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ABSTRACT 

A Plutonium-239 Recovery Incinerator is being developed for the Savannah River 
Plant (SRP) to reduce the volume of solid glovebox waste and to allow recovery of 
Pu-239 from the waste. The process will also allow treatment of some waste 
materials that are not certifiable for disposal at the Waste Isolation Pilot Plant 
(WIPP}. It will consist of two electrically heated combustion chambers (furnace and 
afterburner) and a dry filtration off-gas system. A unique feature of the process 
is that it uses pyrohydrolysis to produce an ash that is a.enable to Pu recovery 
through nitric ac1d/HF dissolution. 

A series of thermogravimetric (TGA) analyses have been performed to 
characterize potential incinerator feed materials. A functioning furnace mockup was 
built and operated to demonstrate electrically-heated pyrohydrolysis operation. A 
prototype is currently being designed with an expected startup during the third 
quarter of 1988. 

INTRODUCTION 

The technology for burning Pu-contaminated waste has been under development for 
several years. Rocky Flats (1), Los Alamos (2), and Windscale (UK) (3) have burned 
waste containing Pu, but no attempt has been made to operate the incinerator to 
produce a low-temperature fired ash amenable to Pu dissolution and recovery. 

SR TRU waste incineration development has focused on larger scale 
processes, such as the prototype Plutonium-238 Waste Incinerator (PWI) now being 
operated (4) at the Savannah River Laboratory (SRL). The processing concept 
proposed for the Pu-239 Recovery Incinerator (PRJ) consists of an electrically 
heated, controlled air, two stage incinerator and a dry filtration off-gas 
system. This process builds on prior technology, although the PRJ is a batch 
rather than a continuous process. Key concepts include: 

o steam hydrolysis of waste pyrolysis gases, which produces a low temperature 
fired ash that is amenable to dissolution and subsequent Pu recovery 

o small scale process that can be operated and maintained in a glovebox 

o simple, automatic operation to minimize operator monitoring 

This combination of features will allow cost savings due to volume reduction 
and recovery of Pu from the high activity fraction of the waste. During 1986, 80% 
of the Pu-239 contained in waste generated at SRP was in 15 (volume) percent of the 
waste. Of the 30 kg of Pu in this waste, about 8.2 kg (221) was in non-combustible 
cuts, 2.9 kg (8%) was in oil, 8.5 kg (23~) was in sump waste, and 15 kg (4~) was in 
filters, plastic, and wipes (5). The filters, plastic, and wipes are planned feed 
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stocks for the PRI. By using polypropylene oil absorbents rather than oil dry, a 
large fraction of the oil and sump waste would also be candidate feed stocks. 

PROCESS DESCRIPTION 

The PRI is an electrically heated dual chamber incinerator with a dry 
filtration off-gas system (see Fig. 1). The primary chamber pyrolyzes the waste 
using a combination of steam and air to control combustion rate and local 
te.peratures. Combustion of off-gas is completed in the secondary chamber, then 
it is cooled and filtered to remove particulates. Cooling for the off-gas is 
provided by air dilution. A gas plenum will combine all process air and glovebox 
air which is finally routed to the building exhaust. 

GLOVEBOX 

HEPA 
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@) 
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AIR 

Fig. 1. PRI Flow Diagra. 

PlENltA 

Pri.ary Combustion Chamber - Feed is placed into a wire basket and then bottom 
loaded into the primary chamber. The primary chamber is secured closed and then 
heated. Steam and air are metered into the chamber after the waste basket reaches 
200 C, after which the temperature is increased slowly to 650 C. Depending on the 
waste material, pyrolysis will begin to occur by about 300 C. Approximately 4 hours 
at 650 C will be needed to complete pyrohydrolysis of the waste. The chamber 
will require about 2 hours to cool down to 60 C, which is the maximum 
teaperature allowed for manual handling with gloves. The nominal eight hour 
cycle time (from initial heatup to cool down) was verified during operation of 
the furnace mock-up. 

Secondary Combustion Chamber - The electrically heated afterburner burns the off-gas 
fro. the primary chamber at nominal 900 C using preheated combustion air. The 
exiting oxygen level will be controlled at 8 mole percent to ensure complete 
combustion. A burner cone and a restricting orifice are used to ensure ignition 
and create turbulence within the chamber. 

Off-Gas System - The off-gas is cooled with dilution air to 500 C for filtering 
in Sintered Metal Filters (SMF). These filters remove particles greater than 5 
microns diameter. Air dilution is again employed to cool the filtered off-gas 
to 200 C. The system vacuum is maintained by an induced draft blower. Final 
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filtering is completed by High Efficiency Particulate Air (HEPA) filters. These 
filters will remove particles greater than 0.3 microns. The off-gas is then 
combined with glovebox air and released into the Plant exhaust system. 

