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ABSTRACT 

We developed a conceptual design for a processing 
system in which the organic components of 
hazardous or mixed waste would be destroyed, 
while discharging virtually no gaseous or liquid 
effluents. Only solid products would be produced. 
For mixed waste feeds these could then be 
transported and disposed as low level waste. This 
system would oxidize the organics using any one of 
several destruction processes adapted to replace air 
with a mixture of O2 and recycled CO2- Net 
production of CO2, HCL and H2O in the closed 
recycle system would be scrubbed or reacted to solid 
products such as CaCQ3, NaCI, and concrete. This 
no-effluent design may improve community 
acceptance of a waste destruction system. 

INTRODUCTION 

Along with many other facilities in the 
country, Lawrence Livermore National Laboratory 
(LLNL) looked into building and operating an 
incinerator to destroy hazardous and mixed wastes. 
Efforts were made to identify processes that might 
improve public acceptance and ease of permittir.g. 
The potential for trace radionuclide and metal 
particulates, tritiated water vapor or liquid, carbon-
14 dioxide, and undesirable products of incomplete 
combustion (PICs) to be released into the Livermore 
Valley atmosphere with the flue gas and into the 
sewer with the quench water and blowdown were 
of particular concern. 

As part of this program, we sought to conceive 
a processing system that would accomplish the 

This work was done under the auspices of the United States 
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necessary waste destruction yet eliminate all 
gaseous and liquid effluent streams. Only solid 
products would be produced which could be further 
stabilized if needed and drummed. In the case of 
mixed waste feed, these solid products could then 
be transported and disposed as low level waste. 
Simply stated, nothing leaves the system that is not 
a disposable solid, in a drum, on a truck. 

In a conventional waste destruction system, 
the gas products leaving the destruction unit are 
quenched, scrubbed for particulates and acid gases, 
passed through a HEPA filter bank, monitored, and 
then released to the atmosphere. Water from the 
quench and scrubber solutions is separated by 
evaporation, monitored, and released to the sewer. 
It is difficult to assure that these gas and liquid 
effluents will always contain absolutely zero PICs or 
metal or radionuclide particulates. They wilt 
certainly contain C W C 0 2 and HTO if carbon-14 and 
tritium were in the feed. While the public health 
and environmental risk from weil-engincered and 
operated systems may be negligible, the local public 
often still rejects these pioposed operations because 
of the effluents. 

Quantitative aspects of the no-effluent design 
were evaluated using LLNL's incinerable mixed 
waste streams. In 1989 these were estimated to total 
283 tons per year. The diverse laboratory waste 
streams were put into three categories. These 
contain various extents of hazardous metals and 
radioisotopes including T 3 , Cl*, P->2, S 3 ^, fission 
products, and transuranics. Solvents and oils (e.g. 
toluene, trichloroethylone, machine oil) mixed 
with - 5 % water add up to 35 ton/yr. Water mixed 
with -10% of these solvents and oils makes up 118 
ton/yr. Solids, including gloves, rags, paper wipes, 
containers, and medical wastes make up 130 ton/yr 
of the incinerable mixed waste stream. In addition 
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to these yearly streams, LLNL has a sizable 
accumulation of mixed waste awaiting appropriate 
destruction and disposal procedures. 

The treatment, transportation, and/or disposal 
of incinerable (high organic content) mixed wastes 
presents a greater challenge than other waste 
categories in terms of regulations, public acceptance, 
and technical issues. Nonincinerable waste 
streams, mainly aqueous, are amenable to the more 
readily accepted processes of neutralization, 
evaporation, solidification, and stabilization. 
Nonradioactive hazardous organic wastes can be 
treated on site under KCRA guidance and 
technologies or off site by commercial arrangement. 

While material and energy balances were done 
for LLNL's incinerablc mixed wastes, the general 
system and conceptual process design presented 
here would be widely applicable to most sensitive 
or difficult incinerable hazardous or mixed waste 
streams. 

SYSTEM DESCRIPTION 

General Concept 

The products from thermal destruction 
processes are typically N2 (from the air used as an 
oxidant), CO2, H2O, HC1 (or HF), PICs, and 
particulates. FJirnination of gas and liquid effluents 
requires that all products be converted or captured 
into solid form. The CO2 (and C ^ O j ) can be 
converted into a solid product by reaction, such as 
with lime (CaO) to form solid calcium carbonate 
(CaC03). The H2O (and HTO) can be reacted with 
cement to form solid concrete. The HC1 can be 
scrubbed with NaOH to produce NaCl. Particulates 
and PICs can be incorporated into these solid 
matrices or recycled to extinction. 

