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SUPERCRITICAL WATER OXIDATION
APPARATUS AND PROCESS

FIELD OF THE INVENTION

[0001] This invention relates generally to processes and
equipment for processing organic contaminants and, more
specifically, to processes and equipment for destroying
organic contaminants using supercritical water oxidation
methods.

BACKGROUND OF THE INVENTION

[0002] Supercritical water oxidation (SCWO) processes
can be used to destroy liquid or slurry organic waste streams,
especially low volume organic waste streams. SCWO pro-
cesses take advantage of the unique properties of water at
conditions near and beyond the thermodynamic critical point
of water (705° F. and 3206 psia). Above the critical point,
water has the characteristics of a very dense gas. Organic
materials and gases are miscible in this dense water vapor.
Thus, above the critical point, liquid or slurry organic waste
streams can be readily oxidized and destroyed with very high
efficiency.

[0003] SCWO processes are well-known in the art. For
example, U.S. Pat. Nos. 2,944,396, 4,543,190, 5,387,398,
5,405,533, 5,501,799, 5,560,822, 5,804,066, 6,054,057,
6,056,883, 6,238,568, 6,519,926, 6,576,185, 6,709,602 and
6,773,581, the entireties of which are incorporated herein by
this reference, describe various forms of SCWO processes.

[0004] In a typical SCWO process, a feed stream contain-
ing water and an organic waste material is pressurized, mixed
with an oxidizer and caused to react in a plug flow reactor.
Thermal energy produced by the oxidation reactions provides
the necessary preheat for the reactants. If the feed streams
have an inadequate heating value, supplemental fuel is added
or the feed streams are preheated. The reactor is designed to
provide the required residence time (typically less than about
one minute) at supercritical conditions.

[0005] Unfortunately, SCWO processes of the prior art are
unduly expensive to operate and maintain. For example,
depending upon the feed stream, a consumable reactor liner
may be required to protect the interior reactor walls from the
highly corrosive combustion process and the resulting reac-
tion products. Such a liner may need to be replaced as fre-
quently as every 60-70 hours of operation, resulting in con-
siderable maintenance and operating costs associated with
the resulting down time. Other significant costs associated
with prior art SCWO processes are the capital costs and
operating costs required in providing compressed oxygen or
compressed air at 3500-4000 psig. Typically, the operating
costs involved in operating air compressors for a SCWO
reactor account for greater than 90% of the total operating
cost.

[0006] Another cost associated with prior art SCWO pro-
cesses is the large amount of aqueous reaction products pro-
duced in the process. Typically such aqueous reaction prod-
ucts present an expensive problem to the operator of the
process. Moreover, reaction product salts tend to precipitate
out in down stream equipment resulting in the fouling of such
equipment, requiring frequent and expensive maintenance to
remove such salts.
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[0007] Accordingly, there is a need for a SCWO process
which avoids or minimizes the aforementioned problems in
the prior art.

SUMMARY

[0008] The invention satisfies this need. The invention is a
method of oxidizing an organic material comprising the steps
of (a) forming a preoxidation mixture comprising the organic
material and water, and (b) causing the preoxidation mixture
to react with a liquid oxidizer in a continuous flow reactor
supercritical conditions for water, including a pressure of at
least 3206 psia and a temperature of at least 705° F., to form
apost-oxidation mixture containing condensible material and
non-condensible material, wherein substantially all of the
organic material has been oxidized.

[0009] Inone embodiment of the invention, the liquid oxi-
dizer is hydrogen peroxide solution, typically a 50 weight
percent hydrogen peroxide solution.

[0010] Inanother aspect of the invention, the invention is a
reactor useful in the continuous oxidation of organic materi-
als in an SCWO process. The reactor comprises a reactor
body with reactor walls and a threaded reactor upper plug.
The reactor also comprises a cylindrical liner attached solely
to the threaded reactor upper plug, such that, when the
threaded reactor upper plug is removed from the reactor, the
reactor liner is consequently and simultaneously removed
from the reactor as well.