Safety Considerations -High temperatures, criticality, and pressurization are 
the three considerations of concern. Heating element electricity and precoat 
powder are also potential hazards. Hazard potential is minimized by the fact 
that the system will be operated remotely and contained in a glovebox. The PRI 
is being designed to meet an ASHE 50 psig pressure rating to allow it to 
withstand the remote possibility of pressurization. A programmable controller 
will provide alarm and interlock functions to ensure that the process is within 
operating limits. 

Criticality will be prevented in the final facility systeM by limiting the 
a.ount of Pu-239 within a particular vessel or glovebox. Gamma .anitors will be 
used to indicate accumulation of contaminated material. 

THERMOGRAVIMETRIC ANALYSIS RESULTS 

Thermogravimetric analysis was used to determine the prel1•inary PRI operating 
conditions to properly process different waste types. The analysis characterized 
pyrolysis points and maxi.um burn rates. 

The tests were completed in a small furnace which has a sample pan suspended 
fro. a balance rod. Temperature, steam/air ratios, and sa.ple surface areas were 
varied to evaluate effects with different waste materials. Weight changes and 
te.peratures are recorded using a computer data acquisition syste. for each test 
run. Table I lists the matrix of conditions completed for each waste material. 
Table II lists the waste types tested. Polypropylene was used as a design basis 
.aterial, as it generates the most off-gas. 

Variable 

Te.perature 
Surface Area 
Air Flow Rate 
Steam Flow Rate 

TABLE I 

MATRIX OF TGA TEST CONDITIONS 
Range 

Units 

c 
sq meter 
1/min 
kg/min 

low 

343 
.0015 
0 
.016 

450 

4.5 
.033 

Fro. these tests, we found that: 

o A minimum weight reduction of 8~ can be expected. 

560 

9.9 

High 

650 
.0077 
15.6 
.040 

o All the waste materials may be processed below 650 C with steam (low air 
flows} to produce a low-fired, carbon-free ash. 

o Polypropylene had the clearest correlation between burn rates and surface area. 
Burn rates consistently differed by a factor of 2 when the exposed surface 
differed by a factor of 6 (Fig. 2). Data from other materials also showed 
this trend, but not as strongly. 
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o The maximum burn rate of polypropylene was 1.5 times the average. 

o Burn rates increased with higher temperatures (range: 343-650 C). This 
differs from the effects seen with char burning, which indicates that the 
reaction is mass transfer limited (6). 

o Preheating the process gases is required. Increasing air flow was expected 
to increase burn rates. However, in these tests, the ambient air acted as 
a coolant and reduced burn rates. Steam, as expected, reduced burn rates. 
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Fig. 2. Effect of Surface Area on the Burning Rate of Polypropylene in the TGA 

TABLE II 

PLANT GLOVEBOX WASTE 
Pyrolysis 

Feed Point (C) 

Filters: 
Filterite (Polypropylene} 
HEPA (Si/Al/Cellulose} 

Chemical Wipes (Polypropylene) 
Bags: 
*Bagout (PVC} 
*Dynel 
Other (Polyethylene} 

Gasket Material: 
*Vi ton 
Neoprene 

*Teflon 
Hydraulic Boot (Hypalon™> 
Glove Support 
Cartridge (Homalite-H101™) 
Hydraulic Oil 
Resin 

Dowex SOW~~ 
Dowex 21K 

*Produces corrosive off-gas 

386 
382 
404 

260 
227 
393 

221 
349 
616 
354 

293 
290 

-400 
-400 

Fig. 3. Working Prototype Furnace 
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FURNACE TESTING 

A full-scale working prototype furnace was built and tested to show that design 
burn rates could be achieved and that the infrared heating elements located in 
the top of a chamber approximately 0.7 m tall would work. Fig. 3 shows the 
equipment used to simulate the furnace section of the incineration process. 
Specific objectives were to determine the necessary steam and air flowrate, 
process temperature setpoint, cycle time, and waste burnout. 

Findings during furnace testing included: 

o The draft must be adjusted properly to achieve reasonable temperature profiles 
and heating/cooling times. 

o All prospective waste materials were successfully processed in the unit. 

o An eight hour cycle time is required to process a batch, including four hours 
heating and cooling, and four hours of burning. 

o About 4.5 kg/hr of steam is sufficient for processing. 

o Maximum burn rate achieved in test unit 1s 31 kg/hr. 

MATERIAL BALANCE 

The primary chamber will operate at 650 C under pyrohydrolysis conditions. 
Polypropylene is used as the design waste material to evaluate maximum off-gas 
generation. Design constraints include final off-gas flow of 200 SCFM, available 
glovebox space, and burn rates from TGA and prototype furnace tests. A proprietary 
computer simulation, CPES6, was used to calculate material balances. 