There is no convenient solid sink for nitrogen. 
This necessitates modification of the thermal 
treatment process to replace N2 with recycled CC7 
as the diluent in the oxidant feed stream. The 
system would be sealed to prevent influx of air 
nitrogen. Entrained nitrogen in the feed material 
would be removed by a displacing purge of steam or 
CO2. 

This system is not tied to incineration, ft is 
compatible with a wide variety of thermal 

destruction processes that could be adapted to leak-
free closed system operation using O2 and recycled 
CO2 instead of air. 

Description of System 

The no-effluent waste destruction system is 
shown in Figure 1. For the destruction unit, it 
could use one of several proven incinerator, 
pyrolyzer, or gasifier designs, or one (or a 
combination) of several novel waste destruction 
processes. Waste destruction technologies that 
might be considered for adaptation to the no-
effluent system include: controlled air incineration 
with secondary combustion, pyrolysis with gas 
oxidation, SHIRCO-IK low air pyrolysis with 
secondary gas oxidation, steam gasification with gas 
oxidation, wet air oxidation, electrochemical or acid 
oxidation, supercritical water oxidation, molten salt 
destruction, molten glass conversion with gas 
oxidation, or plasma pyrolysis or oxidation. 

To fix ideas, the system description that 
follows is tailored to an oxidative thermal 
destruction technology such as controlled air 
incineration. Several variations on the other units 
in the system are possible. Some of these are 
mentioned later. 

Pure oxygen, diluted with recycled CO2 and 
steam would replace air as the oxidant. 
Supplemental fuel, such as CH4, would be required 
for low heating value feeds. Products from the 
destruction unit would be similar to the CO2, H2O, 
HC1, ash mixture from a conventional incinerator 
with the important differences being no nitrogen 
and more CO2. 

A standard quench and scrubber system would 
condense most of the water and drop out most of 
the ash, including particulate metals and 
radionuclides. An acid gas scrubber, perhaps of 
packed tower or venturi design, would remove HCI 
and other halogens by reaction with aqueous NaOH 
to form salts. 

In the no-effluent system, the gas stream 
leaving the HCI scrubber, mainly CO2, passes 
through another scrubber which converts a portion 
of the CO2 into solid form. One method of doing 
this would be a venturi scrubber in which reaction 
with calcium hydroxide (Ca(OH)2) solution will 
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Figure 1. No-Effluent Waste Destruction System 

form solid calcium carbonate (CaCQ}). The 
unsolidified portion of the CO2 stream would be 
recycled back to the destruction unit with no gas 
discharge to the atmosphere 

Because the no-effluent system is closed, high 
efficiency filtration of the gas stream is not needed. 
Unscrubbable elements, such as nitrogen, that enter 
the system with the feed or through leaks would 
slowly accumulate. This would be managed by an 
occasional system purge, or a small slip stream. 

Consistent with standard practice, most of the 
particulates (metals, radionuclides, and solid PICs) 

and soluble PICs would be removed with the 
quench water and ash stream. Some fraction of the 
remaining particulates and PICs will be captured in 
each of the next two scrubbers in the solid salt and 
calcium carbonate matrices. The remaining trace 
metals, radionuclides, and PICs that are not 
captured will be recycled to the destruction unit. 
There, the PICs will have another chance to be 
destroyed (another 99.99%) and the metals and 
particulates will be captured the next time around. 

In a conventional system, the water-ash 
mixture leaving the quench and particulate 
scrubber would be separated by filtration or 



evaporation into an ash product and a liquid 
effluent to be further cleaned and then sewered. In 
the no-effluent system, a portion of the water in the 
water-ash mixture is separated for recycling to the 
quench unit. The ash plus net water from the 
waste and its oxidation will be converted to a solid 
product by addition of dry cement to form a solid 
concrete. Most of the metals, radionuclides and 
tritium would be contained in this solid product. 
The cement addition would be optimized to 
produce a leach-resistant stabilized material suitable 
for disposal. 

The HCi and CO2 scrubber slurries would be 
filtered to produce recycle hydroxide solutions and 
moist cakes of salts and solids such as NaCl and 
CaC03- These solids would then be stabilized with 
cement to form a disposable solid material. A small 
fraction of the metals, radionuclides, and tritium, 
and most of the C 1 4 would be contained in these 
solid products. 