[0011] Inyet another aspect of the invention, the invention
is a reactor useful in the continuous oxidation of organic
materials in an SCWO process, wherein the reactor comprises
an internal letdown valve. In a typical embodiment of this
aspect of the invention, the internal letdown valve comprises
a heat shield, a needle seat and a piston actuated needle. In
another embodiment of the internal letdown valve, the let-
down valve comprises a heat shield, a needle seat and a
bellows operated needle. In either case, the vertical needle
position is modulated by a pressure feedback loop to control
vessel pressure. During operation, there is sufficient clear-
ance between the needle and the needle seat to allow salt
precipitated in the vessel to be swept through the internal
letdown valve for collection later in the process stream.

DRAWINGS

[0012] These and other features, aspects and advantages of
the present invention will become better understood with
reference to the following description, appended claims and
accompanying drawings where:

[0013] FIG. 1 is a flow diagram illustrating a SCWO pro-
cess of the prior art;

[0014] FIG. 2 is a process flow diagram illustrating a
SCWO process having features of the invention;

[0015] FIG. 3 is a perspective drawing, in partial cutaway,
of'a SCWO reactor having features of the invention;

[0016] FIG. 4 is a detailed perspective drawing, in partial
cutaway, of the upper portion of the reactor illustrated in FIG.
3;

[0017] FIG. 5 is a perspective view of a threaded plug and
liner portion of the reactor illustrated in FIG. 3;

[0018] FIG. 6 is a detailed perspective drawing, in partial
cutaway, of the lower portion of the reactor illustrated in FIG.
3;
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[0019] FIG.7isacross-sectional side view of an integrated
letdown valve and funnel used in the reactor illustrated in
FIG. 3,

[0020] FIG. 8 is a flow diagram illustrating an O-ring cool-
ing system useful in the invention; and

[0021] FIG. 9 is a diagram illustrating pressures exerted
upon an internal letdown valve useful in the invention.

DETAILED DESCRIPTION

[0022] The following discussion describes in detail one
embodiment of the invention and several variations of that
embodiment. This discussion should not be construed, how-
ever, as limiting the invention to those particular embodi-
ments. Practitioners skilled in the art will recognize numerous
other embodiments as well.

[0023] The invention is a method of oxidizing an organic
material comprising the steps of (a) forming a preoxidation
mixture comprising the organic material and water, and (b)
causing the preoxidation mixture to react with a liquid oxi-
dizer in a continuous flow reactor supercritical conditions for
water, including a pressure of at least 3206 psia and a tem-
perature of at least 705° F., to form a post-oxidation mixture
containing condensible material and non-condensible mate-
rial, wherein substantially all of the organic material has been
oxidized.

[0024] In the invention, the liquid oxidizer is typically
hydrogen peroxide, most typically hydrogen peroxide in a 50
weight percent solution.

[0025] The invention differs from most SCWO oxidizing
methods of the prior art wherein the oxidizer is either pure
oxygen or air. Accordingly, the invention as illustrated in the
flow diagrams set forth in FIG. 2 is contrasted with most prior
art SCWO oxidizing methods using gaseous oxygen as illus-
trated in FIG. 1.

[0026] The use of a liquid oxidizer eliminates the need for
a high pressure compressed air system. This results in a sub-
stantial space and cost savings. Eliminating the high pressure
compressed air system also eliminates the operating hazards
associated with such a system. Instead of having to use an air
compressor with a massive 300 horsepower motor, hydrogen
peroxide can be supplied to the reactor by a simple 7.5 horse-
power pump.

[0027] The invention can be practiced in the reactor 10
illustrated in FIG. 3. The reactor 10 comprises a cylindrical
reactor body 12 which is capped at the top by an upper plug 14
and is capped at the bottom by a valve housing 16.

[0028] The reactor body 12 is typically made from corro-
sive resistant materials such as 316 stainless steel or high
nickel stainless steels. The thickness of the reactor body walls
18 is designed to safely contain the temperatures and pres-
sures present during operation.

