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RISK ASSESSMENT OF CST-7 PROPOSED WASTE TREATMENT
AND STORAGE FACILITIES

EXECUTIVE SUMMARY

In FY 1993, the Los Alamos National Laboratory Waste Management Group
[CST-7 (formerly EM-7)] requested the Probabilistic Risk and Hazards Analysis Group
[TSA-11 (formerly N-6)] to conduct a study cf the hazards associated with several
CST-7 facilities. Among these facilities are the Hazardous Waste Treatment Facility
(HWTEF), the HWTF Drum Storage Building (DSB), and the Mixed Waste Receiving
and Storage Facility (MWRSF), which are proposed for construction beginning in
1996. These facilities are needed to upgrade the Laboratory’s storage capability for
hazardous and mixed wastes and to provide treatment capabilities for wastes in
cases where offsite treatment is not available or desirable. These facilities will assist
Los Alamos in complying with federal and state regulations.

A Preliminary Hazards Analysis (PHA) was chosen as the initial assessment,
and a limited Probabilistic Risk Assessment (PRA) was derived from the PHA as the

next logical step. The PHA method is based on techniques outlined in AIChE,* the
California Risk Management Prevention Program (RMPP),** and the Process Safety

Management (PSM)*** rule. A multidisciplinary team of senior technical personnel
was assembled to conduct this study; the team included representatives from TSA-11,
CST-7, and PLG, Inc. (PLG, Inc. is a private consulting firm specializing in chemical
and nuclear facility risk analysis.) The team included specialists in nuclear and
chemical engineering, process chemistry, risk analysis, environmental risk, human
reliability, and facility conduct of operations.

The limited PRA is a more rigorous analysis of the most serious risks identi-
fied by the PHA. PRA consists of event- and fault-tree analyses and consequence
analysis, the results of which quantify the most serious risks associated with the
proposed storage facilities.

In summary, the results of the PHA indicated that there are a number of
hazard scenarios that may affect the worker or have a localized effect on adjacent
facilities. Several hazards were identified that were thought to potentially affect the
public and/or environment significantly. The team made a number of recommen-
dations in the PHA that we consider prudent and easy to implement at the concep-
tual design stage. Volume II of this report provides a full description of the PHA,
including the results and recommendations.

*"Guidelines for Hazard Evaluation Procedures,” Second Edition with Worked Examples, AIChE, 1992.

**F. A. Lercari, "Guidance for the Preparation of a Risk Management and Prevention Program,” State of
California, Office of Emergency Services unnumbered report (November 1989).

***OSHA "Process Safety Management (PSM) of Highly Hazardous Chemicals,” 29 CFR 1910.119.
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The PRA provides a more quantitative assessment of possible offsite conse-
quences. It was limited to an analysis of the release of large quantities of toxic gases
because the PHA results indicated that this was the only accident that could poten-
tially affect the public. Seismic events and fires were identified as the only means of
potentially releasing toxic gases in sufficient quantities to have a potential offsite
effect. The PRA results indicate that there are not severe offsite public consequences
on a credible frequericy (e.g., the frequency is <1.0E-6/yr); however, there could be
some short-duration exposure to persons traveling the roadway adjacent to TA-63 at
a frequency of approximately 1.0E-6/yr. For this reason, we recommend that CST-7
ensure that there is a well-developed emergency response capability that is clearly
written, reviewed with Laboratory emergency planning specialists, and practiced
during training exercises. Volume I of this report provides a full description and
the results of the PRA.
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LIMITED-SCOPE PROBABILISTIC RISK ASSESSMENT (PRA) OF PROPOSED
CST-7 WASTE TREATMENT AND STORAGE FACILITIES

SUMMARY

In FY 1993, the Los Alamos National Laboratory Waste Management Group
[CST-7 (formerly EM-7)] requested the Probabilistic Risk and Hazards Analysis Group
[TSA-11 (formerly N-6)] to conduct a study of the hazards associated with several
proposed CST-7 facilities. Among these facilities are the Hazardous Waste Treat-
ment Facility (HWTF), the HWTF Drum Storage Building (DSB), and the Mixed
Waste Receiving and Storage Facility (MWRSF), which are proposed for construc-
tion beginning in 1996. These facilities are needed to upgrade the Laboratory’s
storage capability for hazardous and mixed wastes and to provide treatment capa-
bility for wastes in cases where offsite treatment is not available or desirable. These
facilities will assist Los Alamos in complying with Federal and state regulations and
agreements.

A Preliminary Hazards Analysis (PHA) was chosen as the initial assessment,
and a limited Probabilistic Risk Assessment (PRA) was derived from the PHA as the
next logical step. The PHA method is based on techniques outlined in AIChE,! the
California Risk Management Prevention Program (RMPP),2 and the Process Safety
Management (PSM)3 rule. A multidisciplinary team of senior technical personnel
was assembled to conduct this study; the team included representatives from TSA-6,
CST-7, and PLG, Inc. PLG, Inc. is a private consulting firm specializing in chemical
and nuclear facility risk analysis. The team included specialists in nuclear and
chemical engineering, process chemistry, risk analysis, environmental risk, human
reliability, and facility conduct of operations.

The limited PRA is a more rigorous analysis of the most serious risks identi-
fied by the PHA. PRA consists of event and fault tree analysis and consequence
analysis, the results of which quantify the most serious risks associated with the
proposed storage facilities.

The most serious risks identified by the PHA were those associated with the
release of toxic gases from compressed cylinders that may be stored at the new haz-
ardous waste facility. A number of compressed gas cylinders are now stored in an
open field at TA-54. Many of these are legacy wastes (generated from past opera-
tions), and they may contain unidentified gases or be contained in cylinders of ques-
tionable integrity or conformance to standards. Additional high-risk gas cylinders
are expected to be identified during the course of future operations and environ-
mental restoration activities. At the time of this study, CST-7 staff were uncertain
whether gas cylinders would be stored in the new facilities. The PHA team decided
to review storage as if gas cylinders would be stored in the facility. The PHA found
that these cylinders represent a substantial hazard during transportation, storage,
and treatment. Special precautions are recommended for cylinders containing the



most highly toxic gases (hydrogen fluoride, phosgene, arsine, hydrogen sulfide) or
those that contain unidentified gases. The following were among the precautions
recommended by the PHA team.

* Double containment of the most highly toxic gases before movement and
storage.

* Special precautions at loading sites; e.g., installation/use of windsocks,
training of operators on proper evacuation techniques, availability of self-
contained breathing apparatus, etc.

* Special transportation restrictions for the most highly toxic or unidentified
gases, e.g., escort vehicle, road closure, etc.

* Special storage restrictions; e.g., do not store legacy wastes in these build-
ings and provide special enclosed storage compartments for nonlegacy
cylinders.

The PRA assumes that the above recommendations, as well as those not to allow
storage of highly energetic, shock-sensitive materials in these facilities, are imple-
mented. The hazards analyzed by the PHA that appear to present the most potential
to the public (offsite) are releases of toxic gases from gas cylinders as a result of seis-
mic or fire events. These two events (seismic and fire) have the capability of releas-
ing a large percentage of the gas in storage. These also bound other scenarios for
release of gas, such as the rupture of a single gas cylinder as a result of accident
conditions or cylinder degradation.

The results of the event-tree/fault-tree analysis for the large fire and seismic
scenarios gave an overall frequency of release on the order of 3.5E-4/yr. The fre-
quency of the initiating events is based on site data, analysis, or industry data for
facilities of this type. The dependent-failure probabilities (e.g., building breach given
a seismic event, building or container breach given a facility fire) are screening-level
estimates that are as accurate as possible given that the final facility design is not
complete. Screening-level estimates typically are used in first-order PRAs to deter-
mine the degree of importance of accident scenarios.

The team performed consequence calculations for large releases of toxic gases.
The six most toxic gases currently stored and planned to be stored in the new facili-
ties were chosen for analysis: hydrogen fluoride, hydrogen sulfide, arsine, phos-
gene, phosphine, and cyanogen. For these calculations, we reviewed the CST-7
current storage inventory to estimate maximum release inventories. The maxi-
mum inventories were judged not to be overly conservative but are considered
indicative of the upper bound for future storage needs for these gases.

The consequence dispersion analysis used two codes, MIDAS and QCRR.
MIDAS, or Meteorological Information and Dispersion Analysis System, is a PLG
code installed at Los Alamos in the Health and Safety Division. MIDAS is installed



on a dedicated machine, collects on-line meteorological data from four stations,
and can track onsite releases of radiological or chemical materials for emergency
response activities. It also can be used to predict release paths from postulated acci-
dents. MIDAS provides a color plot of the most likely plume of the material along
with concentration isopleths of the gases at the ERPG-2 and ERPG-3 levels. ERPG-2
and ERPG-3 represent the maximum airborne concentrations below which individ-
uals could be exposed for up to 1 h without experiencing irreversible/serious health
effects (ERPG-2) or life threatening health effects (ERPG-3).

The team used the QCRR (Quantification of Chemical Release Risk) code to
calculate risk contours. (Note that risk denotes an element of frequency.) The risk
contours calculated by QCRR used the following inputs.

» Toxic gas release frequencies calculated by the event-tree/fault-tree
analysis

* Local meteorological data statistics, or wind rose, which is a measure of
the most likely wind directions and stability

» Dispersion analysis using MIDAS

QCRR calculated a risk contour for each gas release. The contour indicates the dis-
tances from the release site (TA-63) that the ERPG levels would be expected to be
exceeded on a 1-million-year (1.0E-6/yr) basis. The QCRR plots use a more conserva-
tive 10-min averaging time, i.e., the risk contour is the area that would exceed ERPG
levels for 10 min, not a full 60-min period.

The risk contours indicate a very short segment of Pajarito Road for which
the ERPG levels could be exceeded on a frequency of 1.0E-6/yr. As discussed above,
individuals would be required to be exposed to these levels for an hour or more to
incur the expected health effects. Additional analysis indicates that individuals
traveling this segment of road would traverse the distance in a matter of minutes;
therefore, a significant health effect would not be expected.

The Department of Energy (DOE) and Los Alamos have concluded that
Pajarito Road is not considered to be public domain for safety analysis purposes
because this highway is DOE property under the jurisdiction of DOE and can be
closed at any time necessary. The mobile home park on East Jemez Road is consid-
ered to be the closest public offsite property for dose calculation purposes. Persons at
that location would be more likely to remain in one location for an hour or more as
compared with the residence time of persons traveling down Pajarito Road. The
dispersion analysis indicates the chance of an effect at the mobile home park from a
release at TA-63 is well below the 1.0E-6/yr value normally considered as a credible
cut-off for safety analysis purposes.

