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Abstract 

MASTER 

Low- level combustible waste (<100 nCi per g of waste) generated 
during plutonium-238 processing is collected and stored in SS-gallon 
(230- liter: drums. The cooposi~ion of this waste is approximately 
32 wt % paper, 46% plastic, 16% rubber and cloth, and 6% metal . 
T=eatme~t of this waste is initiated by burning in the Mound Cyclone 
Incinera~o=, which consists of a burning chamber, deluge tank, 
venturi scrubber and blower. 

Duri~g the two years of operating the Cyclone Incinerat~r, ex
periments have been performed on particle distr~bution throughout 
tl:.e system using various mixtures of feed material. Measurements 
were taken at the incine=ator outlet, after the spray tank, and after 
the venturi scrubber. An average emission of 0.23 go= particles per 
kg of feed at the venturi outlet was determined. 

The distribution of chlorine from the comb~stion of polyvinyl 
chloride ·1.-as studied. Analyses of the off-gas and scrubber solution 
show that approximately 7~· wt ~; of the chl?rine was c~ptured ~y the 
scrubber solution and approximately 17 wt 7. remai~ed in the orf-gas 
a::ter the venturi scrubber. Measurements of the amount of NOx 
present in the off-gas v.-ere also made duri.ng the chlorid~ stuoies. 
A.• average of approximately 200 ppm NOX was produced during each 
i~cinerat~on run. 

Immobilization of t ·:ie incinerator ash is b:ing studied with 
regard ~o long-term behavior of the product. Th: immobilization 
rratrix which looks most promising is ash mixed with Portland lA 
cement in a 6S/3S wt% ash-to-cement ratio. This matrix exhibits 
good mechanical propert~es while maintaining a maximum volume 
:reduction . 

Cyclone Incineration 

The Mound Cyclone Incinerator project, f·.ir.ded by the Division 
of Waste Management of the U. S. Department of Energy, has as its 
goal the development: of processes that will reduce co~bustible, ~ow
level radioactively contaminated waste to a compact , inert material 
suitable for long-term storage or burial. At present , combustible 
waste, contaminated to <:Oo nCi of plutonium-238 per gram of waste, 

""MounC. Facility is operated by Monsanto Researcr. Corporation for the 
U. S. Department of Ene:rgy under Contract No. EY-76-C-04-00S3 . 
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o~ usefulness of any ir.formation , apparatus, prod"Jct or 
process disclosed, or epruenu tlat its use would not 
infringe privately owne:J rights . 

15th DOE NUCLEAR AIR CLEANING CONFERENCE 

is being incinerated on a routine basis. To date, a quantity of con
taminated waste in excess of S,000 kg has been i ncinerated . This 
waste was generated in the course of plutonium processing at Mound. 
The ash resulting from incineration receives further treatment to 
achieve immobilization during long-term storage . 

Details of the Cyclone Incinerator are shown in Figure 1. The 
Cyclone Incinerator normally uses a SS-gallon (200-liter) drum as the 
burning chamber. The advantages of using the drum in which the waste 
has been shipped or stored are that 1) radioactive waste handling i~ 
reduced to removine the lid froro the drum; and that 2) the drum, which 
is subjected to destructive thermal shock during combustion, is expend
able, providing an inexpensive, easily replaceable burning chamber. 

Previously, combustion air was introduced to the primary burning 
chamber through a single adjustable inlet (see Figure 2) . Vertical 
movement of the inlet was provided to follow the burning interface as 
it progressed down the drum . Movement about the vertical axis was 
made possible to experimentally determine the optimum angle of air in
troduction. This angle is vital to the creation of the cyclone effect 
-- the heart of the cyclone incinerator. The cyclone effect produces a 
spiraling airflow down the inside burning chamber surface which cools 
the metal while preheating the air. When the airstream reaches the 
fuel surface, it not only supplies oxygen for combustion, but also 
agitates the top layers of fuel, resulting in a thorough mixing of 
oxygen and fuel in the combustion zone. The air sweeps across the fuel 
surface to the center of the chamber and rises to exit through the cen
trally located exhaust at the top of the chamber . The products of ini
tial combustion, which include particles of unburned fuel and combus
tible gases (see Tables I and II), are retained in a high-temperature 
environment by the cyclone effect in the primary burning chamber. Com
bustion is continued in a secondary burning ctamber which incorporates 
a baffle to prolong particle retention time in the hot zone. 

