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Hazardous Waste Treatment Facility and Skid-Mounted Treatment Systems at Los Alamos
G. W. Lussiezand S. J. Zygmunt
Los Alamos NationalLaboratory,Los Alamos,NM
Abstract
To centralizetreatment,storage,andstaging areasforhazardouswastes, Los Alamos
National Laboratoryhas designeda 1115 m2 hazardouswaste treatmentfacility. The
facility will house a treatment room for each of four kinds of wastes: nonradioactive
characteristicwastes, nonradioactivelistedwastes, radioactivecharacteristic wastes, and
radioactivelisted wastes. The facility will be used for repacking labpacks; bulking small
organicwaste volumes; processingscintillationvials; treating reactives such as lithium
hydrideand pyrophoricuranium;trea'tmgcontaminated solids such as barium sand;
treatingplating wastes and othersolutions with heavy metals and oxidizing organics; and,
generally,treating hazardous wastes as requiredby RCRA. The treatedwastes will then
be appropriately disposedof.
Separatetreatment rooms will allow workersto avoid mixing waste types, preventcrosscontamination, and avoid or mitigate other hazards associated with treatment.
The ventilation air fromthe treatment areas may contain hazardous or radioactivedust.
Gas may also leak from process equipment. The gas treatment process includes separating
sohds and gases and neutralization or adsorptionof the hazardousgases. The ventilation
air fromeach treatment roomwill first be filtered before being scrubbedin a common gas
caustic scrubber on an outsidepad. Thereare twOlevels of exhaust in each treatment
room,one forheavy gases and anotherfor light gases.
Several featureshelp mitigate or eliminatehazards associated with spills and releases:
each treatment roomis sealedand underslight negative pressure;each roomhas its own
HEPAfiltration; to avoid mixing of incompatiblewastes and reagents, portable individual
spiU-e,ontainmenttrays are used for skids, each type of reagent,the sampling area, etc.; to
limitthe dangerof spills, the waste is directlytransferredfrom outside storageto the
treatment room;to mitigate the consequencesof a gas release in the room, mobilehoods
are connectedto the exhaust-air treatmentsystem;the floor, walls, ceilings, fixtures, ducts,
and piping are madeof acid-resistantmaterialor are coated;and several cleaning systems
will minimize the amount of waste generatedduringcleanup.
Most processing equipmentwill be mountedon a skid dedicatedto one waste type; the skid
can then be moved in and out of a dedicatedtreatmentarea. The concept increases
flexibility in treatment, because new skids can be built fornew waste types. It also
decreasesthe amount of floor space requiredbecause no idle equipmentclutters the room.
INTRODUCTION
Los Alamos National Laboratory (LANL) is a multidisciplinarylaboratory operated by the
Universityof California forthe Departmentof Energy. The principal mission of the Laboratory is
designingand developingweapons forthe nation's nuclear arsenal, but considerableresearchand
developmentis directed toward the peaceful developmentof nuclear energy,including researchon

controlled nuclear reactions, fission reactions, nuclear safeguards, laser fusion, and medium-energy
physics. This work is supported by basic research programs in physics, chemistry, earth sciences,
metallurgy, mathematics, computer science, and other disciplines. Additional programs are
conducted in medicine, environment, and alternative energy.
Research activities are conducted at a variety of technical sites spread over 13,000 acres, and the
Laboratory staff is about 10,000 employees. The variety of research activities creates an equally
wide variety of waste streams. Because much of the work involves radioactive materials, the
research activities generate mixed wastes, wastes that are both radioactive and hazardous under the
Resource Conservation and Recovery Act (RCRA). Consistent with the activities of Laboratory, a
wide variety, of low-level mixed wastes are generated but in relatively small volumes.
Until 1986, low-level mixed wastes were handled as low-level radioactive wastes. Since 1986,
low-level mixed wastes were put into storage, and plans were developed to treat these wastes.
About 4500 drums of low-level mixed wastes have accumulated, and about 300 drums are added
eachyear.
THE PROBLEM
A survey was conducted in 1989 to separate low-level mixed waste streams generated at LANL
into treatability groups. Twenty-nine waste streams were identified based on chemical nature
(Table I). The streams are separated into major streams, those with more than 100 drums in
storage, and minor streams, less than 100 drums. These streams were then combined into about 17
treatability groups based on common approaches to chemical treatment. But data on the older
wastes, or legacy wastes, was sketchy, and assumptions were made in separating the groups. As
more characterization was completed, it became apparent that the same treatment process could not
be applied to all the wastes grouped into a waste stream.
Table I. Low-level Mixed Waste Groupings.
Major Waste Streams
wastewater treatment sludges
scintillation fluids and vials
oil
liquids
semisolids (grease and sludge)
on vermiculite
PCB-contaminated
paint stripper, paint stripper trash, Chemstrip
nitrated rags
lithium hydride
contaminated lead
Minor Waste Streams
miscellaneous solvents
halogenated
nonhalogenated
in vermiculite

