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ABSTRACT 

This report discusses the replacement of water by carbon dioxide in both the quench stream 
and the supercritical water oxidation (SCWO) reactor feed in order to reduce the energy utiliza- 
tion in the process. FLUENT was used to generate the input requirements and ASPEN PLUS was 
used to model the SCWO process. Simulations were made for normal MODAR operating condi- 
tions (baseline case> and two other cases replacing water by carbon dioxide. The basis for and 
assumptions used in the simulation are given. 

Economic evaluations were made and costs were compared with the baseline case and a case 
with 60% replacement of water by carbon dioxide. The equipment cost is almost the same. How- 
ever, the case with replacement of water by carbon dioxide reduces the energy requirement in the 
end process by a factor of three, which is a significant energy savings in the operation. 

Also, the injection of carbon dioxide into the SCWO reactor feed is expected to reduce cor- 
rosion and makes salt particles non-sticky. However, these advantages need to be confirmed by 
experiment. 

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 responsi- 
bility 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. Refer- 
ence herein to any specific commercial product, process, or service by trade name, trademark, 

, manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recom- 
mendation, 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 Governmenf or any agency thereof. 

iii 



iv 



CONTENTS 

... aBSTRACT ................................................................. 111 

1 . INTRODUCTION .......................................................... 1 

2 . THECURRENTSCWOPROCESS ............................................ 2 

2.1 Vertical Vessel Reactor . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 

2.2 Transpiring Platelet Reactor ............................................... 2 

2.3 Tubular Reactor ........................................................ 2 

2.4 MODAR Flow Process ................................................... 3 

3 . ENTHALPY CALCULATION AND PROPERTIES .............................. - 5  

3.1 Adiabatic Reaction Temperatures . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5 

3.2 Enthalpies of Formation .................................................. 6 

3.3 Thermodynamic and Transport Properties .................................... 7 

4 . F L O W S H E E T S ~ A T I O N  ............................................... 11 

4.1 BasisforFeeds ........................................................ 11 

4.1.1 Air ............................................................ 11 
4.1.2 Water ........................................................... 11 
4.1.3 Simulated Waste ................................................. 11 
4.1.4 Simulated Impurities ............................................... 11 
4.1.5 Pressure profile .................................................. 12 
4.1.6 Air Compressor ................................................... 12 
4.1.7 Temperatures ..................................................... 12 
4.1.8 Equation of State Used ............................................. 12 

4.2 Baseline Simulation .................................................... 12 

4.3 CASE-ASimulation .................................................... 13 

4.4 CASE-BSimulation .................................................... 13 

5 . SIMULATIONRESULTS .................................................. 14 

6 . ECONOMICEVALUATION ................................................ 28 

V 



7 . CONCLUSIONS .......................................................... 31 

8 . REFERENCES ............................................................ 32 

FIGURES 

1 . 
2 . 
3 . 
4 . 
5 . 

6 . 

7 . 
8 . 

9 . 

Modar’s SCWO flow sheet ................................................... 4 

Specific heats of SCWO fluids ................................................. 8 

Densities of SCWO fluids .................................................... 8 

Viscosities of SCWO fluids . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  9 

Thermal conductivities of SCWO fluids . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  9 

Comparison of water specific heat calculated from NBS steam tables with the 
approximation used in FLUENT model at 3500 psia and near the critical 
temperature of 652 K .................................................. . . . .  10 

SCWO Flow Sheet for Baseline Case . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  14 

SCWO Flow Sheet for Case.A ................................................ 18 

SCWO Flow Sheet for Case.B ................................................ 23 

vi  



ALTERNATE FLUID TO IMPROVE ENERGY 
EFFICIENCY OF SUPERCRITICAL WATER OXIDATION 

PROCESS 

1. INTRODUCTION 

Because supercritical water has unique characteristic which makes organics miscible in it, 
water at supercritical conditions (Tc=374OC, Pc=218 atm) is used as a solvent for mixing, a heat 
transfer media for preheating, a heat sink to control the fluid temperature, and a coolant to quench 
the reactor effluents in the supercritical water oxidation process. The extensive use of water to 
quench the effluent stream process results in very high energy requirements when separating this 
stream at the end process unit because water has a high heat of vaporization. We propose to 
replace as much of the water stream as possible by an alternate fluid which has heat transfer char- 
acteristics similar to those of water but which can be more economically separated from the haz- 
ardous or mixed wastes streams. 

The MODAR process uses quench water flowrates that are 1.6 times the reactor effluent 
flowrate to quench the effluent to less than 3OO0C before the first separator. This massive amount 
of water used in the quench stream goes into the end process unit where the water must be pro- 
cessed to separate wastes from the water. Preliminary ASPEN PLUS calculations indicate that 
carbon dioxide, one of the alternate fluid candidates, can be used to replace most of the quench 
water stream while adequately cooling the reactor effluents. It is recycled from the first separator, 
and is easily separately as a gas from the ppm level impurities in the end process. 

This replacement results in significant water reduction in the end process, which reduces the 
energy duty by a factor of 3 in the end process unit and makes the supercritical water oxidation 
(SCWO) technology more economically viable. In addition, the replacement of water in the reac- 
tor feed by carbon dioxide would alleviate much of the sticky salt deposit problem because the 
salts remain in a solid form in the ciwbon dioxide environment due to the lower solubility of salt in 
carbon dioxide. In the water environment some salts remain sticky. Also, the higher viscosity of 
carbon dioxide at the supercritical conditions would minimize the corrosion problem because of 
the lower mass transfer rate of heteroatoms (e.g.,chlorine, sulphur, etc.) to the wall. 
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2. THE CURRENT SCWO PROCESS 

There are three SCWO reactor configurations: tubular reactor, vertical vessel reactor, and 
transpiring platelet reactor, a porous wall reactor concept. The flow mixing is strongly coupled 
with the chemical kinetics and affects the destruction efficiency.192 Therefore the flow mixing is 
very important and is dependant on the reactor geometry and the mixing device of the waste 
stream and air stream. The brief generic descriptions of the reactor concepts are summarized 
below. 