Table I Characteristics of the off-gas stream. 

Combustion Chamber Outlet 
Deluge Tank Outlet 
Venturi Scrubber Outlet 

Primary HEPA Filter Outlet 

Temperature, Average at Outlec 
Temperature, Maximum at Outlet 

mg/m 3 

S04.9 
236.6 
18.4 

Nil 
•c 

1090 
1320 

More recently, an experimental lid assembly has replaced th7 upper 
burn chamber . The air inlets are placed 90° apart around the cylinder 
to provide a smoother air flow and are directed toward the side of the 
cylinder both to cool the metal and to initiate the swirling action 
that was previously found to be so important to burning in a drum. 

DISTRIBUTIG~v r. 
v , l H "DO(' 

TIS llNLIMIT 



DISCLAIMER 

This report was prepared as an account of work sponsored by an 
agency of the United States Government. Neither the United States 
Government nor any agency Thereof, nor any of their employees, 
makes any warranty, express or implied, or assumes any legal 
liability or responsibility for the accuracy, completeness, or 
usefulness of any information, apparatus, product, or process 
disclosed, or represents that its use would not infringe privately 
owned rights. Reference herein to any specific commercial product, 
process, or service by trade name, trademark, manufacturer, or 
otherwise does not necessarily constitute or imply its endorsement, 
recommendation, or favoring by the United States Government or any 
agency thereof. The views and opinions of authors expressed herein 
do not necessarily state or reflect those of the United States 
Government or any agency thereof. 



DISCLAIMER 

Portions of this document may be illegible in 
electronic image products. Images are produced 
from the best available original document. 



"' I-'· 

"' i:: 
t; 
CD 

"' I 
:.-
0. 
w . 
i:: en 
rt" 

"' O' 
1--' 
CD 

"' I-'· 
t; 

I-'· 
::s 
1--' 
CD 

~ 

MOUND CYCLONE INCINERATOR 

DRUM 

/ 
DRUM ENCLOSURE 

"' "' Cl 
)> 
r 
r 
0 z 
0 
:0 
c 
:;:: 

FILTER DUMP 

COOLING 
WATER 

Figure 1- Mound Cyclone Incinerator 
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Table II Analysis of cyclone incinerate~ off-gas. 

Component 
Carbon Dioxide 
Oxides of Nit=ogen 
Oxygen 
Sulfur Dioxide 

Treated Off-Gas 

9 .O wt % 

10-600 ppm 
13.5 wt% 
Not Detectable 

The lid was installed to improve combustior. characteristics such 
as burning rate , amount of combustible materia~ in the ash, and ~ar
ticle carry-over to the off-gas system. Experiments conducted with 
the new lid assembly show improvements in the burning rate and in the 
amount of combustible material in the ash. Particle carry-over meas
urements are i nconclusive so far. 

Treatment of the incinerator off-gas begins with a deluge tank 
which cools the off-gas, neutralizes the acid agases , and removes a 
high percentage of the par ticles entrained in the off-gas. Further 
particle removal is accc·mplished by a high-en7rg7 ventur~ scrubb7r . 
The liquid used in the deluge tank and venturi S·:rubber is a sodium 
carbonate or sodium hydroxide solution which is =ecirculated through 
a heat exchanger for cooling and a vertical leaf filter for suspended 
solids removal . 

The exhaust gas , cooled to about 65°C, passes through a HEPA 
filter before being discharged by a blower to the building exhaust. 
The blowers provide the airflow for the combined incinerato:/off-gas 
system and maintain the system at a negative pressure r7lative to the 
room, thus simplifying contamination control and operational safety . 

Volume -aiid Weight Reduction 

One of the ultimate goals of waste reduction is to achieve a. 
maximum volume reduction , although the performar.ce of waste reduction 
processes cannot be accurately measured by using volume reduction 
alone . Waste densities vary considerably and directly affect reduc
tion measurements. Not only does tightly packed waste contain less 
volume than the same amount of loosely packed waste , it also requires 
longer combustion times. Therefore , both weight and volume r eduction 
measurements are necessary to fully evaluate the performance of a 
waste reduction system. To determine the volume/weight reduction of 
the Cvclone Incinerator a series of 45 drums of waste was incinerated. 
The results are summarized in Table I I I . 