In summary, the PHA indicates that there are a number of hazard scenarios
that may affect the worker or have a localized effect to adjacent facilities (see Vol-



ume II). A number of recommendations were made in the PHA that are considered
prudent and easy to implement at the conceptual design stage.

The PRA provides a more quantitative assessment of possible offsite conse-
quences. Although the analysis does not indicate severe offsite public consequences
on a credible frequency (1.0E-6/yr), there could be some short-duration exposure to
persons traveling the roadway adjacent to TA-63 at a frequency of approximately
1.0E-6/yr. For this reason, it is recommended that CST-7 ensure a well-developed
emergency response capability that is clearly written, reviewed with Los Alamos
emergency planning specialists, and exercised during training exercises.



1.0. INTRODUCTION, PURPOSE, AND SCOPE
1.1. Project Background

Routine operations and research activities at the Los Alamos National Labo-
ratory generate a variety of radioactive, hazardous, and mixed wastes. By definition,
mixed waste contains both a hazardous chemical component and radioactive mate-
rials. The types and quantities of wastes generated have varied greatly during the
more than 50 yr of Laboratory operations. Los Alamos currently has an aggressive
program to minimize new waste generation, thereby reducing the capacity needs for
storage. However, there remain significant amounts of existing (or legacy) wastes
that must be processed and stored appropriately.

The options for the treatment of wastes generated by the Laboratory are lim-
ited. Some hazardous wastes can be shipped offsite to approved commercial facil-
ities for treatment. For other hazardous wastes and all mixed wastes, no offsite
treatment methods are available, and Federal and state regulations are restrictive in
terms of the storage and treatment of these remaining wastes. Thus, Los Alamos
currently is evaluating a number of options for treatment and storage of hazardous
and mixed wastes to develop a suitable plan that ensures compliance with all
Federal and State regulations.

Los Alamos Group CST-7, Waste Management, is responsible for all aspects
of waste management at the Laboratory (characterization, storage, offsite shipment,
and any onsite treatment). The new facilities to be constructed, beginning in FY 1996
or later, will be located at TA-63 on Pajarito Road. These facilities are important to
future operations to ensure compliance with regulations regarding the treatment
and storage of hazardous and mixed wastes. The primary facilities proposed for
TA-63 are the Hazardous Waste Treatment Facility (HWTF), the HWTF Drum Stor-
age Building (DSB), and the Mixed Waste Receiving and Storage Facility (MWRSF).
The HWTF will consist of two buildings: (1) a treatment building that is capable of
treating both mixed and hazardous wastes and (2) the DSB for storing hazardous
wastes only. The MWRSF will receive and store mixed wastes; some rebulking or
repackaging operations will be performed. The facilities are currently in the concep-
tual design stage; a final design has not been accepted, and approval for construction
has yet to be granted.

The Probabilistic Risk and Hazards Analysis Group (TSA-11) was requested to
analyze the potential hazards associated with these facilities. Performing a hazards
analysis during the conceptual design stage allows facility improvements and design
changes to be implemented without costly expenditures. Therefore, a Preliminary
Hazards Analysis (PHA) of these facilities was conducted.

PHA is a systematic approach for identifying hazards associated with a pro-
cess and assessing the risk of those hazards qualitatively. A process is composed of
activities, which are logical groupings of process steps. In a PHA, each activity is
examined using a predefined set of possible hazards. If the PHA team agrees that a
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particular hazard poses a problem, then the team assesses the problem in terms of its
causes, consequences, severity, existing protective features, and expected frequency
of occurrence. Therefore, a set of possible scenarios is developed for each hazard.

The results of the PHA indicated areas of potentially significant risks to the

. public, workers, or environment that warrant further study. A more detailed
Probabilistic Risk Analysis (PRA) investigates the accident scenarios determined by
the PHA to be of high risk. The risk is quantified by assessing the frequency of
occurrence followed by an offsite consequence analysis. This report documents the
findings and recommendations of the PRA.

1.2. Project Scope

This limited-scope PRA builds on the PHA conducted for the MWRSF, the
HWTF, and the DSB. The PRA is limited to those hazards that have the potential
for releasing amounts of material that would be expected to have significant conse-
quences to the public, co-located workers, or the environment.

The PHA analyzed activities associated with both hazardous and mixed
wastes. These activities are generally classified as (1) transportation within the
TA-63 complex, (2) storage of the waste containers after arrival at TA-63, (3) rebulk-
ing or repackaging of some wastes, and (4) processing or treatment.

1.2.1. Storage of Acutely Hazardous Materials. The PHA team reviewed the
broad range of waste materials that could be stored to gain an understanding of their
degree of flammability, toxicity, and incompatibility with other wastes. The tech-
nical staff from CST-7 completed an exhaustive search for information related to the
storage conditions and properties of the materials considered to possibly be placed in
the storage facilities. The PHA report provides a more detailed account of this work
(Vol. II).

Although 2 number of treatment processes are expected to be conducted in
the HWTF, the PHA determined that the primary risk for major releases to the
public came from the storage of large quantities of mixed or hazardous wastes in the
storage facilities. Therefore, this limited PRA does not include further evaluation of
the treatment processes.

1.2.2. General Description of the Facilities

1.2.2.1. Hazardous Waste Treatment Facility. The HWTF will be located at
TA-63, north of Pajarito Road. It comprises the DSB, a treatment building, and an
office building. The treatment building will house a treatment room for each of
four kinds of waste: nonradioactive characteristic wastes, nonradioactive listed
wastes, radioactive characteristic wastes, and radioactive listed wastes. These sepa-
rate treatment rooms will (1) allow workers to avoid mixing waste types, (2) prevent
cross contamination, and (3) treat only one waste type at a time to avoid mixing
incompatible wastes.



As currently designed, the DSB is an open structure consisting of a concrete
base with a roof. Eight or more individual storage compartments are planned, each
with a 4-ft-high segregating wall. Each storage compartment will have its own
sump that is designed to hold at least 10% of the volume of the materials in storage.
A forklift will be used to move materials in and out of storage.

1.2.2.2. Mixed Waste Receiving and Storage Facility. The MWRSF will be
located at TA-63 near the HWTF. This facility consists of only one building. An
enclosed loading dock will allow removal of waste containers from incoming
trucks. These containers then will be transported by low-impact walk-behind air
pallets or bridge cranes, if necessary. Wastes will be stored in one of eight segregated
storage rooms/compartments. Each storage area will be designed with a fire protec-
tion system appropriate for the type of waste stored. Individual drainage sumps will
be provided for each location. The facility will be provided with a heating, ventilat-
ing, and air conditioning (HVAC) system that includes high-efficiency particulate air
(HEPA) filtration, charcoal filters, and a caustic scrubber.

A separate room will be designed for rebulking or repackaging some types of
waste. As this activity is expected to be one of the more dangerous operations, the
room will be provided with increased fire protection, exhaust systems (e.g., portable
hoods), monitoring, supplied air for respirators, and other safety features.

The facility will include all other service areas necessary for it to be indepen-
dent—change rooms, decontamination rooms, a mechanical/electrical room, and
office areas.

1.2.3. Storage Classification System. Based on the PHA, a storage classification
system based on EPA regulations (40 CFR 264, Storage of Incompatible Wastes) is
recommended. This classification approach was reviewed by CST-7 process experts
and determined to be the most appropriate way to segregate the various types of
waste materials, thereby reducing the hazards associated with the mixing of incom-
patible wastes. The classification system currently in use at the TA-54 storage com-
plex is based on DOT shipping regulations. The DOT system was compared with the
EPA system and found to be deficient in terms of segregating various waste types.
The waste classification areas for storage to be provided in the HWTF, DSB, and
MWRSF according to EPA regulation 40 CFR 264 are as follows.

Group 1A: Caustics

Group 1B: Acids

Group 2A: Reactives (metals, metal hydrides)
Group 4A: Flammables

Group 5A: Cyanides, Sulfides



Group 6A: Oxidizers
Group 7A: Compressed Gases
Group 8 Polychlorinated Biphenyls (PCB)

Group 9:  Unregulated
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2.0. SUMMARY OF PRA METHODOLOGY
2.1. Overview

A PRA was performed for the waste storage and treatment facilities to answer
three questions.

1. What can go wrong in the HWTF, DSB, and MWRSF during operation or
maintenance or as a consequence of internal or external events that could
result in accident sequences?

2. How likely are these sequences to occur?
3. What is the potential level of exposure?

To answer these questions, a scenario-based approach was applied that is consistent
with the guidelines set forth in draft guidance DOE-DP-3005-93. This systematic
framework for defining accident sequences is shown in Fig. 2-1. Section 2.0 discusses
how these questions can be answered for the HWTF, DSB, and MWRSF using sim-
plified methods that have proved both effective and efficient for addressing a
limited-scope analysis.

The first question was addressed by the recently completed Preliminary Haz-
ard Analysis (PHA) (Vol. II). The PHA systematically identified hazards associated
with the HWTF, DSB, and MWRSF and assessed the risks of those hazards
qualitatively.

To answer the second question, the frequencies of occurrence must be com-
puted for the accident scenarios determined in the PHA to be of high risk. This
requires that the frequencies for the events that could initiate the accident sequences
and the failure frequencies for the equipment or human action that could mitigate
the release be quantified. From this information, a model can be developed using
fault and event trees. The model provides the link between the computed risk and
the underlying causes. Because of the limited scope of this accident analysis, the
quantification effort was focused on the accident scenarios having the most severe
consequences. This concentrated the study on the worst-case scenarios that can be
used to bound the risk from all HWTF, DSB, and MWRSF accident scenarios.

The third question is addressed by conducting an offsite consequence analysis.
The input used for the dispersion calculation is based on release of hazardous
materials given that the initiating event has occurred. A worst-case scenario was
developed for each release type.

This methodology, as it applies to the CST-7 waste storage and treatment
facilities, requires that four tasks be completed.



1. Identification of accident scenarios that have a potential effect on
co-located workers and the public.

2. Quantification of the hazard scenario frequencies by developing simple
fault trees and event trees.

3. Estimation of the maximum inventories of the toxic gases that are to be
stored in the facilities.

4. Analysis of the offsite consequences for an individual release of the entire
toxic gas inventory.

Toxic gas release was chosen because the other materials in storage or processing
either are nonvolatile or cannot be released in large enough quantities to have
potential consequences to co-located workers and the public. The focus on toxic
gas release and its effect on people who are not in the immediate vicinity of the
accident, i.e., co-located workers and the public, is discussed in Secs. 3 and 4.

2.2. Event-Tree Methodology

An event tree represents the transformation of the pertinent qualitative
details of the PHA into a functional logic framework. The event tree is composed of
top events. In developing the event trees, it is important to arrange the top events
so that the sources of dependency are on the left of the tree and the effects of these
sources are on the right. When organized in this way, the conditions under which
the dependent event is challenged are fully resolved along the sequence path by
prior top events.

