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ABSTRACT

In early 1987, the Los Alamos Controlled Air Incinerator (CAI) began a major
process upgrade to accept Laboratory-generated transuranic (TRU) and mixed TRU
wastes on a production basis. This paper describes the modifications to the
process underway to enhance safety and reliability for long-term routine
incineration operations.

INTRODUCTION

The Los Alamos CAI was developed in the mid-70s as a demonstration system for
volume reduction of”combustible solid TRU wastes. It continued into themid-80s
as a successful R&D system during which incineration testing was performed on a
wide variety of radioactive and chemical waste forms (1,2). Though treatment
facilities are available for wastes regulated by the Toxic Substances Control
Act (TSCA) and the Resource Conservation and Recovery Act (RCRA), there are none
for radioactive wastes with TSCA or RCRA constituents. This led us to perform
both TSCA and RCRA trial burns during this same period. ATSCA incineration
permit was obtained in 1984 and a RCRA permit is expected in late 1989. The
original process has been described previously (3,4,5).

Department of Energy (DOE) directives (6,7) require Los Alamos to reduce the
volume of newly-generated combustible TRU waste by incineration. Though the
existing Los Alamos CAI was a successful R&.Dand demonstration system, there was
no question that significant modifications and improvements had to be made
before the system could operate reliably on a routine basis. Improvements were
needed to increase simplicity, mechanical reliability, corrosion resistance,
alpha radioactivity containment, and to ❑inimize secondary waste stream
generation. This report describes major improvements to the system addressing
these criteria.

UPGRADE PHILOSOPHY

The overall concept ofa stationary hearth two chamber controlled alr
incinerator coupled with a wet offgas system has proven very successful, given
the waste streams around which the Los Alamos CAI was designed and the
considerations unique to alpha radioactivity containment. A decade’s worth of
operating experience in incineration R&D convinced us that this original process
philosophy still remains the most appropriate. This experience and summary
documentation reports (3,4) provided a framework for assessing those areas of
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the process that had proven reliable and those that needed improvement. With
the shift in emphasis from R&D to operations, we had to examine the costs and
benefits of installing a totally new incineration system versus upgrading the
existing CAI process.

A thorough analysis of the LOS Alamos CAI as it existed in 1986 was conducted to
determine whether the process could withstand the rigors of several years of
production waste incineration operations and continue to meet the criteria
listed in the previous section. We concluded that, with relatively minor
modifications, the incinerator itself, including the primary and secondary
chambers and associated containment, could continue to provide several years of
useful service.

This same analysis showed other CAI process subsystems with deficiencies of
widely varying cause, extent, and potential impact. All or significant portions
of most of the CAI process subsystems required replacement with improved
equipment and materials. These subsystems include: 1) solid and liquid waste
feed, 2) ash removal, 3) offgas treatment, 4) scrub solution recycle, 5) process
instrumentationand controls, and 6) process utilities. I will describe the
more important inadequacies and improvementswith their rationale. A simplified
schematic of the Los Alamos CAI reflecting the current process upgrade is shown
in Figure 1.
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Figure 1. The Los Alamos Controlled Air
Incinerator (CAI) Process



INCINERATOR

The CAI, a two chamber fixed hearth incinerator, was extensively modified
originally to meet the demands of radioactive containment (3). We studied ten
refractory compositions in tests run from 1979 to 1986 (8). A castable
phosphate-bonded chromia-alumina composition was by far the most durable with
respect to abrasion, chemical corrosion, and thermal cycling. The original high
alumina refractory on the hearth, the sides of the primary chamber, and the ash
dropout pit was replaced with this superior material. Prior to installation of
the new refractory, the severely oxidized carbon steel underfire combustion air
inlet tubes along the sides of the primary chamber hearth were replaced with
Haynes high temperature A11oY 214 material.

In 1981, a high intensity vortex liquid burner was installed on the side of the
primary chamber (4). Because this burner has provisions for heat-up and
temperature modulation using natural gas or liquid fuel, the original gas-fired
burner on the primary chamber was removed. The secondary chamber continues to
use a dedicated gas burner for temperature control.

