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Abstract

The 49-year-old Chemistry & Metallurgy Research (CMR) Facility is where analytical chemistry
and metallurgical studies on samples of plutonium and nuclear materials are conduct in support
of the Department of Energy�s nuclear weapons program.  The CMR Facility is expected to be
decontaminated and decommissioned (D&D) over the next ten to twenty years.  Over the
decades, several hazardous material issues have developed that need to be address.  Unstable
chemicals must be properly reassigned or disposed of from the workspace during D&D operation.
Materials that have critical effects that are primarily chronic in nature, carcinogens, reproductive
toxin, and materials that exhibit high chronic toxicity, have unique decontamination requirements,
including the decontrolling of areas where these chemicals were used.   Certain types of
equipment and materials that contain mercury, asbestos, lead, and polychlorinated biphenyls
have special provisions that must be addressed.  Utilization of commercially available software
programs for addressing hazardous material issues during D&D operations such as legacy
chemicals and documentation are presented.  These user-friendly programs eliminate part of the
tediousness associated with the complex requirements of legacy hazardous materials.  A key
element of this approach is having a program that inventories and tracks all hazardous materials.
Without an inventory of chemicals stored in a particular location, many important questions
pertinent to D&D operations can be difficult to answer. On the other hand, a well-managed
inventory system can address unstable and highly toxic chemicals and hazardous material
records concerns before they become an issue. Tapping into the institutional database provides a
way to take advantage of the combined expertise of the institution in managing a cost effective
D&D program as well as adding a quality assurance element to the program.  Using laboratory
requirements as a logic flow diagram, quality and cost effective methods are used to provide
necessary information of programmatic, quality, and safety issues concerns.  In summary, by
seamlessly managing non-programmatic issues, chemical software programs allow scientists in
nuclear research facilities more time to concentrate on their technical areas of interest.
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INTRODUCTION

The CMR Facility was constructed in 1952 to carry out analytical chemistry and metallurgical
studies on samples of plutonium and nuclear materials in support of the Department of Energy�s
(DOE) nuclear weapons program [1]. In 1959, Wing 9 was added to the CMR Facility to provide
heavily shielded facilities (hot cells) for remote-handling operations.  These capabilities were used
to support post-irradiation examination of irradiated fuels.  Other programmatic activity include
waste minimization, environmental restoration and remediation, nuclear safeguards, high-
temperature superconductivity, support for the Rocky Flats site, mixed waste characterization,
support for the Waste Isolation Pilot Project (WIPP), and Special Nuclear Material (SNM)
standards development.  Primary programmatic uses of the CMR Facility have not changed
significantly since it was constructed.  These activities include analytical chemistry, physical and
inorganic chemistry, and metallurgy operations using 235U and 238U, 238Pu, and 239Pu, and smaller
quantities of tritium, neptunium, 233U, curium, americium, and other transuranic (TRU) isotopes.
Being a modern nuclear facility, operations in the CMR Facility are assessed with most of the
common types of hazards: ionizing radiation, pressure, ignition sources, hazardous materials,
mechanical, cryogenic, nonionizing radiation, laser, and electrical.  Of the hazards associated
with materials, the critical effects that are primarily chronic in nature consist of the following:
carcinogens (CARC), reproductive toxin (REPRO), and materials that exhibit high chronic toxicity
(HITOX � CHRONIC).  ESH-5, the Industrial Hygiene Group at LANL, grouped them together
along with materials that exhibit high acute toxicity (HITOX � ACUTE) in a group called �Category
I Chemicals� (CAT I) [2].  All operations with starting materials, intermediates, and final products
that are CAT I have a higher level of control associated with them, especially during D&D
operations.

The 550,000 square foot CMR Facility is expected to be decontaminated and decommissioned
(D&D) over the next ten to twenty years.  Permanent structures like the CMR Facility can be
demolished by the Laboratory with the approval of the Department of Energy�s (DOE) and the
General Services Administration.  The approval process is extremely complex and deals with
several hazardous material issues.  Support organizations at the Los Alamos National Laboratory
like the Environmental, Safety, and Health (ESH) Division generate huge sources of information
on hazardous materials.  Workers could use this data if they could only filter out the tables of
numbers that are not necessary and focus on the information they need. Software programs
tailored to hazardous material protection issues channel this information in user-friendly ways to
help eliminate some of the administrative confusion associated with conducting D&D operation.
In the following report, issues associated with hazardous material protection during D&D
operations are presented and the software programs that address them are described.