The following terms are used to describe the structure and components of
event trees.

Initiating Event The entry state to the event tree, located at the upper left.
Top Events The questions listed across the top of the event tree.
Success Branch The branch running straight across from left to right.
Failure Branch Downward branch beneath a failed top event. If there is no

downward branch, the top event is considered unimportant
at that point.

Sequence A unique path of successes and failures leading from the
initiating event through the event tree to an end state.

End State The condition of the facility resulting from a specific
sequence.



Split Fraction = The numerical value used for the failure probability of a top
event under specific boundary conditions.

Accident-sequence quantification involves combining the frequency of equipment
operation and operator actions in response to initiating events with the frequency of
those initiating events. The sequences of failures that are of most interest here are
those that result in toxic gas release, although the quantification process can treat all
sequences, including those resulting in successful event mitigation. For the limited
scope of this accident analysis, only those sequences representing the most severe
consequences for the co-located worker and the public are quantified. The event
trees are presented and discussed in Sec. 4.

2.3. Fault-Tree Methodology

Sequence quantification requires that a split fraction value be assigned to each
branch in each event tree. A split fraction value is the conditional frequency of
failure of a given event-tree top event. Top events may be questions related to the
physical progression of the accident or the likelihood that human intervention can
mitigate the consequences as well as those related to the performance of systems. It
can be dependent on the status of top events in previous trees, the specific initiating
event, and on the success or failure of the previous top events of the same tree. In
other words, each specific split fraction value represents the frequency of failure of
the event-tree top event based on preceding scenario conditions.

Simple fault-tree models were developed for each top event to provide the
logic structure for quantifying the split fractions. A fault tree is a graphical block
diagram depicting failure logic. Only those split fractions necessary for the limited-
scope accident analysis were quantified. The fault trees are presented in Sec. 4.

2.4. Sequence Quantification

The annual frequency of each accident sequence is simply the initiating-event
-annual frequency multiplied by the conditional split fraction value of each top
event that is applicable to that sequence. The result of sequence assembly and quan-
tification is a set of scenarios, each leading to one of various release categories (or to
successful mitigation). For a complete quantification, the sequences include all of
the possible combinations of success and failure of the event-tree top events. The
individual sequence frequencies are summed by release category to determine the
annual frequency per release category (and of successful mitigation). The total of
all of the sequence frequencies is equal to the sum of all of the release categories’
frequencies (including success), which is also equal to the sum total of all of the
initiating-event frequencies. This is true because the event-tree sequences represent
a set of exhaustive and mutually exclusive outcomes of the initiating events.

As previously discussed, only those sequences representing the most severe
consequences for the co-located worker and the public are quantified because of the
limited nature of this PRA.
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Fig. 2-1. The scenario approach for accident analysis quantification.
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3.0. SCENARIO SELECTION FOR ACCIDENT ANALYSIS
3.1. Selection of Severe Consequence Scenarios

The scope of the PRA was limited to those hazard scenarios identified by the
PHA has having the potential to significantly affect co-located workers, i.e., those
workers not in the immediate vicinity of the hazard, and the general public. A
discussion of methodology is provided in the PHA (Vol. II of this report).

The type of hazardous material influences the severity of the consequences
associated with a scenario. Of those scenarios that could affect co-located workers
and the public, the release of toxic gases was identified as the only feasible path.

The study excludes toxic, but nonvolatile, materials as well as nonvolatile low-level
radiation materials because of their localized effects. Because the study is limited to
bounding calculations, the release of all toxic gases simultaneously constitutes the
premise for the worst-case scenarios. The most highly toxic gases that are to be
stored or processed at the CST-7 facilities were identified by the PHA as

phosgene,
hydrogen fluoride,
arsine,

HCN,

hydrogen sulfide,
cyanogen, and
phosphine.

¢ & ¢ ¢ ¢ o o

Three general classes of scenarios were identified in the PHA with respect to a
release of toxic gas.

1. Seismic events that lead to collapse or partial collapse of the storage
building and release of toxic gases or volatile toxic materials from the
storage containers.

2. Fire or explosion events that cause a release of toxic gases or volatile
materials from storage containers in conjunction with a breach of the
storage building and/or disruption of the ventilation/scrubber system.

3. Spill events that lead to a release of toxic gases in conjunction with the
failure of the ventilation/scrubber system. An alternate scenario is a spill
event outside of the storage building during a transport activity, or a spill
event in the open-sided DSB.

Insofar as severity is conceriied, the seismic and fire/explosion scenarios can poten-
tially release the entire toxic gas inventory. These could affect co-located workers,
the public, and potentially the environment and thus are worst-case scenarios.

The spill scenarios are limited to the inventory of one or two containers, which is
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considered to have a localized and controllable affect on the environment and the
public.

3.2. Results from the PHA

The accident scenarios that were determined by the PHA to expose co-located
workers and the general public to consequences of severity category A are associated
with one of four initiating events: seismic, internal fire/explosion, external fire/
explosion, and spill. All initiator types, except for a spill event, could lead to a
release of the entire inventory of toxic gases. The following discussion summarizes
the relevant findings of the PHA.

Table 3-1 lists the seismic events. There is one scenario each for the HWTF/
DSB and the MWRSF. The cause is the same in each facility: a high-intensity seis-
mic event. Regardless of facility, it is anticipated that a seismic event that exceeds
the design criteria will cause the roof to collapse, thereby instigating a release of the
toxic gas inventory. This scenario has been quantified; the results of the
quantification are discussed in Sec. 4.3.

Table 3-2 lists the internal and external fire/explosion events. One of each
initiator type is associated with both the HWTF/DSB and the MWRSF. The risk
is greater for an internal fire/explosion event than for an external fire/explosion
event. This is attributed to the higher frequency of occurrence for the internal
event. Because fire/explosion events that are extremely severe can lead to worst-
case scenarios, these scenarios have been quantified. Fires of the magnitude
addressed are expected to cause building and container breaches regardless of
whether the storage building is enclosed. The internal and external events are
quantified separately because of different sets of circumstances in each case that
would result in release of the toxic gas inventory.

Table 3-3 lists the spill events. Although a worst-case scenario resulting from
a spill event is not anticipated, the scenarios with severe consequences are included
to demonstrate that an initiating event is not required to be catastrophic to still
result in adverse effects on co-located workers and the general public. For example,
a truck accident on a public road could result in a breach of the gas cylinders being
transported. However, it is understood that transportation may be outside the scope
of the TA-63 safety analysis. As previously discussed, the spill scenarios are limited
to the inventory of one or two containers, which has a localized and controllable
effect. Therefore, the frequency of such spill events has not been quantified.




AND/OR CO-LOCATED WORKER EXPOSURE

TABLE 3-1
SEISMIC SCENARIOS: CONSEQUENCE "A" FOR PUBLIC

Description of | Risk Consequences
Node Scenario Rank | Frequency | Consequence of Scenario Recommendations
HWG | High-intensity 3 v A Structural (1) Review seismic
seismic event with collapse of design criteria.
horizontal building, breach
acceleration of of multiple (2) Minimize storage
0.3 g or greater. drums, major time of most flam-
fire, release of mable/toxic
toxic gas to materials.
environment.
(A;A;AA)
MWG | High-intensity 3 AY A Structural (1) Review seismic
seismic event with collapse of design criteria.
horizontal building, breach

acceleration of
0.3 g or greater.

of multiple
drums, major
fire, release of
toxic gas to
environment,
and radioactive
contamination.
(AAAA)

(2) Minimize storage
time of most flam-
mable/toxic
materials.




AND/OR CO-LOCATED WORKER EXPOSURE

TABLE 3-2
FIRE/EXPLOSION SCENARIOS: CONSEQUENCE "A" FOR PUBLIC

Description of
Scenario

Risk
Rank

Frequency

Consequence

Consequences
of Scenario

Recommendations

Internz. fire
(initiated within
the building)

2

111

A

Pressurization
and rupture of
gas cylinders
Highly toxic gas
release and
potential
cylinder missile
generation.

(AJAAA)

(1) Initiate fire sup-
pression sprinklers
given fire in adjacent
areas.

(2) Enclose the HW
storage area and store
gas cylinders in an
enclosed area.

MW7A

Internal fire
(initiated within
the building)

i

Pressurization
and rupture of
gas cylinders.
Highly toxic gas
release and
potential
cylinder missile
generation.

(A:AAA)

Store gas cylinders in
an enclosed area with
fire door and fire wall.

HWG |

MWG

External fire (e.g.,
forest or brush
fire)

1v

Fire penetrates
the HWTF,
major fire
releases toxic
gas to the
environment.

(AJAAA)

None

External fire (e.g.,
forest or brush
fire)

1v

Fire penetrates
the MWRSF,
major fire
releases toxic
gas to the
environment
and radioactive
contamination
(AAAA)

None
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AND/OR CO-LOCATED WORKER EXPOSURE

TABLE 3-3
SPILL SCENARIOS: CONSEQUENCE "A" FOR PUBLIC

dropped or jarred

major fire in
HWTF storage
area, multiple
toxic gases (e.g.,
phosgene,
HCN, etc.)
released directly
to environment,
worker fatality,
public exposure.

(AAAA)

Description of | Risk Consequences
Node |  Scenario Rank | Frequency | Consequence of Scenario Recommendations
HW?7A | Breach of legacy 1 11 A Release of (1) Do not store
cylinder of doubt- highly toxic legacy cylinders in
ful integrit:" during gases HWTF Areas.
storage (phosphine,

phosgene, (2) Process legacy

arsine, and cylinders without

others). Worker | intermediate storage.
fatality,

potential (3) Provide secondary

co-located containment for the

worker and cylinders.

public exposure.

(A;AAD) (4) Consider enclosing
the HWTF storage
and providing HVAC

_ and scrubber.

GC2 Truck accident on 2 I A Potential Administrative
public road release of toxic | controls
between TA-54 gases with (1) Provide escort for
and TA-63 with public and the transport vehicle
breach of gas worker and consider road
cylinder(s) exposure. closure during

(A;C:AD) transport.

(2) Driver training.
(3) Restrict night or
poor weather deliver-
ies.
(4) Consider sec-
ondary containment
for cylinders of
questionable
integrity, unknown
contents, or those
containing most
highly toxic materials.
HWA4A | Picric acid 2 411 A Detonation, Develop and enforce

policy not to store
explosives or shock-
sensitive materials in
this building.




