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ABSTRACT 
This pollution prevention opportunity assessment was conducted to evaluate the operation 
of the supercritical water oxidation flow reactor, which is located in Building 906, 
Room 107. This assessment documents the processes, identifies the hazardous chemical 
waste streams generated by these processes, recommends possible ways to minimize 
waste, and serves as a reference for future assessments of the supercritical water oxidation 
reactor process. 
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POLLUTION PREVENTION OPPORTUNITY ASSESSMENT 
FOR THE SUPERCRITICAL WATER OXIDATION FLOW REACTOR 

Introduction 
Department of Energy (DOE) orders 5400.1 and 5400.3 mandate the development of a 
waste minimization program.lj2 The program’s goals are to: 

reduce volumes of hazardous wastes and toxicity, 
implement a system of tracking and reporting improvements, and 
devise a method for performing tasks. 

To satisfy the requirements of this program, Sandia conducts pollution prevention oppor- 
tunity assessments (PPOAs) to identify waste-generating processes. The information col- 
lected from a PPOA then is used to identify waste minimization opportunities. 
This PPOA was conducted on the supercritical water oxidation flow reactor, according to 
the Pollution Prevention Opportunity Assessment Plan for SNL/California.3 The primary pur- 
pose of this PPOA is to document the supercritical water oxidation process, identify the 
waste streams, and serve as a reference for future assessments. It will be reevaluated in 
approximately 18 to 24 months, after the lab personnel have had enough time to imple- 
ment recommendations, and the results will be compared to the baseline established in this 
assessment. 

Sum ma ry 
The supercritical water oxidation flow reactor is used to conduct fundamental research and 
development on the characteristics of the oxidation process in supercritical water. Studies 
are conducted to determine the kinetics of the oxidation of various aqueous organic mix- 
tures. The ultimate goal is to develop processes to treat aqueous hazardous waste contain- 
ing small amounts of organics and to reduce them to nonhazardous waste. 
The research is dynamic and conducted on various mixtures of organic materials and 
water. Therefore, waste streams and volumes of waste generated are not consistent for any 
length of time. In 1993 and 1994, the supercritical water oxidation process generated 
approximately 1,000 kg waste per year, but the number, volume, and types of chemicals 
varied widely. This inconsistency makes identifying waste minimization opportunities dif- 
ficult. 

However, one way to minimize waste from this process would be to determine if each 
waste generated is indeed a hazardous waste. In some cases, the amount of organic materi- 
al left in the aqueous solution is less than 100 ppm. The Environmental Operations 
Department may be able to use the analytical data generated during experiments (the con- 
centration and the type of solution components) to determine whether the effluent from 
the experiments may be disposed of in the sanitary sewer as nonhazardous waste or if it 
must be disposed of as hazardous waste. If the organic material concentration is within 
discharge regulations, the aqueous solution may be discharged to the sanitary sewer. 

7 



Pollution Prevention Opportunity Assessment 

Facility 
The supercritical water oxidation flow reactor is located in Bldg. 906, Rm. 107 (see Fig. 1)- 

Products 
Fundamental research and development of the detailed chemical kinetics of oxidation 
processes in supercritical water. 

Background 
Supercritical water oxidation is an 
emerging technology under develop- 
ment by government laboratories, uni- 
versities, and private industry for the 
treatment of aqueous wastes. The process 
runs at temperatures and pressures 
above the critical point of water (typical- 
ly 450450°C and 240 bar), and applies to 
waste streams containing 020% organics 
in water. 
An early patent for the process included 
data showing 99.99% destruction of 
many normal and halogenated hydrocar- 
bons, including tetrachloroethylene, 
DDT, and PCBs. Since then, the number 
of organic and inorganic chemicals, as 
well as complex mixtures, treated by 
supercritical water oxidation has grown 
considerably. 
The application of supercritical water 
oxidation to most Department of Defense 
and DOE hazardous wastes requires that 
the technology be advanced beyond its 
current level of development. 
Improvements will not be possible with- 
out better predictive models for the time, 
temperature, density, and concentration 
dependence of the oxidation process4 

Figure 1. hyouf offhe SupercrificnI Wufer Oxidation Flow Reuctor 
Area, Bldg. 906/Rrn. 107. 

. 
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Process Description 
The supercritical water oxidation system comprises five main subsystems or modules: 
pumping and pressurization, heating, reactor, cool-down and separation, and pressure reg- 
ulation.5 Generally the process follows these steps (see Fig. 2): 

1. Aqueous surrogate hazardous waste is pressurized and heated above its 
liquid/vapor critical point. 

2. An oxidizing agent (oxygen, air, or hydrogen peroxide) is injected into the fluid. 
3. The mixture is allowed to react for a short duration. 
4. The reaction products are cooled and separated. These reaction products 

include water, carbon dioxide, molecular nitrogen, and other gases, depend- 
ing on the composition of the waste. 