The "incinerator ash" includes the remains in the combustion chamber 
but excludes metals pre sent in the feed material . The "solids in the 
scrubber solution" cons ist of fly ash and preci?itated salts formed 
during neutralization; they are collected in th~ vertical leaf filter. 
The sodium carbonate scrubber solution is controlled to a pH of approx
imately 9 by the addition of fresh carbonate solution. When the dis
solved solids (NaCl , Na 2 S0 4 , and NaHC0 3 ) reach 3 maximum of 210 g per 
liter (solubility limitat ion), the scrubber solution is replenished. 
The "solid from waste treatment" is sludge generated during the chem
ical treatment that reaoves radionuclides from the spent scrubber so
lution . This treated scrubber solution is combined with other waste 
streams, and discharged to the environment . 
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Table III Volume/weight reduction for the cyclone incinerator. 

Input 
Wt(kg) Vol(m') 

1574 9 . 172 

Material 

Incinerator Ash 
Solids in Scrubber 
Solution 
Solid from Waste 
Treatment 

Total 

% Reduction 

Output 
!'!fllitl Vol(m') 

86.9 0.153 

76.6 0.086 

3.3 

166.8 

89.4 

0.004 

0 . 243 

97 .4 

Using feed material containing approximately 18 wt % chloride and 2 
wt% sulfur, the spent scrubber solution has been found to contain 
14.9 wt% NaCl, 4 . 3 wt% Na 2 S0 4 and 1 .4 wt% NaHC0 3 • Considering 
these primary and .secondary waste streams, a total of 1574 kg of 
waste was reduced to 166.8 kg , giving a reduction factor of 9.4 to 1 . 
The volume reduction accomplished was 97 . 5% (volume reduction factor 
of 37.8 to 1) . 

Mode of Operation 

The cyclone system can be operated in a batch or continuous 
mode using solid or liquid feed. The batch method is ideally suited 
for wastes from storage or those requiring transportation, because it 
allows in-situ burning in the original drums. This is the normal 
mode of operation for waste currently being processed at Mound . 

Continuous feeding is preferred when sufficient amounts of 
was't·e . are generated in one place and packaging in drums would be a 
needless operation . Advantages of continuous feeding are that 1) 
total pollutants per quantity of feed burned are fewer, because most 
pollutants come from the cyclone incinerator during startup and shut
down and that 2) the metals in the incinerator will last longer be
cause of fewer thermal cycles . The disadvantage of continuous feed
ing is increased capital and operating costs for an additional step, 
since the feed must be sorted and shredded in order to be fed to the 
incinerator. 

The first attempt at continuously feeding the Cyclone Incinera
tor was made by dropping shredded feed into an air inlet line with a 
rotary valve fed from a bin. Jamming of the rotary valve was the 
major fault of the system. The second attempt will be with a screw 
feeder and a revised bin. Feed rates up to 50 kg/hr were achieved 
with the rotary valve system. 

Experiments have shown that the cyclone system can also reduce 
volumes of combustible liquids. For example kerosene, kerosene/ 
tributyl phosphate and vacuum pump oils have been burned. 
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For burning combustible liquids, a commercial oil burner, de
signed to burn all types of fuel oils, was chosen as the primary com
bustion unit. The steel drum combustion chamber was modified some
what with the addition of a castable refractory liner and the instal
lation of the oil burner at the base of the drum. Interchanging the 
burn chambers is a practical way of providing multiple fuel bu~ning 
capabilities with minimum effort . The induced air current is as use
ful as in the solid-batch incineration; it prolongs retention cime in 
the high-temperature zone so that all necessary secondary combustion 
can be completed. No changes were considered to be necessary in the 
off-gas handling system. 

Several safety devices have been installed to protect against a 
possible local concentration of flammable vapors. A propane p~lot 
flame with automatic ignition was installed to initiate liquid burn
ing. In the event that an oil flame would extinguish through blow
out, feed cut off, etc., an ultraviolet sensor automatically re
ignites this pilot flame. 