2.1 Vertical Vessel Reactor 

The vertical reactor concept consists of a co-axial nozzle for the feed stream, a brine pool in 
the lower conical section to separate salts, a cylindrical space for the oxidation and an outlet pipe 
in the upper section. The unique design characteristics of this configuration provide a brine pool 
to separate salts at the bottom of the reactor and the reaction effluents are removed through the 
pipe located in the upper section. Due to the flow exit at the upper section, the flow generates a 
recirculation pattern downstream of the nozzle. The flow entrainment caused by this recircula- 
tion provides a backmixing which preheats the incoming waste stream. Also, the nozzle design is 
very important for the reactant mixing and salt Precipitation behavior. 

2.2 Transpiring Piatelet Reactor 

This configuration is very similar to a straight tubular reactor, but it has a porous liner along 
the tube wall. Supercritical water andor oxidants are injected radially into the axial waste flow to 
protect the wall from thermal stress, corrosion, and salt deposition on the wall surface. The reac- 
tor configuration consists of three sections: a preheating section, a reaction section, and a 
cooldown section. In the preheating section, hot water is injected through the porous wall to pr6- 
heat the waste stream and to provide a boundary layer to protect the wall from corrosion expected 
at 40O0C, which is the mixing temperature in the preheating section. In the reaction section, hot 
air and supercritical water (SCW) are flowed through the porous wall while cold water is injected 
through the cooldown section porous wall to cool down the reaction effluent. In these regions, the 
amount of water injected through the porous wall must be processed in the end unit, which is an 
evaporator or ion exchange column. 

2.3 Tubular Reactor 

The simplest design of a SCWO reactor is a thin tubular pipe whose heated initial length 
serves as a preacher to bring the high pressure feeds to temperatures above the critical point of 
water. The oxidation then begins in the section in the mid portion of the reactor, in which the reac- 
tants are heated by the exothermic heat release to temperatures above the critical temperature and 
the reaction rate increases. Because the flow is plug flow, there is no radial mixing to promote 
flow mixing. As a result, this configuration requires a lengthy pipe. Since the reactor is long with 
a small diameter, salt precipitation on the reactor wall is a plaguing problem, because it can cause 
plug up the reactor. 



2.4 MODAR Flow Process 

Figure 1 shows a schematic of a typical MODAR pilot scale flow sheet. Air and water are 
fed through a heat exchanger into the reactor via the outer nozzle and waste and water via the 
inner nozzle. If the reaction generates acids, a neutralizing chemical such as NaCl is added to the 
waste stream stoichiometrically. The oxidation reaction occurs downstream of the nozzle, gener- 
ating reaction products such as carbon dioxide and water. Heteroatoms are converted into inor- 
ganic compounds, usually acids, salts or oxides. Sulfur, if present in the feed stream, is converted 
into sulfate, phosphorus to phosphate, and halogens to haloacids. The reaction products, carbon 
dioxide and water, exit at the upper portion of the reactor and are filtered before they go to a heat 
exchanger to cool down. After they flow through another cooler, they enter the first separator, a 
medium pressure separator (1500 psia), where gases are removed at the top and liquids are fed 
into the second separator, a low pressure separator (100 psia), where the gas and liquid are 
removed at the top and bottom, respectively. If the liquid is still contaminated, it is recycled back 
to the reactor. If this occurs, it will reduce the waste treatment capacity. In chemical plants, the 
contaminated stream is treated in an ion-exchange column and/or evaporator. Precipitated salts 
are dissolved in the brine pool and removed at the bottom of the reactor. Then, the brine is sepa- 
rated at a third separator, a medium pressure separator (1450 psia). 

Regardless of reactor types used in the SCWO process, the flow process is very similar to 
Figure 1 and requires a quenching system. In the vertical vessel reactor and tubular reactor, the 
quench stream is mixed with the reactor effluent stream, while the transpiring platelet reactor uses 
radial mixing in the reactor through the porous wall. 
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Figure 1. Modar’s SCWO flow sheet 

4 



3. ENTHALPY CALCULATION AND PROPERTIES 

3.1 Adiabatic Reaction Temperatures 

We developed a method to calculate the adiabatic reaction temperature so it could be used 
to estimate the reactor temperature as a function of flows and temperatures of the input streams; 
this was determined to be very helpful in establishing sensitivities of reactor temperature to flow 
parameters and fluid properties.%49576 

The adiabatic reaction temperature is defined as the temperature that would be reached if the 
fuel and oxidant streams mixed and reacted adiabatically. If the heat losses from the reactor are 
low, as they are in this pilot scale reactor, the steady state (mixed) outlet temperatures predicted 
by FLUENT7 will converge to a value very near the theoretical adiabatic reaction temperature. 

FLUENT solves the energy equation in terms of conservation of the static enthalpy, h, 
defined as: 

h = E m i  hi 
i 

where 
T 

h i =  I cp, i dT 
'ref 

where mi is the mass fraction, Trefis a reference temperature (300 K in these calculations) 
and cp,i is the specific heat at constant pressure of species i. This sensible enthalpy does not 
include the enthalpy of formation of each species. For chemically reacting flows FLUENT calcu- 
lates the instantaneous enthalpy, h*, as: 

where hy is the enthalpy of formation of species i obtained at reference temperature T& 
(298.15 K in these calculations, see enthalpy of formation in 3.2. l), and Mi is the molecular 
weight of species i. FLUENT calculates and lists the values of h* for each cell in the computa- 
tional domain using the temperatures, compositions, and properties available to it. 
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We calculate the adiabatic reaction temperature by mixing the instantaneous enthalpies of 
the core flow and the annular flow (fuel and oxidant, respectively) to obtain a mass averaged 
instantaneous enthalpy which, in the FLIES" representation, includes the heat of reaction, i. e., 

'"coremcore + '"annulus m annulus 

mcore * mannulus 
- 

'*mixed - 

where m is the mass flow rate of the core and annulus. 

FLUENT calculates the enthalpy at the core and annulus inlets based upon the model input 
conditions. Then, using complete oxidation compositions, a temperature is found by trial and 
error which results in the same mixed enthalpy as calculated above. This is the adiabatic reaction 
temperature. Using FLUENT to perform the enthalpy calculations we were able to ensure that 
the properties used and the calculation method matched those in the actual FLUENT runs. Inher- 
ent in this calculational method is the assumption of negligible heat transfer from the reaction 
zone. This is a good assumption because the reactor is well insulated in the upper regions of the 
reactor bounding the reaction zone. Also, since the lower region has very low flows, there is poor 
heat transfer between the hot reaction zone and the cold brine region. 