Under pure combustion conditions, the exothermic reaction precludes 
•aintaining low material surface temperatures. Some air will be needed in the 
furnace to minimize ash carbon content. The material balance using 
pyrohydrolysis to process polypropylene 1s shown in Table III. 

Process gas flowrates were set considering previous pyrohydrolysis studies that 
concerned the development of the forementioned PWI at SRL (7), NUKEM {8) of West 
Germany, TGA studies, and the prototype furnace tests. Table IV summarizes the gas 
flowrates used in the studies. The design of the PRI was based on prototype 
furnace results, as this data is most indicative of PRI operation. 

The gases produced in the primary chamber (Stream #30) are combusted in the 
secondary chamber with 25 C air (Stream #40). The temperature of the combustion air 
used in the simulation is low since preheating will be needed only for startup, i.e. 
the unsteady state condition, which was not modeled in the computer simulation. The 
dilution air (Stream #60} enters the process to cool gases to 500 C before they 
enter the SMF. The SMF removes particulates and does not change the gaseous 
composition. Final gas cooling to 200 C is accomplished with dilution air in 
Stream #80. The off-gas then exits the glovebox to a gas plenum 1n Stream 190 
which has a dew point of 27 C. Maintaining the temperature at 200 C 
will minimize corrosion since gases will be above the acid dew point. 
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TABLE III 
MATERIAL BALANCE 

COMPONENT 10 20 30 40 50 60 70 80 90 
------------------------------------------------------------------------
HzO 0 2.10 0.23 3.18 3.13 0.36 3.49 1.13 4.63 
Hz 0 0.64 0.64 14.4 15.1 19.4 34.0 70.3 105 
Oz 0 0.18 0 3.86 2.08 5.17 7.23 18.7 26.0 
co 0 0 1.04 0 0 0 0 0 0 
Hz 0 0 0 0.14 0 0 0 0 0 
COz 0 0 0.18 0 1.77 0 1.77 0 1. 77 
NOz 0 0 0 0 0 0 0 0 0 
HCL 0 0 0 0 0 0 0 0 0 
PVC 0 0 0 0 0 0 0 0 0 
Polypropylene 0.56 0 0 0 0 0 0 0 0 

TOTAL 0.56 3.00 3.60 18.5 22.1 25.0 47.2 90.3 137 

Taperature (C) 200 200 650 25 900 25 500 27 200 
SCFM 1.9 2.0 8.5 10.3 11.4 21.8 41.5 63.3 
ACFM 2.9 6.7 9.4 48.1 12.6 69.6 45.6 110 
------------------------------------------------------------------------------

TABLE IV 
REFERENCE FLOWRATES 

Study Process Waste Sample Steam Flowrate Air Flowrate 
---------------------------------------------------------------------------
Shirco Continuous 1.13 kg/hr 4. 53 kg/hr 142 1/min 

6.84 kg/hr 

J. M. Wu Batch 0.03 kg 7.56 kg/hr 10% 
stoichiometric 

NUKEM Continuous 1.50 kg/hr Jx 10% 
Stoichiometric Stoichiometric 

TGA Batch 0.01 kg 0.96 kg/hr 0 1/min 
0.02 1.98 4.5 

2.88 9.9 
15.5 

Prototype Batch 0.27 kg/hr 1. Sx 2.5x 
Furnace Stoichiometric Stoichiometric 

Design Batch 0.57 kg/hr 1.5x 5:1 
Basis Stoichiometric Steam: Air 

---------------------------------------------------------------------------
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EQUIPMENT DESIGN 

General Constraints - The design concepts are based on operating, nuclear safety, 
and process constraints. Plant operating personnel provided information on process 
location, off-gas exhaust capacity, and other factors that are related to the 
physical operation of the process in a glovebox. Preliminary criticality concerns 
have been addressed with the SR Laboratory Nuclear Safety group; the design 
philosophy is to minimize the use of administrative controls to prevent 
criticality. 

Potential feed materials were evaluated using the following criteria: Pu-
239 recovery effects, explosive potential, and corrosive potential. Waste 
aaterials that leave an ash residue containing a high content of Si, Ca, Zn, and C 
blind filters in the acid recovery process. These materials will be processed in 
liaited amounts. Also, materials with pyrolysis point temperatures greater than 
650 C could not be processed since operating temperatures at this level forms 
Puo2 that is relatively difficult to dissolve in the recovery process. 

Incinerator - The geometry and dimensions of the primary chamber are based mainly on 
nuclear safety concerns and waste throughput. Fig. 4 is a schematic of the chamber. 