TABLE 3-3 (CONT)

Description of | Risk Consequences
Node Scenario Rank | Frequency | Consequence of Scenario Recommendations
JHW6A Forklift accident 2 i A Release of toxic | (1) Verify drum
or freezing caus- gases, potential | contents and labeling
ing dual spill of explosion and at waste generator’s
incompatible potential fire. site.
materials because Fire involving
of mislabeling of chlorobenzene | (2) Implement the
waste drum, e.g., could generate | ES&H Manual
oxidizer waste phosgene gas; | procedures for waste
mixed with potential worker { identification and
(1) NAOH(1A), fatality. labeling of waste
(2) acetic acid(1B), (B;A;AB) containers.
(3) sodium(2A),
(4) organics such (3) Enclose the
as chloroben- HWTF storage
zene(4A), (5) gold building and install
cyanide(5A) scrubber system.
(4) Review/consider
air monitoring in the
air._

HW?7A | Breach of cylinder 2 1 A Release of (1) Transport and
(nonlegacy) as a highly toxic store cylinders
result of gases securely.
accidental causes (phosphine,

(e.g., cylinder phosgene, (2) Consider
dropped and arsine, and secondary contain-
regulator line others). Worker | ment for most haz-
breaks) fatality, ardous cylinders.
potential
co-located (3) Gas cylinders to be
worker and processed with high
public exposure. | priority.
(A;A;AD)

(4) Work in this area
to be performed with
protection (i.e., wear
SCBA, operate under
the buddy system).

(5) Protective cap for
cylinder regulators
should be in place at
all times.

{6) Consider storing
gas cylinders in
enclosed room in an
enclosed building.
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TABLE 3-3 (CONT)
Description of | Risk Consequences
Node Scenario Rank ]| Frequency | Consequence of Scenario Recommendations
HWG | Accident during 2 m A Spill leading to | (1) Consider road
transportation of the unmitigated | closure while trans-
waste (toxic gas release of toxic | porting the most
cylinders or gases. Public hazardous materials
incompatible exposure. between lab areas.
waste drums) from (A;A;AA)
HW storage to (2) Review procedures
CAl or other for securing waste
facility. drums during trans-
portation.
(3) Do not transport
incompatible waste
drums together.
MWG | Accident during 2 I A Spill leading to ] (1) Consider road
transportation of the unmitigated | closure while trans-
the most toxic release of toxic | porting the most
waste drums (e.g., gases. Public hazardous materials
toxic gas cylinders exposure. between Laboratory
or incompatible (A;AAA) areas.
wastes) from
MWRSF to CAl or (2) Review procedures
other facilities. for securing waste
drums during trans-
portation.
(3) Do not transport
incompatible waste
drums together.
GC4 Breach of cylinder 3 v A Release of (1) Transport and
from accidental highly toxic store cylinders
causes (e.g., gases securely.
cylinder dropped (phosphine,
and regulator line phosgene, (2) Consider
breaks). arsine, and secondary contain-
others), worker | ment for most haz-
fatality. ardous cylinders.
(A:AAD).

(3) Protective cap for
cylinder regulators
should be in place at
all time.




4.0. ACCIDENT SEQUENCE MODELING AND QUANTIFICATION
4.1. Technical Approach

To build an event tree, it is necessary to define an initiating event. For the
CST-7 PRA, the initiating events must have the potential to lead to a worst-case
scenario. Thus, the attributes of the initiating events are

* potential for severe consequences with respect to co-located workers and
the public and

 full inventory release of toxic gases.

For the general classes of seismic events and fire/explosion events, as discussed in
Sec. 3.1, initiating events that would result in worst-case scenarios were postulated.

1. A seismic event that exceeds the design specification of the facilities.
(The HWTF/DSB and MWRSF will be built to withstand a 0.17-g temblor,
which corresponds to a moderate design per UCRL-15910. An earthquake
with an acceleration of 0.3 g was chosen as the seismic event exceeding the
design criterion.)

2. A fire/explosion that starts inside one of the facilities and results in a
building breach.

3. A fire/explosion that starts outside a facility and propagates into a facility
because of a building breach.

4.1.1. Event-Tree Development. An event tree was constructed for each
identified initiating event. An initiating event associated with the general class of
spill events could not be posed that would lead to the severe consequences or toxic
gas release as stipulated for a worst-case scenario. Top events are listed in Table 4-1
in order of appearance in each event tree. The two-letter designator is the variable
name of the top event. The top events that are quantified for the worst-case
sequences are indicated with references.

The event trees are presented in Figs. 4-1 through 4-3 for the seismic, internal
fire/explosion, and external fire/explosion initiating events, respectively. The bold
branch indicates the sequence leading to the most severe consequences for co-located
workers and the general public. In each figure, this sequence represents the worst-
case scenario for the given initiating event. Because of the attributes of the initiat-
ing events, some top events are guaranteed to fail. Many top events were deemed
unimportant with respect to the release frequency calculations of the worst-case
sequences. Thus, explicit downward branching is not necessary for the
quantification.
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4.1.2. Fault-Tree Development. To compute a frequency of occurrence, the
split fraction values for the failure branches along the path of each worst-case
sequence must be determined. The extent to which fault trees are required to
compute split fraction values is minimal given the scope of the CST-7 PRA.
Nonetheless, fault trees were developed for each top event in the event trees for
completeness. Furthermore, this ensured that all failure modes that are applicable
given the initiating event and dependent top events are examined. The fault trees
for the seismic event are shown in Fig. 4-4. Figures 4-5 and 4-6 depict the fault trees
for the internal and external fire/explosion events, respectively.

The split fraction values that are required for the computation of worst-case
scenario frequencies were determined using the fault trees and point- estimate data
from previous studies. Split fraction values that are applicable to the bounding
calculations are shown in Figs. 4-1 through 4-3 at relevant downward branches.

In support of any future quantification, the fault tree for a spill event is
shown in Fig. 4-7. It is not quantified in this study because spill events do not lead
to severe consequences for the co-located workers or the public, as discussed in
Sec. 3.2.

41.3 Accident Sequence Quantification. The annual frequency of each
accident sequence is simply the initiating-event annual frequency multiplied by the
conditional split fraction value of each top event that is applicable to that sequence.
The result of sequence assembly and quantification is a set of accident scenarios. For
the PRA, only the worst-case sequences were quantified.

4.2, CST-7 Accident Sequence Modeling

4.2.1. Seismic Events. Figure 4-1 depicts the event tree for a seismic event.
The top events that were defined for this event tree are described below. In addi-
tion, applicable split fractions and the quantification approach are included. The
fault trees for each top event are in Fig. 4-4.

Top Event CB, Collapse of Building. If the building collapses as a result of a
seismic event, then this top event can fail. The failure of top event CB falls
along the path of the worst-case scenario; therefore, the split fraction was
quantified. Using point-estimate data from previous studies (Ref. 1), the
value of the split fraction is shown in Fig. 4-1 at the base of the downward
branch. :

Top Event BL, Breach of Service Lines (No Gas or Water Lines). This top
event is not important if the building has collapsed. Therefore, split fraction
values were not quantified.

Top Event BC, Breach of Container. This top event indicates the release of
the toxic gas inventory. If the building has collapsed, this top event is




considered to be a guaranteed failure. No additional quantification was
required.

Top Event MX, Mixing of Incompatibles. This top event is not important if
the building has collapsed. Therefore, split fraction values were not
quantified.

Top Event FB, Fire in Building. This top event is not important if the
building has collapsed. Therefore, split fraction values were not quantified.

Top Event VT, Ventilation System Malfunctions. This top event is not
important if the building has collapsed. Therefore, split fraction values were
not quantified.

Top Event EV, Evacuation Procedures Disregarded. This top event is not
important in determining the release frequency. Therefore, split fraction
values were not quantified.

4.2.2. Internal Fire/Explosion Events. Figure 4-2 depicts the event tree for an
internal fire/explosion event. The top events that were defined for this event tree
are described below. Applicable split fractions and the quantification approach are
included as well. The fault trees for each top event are in Fig. 4-5.

Top Event BB, Breach of Building. If the building is breached as a result of an
internal fire/explosion event, then this top event can fail. The failure of top
event BB falls along the path of the worst-case scenario; therefore, the split
fraction was quantified. Using point-estimate data from previous studies
(Ref. 1), the value of the split fraction is shown in Fig. 4-2 at the base of the
downward branch.

Top Event BC, Breach of Container. This top event indicates the release of
the toxic gas inventory. If the building is breached, this top event can fail;
thus, the split fraction value was determined using point-estimate data

(Ref. 1) and expert judgment (fault tree for BC in Fig. 4-5) as noted in Fig. 4-2.

Top Event MX, Mixing of Incompatibles. This top event is not important if
the building is breached. Therefore, split fraction values were not quantified.

Top Event VT, Ventilation System Malfunctions. This top event is not
important if the building is breached. Therefore, split fraction values were
not quantified.

Top Event EV, Evacuation Procedures Disregarded. This top event is not
important in determining the release frequency. Therefore, split fraction
values were not quantified.



4.2.3. External Fire/Explosion Events. Figure 4-3 depicts the event tree for an
external fire/explosion event. The top events that were defined for this event tree
are described below. The applicable split fractions and quantification approach are
included as well. The fault trees for each top event are in Fig. 4-6.

Top Event BB, Breach of Building. If the building is breached as a result of an
external fire/explosion event, then this top event can fail. The failure of top
event BB falls along the path of the worst-case scenario; therefore, the split
fraction was quantified. Using point-estimate data from previous studies
(Ref. 1), the value of the split fraction is shown in Fig. 4-3 at the base of the
downward branch.

Top Event BC, Breach of Container. This top event indicates the release of
the toxic gas inventory. If the building is breached, this top event can fail;
thus, the split fraction value was determined using point-estimate data

(Ref. 1) and expert judgment (fault tree for BC in Fig. 4-6) as noted in Fig. 4-3.

Top Event MX, Mixing of Incompatibles. This top event is not important if
the building is breached. Therefore, split fraction values were not quantified.

Top Event VT, Ventilation System Malfunctions. This top event is not
important if the building is breached. Therefore, split fraction values were
not quantified.

Top Event EV, Evacuation Procedures Disregarded. This top event is not
important in determining the release frequency. Therefore, split fraction
values were not quantified.

4.3. CST-7 Accident Sequence Quantification

4.3.1. Summary Of Quantification Inputs. The values of the initiating-event
frequencies used during the quantification are included in Takle 4-2. The references
for these annual frequencies also are shown. The split fractions that were computed
for use in the quantification are listed in Table 4-3 for each initiating event. As with
the initiating-event frequencies, the reference for each split fraction value is noted.