Table 1 shows the results of our calculations of hot stream inlet temperatures as a function of 
both the core (inner nozzle) and annulus (outer nozzle) stream flowrates in order to achieve the 
adiabatic fluid temperature at 60OoC. This calculation was iterative assuming the inlet stream tem- 
perature and achieving the adiabatic temperature at 60OoC. An P A  flowrate of 165 l b h  was used 
for all the calculations. 

Table 1. Adiabatic reaction temperature 

Case 

Baseline 

Case-A 

Case-B 

Feed rate to nozzle Hot stream inlet 
(lb/hr) temperature (F) 

3155 H20 1112 

2585 H20 and 930 
571 CO, (40% replacement) 

2869 H20 and 1012 
286 C02 (20% replacement) 

3.2 Enthalpies of Formation 

The formation enthalpies for all species entering into the chemical reactions, together with 
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the reference temperatures at which these are defined, are required in the FLUENT model. The 
values used in these calculations were obtained from Reference 8 and are shown in Table 2. 

Table 2. Enthalpies of formation for SCWO species. 

Reference 
temperature 

(K) 

Formation enthalpy 
( J h o l )  

1 -3.1 1E08 298.15 

I H20 I -2.85E08 I 298.15 I 
I C02 1 -3.94E08 1 298.15 1 

0 2  0 298.15 

N2 0 298.15 

In the above table the formation enthalpies of P A  and water were taken to be those of the 
liquid state, while that of C 0 2  was taken to be a gas, representing their initial states. 

3.3 Thermodynamic and Transport Properties 

The critical point of water is at 3206 psia (22.1 MPa) and 374OC. A SCWO reactor is typi- 
cally run at a pressure somewhat higher than the critical pressure; the reactor simulated in this 
report was operated at a constant pressure of 3500 psia (23.8 MPa). 

The five chemical species considered in this application include PA, water, carbon dioxide, 
oxygen, and nitrogen. Properties needed for the calculations include the specie densities, specific 
heats, viscosities, and thermal conductivities. These properties were obtained from the Aspen 
code' as a function of temperature for the range of 300 K to 1500 K and a constant pressure of 
3400 psia. The vessel reactor has a relatively low pressure drop so the approximation of constant 
pressure properties will not introduce a significant error into the calculations. Water properties 
were calculated using the NBS correlations in the Aspen code, while the properties of the other 
fluids were calculated with the SR-Polar option. 

Figure 2 through Figure 5 show the specific heat, density, viscosity, and thermal conductiv- 
ity of all the species used in this study and also those of ethanol (ethanol was used in the bench 
scale study in Reference 5 ). 
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Figure 3. Densities of SCWO fluids. 
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FLUENT computes the mixture density from the individual specie densities as: 

1 p = -  

where mi is the mass fraction and pi is the density of species i. 

FLUENT computes the mixture heat capacity, viscosity, and thermal conductivity (shown 
for heat capacity) as: 

where (or pi or ki) are the specie properties. 

Figure 6 shows a comparison between the approximations of specific heat of water used in 
this study and the values predicted using the ASPEN NBS steam tables in Reference 9 . Figure 
A.37 in Reference 10 shows that the NBS steam tables are very accurate in the vicinity of the crit- 
ical point . 

150000 I I I I I 

- 

100000 - - 

50000 - - 

0 0  I 0 
500 600 700 800 

Temperature (K) 

Figure 6. 
used in FLUENT model at 3500 psia and near the critical temperature of 652 K. 

Comparison of water specific heat calculated from NBS steam tables with the approximation 
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4. FLOW SHEET SIMULATION 

The SCWO process was simulated using ASPEN PLUS for the baseline and cases replacing 
C02 in the quench stream and a feed stream. The baseline case was based on the MODAR flow 
sheet with water used in the quench stream. The energy consumption in the baseline is compared 
with that for C02 replacement in the quench stream and a partial replacement in the feed stream. 

The mass flow used in this simulation was obtained from MODAR and was scaled up by a 
factor of 10 because we wanted to evaluate a larger scale than the MODAR's pilot scale. 

The basis for and assumptions used in the simulations presented in Section 4 are given 
below. As additional data are obtained for different equipment or should assumptions regarding 
operation of the flow sheet be modified, the simulations can easily be rerun. 

4.1 Basis for Feeds 

4.1.1 Air 

2037 lbkr (467.2 ACFM, 434.4 SCFM), 21 vol% 0 2 /  79% N2 or 23.2 wt% O2/'76.8%N2. 

4.1.2 Water 

70% from storage tank, 14.7 psia. 

Supercritical water - 155 lbkr (Baseline) 
- 2585 lbkr (Case-A) 
- 2869 l b h  (Case-B) 

Quench water (Baseline) - 5950 lbkr to set the reaction effluent temperature at less than 
540%. 

Water to brine pool - 265 l b h .  

4.1.3 Simulated Waste 

Isopropyl Alcohol - 165 l b h ,  70%, 14.7 psia. 

4.1.4 Simulated Impurities 

Sodium Chloride - 0.1 l b h ,  70%, 14.7 psia 
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4.1.5 Pressure profile 

The outlet pressure of all high pressure pumps and the air compressor was assumed to be 
3600 psia, the outlet of the SCWO reactor 3500 psia, the first stage separator 1500 psia, the sec- 
ond stage separator 100 psia, and the evaporator 14.7 psia. 

4.1.6 Air Compressor 

The air compressor was simulated as 4-stage compressor with intercoolers on the first three 
stages only, cooling air to a temperature of 100%. 

4.1.7 Temperatures 

Baseline: Inner nozzle - 100% 
Outer nozzle - 11 12% 

Case-A: Inner nozzle - 122% 
Outer nozzle - 930% 

Case-B: Inner nozzle - 123% 
Outer nozzle - 1012% 

Reactor outlet: 11 12% (600OC) 
Evaporator: 212% 
Quench stream: < 540% 

4.1.8 Equation of State Used 

The ASME steam table, STEAM-TA, was used for all water streams. The Peng-Robinson 
cubic equation of state was used for the SCWO reactor and NRTL-RK, also known as the Renon 
model, for the liquid phase, the Redlich-Kwong equation of state for the gas phase, and Henry's 
law for supercritical components. The NRTK-RK was used in all the separators where the pres- 
sure is much less than that f& the reactor. 