HAZARDOUS MATERIAL ISSUES

Shelf-Life Requirements [3] Hazardous materials must be properly reassigned or disposed of
from the workspace during D&D operation. A major concern is the storage of incompatible
chemicals.  Shelf-life requirements for reactive materials and peroxide formers must also be
addressed.  Reactive materials, especially shock sensitive chemicals, must be inspected for signs
of change.  The inspection requires enough experience to distinguish between stable and
unstable conditions (i.e. decomposition, dehydration, or peroxidization).  For chemicals with a
severe peroxide hazard on storage with exposure to air (Class A), they must be checked for
exposure to air or discarded within 3 months.  For chemicals with a peroxide hazard on
concentration (Class B), they must not be distilled or evaporated without first testing for the
presence of peroxides. In addition, they must be discarded or tested for peroxides after 6 months.
For chemicals with a hazard of rapid polymerization initiated by internally formed peroxides
(Class C), they must be discarded or tested for peroxides after 6 months, as well.  These types of
hazardous chemicals in their original, safe condition may be disposed of following normal
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processes.  Chemicals, which exhibit signs of decomposition, dehydration, or peroxidization, must
not be handled or attempted to be removed.  Only personnel trained in emergency response
procedures for hazardous materials incidents should attempt to do this.

CAT I Chemicals [4] One of the special provisions for working with CAT I Chemicals during D&D
operations, include the minimization of designated areas (DAs).  A DA is an area where a
reasonable potential exists for contamination to occur at levels in excess of those specified in
institutional requirements.  In an effort to minimize these areas, it is necessary to decontrol
(reduction of CAT I Chemical hazards such that hazardous material controls are unnecessary for
the intended use of the facility or area) and release an area that was previously a DA.  Failure to
use good sound judgment, safe work practices and guidance in this procedure could result in the
spread of contamination, personnel contamination, unnecessary exposures or injury to extremely
hazardous materials.  Work involving carcinogens also require special provisions including
Regulated Areas (RAs) [3].  RAs are spaces used for work involving LANL-regulated carcinogens
or carcinogens that an ESH qualified person have determined to present a high or moderate
potential hazard.   They are restricted and controlled in the same matter as CAT I Chemicals.

Mercury-Containing Equipment Because the naturally occurring silvery liquid expands
and contracts evenly with temperature and pressure changes, mercury is ideal for use in
such things as thermometers and vacuum gauges (manometers).  Within the CMR Facility,
metallic mercury is used in diffusion pumps, electronic switches, thermostat probes, relays,
thermometers, thermostats, manometers, gauges, standards, and electrodes for a variety of
operations.  Mercury present in these instruments does not in itself constitute a risk of
contamination since this metal is contained with a closed system.  However, breakage,
inadequate maintenance and disposal of such instruments can expose workers and the
public to this toxic substance.

Old or broken mercury thermometers must be saved in a closed container. Mercury waste
from servicing manometers and other mercury-containing gauges must be stored in a
covered, airtight container that will not break. Smaller vials can be stored in a larger
covered, airtight container, such as a five-gallon plastic pail.  Switches from appliances or
vehicles must be removed and then stored in a covered container marked �Mercury
Switches for Recycling.�  Two pieces of paper or two razor blades may be used to scoop up
mercury drops from a smooth surface. An eyedropper or a mercury vacuum may be used to
pick up pieces of mercury from the floor or the ground. Mercury spill kits are available from
safety equipment supply companies for larger mercury spills.

Asbestos-Containing Materials (ACMs) Asbestos is abundant, easily obtained, relatively
cheap, and found throughout the world.  The fibrous, crystalline makeup give asbestos
many desirable physical properties for use in construction and industry.  The CMR Facility
was constructed at a time when the use of asbestos-containing materials (ACMs) was
routine and often required.  Many work areas at the CMR Facility contain ACM, including
attics, basements, ventilation areas, tunnels, vaults, and boiler rooms.  Although ACM
articles have been inspected, over time, ACM may release microscopic fibers because of
damage, disturbance, or degradation.  Programmatic instruments may contain ACM if the
contain certain types of electrical wire, air conditioning, or stove-lining insulation, brake
linings, and clutch plates.  Expose to asbestos fibers can lead to chronic diseases that
include cancer (Lung, Mesothelioma, Gastrointestinal) and asbestosis.