Tests using liquid feed have shown that mixtures of tributyl phosphate 
(TBP) and kerosene burn readily, at least in the percentages used. It 
was found that igniting kerosene alone, prior to feeding the mix ture, 
resulted in a superior initial burning of the mixture. The feed rate , 
after ignition, was 15 liters per hour. At this feed rate, the 
scrubber cooling sy stem approached capacity. Increased cooling 
capacity would , therefore, be necessary for a higher feed rate. The 
primary conclusion of this experiment was that the incinerator system 
can handle the mixture of 30% TBP-70% kerosene common to the nuclear 
industry. 

Off-Ga s Composition 

We have extensively monitored the exhaust from the Cyclone In
cinerator to determine the effectiveness of the scrubbers in removing 
acid gases generated in the combustion of materials commonly used in 
nuclear operations. The data in Table IV were collected during the 
incineration of waste containing 18 wt % chloride and 2 wt % sulfur . 
Because no externally fueled burner is utilized for solid waste com
bustion in the Cyclone Incinerator, the composition of the waste de
termines the peak temperatures of combustion which range from 1100 to 
1300°c. 

Table IV Typical off-gas analysis for cyclone incinerator. 

Component 

Carbon Dioxide 

Oxides of Nitrogen 
Nitrogen 

Hydrogen Chloride 

Oxygen 

Sulfur Dioxide 

Water 

Treated Off-Gas 

9.0 wt % 
10-600 ppm 

66.2 wt% 

1-13 ppm 

13 . 5 wt % 

Not detectable 

11 . 0 wt % 
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A series of =hloride mass balance runs was made to define more 
clearly the disposition of chlorides generated during the combustion 
of polyvinyl chloride (PVC) in the cyclone incinerator. Known amounts 
of PVC were burned . Before the first run and after each succeeding 
run, the scrubber solut ion was sampled for chloride. A collection 
train monitored the of::-gas pr~or to the HEPA filter. Chemical anal
ysis indicated tha~ 87 wt % of the chlorides in the -PVC went into the 
scrubber solution and a statistical average of 0.6 wt % showed up in 
the of f- gas . The remai ning 12 wt% is unaccounted for, but most like
l y some remained wi th the ash and some was attached to solids removed 
f rom the scrubber solution by the liquid filter. 

We have also mon~tored the off-gas during liquid incineration. 
A solution of potassiun hydroxide was cycled through the deluge tank 
and vent uri scrubber to remove phosphates from the flue gas stream. 
The scrubber systeo effectively removed phosphates from the off-gas. 
Measurement of phosphates in the flue gas indicated a range of from 
0.3 to 2. 1 ppm at an average phosphate concentration of 1.3 ppm. 

Extensive particle monitoring was performed at approoriate 
poincs in the incineration system during combustion of simulated 
wastes to assess the effect of adjustments to the system, to deter
mine the effectiveness of the off-gas system components and to esti
mate the HEPA filter life expectancy. The HEPA filter , unlike the 
off-gas system compone~ts, is not self-cleaning and must be re?laced 
when loaded. A low loading rate is desirable from operating cost and 
volune reduction aspects . 

Radioactive contamination of actual waste has made particle 
sampling more difficult, but at points where comparisons have been 
made, the size and distribution of particles are nearly identical for 
all t ypes of feed. 

Immobilization 

Controlled experiments were conducted on the selected pressed
pellet matrix chosen for the immobilization process of incinerator 
ash residue. The experiments were designed to provide data for evalu
ation and selection of the best pellet matrix for incinerator ash and 
Portland Type lA cement. 

Certain process parameters previously determined and evaluated 
during screening studies with the pressed ash-cement matrix were fixed 
throughout the entire experimental sequence. The parameters in the 
process which were held constant are: 

1. 
2. 
3 . 

4 . 
5 . 