4.3.2. Accident Sequence Results. Table 4-4 compares the qualitative mea-

sures of frequency from the PHA with the release frequencies computed in the PRA.
The overall release frequency is 3.5E-4 per year.
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TABLE 4-1
TOP EVENTS FOR INITIATING EVENTS OF WORST-CASE SCENARIOS
INITIATING TOP IS TOP EVENT REFERENCE, IF
EVENT EVENTS QUANTIFIED? QUANTIFIED
Seismic event | CB - Collapse of Building Yes Applied
of 0.3g intensity Technology
Council Publication
13, Earthquake
Damage Evaluation
Data for California
BL - Breach of Service Lines No
BC - Breach of Container Yes Expert Judgment
MX - Mixing of Incompatibles No
FB - Fire in Building No
VT - Malfunction of No
Ventilation System
EV - Evacuation Procedures ‘No
Disregarded
Fire /explosion - | BB - Breach of Building Yes Expert Judgment
starting inside
facility
"BC - Breach of Container Yes “Expert Judgment
MX - Mixing of Incompatibles No
VT - Malfunction of No
Ventilation System
EV - Evacuation Procedures No
Disregarded
Fire/explosion | BB - Breach of Building Yes Derived from
starting outside "Probabilistic Safety
facility Analysis for TA-63,
HWTF,” M. K.
Sasser, 1992.
BC - Breach of Container Yes Expert Judgment
MX - Mixing of Incompatibles No
VT - Malfunction of No
Ventilation System
EV - Evacuation Procedures No
Disregarded
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TABLE 4-2
INITIATING-EVENT FREQUENCIES FOR WORST-CASE SEQUENCES

INITIATING INITIATING-EVENT
EVENT FREQUENCY (YR-)) REFERENCE
Seismic event of 2.0 x 104 Woodward and Clyde, “Seismic
0.3-g intensity Evaluation of Los Alamos Site,”
1993.
Fire/explosion 3.3 x 10-2 "Probabilistic Safety Analysis for
starting inside TA-63, HWTF," M. K. Sasser,
facility 1992.
Fire/explosion 2.0x 1072 "Probabilistic Safety Analysis for
starting outside TA-63, HWTEF," M. K. Sasser,
facility 1992.
TABLE 4-3
SPLIT FRACTION VALUES FOR WORST-CASE SEQUENCES
TOP EVENTS SPLIT
INITIATING USED DURING FRACTION
EVENT QUANTIFICATION VALUE REFERENCE
Seismic event of CB 0.01 Applied Technology
0.3 g intensity Council Publication
13, “Earthquake
Damage Evaluation
Data for California”
BC 1.0 Expert Judgment
(Guaranteed
Failure)
Fire/explosion BB 0.1 Expert Judgment
starting inside
facility
BC 0.1 Expert Judgment
Fire/explosion BB 0.01 Derived from
starting outside "Probabilistic Safety
facility Analysis for TA-63,
HWTE," M.K. Sasser,
1992.
BC 0.1 Expert Judgment
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TABLE 4-4

RELEASE FREQUENCIES FOR WORST-CASE SEQUENCES

starting outside
facility

RELEASE QUALITATIVE RANGE OF
FREQUENCY | RELEASE FREQUENCY | QUALITATIVE
INITIATING (YR'1) FROM CATEGORY MEASURE FROM

EVENT PRA FROM PHA PHA (YR)
Seismic event of 2.0 x 106 IV 10-6 to 104
0.3-g intensity _
Fire/explosion 3.3 x 104 il 107 to 102
starting inside
facility
| Fire/explosion 2.0 x 105 IV 106 to 10-4
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BL - Breach of VT - Ventilation | EV - Evacuation
Seismic Event [CB - Collapse of| Service Lines | BC - Breach of MX - Mixing of FB - Fire in Sequence
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Malfunctions Disregarded
Water)

2.00E-04 1
2
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| 8
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14
16
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0.1 NA GF NA NA NA NA 17
GF - Guaranteed Failure

NA - Not Applicabie for Worst-Case Release Frequency Computastions

Fig. 4-1. Event tree for seismic event initiator.

Worst-Case Sequence




internal

Fire/Explosion | BB - Breach of | BC - Breach of | MX - Mixing of vr -s\:::::‘atbn EV. - Evacuation Sequence

lmt‘:::ngei::m Building Container incompatibies Maifunctions Disr ; s

3.30E-02 1

1 2

| 3

- 4
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L________ 7
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Jo.1 NA NA NA 9

NA - Not Applicable for Worst-Case Release Frequency Computations

Fig. 4-2. Event tree for internal fire/explosion initiator.

Worst-Case Sequence
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External

VT - Ventilation | EV - Evacuation

Fire/Explosion | BB - Breach of | BC - Breach of | MX - Mixing of S o
inma:in: Event| Building Container |momp,:?1:,, System Procedures |~ g
Malfunctions Disregarded
{per year)
2.00E-02 1
Jo.o1 2
o.1 NA NA NA 3

NA - Not Applicable for Worst-Case Relesse Fraquency Computations

Fig. 4-3. Event tree for external fire/explosion initiator.

Worst-Case Sequence




854

CB -~ Collepse
of Building
Due to
Seismic Event

Seismic event
exceeds
buiiding
design

P{building
collepses given
seismic _event) =

0.1

Fig. 4-4.

Bl ~ Breech
of Service
lines (no ges
or water
1ines)

Movement due
to seismic
event

2

Object falls

Pipes fail Supports feil on service
lines

Plheevy object
sbave 1ines falls
given sefisaic event)
not used during
quentificetion

Fetlure rete of
service line d
supports not use
during
quentificetion

Feailure rete of
service line pipes
given seismic event
not used during
quentification

Fault trees for seismic initiator event tree.




on

[4 % 4

MX - Mixing

of
Incompetibles

e

Fire ceuses
breach of 2+
containers

Plbreach of 2¢
containers in fire)
not 3uenlifiod (not
used 1n anslysis)

Incorrect
human action

0\

Improper

storege of
correctly

lebeled
containers

P(human error)
e 3¢-3 (not used

ing
quantification)

Fig. 4-4.

Fault trees for seismic initiator event tree (cont).

Proper
stor
mislsbeled
conteiners

P(husan error)
» 3¢-3 (not used

ing
quentificetion)

vr
Ventiletion
Lo
Failure

Casustic
scr
fellure

Feilure rate of
ceustic scr

not tified (not
.3"'" -n-lust:?




{(Juod) 3213 JUSA3 IOJENIUI DTWSIS 10§ §331 ned V¥ 81

uofiearfauend
Gugunp pasn
0U (IUBAD DTuSTaS
uaafl juapidde
jsodsued|)d

uot 31827 5 Iuendb
Gugunp pasn

j0uU (1UBAD Djusies
uaatb Jsao sdi3
JaUEeIU0l) d

—:o:cu:-!i:c
Sugunp pasn
j0U (IUIAD Jfuws[es

usa’l8 syre;
yasgqo Rasay)g

JUTEIUCI VO Jea0 sdid wuapEady
jysodsued)|

1ies 839990 JBUTeIU0)

4oUteIW0] J°
‘0..-—@ - 8

4-13



i-¥

EV -
Evecustion
Procedure
Feilure

Alarm
malfunctions

Fellure rate of
alerm = le-3/yr
not used during
quentificetion

Fig. 4-4.

Alera 0K ond
Incorrect
humen sction

Incorrect
procedures

Pthumen error)

= 3¢~ not used

during
quantification

7

Disregerd of
procedures

Plhumen
tnection) = 2e-4
not used durin?
quantification

Fault trees for seismic initiator event tree (cont).




1) i 4

BB - Breach

of Building
to

Internel Fire

Fire Exceeds
Building
Design

Incorrect
Human Action

B8C - Breesch
of Conteiner

P(fire T >

design}.: asssume 0-1

A

Inopersble
Mitigetion
System in
Building

Fetlure rate of

mitigetion =
1.23e-2/yr

Incorrect
Procedures
(e-g-» door

open)

Improperly
Trained or
Untrained
Personnel

No Acecess to
Building

P{Error of

omission) = 3e-3

P(Error of

omission) = Je-3

Fig. 4-5. Fault trees for internal fire initiator event tree.

Assumed
insignificent

0.1




91-¥

EV -

v Evecustion
Ventiletion Procedure
System Feilure
Feilure

Alers 0K and
Caustic - Alerm Incorrect
scrubber malfunctions husan action

fallure

Fetlure rete of
slerm = le-3/yr
{not used d\rln?
quentificsation

Fatlure rate of
ceustic scrubber
not gunnuﬂed (not
used in enslysis)

Incerrect
procedures

P{humen error)
= 3¢-3 (not used

during
quantification)

Fig. 4-5. Fault trees for internal fire initiator event tree (cont).

Disregerd of
procedures

P(humen
inaction) = 2¢-4

({not used dur
quentificetl

ond




L1V

HX - Mixing
of
Incompetibles

e

Fire csuses
breach of 2+
containers

P(breach of 2+
containers in fire)
not quentified (not
used in analysis)

Fig. 4-5.

Incorrect
humen sction

n

Improper
storege of
correctly
lebeled

containers

P{humen error)
« Je~3 (not use

ing
quentificstion)

Proper
storage of
aislsbeled
contsiners

P(human error)
= 3¢-] (not used

ing
quentification)

Fault trees for internal fire initiator event tree (cont).



81-v

BB -~ Bresch
of Building
Due

to
Externsl Fire

n

Fire Exceeds
Building
Design

P(fire T

design), assume
0.01

Incorrect

Humen Action

M

8C - Bresch
of Centeiner

t

Expert
Judgmen

Incorrect
Procedures
(e-g-+ door

open)

Improperly
Trained or
Untrained

Personnel

No Access to
Building

P{Error of

omission) = Je-

Fig. 4-6. Fault trees for external fire initiator event tree.