4.2 Baseline Simulation 

The MODAR pilot scale flow sheet is shown in Reference 7 . Stream 1 is air at 70 F and 
ambient temperature., Air then is compressed at 3598 psia and 475% and is combined with water 
from stream 2. These streams are preheated at B 13 and enter the SCWO reactor through the outer 
nozzle. Stream 3 is isopropyl alcohol (PA) and is combined with water from stream 2. They enter 
the SCWO reactor through the inner nozzle. The SCWO reactor is operated at 3500 psia and 
11 12%. B23 is a splitter where the reaction effluents are removed and fed to B32, the brine is 
mixed with cold water injection from stream 4 and is fed to SEP3, the medium pressure separator 
via a cooler, B27. 

The reaction effluents, C02 and water, are quenched with cold water from stream 5 at B32. 

12 



MODAR wants to maintain the mixed temperature at less than 572'F (3OOOC). The quenched 
stream then is fed through a heat exchanger to reduce the temperature to 100% before it enters 
SEPl , the first separator. The first separator is a high pressure separator ( 1500 psia) to separate the 
gas and liquid at that condition. Approximately 80% of the CO;! is removed from this separator 
via the top, which goes to the atmosphere. Most of the water and remaining C02 goes to the sec- 
ond separator, the medium pressure separator, where the remaining C02 is removed from the top, 
and water and residues are separated from the bottom. If the liquid stream contains impurities, 
e.g., NaCl for this simulation, the impurities are separated at the evaporator. In the MODAR pro- 
cess, the impurities are recycled back to the SCWO feed stream. However, in this study .an evapo- 
rator was added to remove the impurities and determine the energy consumption. 

4.3 CASE-A Simulation 

Case-A is a 60% replacement of water by carbon dioxide in the feed stream, and one of the 
reaction products, carbon dioxide, is recycled to quench the reaction effluent stream. 

Since the feed composition to the SCWO reactor is different than in the baseline case, the 
inlet enthalpy is changed. In order to maintain the reactor temperature at less than 60O0C, the inlet 
stream temperature needs to be calculated. This enthalpy calculation was performed using the 
enthalpy equation as described in Section 3. 

As shown in Figure 8 in Section 5, carbon dioxide, a reaction product, is separated at the first 
separator, SEP1, and is recycled to quench the hot reaction effluents to 521%. Before the carbon 
dioxide is fed to the first separator, the air and carbon dioxide are separated in block B2. The sep- 
aration unit, B2, could be a membrane separator. Parametric studies on removing carbon dioxide 
from the air and combustion gases indicate that membrane separation is feasible existing plant 
technology. 

4.4 CASE-B Simulation 

The Case-B simulation is very similar to that of the Case-A simulation. The only difference 
is that Case-B condenses a 20% replacement of water by carbon dioxide in the feed stream vs. 
40% for Case-A. The Case-B simulation was performed prior to Case-A. However, it is presented 
in the later section. The concept of using carbon dioxide in the quench stream is the same as the 
Case-A. 
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5. SIMULATION RESULTS 

Results for three cases are shown in the following flow sheets, together with tables for each 
case. The flow sheets show the unit operations with flow rates, temperatures, pressures, heatl 
cooler duties and pump horsepower. Stream component and fow rates are given on material bal- 
ance tables following each flow sheet. The cases shown include the baseline case (no C02), Case- 
A (40% C02 in the core feed), and Case-B (20% C02 in the core feed). 

Figure 7. I SCWO Flow Sheet for Baseline Case. 
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- 
MWAR pilol scale M 5% 

12 ___ Stream ID 1 2 3 4 5 6 7 8 10 11 9 
Temperature F 70.0 70.0 70.0 70.0 70.0 474.5 98.8 M.6 187.7 1112.0 98.6 125.2 - 
Pressure PSI 14.70 14.70 14.70 14.70 14.70 3598.00 36w.00 3600.00 3600.00 3Bw.00 3wo.00 W.00 

Vapor Frw: 1 .000 0.000 0.000 0.000 0.000 1 ,000 0.000 0.000 0.427 1 ,000 0.000 0.000 

__ __ 
- 

Mole Flow LBMOVHR 70.812 175.128 2.747 14.710 330.275 70.812 175.129 95.752 166.564 166.564 79.377 2.747 
MassFlOw LWR 2037.000 3155.000 165.100 285.000 5950.000 2037.000 3155.000 1725.000 3762.000 3762.000 143O.ooO 165.100 

- 

VdumeFlow CUFTMR 27367.639 50.635 4.253 95.572 213.791 50.317 27.511 175.787 762.788 22.808 3.348 - 3.212 
Enlhalpy MMBTUMR 4.004 -21.542 -1.609 -40.603 0.193 -21.429 -11.716 -11.523 6.663 -9.712 4.351 4.358 