Removal of asbestos in the CMR Facility involves a systematic approach to controlling
environmental and health hazards associated with asbestos exposure while maintaining
compliance with applicable regulator standards [5].  Authorized personnel that remove ACM
require different levels of training, some as long as 40 hours in length.  Controls used to
minimize potential exposures to asbestos may included wet methods, in which liquids are
use to prevent asbestos fibers from becoming airborne during abatement activities.
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Ventilation is used to capture or prevent the spread airborne asbestos fibers.
Encapsulation, in which ACM is treated with a substance to lock the fibers into place,
prevents the fibers from becoming airborne.

Lead Shielding & Solder Lead is useful as a shielding material in a nuclear facility because of its
relatively low melting point (327.5°C), softness, ductility, and high atomic weight.  Lead is also
used in lead solder operations.  Lead has been commonly used in the CMR Facility for both these
tasks. The risk of exposure to lead removing lead during D&D operations should be low.
However, recent entries in the Occurrence Reporting and Processing System (ORPS) indicate
that the simple movement of lead bricks can result in workers receiving an exposure to lead
above the PEL [6]. Lead is a cumulative and persistent toxic substance that poses a serious
health risk.

Under the Resource Conservation and Recovery Act (RCRA), lead shielding is a D008
listed waste and is regulated by law and has strict storage and disposal requirements once
the lead brick becomes waste. If the lead shielding is being removed, the excess lead must
be recycled or reused, otherwise it will be disposed of as a hazardous waste, mixed low-
level waste (MLLW) or mixed transuranic (TRU) waste.  This brings up two important issues
that need to be addressed: the current moratorium on recycling metal from areas posted for
radiological hazards and waste with no disposal path [7].  Currently, there is suspension of
the unrestricted release of scrap metal from nuclear facilities destined for recycling.  The
suspension is part of a new DOE policy aimed at ensuring that contaminated materials are
not recycled into consumer products and at improving DOE management of scrap materials
at its nuclear weapons production sites. This suspension includes lead bricks; however, all
scrap metal already in recycling vendor�s bins is not affected. This moratorium does not
affect the recycling of radioactively contaminated or activated metals that are sent offsite to
a DOE recycling facility for intentional conversion into products used in radiological facilities
or activities.  Non-defense mixed TRU waste, like contaminated lead bricks, is considered
waste streams with no identified treatment or disposal path. Using a LANL-developed
technology, lead is decontaminated to free release ($2.2/kg), and it could also be sent to a
smelter once the DOE moratorium unrestricted release of scrap metal from nuclear facilities
is lifted [8].  Another option is possible when the operations of the Waste Isolation Pilot
Plant (WIPP) are expanded to include non-defense generated mixed TRU wastes.
Legislation has been proposed for such a move.  Regardless of the moratorium on recycling
of radioactively contaminated metals being lifted, sending lead bricks originating from area
posted for radiological hazards to Oak Ridge National Center of Excellence for Metal
Recycle would solve this problem.  The National Center of Excellence for Metal Recycle is
an Oak Ridge, Tennessee-based, company has successfully demonstrated a process for
reusing contaminated lead as a shielding material for radioactive waste containers. This
process offers the DOE a cost-effective strategy for reusing a material that would otherwise
require costly disposal as a mixed waste [7].

Polychlorinated Biphenyls (PCBs) [9] In the past, Polychlorinated Biphenyls (PCBs) have been
commonly used as dielectric fluid in transformer, capacitors, and other electrical equipment.
Although PCB-containing equipment is no longer manufactured, PCB-containing transformers are
still in use.  Additional PCB containing equipment may include microwave ovens, fluorescent light
ballasts and fixtures, electric motors, pumps, pipes, voltage regulators, switches, electromagnets,
and oil-filled electrical equipment (other than circuit breakers, reclosers, and cable) whose PCB
concentration is unknown.  Such items should be tested and appropriate steps taken before
disposal.  Strict EPA regulations governing the use, servicing, and disposal of PCB-containing
articles, include inventorying, record keeping, and reporting requirements.  PCBs are toxic and
persistent.  PCBs are known to cause chloracne, a painful, disfiguring skin illness.  Based on
animal data, the EPA has found that reproductive effects, developmental toxicity and
oncongenicity are areas of concern to human exposed to PCBs.  In addition, once released into
the environment, PCBs do not degrade into less harmful compounds.
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PCBs containing articles with PCBs in concentration greater than 50 ppm must be
conspicuously marked with the words �Caution: Contains PCBs� and must have a PCB ID.
Combustible materials must not be stored within a PCB transformer enclosure or within 17
ft of PCB transformer.  PCB capacitors must be shorted out prior to disposal.  Transformer
must be drained and flushed prior to disposal.  All PCB articles in storage must be
inspected for leaks at least once every 30 days.  Any leaking PCB item and their content
must be transferred immediately to properly labeled containers.  In all cases any leaking
material must be cleaned up and properly disposed.