[0029] Within the reactor body 12, between the upper plug
14 and the valve housing 16, is defined an oxidation zone 20
wherein the oxidation reactions take place during operation.
Typical operating conditions within the oxidation zone 20
include pressures of about 3500 psig and temperatures of
about 1200° F.

[0030] A protective liner 22 is disposed within the oxida-
tion zone 20, proximate to the interior surfaces of the reactor
body walls 18 to protect the reactor body walls 18 from
chemical degradation caused by corrosive conditions gener-
ated during the oxidation process.

[0031] Theliner22 is typically made from a chemical resis-
tant material, such as nickel-molybdenum-chromium-tung-
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sten alloy (such as Hastelloy™, UNS N 10276), ceramics, or
platinum. In a typical operation, when the liner is made from
a nickel-molybdenum-chromium-tungsten alloy, it is
between about 0.125 inches and about 0.750 inches in thick-
ness.

[0032] The disposition of the liner 22 within the oxidation
zone 20 defines a narrow annulus 24 between the walls 18 of
the reactor body 12 and the liner 22. The annulus 24 is purged
with a small but constant flow of flushing water to chemically
protect the reactor body walls 18. The flow rate of flushing
water is typically less than about 1 gallon per minute.
[0033] Cooling water jackets 26a and 265, respectively, are
provided surrounding the upper end 28 of the reactor body 12
and around the lower end 30 of the reactor body 12 to provide
cooling to those areas of the reactor 10 during operation.
[0034] Cooling water piping 32 is provided about the exte-
rior of the reactor 10 to provide cooling water to strategically
located injection ports 34 along the reactor 10.

[0035] Induction heating coils 36 are disposed around the
reactor 10 to provide heating to the oxidation zone 20 during
operation. The induction heating coils 36 are used to bring the
oxidation zone 20 to normal operating conditions during star-
tup and to add the energy necessary to maintain the required
oxidation zone 20 operating conditions when processing feed
streams which do not contain an adequate amount of energy
to maintain a self-sufficient reaction. Accordingly, use of
induction heating coils 36 allows the destruction of low BTU
value waste streams without requiring the use of supplemen-
tal fuels.

[0036] The use of induction heating coils 36 thus permits
process heat up without the necessity for large quantities of
supplemental fuels and without the generation of large quan-
tities of heat up liquid. Also, in prior art SCWO designs, the
use of supplemental fuels necessarily requires considerable
volumes of process water. Still further, in prior art SCWO
designs, dilution water is used to transport salts as the reaction
products exit the reactor 10. By contrast, no dilution water is
required in the present invention. Salts exit the reactor 10 in a
non-fouling gas solid suspension (since the steam is only
condensed after its exit from the reactor 10).

[0037] The upper plug 14 is illustrated in detail in FIGS. 4
and 5. The upper plug 14 is provided with exterior threads 38
which are sized and dimensioned to cooperate with interior
threads 40 defined in the reactor body walls 18 of the upper
end 28 of'the reactor body 12. Both sets of threads 38 and 40
are preferably ACME threads to positively seat seal rings 42.
[0038] The seal rings 42 are provided around the upper plug
14 to provide sealing between the upper plug 14 and the
reactor body 12. Cooling water is injected between the seal
rings 42 via injection nozzles 48.

[0039] Independent cooling systems, such as those illus-
trated in FIG. 8, are preferably provided for each pair of seal
rings 42. Each independent cooling system is comprised of a
circulation pump 90, a heat exchanger 92, a surge tank 94, a
high level alarm 96 and a low level alarm 98. Should a seal
ring 42 seal failure occur, the leakage past a primary seal ring
42 will cause its surge tank 94 level to rise, thereby activating
its high-level alarm 96. In the event of a backup seal ring 42
failure, the surge tank 94 level would drop due to coolant
leakage, thereby activating the low-level alarm 98.