miscellaneous ignitables
trichloroacetic acid, ethanol, sodium
phosphate
solids contaminated as above
oxidizers
other solids
miscellaneous corrosives
acid, liquid
acid, with EP toxic metals
other/unknown
miscellaneous reactives
lithium, sodium, uranium, calcium
cyanides
other
EP toxic metals
labpacks
organics
unknown
&ascylinders

unknowns

For example, one waste stream is contaminated lead, most of which is in the form of lead bricks
and shapes with surface contamination. It can be treated by decontamination and recycling back
into the shielding pool. Also in the inventory are several drums of lead shot, several drums of soil
with lead shot, and lead that has been activated by an accelerator. Clearly, the process selected for
decontaminating most of the lead could not be applied to all the wastes.
Waste within a stream defined by chemical nature can be contaminated with different
radionuclides. For example, scintillation vials can be contaminated with small concentrations {up
to 10 nCi/l) of the radionuclides H-3, C-14, P-32, and 1-131 and with transuranic isotopes such as
Pu-238, Pu-239, and Am-241. Some lead pellets and bricks are known to be contaminated with
transuranic isotopes, while others are contaminated with fission products such as Co-60, Sr-90,
and Cs-137.
Given our knowledge of the waste at the time, defining all of the treatment processes needed was
impossible. Further, as a research facility, the nature of future waste changes as the research
direction of the Laboratory changes. What was needed was a highly flexible approach aimed at
treating relatively small volumes of mixed wastes.
THE SOLUTION
The solution to the problem is to build a facility that can accommodate a variety of treatment
processes for both hazardous and mixed wastes. The budding provides containment, utilities, and
support functions for treatment. Tl_e treatment processes are skid mounted and portable. A
treatment skid is placed in a treatment room and the waste treated in a campaign fashion. The
treatment skid and other equipment are then decontaminated and stored, allowing the room to be
used for a different treatment process.
Hazardous Waste Treatment Facility (HWTF)
The facility covers 1115 m2 and includes four treatment rooms (Fig. 1). A hallway separates the
building; radioactive and nonradioactive treatment rooms are on opposite sides of the hallway. The
building includes central change rooms, an operations laboratory, maintenance and parts storage
areas, and offices. Small tank farms adjacent to the building accumulate treated fluids and contain
spills.
Several factors influence the design of the facility (Fig. 2):
•

the need to avoid mixing waste types;

•

waste hazard codes and the primary hazards of fire, explosion, corrosion, toxicity, and
radioactivity;

•

preventing cross contamination;

•

preventing mixing incompatible wastes and reagents;

•

minimizing the effects of corrosive fumes;
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•

reducing the possibility of acid and caustic leaks;

•

treating process gases;

•

rm'tigating the hazards of gas leaks;

•

ensuring flexibility and maximum use of space;

•

waste minimization;
and

•

controlling fugitive emissions.

