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Due to changing environmental regulations, the current practice of depleted 

uranium chip (machine turning) disposal via shallow land burial has become 

environmentally objectionable. The chips are pyrophoric and oxidize rapidly 

when exposed to air; therefore, long-term storage of the uranium chips 

presents a major fire hazard. The Oak Ridge Y-12 Plant Development Division 

was contacted to devise a disposal method that would eliminate chip burial 

and minimize storage space requirements. The proposed method of 

accomplishing this task was oxidizing the uranium chips to uranium oxide 

(U 0 ) under controlled conditions. 
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Construct on of the Uranium Chi!p Ox dation Facility (UCOF) began in December 

1984 and ended in May 1985. At construction completion, the facility housed 

chip handling equipment, two chip feed tables, a recirculating cooling water 
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(RCW) system, an off-gas treatment system, six uranium oxidizers (burn 

chambers), and an oxide removal system. Following the design engineering 

test and check-out, pilot operation of the facility was initiated. 

Pilot plant operation of the UCOF was initiated on May 20, 1985, by the Y-12 

Development Division. The purpose of this initial development testing was 

to evaluate the equipment, determine operating parameters, and provide on- 

the-job training for Waste Treatment Operations (WTO) personnel. Startup of 

the UCOF began with the check-out of the equipment using only the #1 

oxidizer. Following the verification stage, the oxidizer was loaded with an 

initial charge of cold uranium oxide (U3 0, ) in preparation for test 

burning. 

The chips were received at the facility in 55-gallon drums restrained on 

special metal pallets designed to maintain a 4-inch space between drums. 

Each drum was inspected to ensure that it was packaged according to the chip 

guidelines issued to the generating machine shops. 

The chip oxidation process began with the start-up of the oxidation support 

systems, recirculating cooling water system, process exhaust system, and 

setup of the coolant collection system. 

Following the identification of the sequence of drums to be processed, a 

pallet of drums was transported by forklift to the platform extension. Each 

drum of chips was transported by dolly from the pallet to a drum dumper, and 
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t he  ch ips  were dumped onto the  d r a i n  t a b l e .  The coolan t  w a s  allowed t o  

d r a i n  from the  ch ips  f o r  a per iod of 5 min. o r  i f  d ra in ing  took longer than 

5 min . ,  u n t i l  t he re  w a s  no longer any v i s i b l e  de t ec t ion  of l i q u i d  flow. The 

ch ips  w e r e  v i s u a l l y  inspected f o r  fo re ign  m a t e r i a l .  Any fo re ign  ma te r i a l  

found w a s  removed p r i o r  t o  burning. 

Following ch ip  dra inage ,  t he  ch ips  were manually pushed i n t o  the  ox id ize r  

and a flaming paper b a l l  w a s  used t o  i g n i t e  t he  ch ips .  During the  time 

per iod  i n  which the  ch ips  were burning,  t h e  next  drum of ch ips  t o  be 

processed w a s  read ied  following the  same s t ag ing  and d ra in ing  procedures.  

When t h e  10 min. burn cycle of t h e  previous ba tch  o f  ch ips  had ended, t he  

next ba t ch  w a s  quickly and c a r e f u l l y  introduced i n t o  the ox id ize r  and the  

ox id ize r  access p o r t  f l a p  w a s  lowered. This subsequent ba tch  i g n i t e d  

spontaneously from the  h e a t  generated by the  previous burn.  This process  

cont inued u n t i l  a l l  of t he  drums of  ch ips  had been processed o r  t he  oxide 

level had reached t h e  2 f t .  f reeboard level.  The oxide bed w a s  allowed to 

cool  a t  l eas t  24 h r s .  p r i o r  t o  removing t h e  uranium oxide from the  bottom of 

the  ox id ize r .  

The t r a n s i t i o n  p iece  w a s  then  clamped onto the  oxide drum, t h e  screw 

conveyor w a s  s t a r t e d ,  and oxide w a s  loaded i n t o  the  drum u n t i l  t he  t o t a l  

drum weight had reached approximately 800 l b s . ,  o r  the  temperature o f  oxide 

being discharged had reached 150' F. The oxide drum w a s  then sampled and 

prepared f o r  shipment t o  the  Chestnut Ridge Storage Vaul t s .  
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This initial phase of pilot operations continued until June 4 ,  1985. 