[0040] The use of a threaded upper plug 14 also provides
for simplified upper plug fabrication. Prior art SCWO system
designs require the use of a forged, flanged head, whereas, in
the invention, the upper plug 14 can be fabricated from
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readily available, high-quality pressure vessel materials. The
threaded upper plug 14 eliminates the need for forging prior
to machining, and thus reduces fabrication time. The threaded
upper plug 14 also reduces the time necessary to replace the
liner 22.

[0041] Asillustrated in FIG. 5, the liner 22 is attached to the
upper plug 14 by press fit retainer pins 50. Using this design,
the upper plug 14 and the liner 22 are a single, integral
assembly. Accordingly, the removal during maintenance of
the upper plug 14 consequently and simultaneously removes
the liner 22 at the same time.

[0042] In one embodiment of this design, to separate the
liner 22 from the upper plug 14, the press fit retainer pins 50
are driven inwardly, into an annulus (not shown) within the
upper plug 14. The annulus is sufficiently large to allow the
retainer pins 50 to be fully removed from the liner 22 and
upper plug 14 by driving them further inward.

[0043] In another embodiment of this design, the press fit
retainer pins 50 are machined with heads on them which limit
inward travel, thereby precluding the possibility of the pins
inadvertently loosening. In this embodiment, the liner 22 is
separated from the upper plug 14 by grasping the heads on the
press fit retainer pins 50 and pulling them outward.

[0044] Prior art SCWO designs utilizing a forged, flanged
head retain the flanged head in place with torqued bolts to
form the upper boundary of the oxidation zone 20. With the
threaded upper plug 14 of the invention, no torquing is
required. Thus, the threaded upper plug 14 of the invention is
much quicker and easier to install and remove.

[0045] Also, during routine liner 22 change outs, a spare
threaded upper plug 14 with a new liner 22 attached can be
staged before removing the old assembly. Removing the old
assembly and installing the newly staged assembly thus fur-
ther reduces maintenance downtime.

[0046] In one embodiment of the invention, feed stream
ports 54a and 545 are provided at the top of the upper plug 14
for inputting hydrogen peroxide and for inputting a combined
water and organic waste preoxidation feed stream mixture,
respectively. Separate passageways are defined within the
upper plug 14 to carry the preoxidation feed stream mixture
and the hydrogen peroxide feed stream to the bottom portion
of the upper plug 14, whereupon both feed streams are
injected into the oxidation zone 20.

[0047] Thevalve housing 16 is illustrated in detail in FIGS.
6 and 7. The valve housing 16 is threaded with exterior
threads 58 which are sized and dimensioned to cooperate with
interior threads 60 disposed in the lower end 30 of the reactor
body 12. Preferably, threads 58 and 60 are ACME threads.
Seal rings 62 are disposed around the valve housing 16 to
provide sealing between the valve housing 16 and the reactor
body 12. As is the case with the seal rings 42 disposed around
the upper plug 14, each seal ring 62 pair preferably has its own
independent cooling system. Each independent cooling sys-
tem is comprised of a circulation pump, a heat exchanger, a
surge tank, and a control cylinder end cup and level alarms.
Typically, however, the lowest seal ring 62 pair is not cooled.
[0048] Disposed within the valve housing 16 is a heat shield
64 and a letdown valve 66. The heat shield 64 is typically
made from Hastelloy™ (UNS N 10276), high nickel alloys or
various ceramic compositions. The heat shield 64 is dimen-
sioned to collect solids from the oxidation zone 20 and to
sweep the solids to a central aperture 67.

[0049] The letdown valve 66 comprises a valve seat insert
44, a ball cap 46, a pressure control needle 68 and a floating
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control valve piston 72. The valve seat insert 44 is positioned
directly below the heat shield 64. The valve seat insert 44
provides a seating surface for the control needle 68.

[0050] The valve seat insert 44 fits tightly into the ball cap
46. The ball cap 46 maximizes the flow area for low pressure,
high volume gases after they flow past the pressure control
needle 68. The outer profiles of the ball cap 46 and the heat
shield 64 are designed to slip into the valve housing 16 from
the high pressure side and seat against a tapered seat in the
valve housing 16.