To reduce risk, wastes will be accumulated for treatment in storage facilities separate from the
HWTF.
Treatment rooms. There are four treatment rooms, one room for each of the four kinds of waste:
nonradioactive characteristic, nonradioactive listed, radioactive chara, _.eristic,and radioactive
listed. Segregating the rooms reduces the risk of cross-contamination and simplifies treatment and
disposal of residuals. The treatment rooms are nominally 110 m2. Access to the rooms is through
roll-up doors that allow the delivery of skids, wastes, and treatment reagents. Roll-up doors to
rooms handling radioactive wastehave air locks.
Treatment skids are delivered to the treatment rooms by forklifts or lowboy trailers. Inside the
rooms an overhead crane positions the skids. Waste is moved with a variety of drum-handling
equipment.
Air, water, steam, and electrical power are provided at stations at four locations in each room.
Each room has a separate vacuum system.
Each treamaent room has subroom for storing and sampling the waste associated with a treatment
campaign. These small areas have special fire protection and ventilation hoods.
Ventilation. Individual skids include gas-treatment systems to handle off-gas and fumes generated
in the treatment. The design of the off-gas treatment varies with the treatment process, but most
off-gas treatment for mixed wastes includes a scrubber and high-efficiency particulate air (HEPA)
filters.
Fixed or mobile fume hoods tied into the building exhaust system handle fugitive emissions from
the skids.
The building exhaust system maintains the treatment rooms at negative pressure relative to the
surrounding rooms and outside. The exhaust from each room passes through separate treatment
units consisting of a prefilter, a first-stage HEPA filter, two charcoal absorption beds, and a
second-stage HEPA filter.
The room exhaust is taken from the treatment rooms at both the ceiling and the floor to prevent the
build up of gases that are lighter or heavier than air. The exhaust rate from the room provides
seven air changes per hour when the building is "at rest" with no treatment in progress. Only two
treatment rooms will be used at one time, so exhaust is borrowed from inactive rooms to support
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the exhaust needs in the active rooms. The exhaust control system will rebalance the system to
treatment needs while maintaining all rooms under a negative pressure.
The combined exhaust from the rooms is treated with a caustic scrubber and passes through an
exhaust fan to a stack. There are two exhaust fans, one in operation, the other a spare. An
emergency generator ensures operation of the exhaust system during power failures.
Sampling and storage rooms have separate hoods in which to open and sample drummed waste.
Air and exhaust monitoring. The air in the treatment rooms is monitored for explosive and toxic
gases. Rooms handling radioactive wastes are monitored for radiation. The building exhaust is
continuously monitored for radioactivity, toxic gases, and hydrocarbons. The particulars of
exhaust monitoring will be developed as part of the permitting process.
Secondary containment and spill control. Each treatment skid has drip pans to catch minor spills
and leaks, thus keeping the treatment room clean during normal operations. The room floors are
sealed and coated with a material resistant to acids and bases. The first four feet of the walls are
coated with the same acid- and base-resistant material. The rest of the walls and the ceilings are
sealed with an epoxy material.
The treatment room floors have interceptor trenches that drain to collection sumps. The sumps are
equipped with explosion-proof pumps that transfer the liquid collected to one of three 9.4 m 3 tanks
dedicated to that room. Piping to the tank is contained in trenches or in double-walled pipes with
leak detection.
Concrete basins provide secondary containment for the tanks. The floors of the basins slope to a
collection sump with spill detection. A roof over the tank prevents accumulation of precipitation in
the basins. Liquid collected in the sumps is pumped back with a portable pump to one of the three
tanks or to treatment.
The tanks also hold fluids generated by treatment. These liquids are discharged through a
radioactive liquid treatment plant under permit, or are solidified for disposal.
Wet and dry vacuum sweepers can be used to clean up small spills. The vacuum is provided by a
vacuum pump in each room, with eight vacuum service points in each room.
Fire protection. The rooms are monitored for explosive gases, and all electrical service in the
treatment rooms and on the treatment skids is explosion-proof.
Most of the building has a standard wet-pipe fire-protection sprinkler system. The four treatment
rooms are protected by a high-expansion foam fire-suppression system. This system provides a
foam with a low moisture content that is compatible with water-reactive wastes and reduces the
amount of fluid generated by activation of the fire system. The sampling and storage areas have
independent dry chemical systems using graphite or a similar powdered solid extinguishing agent.
The tank area is pro_
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with a dry-pipe system.
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The treatment process can be a single skid or multiple interconnecteA skids. A typical treatment
process has three skids: one containing the reactor section, a second for gas handling, and a third
for solids handling. As treatment designs progress, reuse of different skid components is expected.
That is, the gas-handling and solids skids for one treatment process will apply to another.
The size of skids is dictated both by the need to conduct campaigns in a reasonable time and by the
ability to move and site the skids in the treatment rooms. Mobility and siting set the maximum skid
size at 1.5 m wide by 3 m long by 3.6 m high and a maximum weight of 2700 kg for each skid. Up
to six skids could fit in a treatment room to make up a process.
Hazard and risk analysis are prepared for each treatment process concurrently; different design
phases and engineered controls are incorporated in the design to minimize hazards and risks.
Operating personnel are a major cost factor for waste treatment at LANL, so the selection of
treatment processes emphasizes processes that can be operated for 8-hour days and left in a failsafe mode overnight and on weekends.
The following processes are already in development.
Lead decontamination. The Laboratory decontaminates lead by removing a thin superficial layer
using an abrasive media of water, alumina, and air. This slurry version of sandblasting will be
done at low pressure and considerably reduces airborne lead particles and radioactivity. The slurry
is recycled so the volume of effluent is minimal, and it is rendered nonhazardous by solidification.
When decontamination is completed, the lead is washed with clean water. This water becomes
contaminated with fine lead particulates. Most can be removed by settling and, when filtered
through a 1.5 tan filter, the residual lead concentration is below the characteristic level of 5 ppm.
Approximately 55 gallons of this effluent is produced per day. The decontamination process is in a
semitrailer that includes a HEPA-filtered ventilation system. The process began operation in April
1993 and has processed up to 3.5 tons of lead bricks in a week.
Uranium chips. When uranium metal is rnaehined for defense applications, the process produces
small chips and turnings, which are considered a waste that must be properly treated and disposed
of.
As with some other metals, the smaller the pieces of uranium or the greater the surface area of the
turnings, the more likely they will oxidize in the presence of air, water, or both. This oxidation
process is exothermic and is aczzlerated byheat. Under certain conditions a mass of uranium
chips could ignite spontaneously. If the mass of fine material is great enough, the reaction, once
started, is self-sustaining, and temperatures can exceed 1000° C. Fine oxide particles earl become
airborne and would be hazardous if they were inhaled. If water is present, the reaction can produce
hydrogen.
The treatment process at LANL allows low-temperature conversion of waste depleted uranium
metal to uranium oxide. It avoids all the difficulties and hazards associated with high-temperature
oxidation while using an environmentally benign oxidant, sodium hypochlorite (bleach), to oxidize
the chips to produce an inert waste. Uranium turnings react rapidly with dilute solutions of sodium
hyp_hlorite to form an insoluble uranium (VI) oxide as a finely divided bright yellow powder.