Hazardous Material Records The CMR host organization keeps records on hazardous material
exposure. Health and Safety staff responds to written request from employees, former
employees, or employee representatives for access to or copies of any monitoring, bioassay, and
other records relevant to potential exposure to hazardous materials.  Whenever possible the
actual results are sent.  Where a manual search of the archives is required an estimated
completion date is provided. Records associated with performance assessment activities are
maintained through two audit cycles to establish a baseline and trending with respect to
improving conformance with DOE standards.

In addition to the records discussed above, records associated with individuals must, at a
minimum, contain the following identifying information: the individual�s name; relevant dates for
monitoring or reporting periods covered; and the host line organization for that period [3]. In
addition, records must be readily available to the individual involved. Occupation exposure
received at sites external to the Laboratory must be included in the exposure record.  Efforts
should have been made to obtain records of previous occupational exposures.  In the absence of
formal records of previous occupational exposure, a written estimate signed by the individual may
be accepted.  Records (for example, exposure to hazardous material status of facility and
personnel) must be retained throughout the life of the facility and then transferred to the cognizant
federal oversight agency, unless other disposition is authorized by such agency.  At the
conclusion of a facility�s operation, in addition to the records described in the section on lifetime
records above, the records associated with the facility shall be re-examined for further retention
against two criteria: records needed to establish personnel exposure history for medical or legal
reasons and records needed to characterize the hazardous material exposure status of the shut-
down facility.  Many issues that have been raised in the above discussion can be addressed
using commercially available software as presented in the next section.

ANALYSIS

Software Tools These data were entered into a personal computer database program (Microsoft
Access) for conducting queries.  A spreadsheet program (Microsoft Excel) was used for
manipulations.  ChemSoftware CISPro 2000 was the software program used for inventorying and
tracking chemicals. ChemSoftware MSDS DFC was used as a MSDS filing cabinet. All results
from this study were generated off an IBM compatible lab-top computer, a Dell Notebook CPxJ.

Databases As with all types of data used in computer-generated reports, the quality of the
information being generated is only as good as the information being entered.  For this reason,
only data from objective institutional sources are used and they must meet certain quality
assurance requirements.  Using institutional systems listed on Table 1, reports with the required
fields were generated. In order to track the Shelf-Life requirements, a separate report was
generated that consists of all reactive and peroxide forming chemicals, their Chemical Abstract
Numbers (CAS No.), and their hazard class (A, B, C, Reactive) and corresponding shelf-lives
(This is Report 1).  A similar report was generated for CAT I Chemicals and reportable
carcinogens that include the following fields: CAS No., and their toxicity class, CARC � KNOWN,
CARC-SUSPECT, REPRO, and HITOX � CHRONIC, HITOX � ACUTE (This is Report 2).  For
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tracking mercury-containing equipment, ACMs, and PCBs, a table was developed that listed
equipment that are known to contain mercury, ACM, or PCBs (This is Report 3).

Table I. Required Institutional Software Systems and Fields.
 Required Fields

Systems
Chemical

Name CAS No. Owner Location WCD* Workers
Chemical Inventory X X X X   
Equipment Tracking   X X   
Asbestos Management X  X X   
PCB Tracking X  X X   
Information Management X X  X X X
*Work Control Document

Quality Assurance If a chemical hygiene database is used as means of providing proper hazard
communication, even a moderate degree of inaccuracy will erode confidence in system and
discourage use.  The need for high fidelity of data is greater during D&D operations that take
place several years or decades from the time the data was enter.  This issue must be adequately
addressed if one expects D&D managers to use the database.

DISCUSSION

Addressing hazardous material issues is an exercise in complexity.  To meet these
requirements are only a simple matter of tracking and managing of hazardous materials.
These implementation requirements for Shelf-Life issues, CAT I Chemicals, and Hazardous
Material Records are greatly facilitated by keeping an inventory of the chemicals stored. In
regards to chemicals with Shelf-Life requirements, connecting the Chemical Inventory
System report and Shelf-Life requirements report (Report 1) with a join line between the
CAS No., and creating a query of the chemical name, CAS No., Chemical Owner, location,
Shelf-Life and expiration date*, Shelf-Life issues are controlled (This is Query 1).