[0051] The relationship between the pressure control
needle 68 and the control valve piston 72 maintains the pres-
sure control needle 68 centered and vertical.

[0052] The pressure control needle 68 is machined, typi-
cally from Hastelloy™ (UNS N 10276), high nickel alloys or
various ceramic compositions. The underside of the ball cap
46 is contoured to match the dimensions of the pressure
control needle 68. The bottom of the pressure control needle
68 fits into the top of the control valve piston 72 employing a
machine taper similar to a Morse taper and is firmly bolted in
place.

[0053] The pressure control needle 68 preferably has one or
more small slots 74 machined into the seating surface to
establish minimum flow through the valve when the pressure
control needle 68 is fully seated in the valve seat insert 44. In
the embodiment illustrated in the drawings, the one or more
slots 74 is a single helical slot defining nearly horizontal
grooves 80 in the exterior of the pressure control needle 68.
[0054] Gases and precipitated solid salts from the reaction
chamber are routed into the letdown valve 66 by the heat
shield 64. Salts which are formed by the combustion process
within the oxidation zone 20 are carried with the superheated
steam through the letdown valve 66. The salt and superheated
steam are directed to a reactor exit port 82. The pressure
control needle 68 serves as a movable throttling element in the
letdown valve 64 to control pressure within the oxidation
zone 20. As the reaction products flow past the pressure
control needle 68, the reaction products are flashed to rela-
tively low pressure superheated steam carrying the salts in
suspension.

[0055] Pressure within the oxidation zone 20 is further
controlled by pressurized control fluid provided through a
control port 76 disposed at the base of the valve housing 16.
The control valve piston 72 typically has between about %3
inch and about 1'% inch of axial float depending upon the size
and shape of the pressure control needle 68. The axial float is
set up by the dimensional allowances of the valve seat insert
44, ball cap 46, pressure control needle 68 and control valve
piston 72. The control valve piston 72 position is controlled
from outside the reactor 10 via the control port 76.

[0056] As salt deposits build up above the seating surface
between the pressure control needle 68 and the valve seat
insert 44, pressure slowly rises in the oxidation zone 20. This
pressure rise causes a pressure feedback loop (described
below) to call for greater letdown valve 66 opening, resulting
in the salt deposits being swept into the exit port 82 through
the letdown valve 66.

[0057] In one embodiment of the invention, one or more
generally horizontal grooves 80 are machined around the
upper exterior of the pressure control needle 68. Such groove
or grooves 80 can be discreet or such groove or grooves 80 can
be continuous, such as the grooves 80 defined by the helical
slot 74 illustrated in the drawings. During operation, when the
grooves 80 are exposed to the oxidation zone 20, salts tend to
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fill the grooves 80, thereby reducing the flow path past the
pressure control needle 68 and causing a slow buildup of
pressure within the oxidation zone 20. As the pressure builds
within the oxidation zone 20, the pressure control needle 68 is
slowly forced downwardly. When the pressure control needle
68 is depressed sufficiently to expose the grooves 80 to the
low pressure conditions existing in an exit port 82, the salts
are swept from the grooves 80 into the exit port 82. Once the
salts are swept from the grooves 80, the available flow path
past the pressure control needle 68 is increased, thereby
reducing the pressure within the oxidation zone 20 and caus-
ing the pressure control needle 68 to slowly rise upwardly,
whereupon the grooves 80 again are exposed to the high
pressure conditions existing within the oxidation zone 20.
[0058] With reference to FIG. 9, the algorithm that controls
the positioning of the control valve piston 72, and hence the
pressure control needle, is as follows:

Control Piston in Vertical Equilibrium
[0059]
iy |=Zfy?