The two and one-half week testing period identified the following required 

modifications : 

(1) The dump and drain tables required modifications to prevent coolant 
from splashing and spilling onto the platform. 

(2) The recirculating cooling water (RCW) system required modifications 
to prevent water from splashing and spilling onto the floor and to 
provide better sheeting action of the water down the exterior sides 
of the oxidizer. 

( 3 )  The oxidizer required modifications to provide a better oxide 
unloading transition piece and a larger RCW catch pan. 

( 4 )  The need for a portable vacuum cleaner to clean up oxide dust was 
identified . 

During this period of operation, the Waste Treatment Group of the Y - 1 2  

Development Division Chemical Engineering Department provided operating 

parameters for the facility. 

The chip oxidation process parameters as determined during this phase of 

testing were as follows: 

1. the oxidation rate should be maintained at one drum every 10 min.; 

2 .  the amount of chips per drum should be 100 lbs. or less; 

3 .  the air velocity at the entrance to the oxidizer should be 250-300 
ft./min. ; 

4 .  the flap door at the loading port should be down during operation of 
the unit; 

5. a visual and uniform flow of water coolant onto the sides of the 
oxidizer must be present during operation of the unit; 

6 .  the RCW flowrate should be 25-30 gal./min.; 
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7. a nominal 500 lbs. of oxide should be placed in each 55-gallon drum 
to be transported to the storage vault; and 

8 .  after filling a drum, the drum should remain attached to the screw 
conveyor for 20 minutes to allow all of  the powder to settle in the 
drum. 

2 In addition, equipment modifications/additions were recommended as follows: 

1. a new cooling water distribution system to ensure that water is 
uniformly sprayed on all sides of the oxidizer should be installed 
before any further tests are made; 

2. an improved splash pan to prevent cooling water from getting onto 
the floor should be installed; 

3 .  a new oxidizer design which has straight side walls should be 
provided to improve RCW sheeting and reduce the probability of a 
burning charge of oxide contacting the sidewalls; 

4 .  the first unit should be removed and replaced because it had 
overheated due to RCW deficiencies; and 

5. the height of the sidewalls on the drain pans should be increased to 
ensure that liquid from the chips does not get on the floor. 

On June 4 ,  1985, pilot operation of the UCOF was suspended because of 

concerns about the structural integrity of the oxidizer resulting from hot 

spots that occurred as a result of RCW deficiencies. 

The RCW system was modified through the addition of sidewalls onto the RCW 

catch pans at the base of the oxidizer. Meanwhile, metallurgists in the Y- 

12 Plant Development Division were consulted on the impact of the occurrence 

of hot spots on the #1 oxidizer. Following visual inspection of the 

oxidizer, follow-up discussions on the structural integrity of the oxidizer 

were held and special heat transfer calculations were initiated. Visual 

inspection and preliminary non-destructive testing indicated that no 
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structural damage had taken place in the #1 oxidizer. Therefore, pilot 

operation could resume without undue risk of structural failure. 

Pilot operation resumed at the UCOF on July 10, 1985. The goals of this 

phase of operation were to test the ability of the RCW system modifications 

to minimize hot spots, continue refining operating parameters, and to 

continue on-the-job training. This phase of operation was discontinued on 

July 17, 1985 due to the detection of hot spots during the chip oxidation 

process. This confirmed that the RCW system, as designed, would not 

eliminate hot spots and that routine nondestructive testing to determine 

oxidizer wall thickness would be required. Again, metallurgists and heat 

transfer specialists were consulted. 

A series of technical review sessions were held to identify a solution to 

the hot spot problem and to decide if the #1 oxidizer should be removed and 

dismantled for destructive testing. It was decided that in-depth heat 

transfer studies, a fault-tree analysis, and destructive testing of the #1 

oxidizer would be completed prior to resuming pilot operation at the UCOF. 