I__ 

- - I_ 

- _. __ __ Mass Flow L W R  

- 02 428.000 428,000 428.000 428.000 

ta 
IPA 
WATER 
c02 
N4CL 0.100 

1609.000 1 6 0 9 p  1609.000 160911oO ._______ ____ 
165.000 

___- .~ 3155.000 265.000 5950.000 __  -1-30.000 - 

___-I_ _____ . _ _ _ _ _ _ _ _ _ ~  ___ 165.000 
3155.000 1725.000 1725.000 1725.000 

- 
0.100 __ - 

-. - -~ Mass Frac 
or? 0.210 0.210 0.114 0.114 



~~~~ ~~~~~~~ ~~~~ 

MODAR pilot scale run 920 

Stream ID 13 '14 15 16 17 18 19 20 21 22 23 24 

Temperature F 100.3 1112.0 1112.0 1112.0 100.9 532.7 100.0 100.0 100.0 100.0 100.0 100.0 

Pressure PSI 36w.00 3500.00 3500.00 3500.00 3600.00 3500.00 3490.00 1500.00 1500.00 1500.00 lW.00 100.00 

Vapoc Frac 0.W 1 .000 1 .000 1 .ooo 0.W 0.188 0.109 0.111 0.000 1 ,000 0.002 0.000 

- 

MdeFlow LBMOLMR 82.124 252.807 250.946 1.881 333.275 581.221 581.221 581.221 516.521 64.700 516.521 515.381 

MassFlow LBMR 1595.100 5357.100 5323.571 33.529 59Jo.W 11273.571 11273.571 11273,571 9352.322 1921.249 -- 9352.322 9309.240 

Vdume Flow CUFlMR 26.577 1139.452 1131.701 7.621 97.191 500.113 265.031 403M4 152.540 251.094 2 1 3 0  25Ll.83! 
Enthalpy MMBTUMR -10.063 -18.780 --_-18.800 -0.180 58.989 - 84.366 - 84.383 83.249 -1.135 C3.269 -63.149 

MassFlow LBMR 

__ 

___.- - 

~ ____ - 

___ .- - 
32.647 32.647 32.647 32.647 32.647 0.445 32.292 0.445 0.025 

~ 

1609.000 1609.W 1609.000 1609.W 1609.000 11.973 1597.027 11.973 0.360 
-. 02 

N2 

IPA 
1430.W 3352.852 3319.323 33.529 5950.000 9269.323 9269.323 9269.323 9287.817 1.508 9267.817 9267.609 WATER 

362501 362.501 362.501 362.501 362.501 71.987 290.515 71.987 41.146 CO2 
NACL 0.100 0.100 0.100 0.100 0.100 0.100 0.100 0.100 0.100 

___ 
._____. ________. 

_____________. ~ - ___ 165.000 - 
-- 

__ 
__________ 

_____._.__ Mass Frac 
02 0.W 0.W 0.003 0.003 0.003 48PPM 0.017 48PPM 3 PPM 

N2 0.m 0.302 0.143 0.143 0.143 0.001 0.831 0.001 39PPM 

IPA 0.103 
WATER 0.896 0.626 0.624 1 ,000 1 .W 0.822 0.822 0.822 0.991 784PPM 0.591 0.996 

0.068 0.032 0.032 0.032 0.008 0.151 0.008 0.004 GO2 01188 

NACL 63PPM 19PPM 19PPM 9 PPM 9 PPM 9PPM 11PPM HPPM HPPM 

__ 
- . -  ._________ ~ ~ _ _  ~ 
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WhSCWand40.dC02blheCoreFeed 
2 3 8 7 8 9 10 11 12 Slrem ID 6 

FIUll AIRCOMP SCWUMP 852 862 
To AIRCWP SCWPUMP ORGPUMP BRNPUMP 853 852 853 -. 821 821 RXTOR B6 813 
Phase VAPOR LIQUID Ll9UlD LIQUID VAPOR LI9UID Ll9UlD LI9UID LIQUID LIQUID MIXED 
Subslream: MIXED 
Mass Flow W R  

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 428.oM)o 428.wM: 428.oooO 
___-.__. N2 1809.000 0.0 0.0 0.0 1609.000 0.0 0.0 0.0 0.0 0.0 1609.000 le 

os IPA 0.0 - 0.0 165.oooO 
0.0 2585.000 0.0 2 6 5 . m  0.0 2585.000 172.5000 2412.500 0.0 2412.500 ---172.5000 173.1389 WATER 

0.0 570.3611 CO2 0.0 0.0 O.O 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

N A U  0.0 0.0 . 1 w O  0.0 0.0 0.0 0.0 0.0 . 1 o  . 1 M ) o  0.0 0.c 

02 
N2 ,7898871 0.0 0.0 0.0 .7898871 ~ 0.0 0.0 0.0 0.0 0.0 - ,7282190 ,5788728 
IPA 

0.0 1 . o  0.0 l.W0000 0.0 1.W0000 1.a00000 1.000000 0.0 ,9359482 -0780780719 ,0622689 WATER 
0.0 .205129(1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 CO2 

-. _____. 
ORGPUMP 821 853 @ 8 -  

MIXED .- ______ 
____-_____-_________-___- __ - 

_____-_____ .____ - 
_- 428.oooo - ____ 02 

-___ 0.0 0.0 0.0 0.0 0.0 1 6 5 . m  1 6 5 . m  0.0 __- 
-___ _____ 

- - __ 
- ..__ 

__ ____-- - ______- __.______. -. M a s  Frac -_ 
0.0 .iwmgi 

0.0 - 0.0 - .9993943 0.0 0.0 0.0 0.0 0.0 .9ss3943 .0640130 0.0 01 

NACL 0.0 0.0 8.056941.4 0.0 0.0 0.0 0.0 0.0 6.056941.4 3.8795814 oa--- 0.c 

0.0 . 2101129 0.0 0.0 0.0 .2101129 0.0 0.0 0.0 __ -_ 
- 

- ~ _ _ _ _ _ _ _ _ _ _ .  __ 
--._.___ - - __._.____ .___ 

- ____ 

TOM Flow , LBMOVHR 70.81213 143.4893 2.74732? 14.70973 70.81213 143.4893 9.575205 - - 133.9141 2.747322 138.6614 80.38734 

Told Flow W R  2037.000 __ 2585.wO __ 165.1000 265.MM) M37.000 - 2585.000 172.5000 - 2412.500 165.1oM) 2577,600 2209.W 278o.500 
Told Flow WFTNR 2765.48 41AB878 - 3.212387 4.252886 215.4203 41.22650 2.751091 38.47E-41 3.342847 43.15127 186.4909 201.9247 

___-.-- 
_______ 

F 70.oooM __ 70.oMxx) 70.oooM 70.00000 474.- 98.64977 98.84977 __ 98.W977 123.9087 121.5794 321.1481 271.8769 

VaporFrac - 1.- 0.0 0.0 0.0 l.m 0.0 0.0 0.0 0.0 0.0 ,9249574 .9P(ulE 

0.a 

Enthalpy BTUAB -1.819535 arn.949 -2158.1~ az1.949 ~4.66370 6 7 9 i . m  8 7 0 1 . ~ 5  ~ 9 1 . ~ 5  -2112.522 w92.mg Lu2.9ffi5 - 1 m . w  

- Temperature 
Prarsure PSI 14.7- 14.7(1000 14.7ooM) 14.7oooO 3598.000 3600.000 3600.oM) 3Boo.000 3600.000 3600.000 _3600.000 35OO.oW - 

- 
____ L!quM Frac 0.0 l.o l.m 1.- 0.0 1.000000 1.OM)o 1.000000 l.ooM)(Io 1.ooOMX) ,0750428 .0779682 
SdId Frec 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Enmalpy BTULBMOL -53.34120 -1.23018+5 -1.29581+5 *1.2301E+5 2723.120 .1.ZWBE+5 -1.2236E+5 -1.2236E+5 1.2695E+5 -1.2245E15 -12175.78 -34534.51 