Pscwo=Pressure exerted on needle by SCWO
Po~Pressure exerted on the top of the piston
Pso=Pressure exerted on the bottom of the piston
A, =Vertical area of the needle

A,=FExposed area of the top of the piston

A, =Area of the bottom of the piston

W=Weight of the piston

PscwoAr + PropAz + W = PpopAs

A Ay 1
Pgop = Pscwo—— + PTOP—3 +W—

As A As
(1”)21—[ (3_5”2 _ 1”2)1—[ (3_5”2)1—[
A1 = 7 Az = 7 A3 = 7
o p 12 P (3.52—12)+ 4
BOP = I'SCWO 3.52 TOP 3.52 3.521_[

Ppop = P L +P —“'25+052 i
BOP = Fscwo 15755 TOP 1555 D2 psig

The 0.52 psig due to the weight of the piston is insignificant
compared to the operating pressure of the SCWO, therefore:

P » 1 p 11.25
BOP = F'sCWo 1555 + TOPT5 735

[0060] Inatypical operation, the programmable logic con-
troller code that results from applying this algorithm is
described as follows:

Rung 100
[0061]

A=Psgrromr—LPscwo

Rung 101

[0062]
[0063]

If A>200
A=200
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Rung 102

[0064] If A<200
[0065] A=2A

Rung 103

[0066] If A<-200
[0067] Shutdown Oil Feed

Rung 104
[0068]

Pscwo + A + Offset 11.25

Pror = 12.25 *+ o353

Will work for all ranges of pressure control:

[0069] During pressurization trying to get 200 psig+P ¢z
[0070] While Ps-po>Pszrpomr provides feedback

[0071] IfPirno™Pserromzt200 psig—Shutdown oil feed
[0072] Thus, back pressure control in the steady state

operation of the invention is self-regulating. The process
pressure acts on a small area on top of the control valve piston
72. The pressure control fluid, on the other hand, acts on a
much larger area determined by the major diameter of the
control valve piston 72. This control ratio allows the applica-
tion of relatively low pressure control fluid (typically nitrogen
or air) on the bottom of'the control valve piston 72 to regulate
the much higher process pressure on the top side of the control
valve piston 72. If the oxidation zone 20 pressure increases,
the force on top of the control valve piston 72 increases and
forces the pressure control needle 68 and the control valve
piston 72 down, opening the gap between the pressure control
needle 68 and the valve seat insert 44, increasing the flow
area, and thus tending to decrease the pressure within the
oxidation zone 20. Similarly, when the oxidation zone 20
pressure decreases, the control valve piston 72 and pressure
control needle 68 are forced upwards, closing the gap and
tending to increase the system pressure. If pressure within the
oxidation zone 20 increases due to a buildup of solids bridg-
ing the flow area, the pressure control needle 68 is gradually
pushed down, opening the gap and passing the blockage. The
pressure control needle 68 will thereafter self-correct to the
steady state position automatically upon passing any such
bridging solids.

[0073] The oxidation zone 20 is controlled in terms of
temperature and pressure to continuously remain above the
critical point for water. In a typical operation, the temperature
within the reactor 10 is between about 900 degrees F. and
about 1100 degrees F., and the pressure within the reactor 10
is between about 3300 psig and about 3600 psig.

[0074] Reaction product gases and salts are removed from
the valve housing 16 via the exit port 82. Typically, the reac-
tion product gases are at a pressure of about 550 psig. The
exhaust gases are typically slightly superheated to minimize
the adhesion of salt slurry to downstream process piping. The
reaction product gases and salts are thereafter routed through
suitable gas/solids separation equipment (not shown), such as
cyclone separators, electrostatic precipitators and/or bag
houses and filters to remove the entrained salts.

[0075] In prior art SCWO reactors, the effluent must typi-
cally be diluted up to about 10:1 to transport the salts from the
reactor 10 to a heat exchanger, then to a gas/liquid separator,
then separated into respective effluent streams (gas and lig-
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uid) for additional processing. Salts are removed from the
liquid effluent in a brine recovery system. Prior art methods of
dealing with reaction products are contrasted with that of the
method of the invention which incorporates an integral let-
down valve 66 to transport the salts out of the lower area of the
reactor 10 as a solid suspension in the exhaust gases.