Pressing pressure of 25,000 psi for 1-min duration. 
Three-grao matrix weight. 
One-half inch pressing die, which, with a 3-g charge, 
produces a relatively standard 1/2-in. diameter by 
1/2-in . high pellet (L/D ratio approximately 1) . 
Dry Cure Cycle - two days (48 hr) in open atmosphere. 
Wet Cure Cycle - four-day (96 hr) cure in distilled 
water followed by a two-day cure in open atmosphere. 
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Five groups of waste matrices samples were evaluated during the 
contr;illej experiments. Pellets were pressed with 601~, 65%, 70%, 80% 
and 07. ash residue (100% Portland lA cement). The pure cement pellets 
were pressed for control comparison conditions . The water-to-cement 
ratio was varied in each sample group to determine the water-to-cement 
ratio which woulc p:oduce acceptable pressed pellets. Normall y , six 
~ater-to-cement ratios were evaluated ranging from a =oo dry condition 
(fracturing pellet matrix after pressing) to a wet condition (excess 
Tio•ater ejected from die during pressing operatior_). 

The control condition matrix (100% PortlaLd lA cement) contain
~ng 0% incinerator ash at acceptable water-to-cenent ratios produced 
nearly identical pressed pellets. The dry-cure nethod produced 
pr7ssed pellets of unif~rm compressive strength, density, and final 
weight. Based on the fir.al weight of the pellets, the calcu:ated per
centage cf water remainir.g in the matrix is approximately 2% for the 
dry-cure method. Similarly the wet-cure method produced pressed 
~7llets also of. uniform tut higher compresidve scrength, density , and 
=inal pellet weight . However, the wet-cure method retained approxi
nately 1C•% water in the matrix form. 

The dat a shown in Table V for the 60%, 65%, 70% and 80% ash
cement pres sed matrices are g i ven only for the cwo best water-to
cem7nt r c. tios even t hough f our acceptable and t ested wat er -to-cement 
=atios were a t tained. The data clearly indicate that the wet-cure 
~ethod produces.ash-cerrent matrix havi ng higher compressive strength 
_han pell7ts which were dry cured. In general, the compressive 
3trength increased a s the percent of ash in the matrix decreased. 
T~is : esult was expected since the cement (binder) contribut es signi
fican ~ly to the ?ellet compressive strength. 

As the percent of incinera t or ash was iLcreased, the water-to
~ement ratio a lso increased. This was also expected as observed in 
?ast screening s t udies conducted on the ash-cement pressed matrices. 
Although a small portion of water must be required for ceme~t inter
actio~ and blending , the ash requires significant amounts of wa~er to 
wet ~~7 ash ~ecause of ~=s hydrophilic characteristic. Although this 
condition exists, the final pellet weights after curing are close in 
final weigh t value · as the 0% ash matrix final weight. The 60/40 ash
cement ma tr i x after wet- ·~ure processi~g, however, gained weight ; the 
reason for this is prese~tly being investigated . 

The density of the various ash-cement pressed pellets increased 
as the percent of ash de~reased . The density ranged from 83-88% of 
the 0% ash-cement pressed matrix; however, the density values calcu
lated for the ash-cement various matrices were taken, and t~e radio
graphs clearly show that no void , crack, or f~ s sure exists in any 
of the ash-cement pressed pellet matrices. 

M:chanical strength and corresponding percent weight loss of 
the various pressed pellets were also deternined . The pressed pellets 
were placed in stainless steel containers whicc were clamped into a 
Model BT Wrist Action Shaker. The shaker was set at the maximum 10° 
shake angle to vibrate the samples in a circular motion inside the 
fixed container. The shaking action was continued for 50 hr and the 
weight.loss was determined. The resulting weight looses are' also 
shown in Table V. All the samples experienced a slight rounding of 

.. . 
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the edge that contacted the scainless steel container; one slight 
abrasion occurred on the walls of the samples . Figures 3 and 4 are 
photographs of the 100% cement pressed pellet before and after the 
shake test. Radiographs of the pellets taken before and after the 
shake test showed that the pellets were still homogeneous and con
tained no voids , cracks, or fissures. Although the percent weight 
loss is higher for the 60%, 70% and 80% ash-cement pressed matrices 
as compared to the 100% cement pressed matrices, this result would be 
expected based on the lower com?ressive strength values. 

Figure 3 Pel l et before shake 
test . 

Voli:.rne Reduct~on Efficiency 

Figure 4 Pellet after snaI<e 
test . 