No soluble uranium products are formed. The oxidation is mild, occurs with dilute hypochlorite
solutions, and is rapid. The resulting uranium oxide can be dissolved in dilute acids (pH 2 nitric
acid) and readily separated from impurities, or reprocessed. The product oxide is suitable for
either disposal after solidification, LANL's option, or, for 235U, allows recycling back into the
uranium process scheme and eliminating the oxide as a waste form. Oxide coatings (UO2) , formed
when the reactive metal is exposed to air, do not deter the oxidation of the metal, and in fact are
oxidized with the uranium as well.
Detailed design of the treatment skid is complete, and fabrication will start soon. Testing of the
treatment process will start in 1994.
Eleetroplating waste. Two or three drums of mixed plating wastes are produced every 2-3 years
must be treated at the HWTF. Large volumes of mixed acids and bases with heavy metals must
also be treated.
The process follows the standard treatment procedure for plating wastes, providing oxidation of
cyanides and ammonia, reduction of chromium, and precipitation of metals as metal sulfides or
sometimes hydroxides. Close control of pH is needed to prevent formation of hydrogen cyanide or
hydrogen sulfide.
Final design of the skid is complete and permit applications have been submitted.
Lithium hydride. Large quantities of lithium hydride and small quantities of reactive metals such
as sodium and calcium are in storage. The recommended treatment for lithium hydride and other
reactive metals is controlled oxidation with oxygen or water.
Reactivity of the water-reactive wastes is neutralized with an atmosphere of humid nitrogen, which
prevents the formation of an explosive mixture of hydrogen and air. When the temperature of the
nitrogen and the humidifier is adjusted, the nitrogen can be more or less humid, and the rate of
reaction can be adjusted and controlled. LANL has investigated the rates of reaction of lithium
hydride as a function of the temperature and humidity, and, as anticipated, they increase with
increasing temperature and humidity.
Bench work is nearing completion and will lead to the start of a skid design in 1994.
DETOX process. Contaminatedorganicscan be treated using the DETOX process,an ironcatalyzed aqueous phase oxidation process.
The primary benefit of the process is the ability to catalytically oxidize organic constituents in a
contained reactor. DETOX is potentially more convenient to use than other forms of wet oxidation
because it can accept a wide variety of waste streams and sizes; its lack ofNOx, SOx, dioxin, or
furan formation; its relatively low power usage; its containment and concentration of many heavy
metals; and its ability to operate at moderate temperatures and near atmospheric conditions.
The transuranics and many other radionuclides would be contained and concentrated in the
DETOX solution until their concentrations were sufficiently great to warrant recovery or disposal.
Carbon-14 would be contained by absorption of carbon dioxide in sodium hydroxide to yield
calcium carbonate. Tritium in the form of water would be contained in the reactor.