During the time period between July 18, 1985, and September 10, 1985, the #1 

oxidizer was removed and destructively evaluated by Y-12 Development 

Division metallurgists, additional RCW System capacity requirements were 

determined, the #1 oxidizer replacement specifications were determined, a 

prototype spray nozzle RCW distribution system was installed on oxidizer # 5 ,  

the safety assessment was updated, and the operating procedures were 



7 

revised. Structural evaluation of the #1 oxidizer revealed chromium 

leaching of the 304L stainless steel and some localized fractures.3 Thermal 

stress analysis confirmed that wall buckling and plastic deformations were 

credible events during the chip burning cycle and could reduce the life 

expectancy of an oxidizer to 1800 cycles if a hot spot continually occurred 

in the same location. 4 

Pilot operation resumed on September 10, 1985. The goals at this point were 

to verify the effectiveness of the spray nozzle RCW distribution system in 

the elimination of hot spots; gradually increase the throughput rate to 

identify manpower requirements; system reliability; maintenance factors; 

actual oxidizer life cycle; system pinchpoints; and continue on-the-job 

training. 

On September 10, 1985, the #5 oxidizer was charged with a heel of cold 

oxide. Following this, the chip oxidation process was initiated. The chip 

oxidation process was carried out in the same manner as during the previous 

phase of the pilot operation. The spray-nozzle RCW distribution system 

successfully eliminated the appearance of hot spots during the chip 

oxidation process. A second spray-nozzle RCW distribution system was 

fabricated and installed on the #3 oxidizer. It was loaded with a heel of 

oxide and placed in operation. 

The #1 oxidizer, which had been replaced with a new straight-sided unit with 

a small taper at its base, was fitted with a new, permanent spray-nozzle RCW 
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system. 

on-line for the chip oxidation process. 

The oxidizer was charged with a cold bed of  oxide and then placed 

The spray-nozzle RCW distribution system was installed on the #6 oxidizer, a 

heel of oxide was loaded into it, and it was put on-line. A perforated 

metal door was added at the loading port to prevent momentary flashing o f  

flames from the oxidizer. 

On November 11, 1985, pilot operation at the UCOF were suspended 

indefinitely due to a flashfire in the #6 oxidizer. At this time, a total 

of 1050 drums of uranium chips had been processed at the UCOF.  An incident 

investigation team was assigned to evaluate the "flashfire" and to make 

recommendations for the prevention of another such incident. 

The investigation committee felt that the probable primary cause of the 

"flashfire" was the high surface area to volume ratio of the uranium chips 

in the charge. In addition, three contributing factors--the baffling action 

of the flame arrester, the adherance of flammable material to the chips, and 

the high level of oxide in the oxidizer--were identified. 

The committee made seven recommendations which would have to be addressed 

prior to resuming pilot operations at the UCOF.' These were: 

1. Provide operators a safe working zone. Operators should be moved a 
safe working distance from the oxidizers while they are being 
operated and/or provided a physical barrier for protection. 
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2 .  

3 .  

4 .  

5 .  

6 .  

7. 

As a 

Flame arresters should be relocated from the present position to a 
location that will prevent them acting as a baffle to direct any 
flames toward the door. 

Temperature indicating devices should be installed to accurately 
indicate throughout the temperature range expected during thermal 
oxidation of the chips. 

Developmental studies should be conducted to determine the maximum 
rate of charging the oxidizers to maintain a safe burn rate. 

Provision should be made to expand the freeboard in the oxidizers 
during operation. This could be accomplished by limiting the 
height of the oxide bed and/or by increasing the hood volume above 
the oxide bed. 

The facility should be made available for limited operation to 
test, prototype, and evaluate recommendations 1-5. 

Training or awareness programs should be developed and implemented 
by supervision of all generators of depleted uranium chips to 
stress to their employees the dangers of placing foreign materials 
in the chips. 

result of these recommendations, the UCOF underwent several 

modifications which included changes to both the feed and ventilation 

systems. The specific changes made which address the safety committee’s 

recommendations included the following: (1) the installation of an enclosed 

operating booth to remove the operators from the vicinity of the oxidizer 

during the initial burn period and the fabrication/installation of a new 

chip feed table which operates by a remote control unit located in the 

operating booth; (2 )  removal of the flame arrester; ( 3 )  the installation of 

a K-type thermocouple in the exhaust duct above the oxidizer with digital 

temperature indication in the control booth; and (4) the expansion of the 

oxide freeboard level through an increase in the exhaust hood volume. 
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As a result of the Accident Investigation Committee's recommendations and 

UCOF modifications, it was determined that developmental tests were needed 

prior to resuming operation of the UCOF, to verify the equipment 

modifications and to identify safe operating parameters using statistically 

designed experiments. 