The effluent from the process can be evaluated for compliance with applicable discharge 
regulations before release to the environment.6 
The supercritical water oxidation flow reactor has a maximum operating temperature of 
650OC and a maximum operating pressure of 7500 psi. Flow rates can be varied from about 
1.5 mL/sec (nominal ambient-condition feed water, 25OC) to 0.1 mL/sec. A series of 
Marshal tube furnaces, with a combined power of 4500 W per line, heat the two parallel 
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Figure 2. Schematic of the Supercritical Water Oxidation Reactor Process. 
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preheat lines. These furnaces are individually controlled with Omega process controllers. 
Six Watlow 375 W cable heaters heat the 400-cm reactor section to maintain isothermal con- 
ditions along the reactor. The high-temperature portions of the system comprise 9/16" O.D. 
3/16" I.D. Inconel625 tubing and high-pressure fittings as unions. Inconel 600, sheathed, 
Type K thermocouples, located directly in the fluid at T-unions, are used to measure the 
temperature of the feed, oxidizer, and reacting fluid. The reaction is quenched with a coun- 
terflow heat exchanger, which lowers the fluid temperature below 400°C in approximately 
0.3 s ~ c . ~  
During processing, laboratory personnel measure the concentration of the reactants direct- 
ly in the reacting flow using laser-based spontaneous Raman spectroscopy.6 

Waste Stream Profiles 
Approximately 99% of the hazardous waste generated by the supercritical water oxidation 
lab are effluents from the reactor process. Figure 3 is a general process flow diagram for the 
reactor. 

Waste Generation 
Table 1 and Fig. 4 show the annual waste generation for 1993 and 1994. Note: Figure 4 does 
not include the following: acetic acid, empty containers, ethylene glycol, phenol, water / 
sodium carbonate, and rags/wipes. 

Raw Materials 
Chemicals: 

Methanol 
I so propanol 
Phenol 
Hydrogen peroxide 

Supplies 

J 

R & D  Results Supercritical water 
oxidation flow reactor 

i 

Hazardous Waste 
(sent off-site) 

Figure 3. Process Flow Diagram for the Superm'tical Water Oxidation Reactor. 
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Table 1. Hazardous Waste Generation Summary (1993-94)7 

9 

4 

Waste Stream I.D. 
Waste generated Waste generated I (kg) in 1993 I (kg) in 1994 

I Acetic acid I 3 I 0 

Acetone 109 0 

Amido napthol 61 0 

I Calcium sulfate I 81 0 

Empty containers 13 5 

Ethylene glycol 1 1 

HCUiodine 2 2 

HCUmethylene chloride 78 2 

Phenol, crystallized 0 0.7 

1 ,1 ,1-trichloroethane 16 4 

Water with 3% methanol 220 1072 

I Water with sodium carbonate I 22 I 9 

Water with nickel, chromium 261 0 

Water with sodium hydroxide 36 1 

Ragslwipes 5 0.2 

I Total 908 1097 
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Figure 4. Waste Generation Summary (1993-94). 
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Because the supercritical water oxidation laboratory is doing fundamental research and 
development, the waste streams and volumes are not consistent from one period to the 
next. The reactor is not run continuously and typically generates only 10-20 gal. waste per 
week.8 The variability can be seen in Table 1 and Fig. 4. In 1993, a variety of wastes was 
generated in quantities up to 261 kg. In 1994, the major waste was 1072 kg water/methanol 
(with S3% methanol). The other wastes generated in 1994 totaled only 25 kg. 
The cost of disposal and transportation of the waste generated in 1994 was approximately 
$700, which does not include handling and administrative costs.9 
Similarly, the waste streams will change throughout 1995. Research is planned on mixtures 
of water and methanol, isopropanol, phenol, and methylene chloride/hydrochloric acid. 

Material Balance 
Because supercritical water oxidation is a dynamic research program and the types of 
wastes generated are inconsistent, a material balance on the process is not feasible. 

Waste Minimization Recommendations 
Because this research generates such a wide variety of wastes, identifying many waste 
minimization opportunities is difficult. However, waste from the reactor is primarily water 
with a low concentration of organics. In some cases, the concentration of organic matter is 
a 0 0  ppm. This waste stream may not be a hazardous waste. Environmental Operations 
Department personnel could analyze it and determine if it should be disposed of as a haz- 
ardous or nonhazardous waste. If it is nonhazardous, it could be released to the sanitary 
sewer. Each waste generated would require analysis to determine if it is hazardous or non- 
hazardous before it could go to the liquid effluent control system and if nonhazardous, on 
to the sewer system. 
Other waste minimization options were identified: 

If possible, reuse the effluent containers after the waste material has been 
commingled or disposed of; 
Consider reprocessing the surrogate waste through the reactor to reduce the 
contents in the effluent to below regulatory limits. (This recommendation is 
reasonable for a much larger operation; however, a comparison of the current 
waste generation rate and cost of disposal to the costs associated with the 
research and development time spent by the staff to reprocess the effluent, it 
would not be cost effective at the current level of operation.) 
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