P(Error of
omission) = Je-

Assumed

insignificent

0-1




Mn_.oﬂ 183§ 1 3uenb
§Jnp pasn jou)
y-82 = (uopiasug
useny)d

ssunped0.d
40 pasebausig

(uod) 333} JUSAD IOJETIUI AIIJ [EUIRIX 0] §331} JNe]

(uotiedfrivend

Suganp

pasn i10u) £-3¢
(40448 useny)y

saunpadoud
313a4403u]

v

uofIde useny

1384402u]

pue %0 w-StY

Mco-.ou:::e.&
upsnp pasn jou)
L:\n10— - WJN[0
JO 83184 aun[iey

suogIoun;[ee
waety

-

sungieg

aunpad0dy

uoE 39NJ8A]
- A3

(stsfifeue ug pasn
jou) VO«L««CGD 10U
Jaqqnaas dfisned
40 @184 aun[ey

aungiey
LUJJ:LDH
E12Y Ll

aun(ie4
waishg
uofl1e[TIudp
1A

4-19



“(juoD) 3213 JUIAS JOJRNIUT A1 [PUIIIXD JOJ S321 INeS "9-F B1q

aca:uu::c.:v
Sugunp

pesn jou) E-O¢ =

(S04 vsennylg

SJBUTOIVOD
180 \d $.d.50d

.“ nuu..oao
Jadosd

(uoT3183§ 31 Iuend
Bugunp
pasn jou) g-3¢ =
(40248 UseVy) g

sJaulejuUod

paraqet (stsfeus uy pasn
Rris8Ju03 10uU) patitl oy
Jo sbescys (9484 Ut sJaugeluod
Jado.de] +3 40 Yreauq)d

SJBUFEIUOD

+2 40 Yded.q

uogide useny sasned aJt4
1304903uU]

setqriedecau]
FL
Gurxiy - XH

4-20




*SISATNY
Jnind
Y03 NIAINS
*NOLIWD] 31 INUND
SNiung
a3Sn 10N *‘AND
NOI 1ta0INT u0d

INIGTIN
1HO4SNUYL/ST11dS#
‘AL W

SIN301
140J4SNUL

‘sased o1xo3 jo [ids 105 331 ymeg Z-p 311

3164 NOIL6Y0IH3430

IN3A3

ONIA HOIH/ST1IdS#

‘HA/SAHO
ONIA HOLH?

323344/511145¢

‘HA/S3Z233d 48

SONIA HOIH

INIZ23M4

H3NIUANGD 40
NOI16H01Y3LI0

\7

SNOI 11GNOD
H3H1U3A
3SU3ATY

\/

IN30IONI
39HH01S
01 300 MidS

4-21



5.0. ESTIMATION OF MAXIMUM RELEASE INVENTORIES
5.1. Methodology

The team chose six toxic gas releases to be analyzed for this limited-scope
PRA.

¢ Hydrogen fluoride
e Hydrogen sulfide
e Arsine

¢ Phosgene

¢ Phosphine

¢ Cyanogen

Expected toxic gas quantities were estimated using historical data. The current CST-7
data base accounts for all onsite wastes over the last 4 yr from which gas cylinders
and their contents can be identified. Because offsite shipment of cylinders occurs
annually, the maximum cylinder quantities were evaluated using the inventory
just before shipment. The largest volume of cylinders for any one of the 4 yr was
selected per chemical for use in the PRA.

The pressure in the cylinders was not recorded in the data base; thus, assump-
tions were made for this parameter so that mass could be computed. Upon consul-
tation with CST-7 staff, a typical average pressure of 500 psi was assumed for a given
cylinder, regardless of chemical contents. This value is based on a survey of the
majority of cylinders in the inventory, none of which were above 480 psi. In addi-
tion, some containers were empty. Although it is possible that a small number of
cylinders could have pressures as high as 1500 psi, the assumption of 500 psi was
agreed on as a conservative estimate.

There were instances in which a cylinder contained a chemical of concern
as well as other chemicals in unknown concentrations. Thus, the cylinder was
assumed conservatively to contain only the chemical of interest. This assumption
was applied to cylinders that contain as little as 2% by volume of the toxic gas. The
cylinders with a trace contaminant of less than 2% were not included in the toxic
gas inventory. This is considered to be a moderately conservative assumption.

5.2. Calculation of Toxic Gas Quantities

The quantities of each toxic gas were determined using the volumes in the
data base and the assumptions for pressure. The masses were computed using the
perfect gas law. An example calculation is shown below for hydrogen fluoride (HF):
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Patm =-I:3-=9V2=-E-2-—><Vatm ,

PV=nRT =
Vam V2 Patm

where
Patm =14.7 psi,
V(HF)atm =1.91m3,
P2 =500 psi,

p(HR) =08g/¢ ,

_ (0 o8)( 500 psi ) (1000@)
mass (HF)=px V2 (0.9@)(14.7 ool (1.9£’m) —3 and

mass (HF) = 58.42 kg .

The same method was used for the other toxic chemicals, and the results are
shown in Table 5-1. During the data base search, it was determined that cyanogen
was present in very small quantities. It is anticipated that no cylinders of HCN will
be stored in future; thus, an estimate of the quantity is unnecessary. The table was
reviewed by staff members at the present storage facility; Guy Lussiez of CST-7; Kent
Sasser of TSA-11, who was principal investigator for the HWTF/DSB/MWRSF
PHA; and other PHA team members and key personnel. All concurred that these
quantities are not overly conservative and that they are indicative of the upper
bound for future storage needs in the proposed facility.

TABLE 5-1
QUANTITIES OF HAZARDOUS CHEMICALS
CHEMICAL VOLUME (m3) | DENSITY (g/) | QUANTITY (kg)
Hydrogen Fluoride 1.91 0.9 58.42
Hydrogen Sulfide 0.41 1.59 22.37
Arsine 0.07 2.7 6.68
Phosgene 0.11 1.37 5.07
Phosphine 0.06 1.53 2.88
Cyanogen 0.006 0.89 0.18




6.0. CONSEQUENCE ANALYSIS

This section deals with the offsite consequence analysis for the release scenar-
ios identified in Sec. 3. The release frequencies of these scenarios were quantified in
Sec. 4, and the source terms (i.e., the maximum release quantities) were estimated in
Sec. 5. In this section, dispersion models are used to evaluate zones of vulnerability
as a result of a potential release of toxic gases from TA-63. These zones of vulnera-
bility are identified using buoyant- and dense-gas dispersion models. The results of
these consequence analyses are presented in the form of concentration isopleths
(hazard footprints) and risk contours. The details of the consequence analysis mod-
eling are discussed here. The results of the consequence analysis are presented in
Sec. 7.

6.1. Atmospheric Dispersion and Dose Assessment

The consequence analyses were performed using two PLG codes, MIDAS and
QCRR. MIDAS (Meteorological Information and Dispersion Analysis System) has
been installed at Los Alamos in the Health and Safety Division. The MIDAS system
configuration at the Laboratory permits onsite meteorological information to be
collected and recorded and allows the dispersion of toxic gas releases from any Los
Alamos location to be monitored. Details of the MIDAS program are provided in
App. A.

MIDAS was used to provide concentration isopleths for several release sce-
narios. Concentration isopleths display the area(s) where the Emergency Response
Planning Guidelines (ERPG) levels could be exceeded during a release. Because
isopleths convey a sense of the dispersion plume size, they can be used to define
the potential evacuation area. However, concentration isopleths do not convey the
overall risk of a potential release.

The risk depends not only on the amount and toxicity of the release sources
but also on their release frequency. The plume size, shape, and path depend on the
wind speed, wind direction, and atmospheric stability. The likelihood of occurrence
of a certain wind speed, wind direction, and atmospheric stability class can be
inferred from the local meteorological data. Therefore, a combination of the release
frequency with the likelihood of a specific meteorological condition would be
required to define the risk of a potential release.

QCRR (Quantification of Chemical Release Risk) provides this information
in the format of risk contours. Risk contours display the risk of exceeding a specific
ERPG concentration level at a given location using the dispersion results, local
meteorological data, and release frequencies. Detailed description of QCRR is pro-
vided in App. B.

The toxic gas release scenarios pose an exposure potential to the workers,

co-located workers, and the public. As each toxic gas has different characteristics and
toxicity levels, the American Institute of Industrial Hygienists has established ERPGs
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concentrations for a number of different chemicals. Concentration levels ERPG-2
and ERPG-3 traditionally have been used by various administering agencies, for
example, the Fire Department (for State of California's RMPP Act) and Environ-
mental Protection Agency (EPA) (for response planning). These ERPG concentra-
tions levels are defined as follows.

ERPG-2. The ERPG-2 concentration is defined as the maximum airborne
concentration below which it is believed that nearly all individuals could be
exposed for up to 1 h without experiencing or developing irreversible or
other serious health effects or symptoms that could impair their ability to take
protective action.

ERPG-3. The ERPG-3 concentration is defined as the maximum airborne
concentration below which it is believed that nearly all individuals could be
exposed for up to 1 h without experiencing or developing life-threatening
health effects.

The ERPG-2 and ERPG-3 values for the various toxic gas releases evaluated as a part
of this limited-scope PRA are listed in Table 6-1.

As can be seen from the ERPG definitions, not only do the ERPG levels have
stipulated concentrations, they also have a time of exposure. For example, an
ERPG-3 emergency planning guideline for hydrogen fluoride release would be
exceeded if an individual is exposed to an airborne concentration of 50 ppm for a
period of 60 min. Therefore, to be consistent, the dispersion results should be
averaged over a 1-h period. However, to err on the side of caution, some admin-
istrative agencies take a conservative approach by insisting on "10-min averaging.”
This implies that ERPG levels would be exceeded if the concentration were achieved
for only 10 min. For the PRA, the dispersion calculations were run for 10 min
averaging only.

6.2. Los Alamos Site and Meteorological Data

Dispersion calculations were made using site-specific Los Alamos meteoro-
logical (MET) data. The proposed site for TA-63 is given on the Los Alamos site
map as shown in Fig. 6-1. It is apparent from the site map that the TA-63 area is in
close proximity to TA-52 (approximately 200 ft), a site that would house Laboratory
co-located workers. Pajarito Road is the nearest public access road to TA-63 at
approximately 100 ft. However, the Laboratory can control and limit access to this
road in the event of an emergency. The closest public offsite property for dose cal-
culation purposes is the mobile home park (Royal Crest) located on East Jemez
Road. Persons at that location would be more likely to be exposed for longer dura-
tions than persons traveling down Pajarito Road. Therefore, potential exposure to
the public should be considered seriously only if the mobile home park, which is
1.5 km from TA-63, is in the path of the dispersed chemicals.




MET data for the Los Alamos site were collected through the Los Alamos
Environmental Health and Safety Division. The windrose for the Laboratory site is
shown in Fig. 6-2. It is apparent that the wind directions are predominantly from
the west and south; the average wind speed is 2.5 m/s. Most often, the atmospheric
stability is classified as D.

However, a more conservative (worst-case) scenario was analyzed for the
offsite consequence modeling. The dispersion scenario considers a wind speed of
0.875 m/s and an atmospheric stability of class F with 10-min averaging. Table 6-2
shows the likelihood of different combinations of wind speeds for stability class F,
which is considered to be the most pessimistic condition and occurs about 17% of
the time. The dispersion calculations provide concentration isopleths for both
ERPG-2 and ERPG-3 values. This scenario results in the maximum plume size,
thus indicating the maximum distances at which the ERPG values will be exceeded.

In addition to these MIDAS dispersion calculations, risk contours were
developed using QCRR. These contours show the risk of exceeding the ERPG-2
and ERPG-3 values at locations near TA-63.