A test plan entitled "Uranium Chip Oxidation Facility Test Plan" was written 

by WTO and Quality Division personnel.6 This plan was approved by Y-12 

management and the DOE, and permission was granted to the Development 

Division with assistance from WTO to startup the UCOF. 

Facility modifications which included the addition of a second RCW surge 

tank, a pump alarm/crossover system, basket strainers, filters, a third RCW 

pump, an enclosed control booth, a thermocouple in the oxidizer exhaust 

duct, digital temperature readouts, and a central vacuum system for oxide 

clean-up were completed prior to initiating the UCOF tests. 

Functional testing of the uranium chip feeder and modified exhaust hood was 

performed in a Development Division's Chemical Engineering pilot plant 

laboratory in August 1986.  

Following the completion of the functional tests, field modifications were 

made, and the prototype uranium chip feeder and exhaust hood were installed 

at the UCOF. 
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The equipment verification tests were initiated on September 12, 1986, at 

the UCOF. The actual chip oxidation process was modified to the following: 

A drum of chips was placed onto the drum dumper and dumped onto the U-chip 

feeder table. The chips drained for 4 min. and were visually inspected for 

obvious foreign material, such as tramp metal, tool bits, and other material 

not intended to be oxidized. 

After the 4 min. had elapsed, the operator entered a control booth and 

remotely charged the chips into the oxidizer. The first drum of chips 

processed each day was ignited using a flaming wad of paper. The feeder 

table as a door during the flash phase of the chip oxidation cycle. 

The oxidizer exhaust temperature was monitored. When the exhaust 

temperature decreased to 175' F or less, the feeder table/door was lowered. 

served 

A 10 min. time interval was allowed to elapse between the time the chips 

were charged into the oxidizer and. the time that the next drum of chips was 

dumped for draining. Again, the oxide temperature was monitored for 

discharge and the operating oxide freeboard level was maintained between 30 

and 60 inches measured from the bottom of the loading door. 

A total of 281 drums of uranium chips was processed during the test period 

which concluded on November 3 ,  1986. A report, "Verification Tests for the 

Uranium Chip Oxidation Facility," which detailed the operating experience 

during these tests, the recommended operating parameters resulting from the 
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tests, and recommended equipment changes, was issued by the Development 

Division. The tests did confirm that the new equipment functioned as 

7 designed by containing visible flames when they were purposely produced. 

To date a total of 1331 drums of uranium chips has been processed at the 

UCOF. Pilot operation and later UCOF tests have demonstrated that the chip 

oxidation process can be used successfully to dispose of uranium chips. The 

disposal is accomplished through the generation of a stable uranium oxide 

product which can be stored long term in one-tenth of the space required for 

uranium chip burial. It is thus concluded that the chip oxidation process is 

a viable alternative to chip burial. Additional pilot scale testing is 

planned after the facility is modified to the configuration of the prototype 

unit. Following successful completion of this pilot phase, full operation 

will begin. 
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MARTIN MARIETTA ENERGY SYSTEMS, INC. 

February 2, 1987 

Analysas Corporation 
Kathy Forbes 
140 East Division Road 
Building C, Third Floor 
Oak Ridge, Tennessee 37830 

Dear Ms. Forbes: 

Enclosed is the preprint requested for the "Oak Ridge Model" Conference, 
Thursday session 1: "Directions in LLW Management." This preprint is on 
the topic "Pilot Plant Operation of the Uranium Chip Oxidation Facility." 

Sincerely, 

Lp'&L4& Y. C. Childs 

cc w/att.: Y. C .  Childs 
I. W. Jeter 
J. M. Mills, Jr. - DOE - T I C  ( 3 )  
H. D. Whitehead, Jr. 
Y-12 Central Files - RC 