There are several variations of the system 
described above and shown in Figure 1. Much of 
tlie product gas cooling and ash separation could be 
done by indirect cooling and filtration instead of the 
wet quench and venturi particulate scrubber 
shown. The CO2 sorbent could be calcium (shown), 
sodium, or potassium oxides or hydroxides. The 
CO2 solidification scrubber process and the HCI 
neutralization scrubber process could be a dry 
packed or fluidized bed, or a wet venturi scrubber or 
packed tower. It might be possible to combine the 
HCI neutralization with the CO2 removal into one 
unit. The variations replacing wet units with dry 
ones would require more complicated thermal 
design but less aqueous separations, recycling, and 
cement addition. 

If gaseous effluents must be eliminated but 
liquid effluents are acceptable, separation and 
recycling of scrubber solutions can be simplified and 
cement addition reduced. 

Material Balances 

Approximate material and energy balances 
were carried out in applying the no-effluent system 
to LLNL's incinerable mixed waste stream described 
above. We estimated that 65 ton/yr of CH4 would 
be required as auxiliary fuel to destroy the 283 
ton/yr of mixed waste. The production of CO2 

would be 420 ton/yr, or 960 ton/yr of solid CaCCg. 
After stabilization with cement at a 1.2:1 ratio, this 
makes 2100 ton/yr (-105 truckloads/yr) of 
disposable solid product. The solid salts from the 
HCI scrubber would be much smaller in magnitude, 
perhaps 100 ton/yr after stabilization. 

The water in the waste stream plus the water 
produced from oxidation of waste and natural gas 
totals 328 ton/yr. After cement addition, this makes 
about 700 ton/yr (-35 truckloads/yr) of disposable 
concrete. 

Table 1 compares the products from the 
proposed no-effluent system to those from a more 
conventional rotary kiln incinerator system, 
assuming maximum water recycling for both 
systems. 

Table 1. Products (ton/yr) from destruction of 283 
ton/yr of mixed waste in a conventional rotary kiln 
incinerator system and in the proposed no-effluent 
system. 

Product Stream Conventional 
System 

No-Effluent 
System 

Gas Effluent 
to Atmosphere 5 3 0 0 
Water Effluent 
to Sewer 350 0 
Stabilized 
Soiid Products 130 2,900 

DISCUSSION 

Gaseous effluents to the atmosphere and 
liquid effluents to the local sewer system would be 
virtually eliminated by this system. While many 
technical issues need to be looked at more closely, 
our preliminary assessment is that this process is 
feasible and would use already developed processes 
and components. Some development and pilot 
demonstration work will be needed for system 
integration, including temperature, flow, and 
pressure control, and upset response. Capital and 
operating costs of an installed system may be 
expected to be two to five times higher than for a 
more conventional incineration system. 



The local public health risk and 
environmental impact from chronic effluent 
emissions would be reduced from very small to 
virtually zero with this no-effluent system. The 
closed nature of the system may also eliminate or 
reduce episodic emissions, although the added 
complexity and novelty of the no-effluent system 
makes abnormal episodes potentially more likely. 

The no-effluent system requires large amounts 
of solidifying agents such as lime (CaO) and cement 
to be produced and trucked in. For LLNL's mixed 
waste stream, the amount of solid waste to be 
trucked away and disposed is approximately twenty 
times that for a conventional system. An 
incremental amount of pollution and industrial 
accident risk would be associated with the extra 
lime and cement production. Added trucking 
carries with it added air pollution and risk of L'affic 
accidents. Totalled over the nation, the pollution 
and health risk is larger for the no-effluent system 
than a conventional system, but this risk. 

Because local air and water emissions from the 
waste treatment system would be eliminated, the 
no-effluent system may improve local public 
acceptance which in turn may lead to improved 
permitting prospects. Getting permits from the 
state and local air and water boards should also be 
simpler and easier. On the other hand, the 
somewhat greater complexity of the no-effluent 
system, and its novelty may tend to make 
permitting more difficult. 

CONCLUSIONS 

In conclusion, a system for destroying mixed 
and hazardous wastes while emitting virtually no 
gaseous or liquid effluents was conceived. It 
appears feasible using currently available 
technology, although costs might be two to five 
times higher than with a more conventional 
system. It would eliminate gas and liquid 
discharges to the local environment, but would 
produce about twenty times as much solid lo be 
trucked away as a conventional 
incinerator/scrubber system, and would require 
large quantities of feed lime and cement to be 
manufactured and trucked in. These latter factors 
would increase the total (local plus nonlocal) 
environmental and health costs. These advantages, 
disadvantages, and cost must be evaluated when 
comparing this no-effluent system to a more 
conventional plant that was excellently engineered 
with large margins of safety and high quality 
control. 
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