.____ 0.0 

_____- 
Enthalpy BTUMR -3706.392 -1.765OE+7 -3.5599E15 -1.8094E+8 1.9283oE+5 -1.7557E+7 -1.1716E+6 -1.WE+7 -3.4878E+5 -1.6734E17 -9.7878E15 -3.2249E+B 
E n t w  BTIJ&BMOL-R ,8647316 -39.20159 -106.6872 -39.20159 8.306702 38,38061 38,36061 38.36061 2 3 1 4 7  -39.54467 -9SzOoM) -9.631158 

EMWY BTWLB.R .Woogo6 -2.1760p -1.773318 -2.176019 4192386 -2.129338 -2.129338 - -2.129338 -1.719193 -2.096613 -3572789 -.323461C 

-- 
___. 

D W  
D d f Y  WWFT 
Average MW 

-~ 







Average MW 18,01526 18.01526 18.0168 18.01528 18.01528 18.01528 16.01528 18.03780 18,16698 
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00% SCW and ZWb CO2 In the Core Feed 
Slream ID 1 2 3 4 5 8 7 8 9 10 11 12 
Frwn AIRCOMP BCWPUMP 852 852 ORGPUMP B21 853 86 
TO AIRCOMP SCWPUMP ORGPUMP BRNPUMP 853 852 053 821 821 RXTOR 66 813 
Phpe VAPOR LIWID LIQUID LIWID - VAPOR LIQUID LIQUID - LIQUID LIQUID LlOUlD-_ - MIXED MIXED 
Subsiream: MiXED 
Maas Flow M R  

- 

02 428.oooO 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 428aMO 4 2 8 . W  428.8.woo 
1809.m 0.0 0.0 0.0 1809.00 0.0 0.0 0.0 0.0 0.0 1ww.m 1ww.w NP 

IPA 0.0 0.0 165.oooo 0.0 0.0 0.0 0.0 0.0 165.oooo 165.oooo 0.0 01 
WATER 0.0 2889.m 0.0 265.m 0.0 2869.00 172.boM) 2896.600 0.0 2698.500 172.5000 172.82X 
,202 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 285.680( 

NACL 0.0 0.0 .1000oM, 0.0 0.0 0.0 0.0 0.0 .lwMXx) .lMxXyM 0.0 0.c 

_ _ _ _ _ _ ~ _ _ _ _ _ _ _ _ _ _ _ _ _  
- - 

____ 

- 
- 

___ __ Mass Ffac 
0.0 0.0 0.0 0.0 0.0 ,1937090 ,171W8i .2101129 0 2  .2101129 

,7898071 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 .7282190 .6447F4( ,7898871 N2 
IPA 0.0 0.0 ,9993943 0.0 0.0 0.0 0.0 0.0 9983943 .a576600 0.0 01 

0.0 l.MMo00 1.- 1.- 0.0 ,9423050 .0760719 5 
CO2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 .1144781 0.0 

OS NACL 0.0 0.0 8.0589484 0.0 0.0 0.0 0.0 0.0 8.05694E.4 3.4945584 0.0 
Total Flow LBMOVHR 70.81213 __ 159.2537 2.747322 14.70973 70.81213 159.2637 . 9.575205 149.8785 - 2.747322 _152.4258 80.38734 88.8983s 

___. 0.0 0.0 0.0 _ ~ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _  
.- 

- ______ WATER - 0.0 1.oooMM 0.0 1.MxMoo 

..__ - 
- 
I 

Endhalpy BTUABMOL -5264i20 -1.2301E+5 *1.29581+5 4.2301E+5 2723.120 -1.2238Et5 -1.2236Et5 -1.2236E+5 -1.2695E15 -1.2244E6 42175.78 -24210.68 
E n M w  BTUAB *1.81B%?5 4827.949 -2156.184 4827.949 94.86370 -8791.935 8791.935 8791.935 -2112.522 8521.956 442.9885 843.04% 
Enulalpy BNMR -3708592 -1.9589Et7 -3.6599€+5 -1.8094EIB 1.92B3oE+5 -1.9488E+7 -1.1716E18 -1.83141+7 -3.48781+5 -1.86631+7 -9.7878E6 -2.1038EA 
Entmpy 8.820050 -9.589554 BNLBMOL-R ,8847318 -39.20159 -106.5672 -39.20159 8.30B7M -38.36081 -38.36081 38.36081 -103.3147 -39.39548 
Enirwy BTUAB-R .03wWw 8.178019 -1.773318 -2.176019 4192396 -2.129338 -2.125)38 -2128338 -1.719193 -2 .0988 -.3572789 -I2139201 
DUlsLly LBMOUCUFI 2.W65E-3 3.458677 .a552278 3 . m  3 . W 1 2  3.480612 -239512 ,8218508 3.183059 - A310523 ,4418846 

_ _ _ _ _ _ _ ~ - -  

- - 



1.oooMM ,8998929 .99$3928 1.MxXr)o ,9999981 .8371163 ,6355882 1.owoM) ,5843891 0.0 .MB1232 0.0 

M i d  F m  0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

_-__ Vapor F m  

Uquld Fmc - 0.0 7.0978288 7.1474714 0.0 3.88428E-6 .3628847 ,3644118 0.0 .4158109 1.ooMM) ,9718768 1.oooMM 

..___ 
Enthalpy ETUAEMOL -16950.47 -75121.08 -74976.40 -98858.60 -1.2172E+5 -1.3294E+5 -1.32ooE+5 -98.22088 -1.52111+5 -1.2390E+5 -1.2453Et5 -1.235OE+5 

Enthalpy BTUAFJ 590.2363 -3413.971 -3402.732 -5376.353 -3745.867 -4090.862 4061.700 -3.426298 -4590.524 6610.262 $ 6 4 4 . 1 4 6  8799.157 
Enthalpy ETUMR -1.4729Et6 4.8289E+7 -1.81248+7 -1.84goEt5 5.6336E+7 4.1528E+7 8.1090E+7 5824.772 4.1507Et7 -2.14811+7 -2.15911+7 -2.0932E+7 

Entmpy BTUAEMOL43 -2.533908 4.238831 -8.209482 -13.21078 4.420218 -22.81701 -20.47440 __ -9.142992 -24.55066 -3766201 -38.25909 -39.43338 
EMWY 6TUAE.R -.0882338 *.3743940 -3725645 *.7333095 ..2591035 -.7021156 -.R40299 -11255864 -.7409132 2.009399 -2.041255 -2.170921 
Denslly LEMOUCUFl 2137561 2141483 ,2140323 .2372216 .3940498 1.380543 ,8133713 ,2504143 1.303141 3.309520 ,5214704 3.465554 
D d h l  LWCUFT 6.138872 4.712500 4.715983 4.273614 12.8- 19.93303 7.032395 43.18047 62.03009 9.773882 82.94953 
Average MW 28.71811 22.00578 22.03388 18.01628 32.49750 32.49760 32.49750 28.08304 33.13568 18.74293 18.74293 1 8 . 1 W  

- 

44.86421 __ 



80% SCW and 2077 CG2 In the Core Feed 
Stream ID 25 26 28 29 30 31 32 33 34 35 38 

F M  SEW 842 SEPl 855 854 843 85 B1 84 84 

To 842 843 855 . E- 

~ 

__- - 
843 85 B1 84 86 832 

phase VAPOR VAPOR VAPOR VAPOR VAPOR VAPOR VAPOR LIQUID LlQUID LaUlD LIQUID ________ 
~ .. -~ _._.~_____ Subslieam: MIXED 

Mass Flow W R  .- 
0 2  0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

NZ 0.0 0.0 0.0 , 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