N.ET GAS PORTS 

15" 

Fig. 4. Primary Chamber Conceptual Design 

The chamber is sized to process a nominal 2.3 kg, 1.9 L batch which is the 
size of a typical bag of waste removed from the process area. Actual operating 
conditions will depend on the material being processed. Nuclear safety concerns 
are a major factor in determining the size of the primary chamber. An option is 
to design the system to be geometrically favorable to virtually eliminate 
criticality concerns. But, this would limit the diameter to 0.15 m, which is 
too small. The other option is to use a larger diameter that would require 
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administrative controls to be employed on the Pu-239 processed per incinerator 
charge. The smaller vessels increase the handling difficulties and the larger 
units restrict the amounts of Pu-239 allowed in the primary chamber. A 0.254 m 
diameter is currently being used for design purposes, as this diameter is 
feasible from both operational and nuclear safety standpoints. This diameter 
required a basket about 0.38 m high to provide the 1.9 L capacity. A thorough 
evaluation will be completed after the unit is built to determine the operating 
Pu-239 gram limit. 

The primary chamber is a cylindrical vessel accessed from the bottom. Using an 
automatic charger to load the chamber from the bottom will be simpler than picking 
the basket up, moving transversely and then charging down. The silicon carbide 
electric heating elements are in a stationary position located in the top of the 
chamber. The chamber will be made of a metal shell that will contain a removable 
metal cartridge that encapsulates the insulation. A smooth, crack free interior is 
necessary to prevent accumulation of particles and to aid decontamination. The 
interior must also be resistant to mechanical shock. 

Inlet gas ports located in the top of the chamber will be used for steam, air, 
and nitrogen. This location allows the gases to contact the waste material as 
they are pulled to the outlet port at the bottom. An interconnecting duct 
carries off-gases to the secondary chamber. 

A metal netted basket will be used to contain the waste material. The bottom 
portion of the waste basket is a solid pan. Its purpose 1s to contain the ash and 
waste materials that melt before pyrolyzing. The botta. pan may be disconnected 
from the upper netted portion in order to transfer the ash into a container used for 
transporting. 

Vacuum will be maintained between 0.05 and 0.3 inches of water in the primary 
chamber. The operating range is constrained to minimize air inleakage. Also, to 
facilitate pressure control, it is necessary to have ranges large enough to 
incorporate small pressure peaks. System interlocks will li•it accessing the 
chamber, inlet gas flows, and the heating source. These interlocks will prevent 
burning hazards, vapor condensation, and the production of high fired ash. 

Secondary Chamber - The secondary will completely combust off-gases from the primary 
chamber under excess air conditions. The operating temperature for this chamber is 
900 C. The chamber will be maintained at 700 C during idling and before steam 
enters the primary. The maximum design temperature is 1300 C. 

The volume of the secondary chamber is sized based on a 0.5 second residence 
time (refer to Table III). The chamber is 0.10 m, which requires a total process 
length of 1.37 m. Since the primary is operated under calm conditions, very little 
Pu contaminated particulate carryover is expected. 

The secondary chamber is an internally insulated metal shell. In this 
chamber, the insulating material comes in contract with the process gases since 
no metal could be expected to operate under its high temperature conditions. A 
primary metal barrier will be placed at a suitable point in the temperature 
profile of the insulation. This primary barrier will then be insulated to 
further reduce the surface temperatures to 60 C at the final metal barrier. 
This barrier is intended to reduce the amount of porous material that comes in 
contact with process gases. 



-9-

Off-Gas System - The off-gas from the secondary chamber is cooled by air dilution to 
reduce the bulk off-gas temperature to 500 C. The Sintered Metal Filters are a 
series of tube-type filters inside multiple housings. The housings are heat traced 
to keep the temperature above 150 C during idle or shut down conditions in order to 
prevent corrosion from condensation. The Sintered Metal Filters {SMF) are used to 
remove particulates greater than 5 microns from the off-gas. These filters must be 
made of fused metal that can tolerate temperatures up to 870 C. 

To prevent clogging the filters and to neutralize the off-gas, a sodium 
carbonate coating will be used. An air actuated transport system sprays the coating 
on the filters before waste processing begins. After final air dilution cooling 
to 200 C, high temperature nuclear grade HEPA filters will remove particles 
greater than 0.3 microns from the off-gas. The HEPAs will operate at 200 C with 
a design flowrate of 200 SCFM. 

A blower maintains a slight vacuum within the system. A safety vacuum 
breaker will be necessary to protect the blower. It will be sized to accommodate 
the pressure of the entire system. 

SCHEDULE 

Thermogravimetric analyses of the waste types will continue for complete 
characterization. Full-scale working prototype furnace tests will be completed 
by the end of 3Q FY 88. A full demonstration unit of the PRI is planned for 
operation by the end of the second quarter of 1989. 
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