Prior to the initiation of the controlled experimentation on the 
a~h-cement ma=rix process, a new batch of incinerator ash was prepared 
with the cyclone incinerator . The composition of the incinerator feed 
was Type I, which consisted of 32 wt % paper . 9 wt % PVC 29 wt ~ 
polyethylene , 8 wt% polypropyl ene, 13 wt % rubber, 3 wt' % cloth : and 
6 wt % metal . A total of 11 . 2 kg (24.6 lb) of the uncompacted 
combustible composition (2.2 f c 3

) was burned in a 55-gal drum. The 
resulting ash, ;ontaining approximately 20% carbon, was then sintered 
for 1 hr at 800 C to reduce the carbon content to approximately 0.04% 
carbon. After grinding and sizing . the sintered ash weighed 340 g 
and contained a volume of 570 cm3 • 

Based on thepelletization process for a pressed ash-cement 
matrix ratio of 70/30, approximately 162 pressed pellets could be 
produced. These pellets would weigh approximately 494 g if dry cured 
and approximately 534 g if wet cured. The resulting volume of the 
immobilized matrix would be approximately 252 cm 3 for the dry-cure 
product and approximately 256 cm 3 for the wet-cure method. This 
analysis is based on the preliminary data obtained during the experi
mentation controlled processes (Table V) . 
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Table V Pressed Ash-Cement Pellet Matrix 
Controlled Experimental Process 

AveragP. 

Compressive 
Ash Percent Percent 
~ ~ Cement 

Water/ 
Cement 

Cure 

Loss 
During 

Cure 
(wt %) 

Dens it~ Streng ch 
~ ~-(,,.P..;:;S.;;;i)'-

0 100 0 . 10 x 5.9 2.29 3635 
0 100 0.125 x 6.1 2.30 3661 
0 100 0.15 x 6.5 2.32 3668 
0. J.00 0.175 x 6.7 2.33 3670 
0 100 0.10 x 2.1 2.43 4580 
0 100 0.125 x 2. 0 2.45 4330 
0 100 0.15 x 1.5 2.47 4192 
0 100 0.175 x 1.2 2.49 4293 

I 60 40 0.45 x 6.2 2.00 3470 
I 60 40 0.45 x (4 .1) 2.30 3600 
I 60 40 0.50 x 8.9 2.00 3470 
I 60 40 0.50 x (3.5) 2.29 3620 
I 65 35 0.60 x 11.8 L90 3484 
I 65 35 0.60 x 5.5 2.21 3583 

II 65 35 0.60 x 7.9 2 .51 3605 
II 65 35 0 . 60 x 5.2 2.56 3911 

III 65 35 0.25 x 2.7 2.47 3618 
S-UK* 65 35 0 . 60 x 7.4 2 .08 3619 
S-UK* 65 35 0.60 x 3.3 2.18 3733 

I 70 30 0.70 x 11.0 1.96 2480 
I 70 30 0.70 x 4.9 2.01 3640 
I 70 30 0.75 x 11.1 1.96 3470 
I 70 30 0.75 x 3.2 2.11 3625 
I 80 20 1.10 x 7 .1 1.92 2480 
I 80 20 1.10 x 3.3 2 .08 3600 
I 80 20 1.15 x 7.9 1.92 2480 
I 80 20 1.15 x 2.9 2.08 3570 
I 80 20 o. 70 x 9.P 2.03 'V2507 
I 80 20 0.70 x 2.7 2.15 "-3640 
I 80 20 0.85 x 9.0 2.04 'V2500 
I 80 20 0.85 x 5.6 2.10 'V3670 

Shaking 
Loss 

~ 

0 .50 

0 .84 

4.45 
3.21 

·0 .62 
4.33 

1. 78 
3. 70 
2.27 
3.63 
3. 72 
3.84 
1.85 
4.45 

*S-UK denotes pellets containing 3 wt % Na2srn
3 

that were made 
with "unknown type" ash 
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The data indicate the overall process efficiency starting with 
uncorrpacted combustible Type I composition through incineration and 
immocilization is approximately 95% in weight reduction and approxi
mately 99% in volume reduction. 

The selected fixation process, which is a cement/ash pressed 
pellet matrix, was chosen on the basis of the waste matrix meeting 
known WIPF acceptance criteria and , also, with respect to simpl icity 
~f the process in terms of process~ng , process equipment , and operat
ing costs . Figure 5 shows a flowsheet for the pelletization process 
of incinerator ash residue . 
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