Results indicate that the DETOX process can destroy more than 99% of the organics, 99.94% for
nonvolatile and >99.9999% for volatile. Future studies include operation of a continuous benchtop system.
Design of a treatment skid will start in 1994.
Barium sand. Thermal treatment of high-explosive filE) scraps, HE-contaminated trash, and HEcontaminated equipment generates a sand waste containing soluble barium as barium oxide,
barium nitrate, and barium carbonate. The sand is a hazardous waste regulated under RCRA.
Barium sand is not radioactive and is therefore not a mixed waste.
LANL treats the sand with hydrated calcium sulfate (gypsum) and sulfuric acid, which precipitate
the barium as insoluble barium sulfate according to the reaction below and produce a sand with an
EP toxic barium concentration below 100 mg/l.
BaO + H2SO 4 -_ BaSO 4 + H20
Because the treated sand no longer shows any characteristic of a RCRA hazardous waste a_adis
not a RCRA-listed waste, the sand is disposed of as a nonhazardous waste at a designated disposal
area.

A customized "cement truck" can be backed into the treatment area, the sand and reagents loaded
into the mixer drum from a portable process platform, and the treated waste mixed with cement
and dumped into disposal shafts for in situ solidification. Personnel will not have to actually
handle the waste.
The fabrication of a skid will begin as soon as permitting is completed.
Compressed gas cylinders. The Laboratory has a number of radioactively contan'dnated gas
cylinders and hazardous gas cylinders that cannot be sent off-site for treatment. Damaged gas
cylinders present a special problem because some cannot be safely opened, and others cannot be
shipped.
A skid-motmaxi recontainerization process is being fabricated that allows damaged cylinders to be
punctured in a controlled manner and the contents sampled and compressed into a new cylinder or
vented to treatment. The reoontainerization process is being provided by a commercial vendor, and
fabrication of the skid will be completed in 1994.
The Laboratory started the design of a skid to treat gas cylinders in 1994. It is too early in the
design development to give particulars about the treatment process. The Laboratory also has a
small volume of soil oontaminated with metallic and soluble lead. A process invented at the
Laboratory removes both species with polymers and liquids. Design of the skid will be started in
1994.
Vial crushing. The Laboratory generates a large number of scintillation vials from health physics
work. A single drum can contain more than 3000 vials, small 20-ml plastic or glass bottles that
are half-full of a scintillation cocktail and water. The mixture is an ignitable waste under RCRA
regulations.

A portable vial crusher has processed 600 drums of vials into 15 drums of bulked liquid. Bulking
saves storage room and allows better characterization of the liquid. The crusher passes the vials
between two rollers that crush the glass vials and pop the tops off the plastic vials. The crushed
vials are shaken on vibrating screens that separate the solids from the liquids, each collected in a
separate container.
The vial crusher is self-oontained and is mounted on a skid base that provides secondary
containment. It has its own ventilation system that maintains the crusher under negative pressure
and provides carbon adsorption and HEPA filtration of the exhaust.
Future Skids
The design of treatment processes for two was_ are started each year until there are enough
processes to handle all waste streams. The waste streams are prioritized based on the risk _f
storage. Treatment processes tbr wastes with the highest storage risk are started first. The design
of the treatment process is managed using a project management plan generic to all skids and
addressing all the steps from waste characterization through skid testing.
Schedule. The conceptual Title I design for the HWTF has been completed. Allowing two years
for permitting, completion of the facility is expected in 1998. Skids will be operated before the
HWTF is completed at alternative sites as they are available and as permitting is completed. Lead
decontamination has been operational since April 1993, and the uranium chips treatment is
expected to be piloted in 1994.
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