TABLE 6-1

ERPG VALUES
Gas ERPG-2 Concentration (PPM) | ERPG-3 6once£tration (PPM)
Hydrogen Fluoride 20.0 50
[ Phosgene 0.2 1
Arsine 1.0 5
Hydrogen Sulfide 30.0 100
TABLE 6-2
NORMALIZED METEORLOGICAL DATA FOR LANL, STABILITY F (7/90-12/92)
Stability F
Sector | From ~Top Wind Speed in meters per second
Number | Direction 1.75_ 3.25 5.5 8.5 11.5 200 To&
1 N 0.00651 | 0.00120 | 0.00000 | 0.00000 | 0.00000 [ 0.00000 | 0.00771
2 NNE | 0.00380 | 0.00060 | 0.00000 | 0.00000 | 0.00000 | 0.00000 | 0.00441
3 NE | 0.00240 | 0.00010 | 0.00000 | 0.00000 | 0.00000 | 0.00000 | 0.00250 |
4 ENE | 0.00070 | 0.00000 | 0.00000 | 0.00000 | 0.00000 | 0.00000 | 0.00070 |
5 E 0.00090 | 0.00000 | 0.00000 | 0.00000 | 0.00000 | 0.00000 | 0.00090
6 ESE | 0.00110 | 0.00010 | 0.00000 | 0.00000 | 0.00000 | 0.00000 | 0.00120
7 SE | 0.00110 | 0.00010 | 0.00000 | 0.00000 | 0.00000 | 0.00000 | 0.00120
8 SSE | 0.00130 | 0.00000 | 0.00000 | 0.00000 | 0.00000 | 0.00000 | 0.00130
9 S 0.00240 | 0.00020 | 0.00000 | 0.00000 | 0.00000 | 0.00000 [ 0.00260
10 SSW | 0.00360 | 0.00040 | 0.00010 | 0.00000 | 0.00000 [ 0.00000 | 0.00410
1 SW 0.00651 | 0.00140 | 0.00000 | 0.00000 | 0.00000 | 0.00000 | 0.00791 |
12 WSW | 0.00841 | 0.00761 | 0.00000 | 0.00000 | 0.00000 | 0.00000 | 0.01602
13 W 0.01061 | 0.03184 | 0.00270 | 0.00000 | 0.00000 | 0.00000 | 0.04515 |
14 WNW | 001081 | 0.03374 | 0.00400 | 0.00000 | 0.00000 | 0.00000 | 0.04856 |
15 NW 0.01151 | 0.01782 | 0.00000 | 0.00000 | 0.00000 [ 0.00000 [ 0.02934
16 NNW | 0.00881 | 0.00360 | 0.00000 | 0.00000 | 0.00000 | 0.00000 | 0.01241
Total | 0.08050 | 0.09872 | 0.00681 | 0.00000 | 0.00000 | 0.00000 [ 0.18602
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7.0. RESULTS
7.1. Release Frequencies

Table 7-1 lists the release frequency for each initiating event. These values
were determined using the technical approach outlined in Sec. 4. The sum of these
annual release frequencies, 3.5E-4/yr, was used in the development of risk contours,
the results of which will be discussed in the following section. It is important to
note that the release frequency is a conservative number; thus, it represents an
upper bound.

7.2. Dispersion Calculations

Dispersion calculations were performed for potential releases of hydrogen
fluoride, phosgene, arsine, and hydrogen sulfide gases. Phosphine and cyanogen
were not analyzed because the quantities of these gases are small (<3 kg). In addi-
tion, no documented dosage values were located for phosphine or cyanogen; ERPG
levels have not been developed for either chemical by the American Institute of
Industrial Hygienists. As mentioned in Sec. 6, the dispersion calculations were
conducted for stability class F and a wind speed of 0.875 m/s with 10-min averaging.
This was evaluated for potential release of all four toxic gases. Under these condi-
tions, which represent the worst-case scenario, the maximum plume is generated.
Hence, this scenario represents the bounding case.

MIDAS provides concentration isopleths (or hazard footprints) for both
ERPG-2 and ERPG-3 values. The dispersion results may be considered "snapshots"
at various time intervals. The isopleths were collected at given time intervals after
the release. Each snapshot shows the area covered by the plume exceeding the
ERPG-2 or ERPG-3 value. The isopleths were plotted at every time interval until
the ERPG values were not exceeded. Thus, the maximum distances at which the
. ERPG values will be exceeded were determined.

In addition to the MIDAS dispersion calculations, risk contours were pro-
duced using QCRR. Taking into account the computed release frequency of
3.5E-4/yr, the risk contours were developed by running the dispersion calculations
for all combinations of wind speeds and atmospheric stability conditions for aver-
aging the dispersion results. The likelihood of each MET condition was used as a
relative weight. The contours depict the risk of exceeding the ERPG-2 and ERPG-3
values based on 10-min averaging at locations near TA-63.

7.2.1. Hydrogen Fluoride Dispersion Results. Hydrogen fluoride release was
modeled as a release of 58.42 kg of gas at ambient pressure and temperature condi-
tions. Referring to Sec. 5, this would be the maximum amount of hydrogen fluoride
that would be stored at TA-63 in the future. Hydrogen fluoride gas is lighter than
air; therefore, the scenario was modeled as a buoyant gas release. The ERPG-2 and
ERPG-3 values of hydrogen fluoride are 20 ppm and 50 ppm, respectively. The
entire inventory was assumed to be released in the first minute.
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7.2.1.1. Hydrogen Fluoride Isopleths. The hydrogen fluoride plume progres-
sion for the worst-case scenario is shown in Figs. 7-1 through 7-4. These plots are
MIDAS "snapshots," and the time interval between each frame is 10 min. The Los
Alamos site map is shown on each plot with the cross-hairs depicting the location
of the hydrogen fluoride release. In this calculation, the wind is blowing slowly at
0.875 m/s from the west. The atmospheric stability is F, i.e., it is a very stable condi-
tion with very little turbulence to aid dispersion.

Each plot shows both ERPG-3 (in red) and ERPG-2 (in yellow) isopleths. The
ERPG-3 area indicates that concentration has exceeded 50 ppm for the last 10 min.
Similarly, the ERPG-2 area indicates that concentration has exceeded 20 ppm for the
last 10 min. As expected, the ERPG-2 area encompasses the ERPG-3 area. In addition
to the ERPG-2 and ERPG-3 isopleths, the profiles that would be expected in the next
10 and 20 min are included. These are shown by the purple- and gray-shaded areas,
respectively. These two profiles are not important to the current discussion.

The isopleths become progressively larger in the first four time intervals and
then decay; thus, the maximum plume isopleths for ERPG-2 and ERPG-3 were real-
ized 40 min after the release as shown in Fig. 7-4. ERPG-3 levels were exceeded at a
number of Laboratory locations, including technical areas and along access roads.
The worst-case distances at which the ERPG-2 and ERPG-3 values were exceeded are
listed in Table 7-2. These values are obtained from the MIDAS graph of hydrogen
fluoride concentration vs distance as shown in Fig. 7-5.

7.2.1.2. Hydrogen Fluoride Risk Contours. Section 7.2.1.1 depicted the worst-
case scenario using the most adverse conditions of wind speed, wind direction,
and atmospheric stability class. The values of these parameters for the worst-case
scenario exist about 1% of the time. If this wind speed and atmospheric stability
condition are considered for all wind directions, these adverse conditions would be
present about 8% of the time. The risk contours for a hydrogen fluoride release,
generated by QCRR using 10-min averaging for all calculations, are shown in
Figs. 7-6 and 7-7. The contours account for the release frequency, all combinations
of the wind speeds, and atmospheric stability conditions along with their relative
likelihoods.

Figure 7-6 displays the risk contours for the case of exceeding ERPG-2 values.
The outer contour in magenta depicts the area that has the likelihood of being
exposed to ERPG-2 values once in 1 million years (frequency of 1.0E-6/yr). The
inner contour in yellow depicts the area that has the likelihood of being exposed to
ERPG-2 values once in 100,000 yr (frequency of 1.0E-5/yr). Similarly, Fig. 7-7 displays
the risk contours for the case of exceeding ERPG-3 values.

For a frequency of 1.0E-5/yr, the ERPG-2 and ERPG-3 risk contours depict a
scenario in which the hydrogen fluoride release is localized to a relatively small
footprint. Pajarito Road could be affected, but the likelihood of affecting nearby
technical areas is minimal. A wider area, including TA-52, could be affected by a
release with a frequency of 1.0E-6/yr. For this low-frequency event, the offsite public
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consequences of a hydrogen fluoride release are limited to some short-duration
exposure to travelers on Pajarito Road. The Royal Crest mobile home park on East
Jemez Road is unlikely to experience any adverse effects from such a release.

7.2.2. Phosgene Dispersion Results. Phosgene release was modeled as a
release of 5.07 kg of gas at ambient pressure and temperature conditions. Referring
to Sec. 5, this would be the maximum amount of phosgene that would be stored at
TA-63 in the future. Phosgene gas is heavier than air; therefore, the scenario was
modeled as a dense gas release. The ERPG-2 and ERPG-3 values of phosgene are
0.2 ppm and 1 ppm, respectively. The entire inventory was assumed to be released
in the first minute.

7.2.2.1. Phosgene Isopleths. The phosgene plume progression for the worst-
case scenario is shown in Figs. 7-8 through 7-12. The time interval between each
MIDAS snapshot is 10 min. The Los Alamos site map is shown on each plot with
the cross-hairs depicting the location of the phosgene release. In this calculation,
the wind is blowing slowly at 0.875 m/s from the west, and the atmospheric stability
class is F. The color scheme used for ERPG-2 and ERPG-3 is the same as for the
hydrogen fluoride isopleths. The ERPG-3 area indicates that concentration has
exceeded 1 ppm concentration for the last 10 min. Similarly, the ERPG-2 area
indicates that concentration has exceeded 0.2-ppm concentration for the last 10 min.
As expected, the ERPG-2 area encompasses the ERPG-3 area. The predictive profiles,
shown in purple and gray, are not important to the current discussion.

The maximum plume isopleths for ERPG-2 were realized 60 min after the
release as shown in Fig. 7-12. Referring to Fig. 7-9, the maximum isopleths for
ERPG-3 occurred 20 min after the release. ERPG-2 and ERPG-3 levels were exceeded
at a number of Laboratory locations, including technical areas and along access
roads. TA-55 was in close proximity to the dispersion pattern. The worst-case dis-
tances at which the ERPG-2 and ERPG-3 values were exceeded are listed in Table 7-2.
These values are obtained from the MIDAS graph of phosgene concentration vs
distance as shown in Fig. 7-13.