IPA 0.0 0.0 O.0 0.0 0.0 0.0 0.0 0.0 

WATER .1889377 ,1669377 .3291981 11.18887 11.18067 11.18867 ,3199958 10.86887 

9703.131 CO2 149.0356 149.0356 319.8498 9988.812 9988,812 

NACL 

- 

__ 
8988.812 285.8800 

~~ 
__ 

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 O.O 0.0 - _____ 
_._ - ._____ Mass Fmc 

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

N2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 IPA 
9.4902264 9.49022E-4 1.1188784 1.11887E-3 1.1188784 1.02817E-3 l.ll887E-3 1.118671.3 1.11887E-3 1.11887E-3 1.11867E-3 WATER 

.WaSSl2 .W88812 .9W9718 .99ssS12 .W88812 .9€a8612 .9sses12 .99W12 CO2 
NACL 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0'0 0.0 0.0 0.0 

Tolal Flow LBMOVHR 3.890284 3.890284 230.9846 3.395684 3.395684 7.285968 227.6890 227.5890 227.5890 6.509044 221.0799 

Told Flow LBMR 170.9765 - 170.9765 10149.20 149.2025 149.2025 320.1790 1wW.00 1wW.w 1m.00 2 8 e . m  9714.000 

Tolal Flow CUFTMR 206.3403 1420.510 512.0043 7.526929 1380.699 2802.792 504.4774 194.4409 340.2185 9.730192 330.4853 

Pressure PSI 1 0 0 . W  14.7MM 1sW.000 1 5 0 0 . ~  1 4 . 7 W  14.7MMo 15W.wo 1wo.ooo 35w.000 3500.000 3500.000 

Vapor Fmc 1 . m  1.MxxXx) 1 .000000 1.oaxm 1.- 1.000WO 1.000000 0.0 0.0 0.0 

0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.oaxm 1.MooM 1 . m  1.000000 liquid Fmc 
W i  Fmc 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Enthalpy BTUABMOL -1.6934E+5 -1.6924Ei5 .1.7098Ei5 -1.70981+5 -l.W4lE+5 -1.69WEi5 -1.7088Ei5 -1.7405Ei5 -1.7284E6 -1.728416 -1.7284E6 

Enlhalpy SNILB -3853.010 -3853.010 4891.371 -3891.371 -3W1.962 -3847.062 -3891.371 -3981.166 -3933.708 -3933.708 -3933.7M 

EMhalpy BTUMR -8.6877Elb -8.6877Ei5 -3.94941+7 6.808OEi5 -5.7323€+5 .l2320E+6 9.8914E17 -3.91312E+7 9.9337Ei7 -1.1250EtS -3.82128+7 

EMWY BTUILBMOL-R -3.631454 ,1098176 -10.69397 -10.69097 1.050977 .5808596 -10.69097 -16.18714 -14.74269 -14.74262 - -14.74262 

Enlmpy BTUILO-A ..082&?78 2.4987114 -.2433147 -.2433147 ,0239190 .OW7628 -2433147 -.3684014 -.3355258 -.3355258 -.3355258 

.0188537 2.73865E-3 .4511380 A511380 2.45957E-3 2.59959E-3 .4511380 1.170479 ,6699534 ,8689534 ,5889534 Density LBMWCUFT 
Density LB/CUFT ,8286141 .1203826 19.82249 19.82249 .1080708 19.82249 51.42951 29.39305 29.39305 29,39305 

43.94962 43.94962 43.93887 43.93887 43.93887 43.94461 43.93887 43.93887 43.93087 43.93887 43.93887 

____ __ O2 _____.__ 

_ _ _ _ _ _ _ _ _ ~ _ _ I _ _ ~  

~_ - ~ _ _ _ _ _ _ _ _ ~  __.-____ - __ 
~ _ _ _ _ ~ - ~ _ _ _ _ _ _ _ - ~  

_ _ _ _ _ _ _ _ _ ~  - . . - - . . ~ . g s s B s l z - _ ~  ,9990510 .9ggOb10 - 
___ - . 

~~ _ _ _ _ _ _ _ _ _ ~ _ - _ _ _ _ ~ ~ -  __ 
_______ 

Temperelure F 54.75034 43m379 lW.wW 1 w . m  l00.W 70.34032 1W.wOO 60.00000 131.6183 131.6183 131.6163 - .- 

0.0 .- 

- 

__ .1142357 ___.~ 



80% SCW and 20% 0 3 2  In tho Core Feed 

Slream ID 37 30 39 40 41 42 43 44 45 48 47 

FMl  BRNPUMP 828 824 827 8z3 SEPS 830 SEPS 831 EVAP EVAP 

TO 828 824 827 828 SEW 830 831 

Phase uauio uauio LIQUID Liauio LIOUID LIOUID LlOUlD MISSINQ MISSING Liauio VAPOR 
8ubslream: MIXED 

Mass Flow 

_____ 

_ ~ ~ _ _ _ _ _ _ _ _ ~ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _  

_ _ _ - - - _ _ _ _ _ _ _ _ _ _ _ ~ - .  

~ __ ____ .-.- ~ 



6. ECONOMIC EVALUATION 

Quench pump (1.59 cfm) 

Heater for airlwater (lo00 kW) 

Reactor vessel with two liners 

Brine pump (4.25 $/hr) 

Brine Heater 

Quench piping 

Feed Heatermffuent cooler 

An economic evaluation was performed between the Baseline and Case-A. Tables 3 and 4 
show the comparison, in terms of the unit equipment cost. 

$20,000 $30,000 

$30,000 $50,000 

$200,000 $300,000 

$50,000 $70,000 

$3,500 $5 ,000 

$2,000 $4,ooo 

Table 3. Equipment cost for the baseline. 

Units Low Value High Value 

Air compressor (SOOSCFM) $30,000 $50,000 

1st separator (2’OD x 3’) 

Letdown valve 2 (1500 psia) 

2nd separator (1.5’0D x 2’) 

Organic pump (0.5 gpm) 

$1 50,OOO $200,oO0 

$2,000 $3,000 

$80,000 $100,000 

$35,000 

Offgas filters 

Evaporator (9.876 Btu/hr) 

Brine cooldown 

Brine letdown valve 

Brine separator 

Total 

$50,000 I 

$2,000 $3,000 

$20,000 $200,000 

$2,000 $3,000 

!§4O,OOO $50,000 

$4O,oO0 $50,000 

$746,500 $1,231,000 

~ 

Cooldown exchanger 

Letdown valve 1 (2500 pia) $5,000 $6,000 

I Offgas collection I $2,000 I $3,000 I 
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Table 4. Equipment cost for Case-A 

Units Low value High value 

Air compressor (500 SCFM) $30,000 $50,000 

$70,000 I SCW pump (1 cfm) 

Organic pump (0.5 gpm) I $35,000 I $50,000 I 
COz pump (6cfm) $20,000 $30,000 

Heater for waterlair (1 89 kw) $20,000 $30,000 

Reactor vessel with two liners $200,000 $300,000 

Brine pump (4.25 ft3/hr) $50,000 $70.000 

I I Brine Heater 

Quench piping 

3rd separator $l,OoO $2,000 

$5,000 $10,000 C02  condenser (286e3 Btu/hr) 
~~~ 