The combustion air SUPPIY system for both incinerator chambers, which is housed
inside a glovebox containment, has undergone an extensive instrumentation
upgrade. Hot wire anemometers were originally installed to measure both
combustion air and natural gas flowrates to the chambers. These flow measuring
devices are known to drift, introduce uncertainty into final measurements, and
cannot not be easily re-calibrated in place. The anemometers were replaced with
venturi flow tubes on all combustion air streams and orifice plates on all
natural gas streams. Electronic transmitters for pressure, differential
pressure, and temperature on each flow element provide signals to a flow
computer which calculates instantaneous mass flowrate of the gas stream.
Accurate flow measurements improve the agreement between process data and
material and energy balance calculations.

SOLIDWASTE FEED SYSTEM

All solid waste feed for incineration is pre-packaged in 0.3 m x 0.3 mx 0.6=
(1 ft x 1 ft x 2 ft) cardboard boxes. The CAI’S original solid waste feed train
consisted of a series of connecting gloveboxes with specific functions:
introduction of waste packages,,x-ray inspection, gamma assay for radioisotopes,
sorting, and finally waste staging prior to ram feeding into the incinerator.
The coupling of all these operations into one continuous feed train proved
inconvenient. Withdrawal of a waste package once it had been introduced into
the train required the reverse of the process of moving the package through the
train in the forward direction. The new design consists of one large solid
waste staging glovebox with a capacity of 24 h of waste feed and an introduction
air-lock with conveyor. A decision was made to screen waste packages prior to
incineration and return those to the generator which do not meet our acceptance
criteria. Hence, a sorting glovebox was no longer needed. The gamma assay and
~-ray InspectIonoperations will nowte conducted separate-from the ‘incinerator
feed train. A state-of-the art multiple Qinergyganwnaassay system (MEGAS) and a
micro-dose X-ray system with conveyor have replaced the original units

A waste package from the staging glovebox is loaded onto a side ram which
transports the package to a position in front of the main ram for feeding into
the incinerator primary chamber. The original main ram drive mechanism was
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based on an electric motor-operated chain on a set of sprockets. This entire
assembly was situated in a housing with difficult access and potentially high
maintenance requirements. The chain drive mechanism has recently been replaced
by a single hydraulic cylinder with power pack. This approach should greatly
enhance reliability. The entire hydraulic mechanism is readily accessible to
maintenance.

ASH REMOVAL AND CEMENTATION SYSTEMS

Bottom ash removal from the CAI originally involved a short gravity drop-out
section at the end of the primary chamber hearth followed by a vacuum transport
system (3). This approach was effective for removal and transport of normal
friable ash but not for large “clinkers” or non-combustible objects. Oversize
objects tended to plug the transfer lines. With the extremely high alpha
contamination expected in TRU waste and further concentrated in the ash, it was
clear that from a maintenance standpoint, this arrangement was not acceptable.
After considerable investigation of alternative means of removing ash from the
primary chamber, direct gravity drop-out into the final disposal container was
selected as the simplest and potentially most reliable.

As before, incoming waste packages push ash along the hearth toward the ash
- drop-out pit. A refractory-lined plug valve, normally in the closed position,
seals the bottom of the drop-out pit opening, allowing ash to build up on the
valve. Ash falls into a hopper and is held by a 0.40m (16 inch) diam. slide
gate valve. Between this valve and a 0.40 m diam. knife gate valve directly
below it, a spool piece serves as a measurin
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volume for dumping of ash directly

into the final disposal container, a 0.208 m (55 gal) DOT 17C drum. Three
measured volumes totalling 0.128 m3 of ash are dumped into a drum. The weight
of the ash is measured during the dumping operation to compute its density.
This information is later used to determine proper cement/ash ratios for
inanobilization.A drum with the desired amount of ash is de-coupled from the
drop-out system using primary, secondary, and tertiary alpha bag-out seals.