In a similar manner, linking the Chemical Inventory System report, CAT I Chemicals and
suspect carcinogens (Report 2) with a join line between the CAS No., creating a query of
the chemical name, CAS No., Chemical Owner, location, DAs and RAs, decontamination
issues are met (This is Query 2).  On the subject of Hazardous Material Records connecting
the Information Management report to Query 2 with a join line between the location fields
and creating a query of the chemical name, work control document (WCD), workers who
have trained to the WDC, Hazardous Material Records issues that must be able to pass an
audit are addressed (This is Query 3).  Extending this query to include Lead-shielding,
PCBs, and ACMs fields meet the record-keeping requirements of these concerns as well.
Last, the remaining mercury-containing equipment, ACMs, and PCBs requirements are
addressed by connecting the Equipment Tracking, PCBs Tracking, Asbestos Management
and mercury, ACM, or PCBs equipment (Report 3) with join lines between the location and
equipment fields.

Without an inventory of chemicals stored in a particular location, many important questions
pertinent to D&D operations can be difficult to answer. On the other hand, a well-managed
inventory system can address Shelf-Life, CAT I Chemicals, and Hazardous Material
Records concerns before they become an issue.  If procedures for the facile updating of
information on storage location are developed, the system becomes a tracking system.
Tracking systems are more complex to establish than simple inventories and require more



DRAFT

effort to maintain, but their favorable impact on the economics and efficiency of chemical
use in a large organization will often justify their use.  Manually tracking the hazardous
material containers can quickly become a paperwork nightmare.  As a result, a market for
chemical inventory software programs has developed.  In addition, software program that
acts as a Material Safety Data Sheet (MSDS) filing cabinet are commercially available as
well.

Both types of software programs are underutilized unless another key component is added
to the system.  The fields describing the physical and health issue associated with each
chemical need to be filled.  While this may be simple for process of consisting of 21 different
reagents, it becomes quite formidable in nuclear research facility like the CMR that has had
over 15,000 different chemicals during its 48 year history.  In addition, the values entered
into these fields must be accurate.  As with all types of data used in computer-generated
reports, the quality of the information being generated depends on the integrity of the
information it contains. Even a moderate degree of inaccuracy will erode confidence in
system and discourage use.  For these reasons, appropriate measures need to be
employed to purge the database of inaccurate information.  All data sets, especially those
obtained form human studies have the potential to be messy.  Combined this with the fact
that there is a great variation in quantity and quality of information obtained in MSDSs, it is
very important to examine the input data thoroughly before making any conclusions.

This issue is resolved by tapping into ESH-5 databases.  Every time a new chemical is
received at the Laboratory, information from its accompanying Material Safety Data Sheet
(MSDS) is entered into a database.  Fields that are filled in include the substance
identification, components of mixtures, physical property data, regulatory data, and hazard
assessment data. Each entry into these databases must pass ESH-5 Group�s peer review
process. Rephrased another way, subject matter experts on chemical hygiene have been
systematically compiling health and physical hazards in user-friendly spreadsheets.  By
effectively channeling the information obtained from these databases into one table (report),
one can take advantage of all the intellectual power derived from the combined efforts of
many line and support organizations.

Before purchasing a program, every organization, regardless of size, should make sure that the
software is compatible with existing hardware and software systems of the facility.  This includes
stand-alone, network, and multi-facility versions.  Ultimately, the success of the chemical
inventory system is determined by the rate at which it enables the team to add value to input.  In
other words, the value of the output should be worth more than the cost of inputs, resources, and
controls and cycle time.

CONCLUSIONS

Commercially available chemical inventory software programs have been developed for
addressing hazardous material issues during D&D operations such as legacy chemicals and
documentation.  Without an inventory of chemicals stored in a particular location, many important
questions pertinent to D&D operations can be difficult to answer. On the other hand, a well-
managed inventory system can address Shelf-Life, CAT I Chemicals, and Hazardous Material
Records concerns before they become an issue. Tapping into the institutional database provides
a way to take advantage of the combined expertise of the institution in managing a cost effective
D&D program as it relates to hazardous materials.  Using laboratory requirements as a logic flow
diagram, quality and cost effective methods were used to provide necessary information of
programmatic, quality, and safety issues concerns.  In summary, by seamlessly managing non-
programmatic issues, chemical software programs allow scientists in nuclear research facilities
more time to concentrate on their technical areas of interest.
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