[0076] In atypical operation of the invention, superheated
steam carrying solid salts at around 550 psig and 900° F. is
removed from the reactor 10 and sent to a cyclone separator.
In one embodiment, the combined steam/salt flow rate is
typically around 420 1b/hr. Solid salts are separated by cen-
trifugal force and fall to the bottom of the cyclone separator.
Superheated steam exits the top of the cyclone separator. The
steam is let down to atmospheric pressure through use of a
back pressure control valve. The steam is then mixed with
ambient air and send through an activated carbon filter to
ensure compliance with applicable emissions standards.

[0077] The solid salts and condensate which accumulate at
the bottom of the cyclone separator can be handled by allow-
ing the solid salts and condensate to fall into a pair of high
durability valves in series that operate as an airlock to allow
ejection of salt while minimizing the flow of steam. Initially,
both valves are closed. When the top valve is opened, salts
from the cyclone separator begin to fill the pipe between the
two valves. When the space between the two valves is
approximately half full, the upper valve is closed. Next, the
lower valve is opened. When the lower valve opens, the
expansion of the superheated steam between the two valves
provides the motive force to move the salt into the down-
stream piping where it rejoins the steam and condensate at the
exit of the backpressure regulator.

[0078] The process stream can then be directed to a mois-
ture separator that separates the condensate and brine from
the vapor. The vapor is typically directed to an exhaust ven-
tilation stack through a HEPA filter that incorporates a carbon
filter. The brine that collects in the moisture separator is
pumped to a suitable holding tank pending disposal.

[0079] This integral salt-processing design simplifies the
SCWO system of the invention and eliminates problems with
salt precipitate fowling the backpressure regulator.

[0080] Having thus described the invention, it should be
apparent that numerous structural modifications and adapta-
tions may be resorted to without departing from the scope and
fair meaning of the instant invention as set forth hereinabove
and as described hereinbelow by the claims.
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12. A reactor useful in the continuous oxidation of organic
material in a supercritical water oxidation process, the reactor
comprising:

(a) a reactor body with reactor walls;

(b) and a threaded reactor upper plug; and

(c¢) acylindrical liner attached solely to the threaded reactor

upper plug, such that, when the threaded reactor upper
plug is removed from the reactor, the reactor liner is
consequently and simultaneously removed from the
reactor as well.

13. The reactor of claim 12 wherein the reactor liner is
attached to the threaded reactor upper plug by pins.

14. The reactor of claim 12 wherein an annulus is defined
between the reactor walls and the reactor liner and wherein
means are provided for continuously purging the annulus
during operation.

15. The reactor of claim 12 further comprising one or more
seal rings to seal the threaded reactor upper plug to the reactor
body and means for separately cooling the one or more seal
ring seals.

16. A reactor useful in the continuous oxidation of organic
material in a supercritical water oxidation process, wherein
the reactor comprises an internal letdown valve.

17. The reactor of claim 16 wherein the letdown valve
comprises a control valve piston and a pressure control needle
disposed at the outlet of a ball cap.

18. A reactor useful in the continuous oxidation of organic
material in a supercritical water oxidation process, the reactor
comprising:

(a) a reactor body with reactor walls for oxidizing organic

material to post-oxidation material; and

(b) an internal letdown valve capable of reducing the pres-

sure within the reactor of the post-oxidation material.

19. The reactor of claim 18 wherein the letdown valve is
capable of reducing the pressure within the reactor of the
post-oxidation material to less than about 550 psig.

20. The reactor of claim 19 wherein the internal letdown
valve is capable of maintaining condensible material within
the post-oxidation material in gaseous form and transporting
solid salts within the post-oxidation material in a gaseous
suspension.

21. The reactor of claim 18 wherein the internal letdown
valve comprises a control valve piston and a pressure control
needle disposed at the outlet of a ball cap.

22. The reactor of claim 21 wherein the pressure control
needle has slots for allowing minimum flow when the pres-
sure control needle is fully seated in a ball cap seating surface.
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