TRU waste must meet specific criteria (9) for acceptance at the Uaste Isolation
pilot Project (!IPP). Incinerator ash which meets the definition of TRU waste,
i.e. > 3.7 x 10 Bq/kg (100 nCi/g) must be immobilized in a solid matrix.
Current plans are to immobilize the ash by tumbling in Portland cement in the
same drum in which the ash was originally dumped. Samples of the homogeneous
tumbled ash/watermixture will be collected for assay of TRU and RCRA
constituents prior to addition of the cement.

OFFGAS TREATMENT SYSTEM

The original selection of wet offgas treatment on the CAIwas based on high HC1
removal efficiency, excellent particulate removal prior to HEPA filtration, the
availability of a liquid waste treatment facility to treat scrub solution
blowdown, and the fact that this approach is relatively insensitive to swings in
offgas-flowrate,temperature, and composition. Though the same general approach
to offgas treatment was adoptea for the upgrade, the entire offgas train has
been replaced with an eye toward thermal and corrosion resistance, mechanical
durability, and reliability.
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The wetted surfaces of the original quench tower, venturi scrubber, absorber
tower, and ducting entering the HEPA filters were fiberglass reinforced
polyester (FRP) materials. Because of the concern with FRP of thermal damage
from potential loss of cooling water SUPPIY to the quench tower, all of this
equipment has been replaced with high alloy materials. The new quench, venturi,
and absorber vessels were fabricated of Hastelloy C-22 and the offgas ducting Up

to the HEPA filters is superaustenitic stainless steel AL-6XN. The high
temperature transition section of the quench tower has been modified from an
overflow weir to an annular plate upon which recycled scrub solution is sprayed
for cooling. We believe this design offers advantages over a weir to ensure
uniform wetting of the quench tower walls.

In addition to mineral acid removal from the offgas, the absorber with 56%
greater capacity than before, now also serves as a direct contact offgas cooling
device, eliminatingthe need for a separate offgas condenser. The temperature
and hence, moisture content of the offgas leaving the absorber is controlled by
the flowrate and temperature of recycled scrub solution contacting the gas in
the absorber. Heat is removed from the recycled scrub solution via a larger
capacity primary heat exchanger (Fig. 1). To increase temperature resistance,
the former polypropyleneabsorber tower internals were replaced with Hastelloy
C-276 structuredpacking and demister. HEPA filter blinding problems and
downstream corrosion have been attributed to mist in the offgas. The lower
superficial gas velocities in the new larger absorber are expected to greatly
reduce entrainmentof water droplets. Both the quench and absorber vessels have
conical sumps to minimize solids buildup.

A 24 kW electricalresistance superheater has been used to maintain the bulk
offgas temperatureat least 16.6 ‘C (3O ‘F) above saturation. However, we
believe that entrained water droplets from the absorber passing through the
superheater in its original location, caused slow blinding of the HEPA filters.
To maximize the time the gas is well above the dew point, we relocated the
superheater immediatelydownstream of the absorber tower offgas exit. This will
afford approximately1 s residence time for droplet evaporation before contact
with the HEPA filters.

Alpha radioactivityconcerns demand that all air and offgas entering and leaving
the treatment facility pass through at least two high efficiency particulate air
(HEPA) filters in series prior to exhausting to the environment. The original
single bank of process offgas HEpA filters within a single housing were replaced
with a double bank of filters in separate housings. Each bank consists of two
0.61 m x 0.61 mroughing and HEpA filter pairs in parallel followed by two such
pairs in series. This allows isolation of one bank for change-out while
switching to the fresh bank without interruption of the incineration process.

Some additional improvements to the offgas treatment system are worth noting.
The original activatedcarbon adsorber (4,5) will continue to be used as a
method of final removal of trace unctiusted organics from the offgas stream.
l%e downstream 315L stainless steel carbon support screen ”insldethe unit
experienced severe chloride/sulfate corrosion and was replaced with Hastelloy C-
276 perforated support materials. Because of corrosion, the original two
parallel induceddraft blowers were replaced with slightly higher capacity
units. Along with the addition of condensate drains, corrosion due to water
condensation during shutdown can be avoided by operating the blowers for an
extended period after an incineration campaign.



