 113. J. R. Johnson (consultant) 
60-62. M. R. H i l l  114. A. R. Kauflnann (consultant) 

63. F. J. Hurst 115. P. H. Emmett (consultant) 
6 4 .  C .  E. Lamb 116. J. J. K a t z  (consultant) 
65. C .  E. Larson 117. C .  W .  J. Wende (consultant) 
66. C.  F. Leitten 118. C .  E. Winters (consultant) 

Document Reference Section 71. J. R. McWherter 

112. A. A. Burr (consultant) 

EXTERNAL DISTRIBUTION 

119. E .  C .  Moncrief, Babcock and Wilcox Company, Lynchburg, Virginia 
120. S .  R.  Nemeth, Reactor Materials Section, E. I. W o n t  de Nemours 

and Company, Wilmington, Delaware 19898 
121. Research and Development Division, AEC,  OR0 

122-665. Given dis t r ibut ion as shown i n  TID-4500 (42nd ed.) under Metals, 
Ceramics, and Materials category (75 copies - CFSTI) 

. 