O2 offgas collection $2,000 $3,000 

offgas filters $2,000 $3,000 

Evaporator (3.06e6 B W )  $20,000 $200,000 

Brine cooldown $2,000 $3,000 

Brine letdown valve $2,000 $3,000 

I Total I $757,000 I $1,250,000 I 
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The equipment for Case-A is only slightly higher than for the baseline unit. Since the Case- 
A replaces the water used in the quench stream, it saves a significant amount of energy in the end 
process unit. The flow sheet simulation indicates that the heat duty of the evaporator for the Case- 
A is 3.06e6 Btukr vs. 9.87e6 Btu/hr for the baseline. 

This is a difference of about 2000 k W  for the pilot scale unit. This is a significant energy 
savings resulting from the replacement of water by C02 for the quenching process. 

: 
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7. CONCLUSIONS 

Supercritical water oxidation (SCWO) shows promise as an economical, environmentally- 
sound technology for effective decontamination of DOE, diverse industrial, military, and munici- 
pal wastes. Several process designs are under development to commercialize the technology, and 
at least one commercial facility of Eco Waste Technologies, Inc. is presently destroying long- 
chain alcohols, glycols, and amines in aqueous wastes from chemical plants in Austin, Texas. 

SCWO technology can qualify as a totally enclosed treatment facility. That is, the treated 
effluent can be held in reserve and analyzed prior to release to the environment. If the effluent 
does not meet the specifications of the relevant regulations it can be recycled to the reactor and 
treated again. This feature guarantees that no uncontrolled emissions of environmentally damag- 
ing compounds will occur during SCWO treatment. Note that this feature stands in contrast with 
incineration where the effluent is emitted continuously. 

A mixed waste treatment system will have effluent requirements determined primarily by 
environmental regulations and policies. The capability of a process to be known as a “closed sys- 
tem”, having a very low release to the environment, no liquid waste and a minimal volume of 
solid waste will be an important factor in selecting treatment technologies and use in mixed waste 
treatment. The concept of zero discharge, controllable emissions and acceptance by the public is 
also very important along with costs and schedule of a mixed waste treatment system that ulti- 
mately is built and operated. 

In order to make the SCWO technology more viable compared to other technologies, this 
study focused on energy efficiency to use C02 as a replacement of water in the quench stream and 
also in a feed stream. C02 is one of the reaction products and is recycled in the SCWO process. In 
this study, NaCl was simulated as an impurity in the end unit process, that is an evaporator. The 
result indicates that case -1, replacement of water by CO2, reduces the energy duty of evaporator 
by 6.81e6 Btu/hr based on 5330 l b h  reaction effluent rate from the reactor. 

In addition, the replacement of water in the reactor feed by carbon dioxide would alleviate 
much of the sticky salt deposit problem because the salts remain in a solid form in the carbon 
dioxide environment as compared to the water environment due to the lower solubility of salt in 
carbon dioxide. Also, the higher viscosity of carbon dioxide at the supercritical conditions would 
minimize the corrosion problem because of the lower mass transfer rate of hetroatoms (e.g.,chlo- 
rine, sulphur, etc.) to the wall. If we can prove this phenomena by experiments, it will make 
SCWO even more advantageous compared to other processes. Due to funding limitations, these 
comparison could not be included in this study. Because of the many advantages offered by the 
SCWO relative to other technologies, its development should be continued because research is 
needed to bridge the gap between the pilot scale and commercialization scale in effectively treat- 
ing all wastes including the DOE mixed wastes. 

Acknowledgment: The equipment cost shown in Tables 3 and 4 was provided by Karen Gar- 
cia. I appreciate her effort for that. 
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