SCRUB SOLUTION RECYCLE SYSTEM

Several improvementsto the original scrub solution recycle system have been
made along with one significant design modification. As with the major vessels
contacting the scrub solution, the original FRP piping has been replaced with
Hastelloy C-276 material and teflon-lined shut-off valves. All pumps handling
scrub solution that had required seal water flow have been replaced with
magnetically coupled seal-less pumps. Seal water flow had been a significant
contribution to total liquid waste volume. Because scrub solution supply,
particularly to the quench tower, is critical for cooling the offgas, two
parallel redundant SUPPIY pumps have been installed to replace the original
single unit.

The most significantmodification to this system is the inclusion of a
hydrocyclone (Fig. 1) to remove suspended fly ash from the recycling scrub
solution. The hydrocyclone is rated at 99% removal of particles less than 35
micron diameter. Solids removal is necessary to avoid plugging of the quench
tower spray nozzles. The under-flow stream {< 0.13 1/s (2 gal/rein))from the
cyclone, containing the highest concentration of suspended solids, is
continuously circulated through parallel bag-type filters. This arrangement
replaces a system in which the entire recycle stream at 3.2 1/s (50 gal/rein)was
filtered through cartridge filters. The original system required frequent,
difficult filter changes.

The method of scrub solution PH control was changed to allow more rapid response “
between the points of PH measurement and caustic injection. Formerly, caustic
had been metered into the sump tank and the PH was measured at the exit of the
tank. Large fluctuations in PH made control difficult. The new approach
involves sensing PI+in the scrub solution return line just before discharge into
the sump tank. Sodium hydroxide solution (50 wt%) is metered into the same line
upstream of the return pump (Fig. 1). This method will provide more rapid
response in conjunction with a micro-controller into which the characteristic
titration curve can be programmed.

INSTRUMENTATIONAND CONTROLS

Current process instrumentationwas used throughout the CAI at the time it was
developed in the late 70s. Along with the opportunity to upgrade process
hardware, we have taken a fresh look at state-of-the-art instrumentationand
controls. At the same time, we have attempted to simplify a heavily
instrumented R&D system. New field transmitters, recorders, and micro-
controllers have been incorporated into process monitoring and control
functions. Control loops will remain distributed rather than centralized to
minimize the impact of controller failures. Safety interlocks, which were
foraerly based on electro-mechanicalrelays, are now managed by a programmable
logic controller (PLC). All important process variables are now logged on a IBM
PC compatible data acquisition system which.provlclesreal-time trending,
reportS, and material and energy balance analysis. Offgas CO, C02, and H20
levels will be continuously monitored using an in-situ non-dispersive infrared
(NDIR) analyzer mounted on the stack.



AUXILIARY SYSTEMS

Extensive modifications have been made to the original compressed air, steam,-
and caustic supply systems. Oil-free air compressors, molecular sieve-type air
dryers, and ABS plastic air piping have replaced conventional compressors and
carbon steel piping. For ease of handling, the use of bulk 50 wt% sodium
hydroxide solution supplied from a remote storage tank will be used for pH
control. To eliminate rusting and fouling of heat exchange surfaces, stainless
steel cooling water piping will be used in these systems. Stainless steel steam
lines will reduce corrosion and the potential for plugging of atomizing nozzles.

SUhWIARYAND FUTURE PLANS

We have briefly described the major modifications currently underway to
transform the Los Alamos CAI from an R&D to a production system. Some of the
equipment and materials just described, which may be an extravagance in
conventional non-radioactivewaste applications, are fully justified in light of
the potential hazards associated with TRU waste service. The overall process
upgrade is expected to be complete late this year with acceptance of the first
TRU waste occurring thereafter.
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