7.2.2.2. Phosgene Risk Contours. Section 7.2.2.1 discussed the worst-case sce-
nario using the most adverse conditions of wind speed, wind direction, and atmo-
spheric stability class. The values of these parameters for the worst-case scenario
exist for about 1% of the time (8% of the time if all wind directions are considered).
The risk contours for a phosgene release, generated by QCRR using 10-min averag-
ing for all calculations, are shown in Figs. 7-14 and 7-15. The contours account for
the release frequency, all combinations of the wind speeds, and atmospheric stability
conditions along with their relative likelihoods.

Figure 7-14 displays the risk contours for the case of exceeding ERPG-2 values.
Following the same color scheme, the outer contour depicts the area that has a fre-
quency of exposure to ERPG-2 values of 1.0E-6/yr. The inner contour corresponds to
a frequency of exposure to ERPG-2 values of 1.0E-5/yr. Similarly, Fig. 7-15 displays
the risk contours for the case of exceeding ERPG-3 values.
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For a frequency of 1.0E-5/yr, the ERPG-2 and ERPG-3 risk contours depict a
scenario in which the phosgene release is localized to a relatively small footprint.
However, Pajarito Road could be affected, as could nearby technical areas, including
TA-52. A wider area, encompassing several technical areas and Pajarito Road, could
be affected by a release with a frequency of 1.0E-6/yr. For this low-frequency event,

- the offsite public consequences of a phosgene release are limited to some short-
duration exposure to travelers on Pajarito Road. The Royal Crest mobile home park
on East Jemez Road is unlikely to experience any adverse effects from such a release.

7.2.3. Arsine Dispersion Results. Arsine release was modeled as a release of
6.68 kg of gas at ambient pressure and temperature conditions. As noted in Sec. 5,
this would be the maximum amount of arsine that would be stored at TA-63 in the
future. Arsine gas is heavier than air; therefore, the scenario was modeled as a
dense gas release. The ERPG-2 and ERPG-3 values of arsine are 1 ppm and 5 ppm,
respectively. The entire inventory was assumed to be released in the first minute.

7.2.3.1. Arsine Isopleths. The arsine plume progression for the worst-case
scenario is shown in Figs. 7-16 through 7-18. The time interval between each
MIDAS snapshot is 10 min. The Los Alamos site map is shown on each plot with
the cross-hairs depicting the location of the arsine release. In this calculation, the
wind is blowing slowly at 0.875 m/s from the west, and the atmospheric stability is F.
The color scheme used for ERPG-2 and ERPG-3 is the same as with the hydrogen
fluoride and phosgene isopleths. The ERPG-3 area indicates that concentration has
exceeded 5 ppm for the last 10 min. Similarly, the ERPG-2 area indicates that con-
centration has exceeded 1 ppm for the last 10 min. As expected, the ERPG-2 area
encompasses the ERPG-3 area. The predictive profiles, shown in purple and gray,
are not important to the current discussion.

The maximum plume isopleths for ERPG-2 were realized 20 min after the
release as shown in Fig. 7-17. Referring to Fig. 7-16, the maximum isopleths for
ERPG-3 occurred 10 min after the release. ERPG-3 levels were exceeded along access
roads. ERPG-2 levels were exceeded at a number of Laboratory locations, including
technical areas and along access roads. The worst-case distances at which the ERPG-2
and ERPG-3 values were exceeded are listed in Table 7-2. These values are obtained

from the MIDAS graph of arsine concentration versus distance as shown in
Fig. 7-19.

7.2.3.2. Arsine Risk Contours. Section 7.2.3.1 discussed the worst-case sce-
nario using the most adverse conditions of wind speed, wind direction, and atmo-
spheric stability class. The values of these parameters for the worst-case scenario
exist for about 1% of the time (8% of the time if all wind directions are considered).
The risk contours for an arsine release, generated by QCRR using 10-min averaging
for all calculations, are shown in Figs. 7-20 and 7-21. The contours account for the
release frequency, all combinations of the wind speeds, and atmospheric stability
conditions along with their relative likelihoods.
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Figure 7-20 shows the risk contours for the case of exceeding ERPG-2 values.
Following the same color scheme, the outer contour depicts the area that has a fre-
quency of exposure to ERPG-2 values of 1.0E-6/yr. The inner contour corresponds to
a frequency of exposure to ERPG-2 values of 1.0E-5/yr. Similarly, Fig. 7-21 displays
the risk contours for the case of exceeding ERPG-3 values.

For a frequency of 1.0E-5/yr, the ERPG-2 and ERPG-3 risk contours depict a
scenario in which the arsine release is localized to a small footprint. As a result,
Pajarito Road still could be affected, but the likelihood of affecting nearby technical
areas is minimal. An area encompassing several technical areas, including TA-52
and Pajarito Road, could be affected by a release with a frequency of 1.0E-6/yr. For
this low-frequency event, the offsite public consequences of a arsine release are
limited to some short-duration exposure to travelers on Pajarito Road. The Royal
Crest mobile home park on East Jemez Road is unlikely to experience any adverse
effects of such a release.

7.2.4. Hydrogen Sulfide Dispersion Results. Hydrogen sulfide release was
modeled as a release of 22.37 kg of gas at ambient pressure and temperature condi-
tions. As noted in Sec. 5, this would be the maximum amount of hydrogen sulfide
that would be stored at TA-63 in the future. Hydrogen sulfide gas is heavier than
air; therefore, the scenario was modeled as a dense gas release. The ERPG-2 and
ERPG-3 values of arsine are 30 ppm and 100 ppm, respectively. The entire inven-
tory was assumed to be released in the first minute.

7.2.4.1. Hydrogen Sulfide Isopleths. The hydrogen sulfide plume progression
for the worst-case scenario is shown in Fig. 7-22. The time interval for the MIDAS
snapshot is 10 min. The Los Alamos site map is shown on each plot with the cross-
hairs depicting the location of the hydrogen sulfide release. In this calculation, the
wind is blowing slowly at 0.875 m/s from the west, and the atmospheric stability is F.
The color scheme used for ERPG-2 and ERPG-3 is the same as with the hydrogen
fluoride, phosgene, and arsine isopleths. The ERPG-3 area indicates that concentra-
tion has exceeded 100 ppm for the last 10 min. Similarly, the ERPG-2 area indicates
that concentration has exceeded 30 ppm for the last 10 min. As expected, the ERPG-2
area encompasses the ERPG-3 area. The purple and gray shaded areas are not impor-
tant to the current discussion.

The maximum plume isopleths for ERPG-2 and ERPG-3 were realized 10 min
after the release as shown in Fig. 7-22. ERPG-3 levels were exceeded primarily along
access roads. ERPG-2 levels were exceeded over technical areas as well as along
access roads. The worst-case distances at which the ERPG-2 and ERPG-3 values were
exceeded are listed in Table 7-2. These values are obtained from the MIDAS graph of
hydrogen sulfide concentration vs distance as shown in Fig. 7-23.

7.24.2. Hydrogen Sulfide Risk Contours. Section 7.2.4.1 depicted the worst-
case scenario using the most adverse conditions of wind speed, wind direction,
and atmospheric stability class. The values of these parameters for the worst case
scenario exist for about 1% of the time (8% of the time if all wind directions are
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considered). The risk contours for a hydrogen sulfide release, generated by QCRR
using 10-min averaging for all calculations, are shown in Figs. 7-24 and 7-25. The
contours account for the release frequency, all combinations of the wind speeds, and
atmospheric stability conditions along with their relative likelihoods.

Figure 7-24 shows the risk contours for the case of exceeding ERPG-2 values.
Following the same color scheme, the outer contour depicts the area that has a fre-
quency of exposure to ERPG-2 values of 1.0E-6/yr. The inner contour corresponds to
a frequency of exposure to ERPG-2 values of 1.0E-5/yr. Similarly, Fig. 7-25 shows the
risk contours for the case of exceeding ERPG-3 values.

For a frequency of 1.0E-5/yr, the ERPG-2 and ERPG-3 risk contours depict a
scenario in which the hydrogen sulfide release is localized. The areas affected have
the smallest footprints of all the chemicals studied. Nonetheless, the effect on
Pajarito Road is a concern. However, the likelihood of affecting nearby technical
areas is minimal. A slightly larger area, including technical areas and Pajarito Road,
could be affected by a release with a frequency of 1.0E-6/yr. For this low-frequency
event, the offsite public consequences of a hydrogen sulfide release are limited to
some short-duration exposure to travelers on Pajarito Road. The mobile home park
on East Jemez Road is unlikely to experience any adverse effects from such a release.
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TABLE 7-1
RELEASE FREQUENCIES FOR WORST-CASE SEQUENCES

INITIATING EVENT RELEASE FREQUENCY (YR-1)
Seismic event of 0.3-g intensity 2.0 x 106
[ Fire/explosion starting inside facility 3.3 x 104
[ Fire/explosion starting outside facility 2.0 x 100
[TOTAL 3.5 x 104
TABLE 7-2
WORST CASE EXCEEDANCE DISTANCES
ERPG-2 ERPG-3
Chemical Worst Case Exceedance Worst Case Exceedance
Distance (m) Distance (m)
Hydrogen Fluoride 3100 2000
Phosgene 1000 110
Arsine 500 150
Hydrogen Sulfide 400 140
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Chemical: Hydrogen Fluoride (HF) N ,
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Averaging Time: 10 Min.
Stability Class: F

Snapshot: 10 Min.

Wind Speed @ 10m: 0.875 m/s
Wind Direction(From): West
Temperature: 15C

Release Height: 10m

ERPG-3: 50ppm

ERPG-2: 20ppm

Fig. 7-1. Hydrogen fluoride 10-min snapshot with 10-min averaging and stability f.
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Chemical: Hydrogen Fluoride (HF)
Quantity: 58.42 KG

Averaging Time: 10 Min.
Stability Class: F

Snapshot: 20 Min.

Wind Speed @ 10m: 0.875 m/s
Wind Direction(From): West
Temperature: 15C

Release Height: 10m

ERPG-3: 50ppm

ERPG-2: 20ppm

Fig. 7-2. Hydrogen fluoride 20-min snapshot with 10-min averaging and stability f.
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Chemical: Hydrogen Fluoride (HF)
Quantity: 58.42 KG

Averaging Time: 10 Min.
Stability Class: F

Snapshot: 30 Min.

Wind Speed @ 10m: 0.875 m/s
Wind Direction(From): West
Temperature: 15C

Release Height: 10m

ERPG-3: 50ppm

ERPG-2: 20ppm

Fig. 7-3. Hydrogen fluoride 30-min snapshot with 10-min averaging and stability f.
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Chemical: Hydrogen Fluoride (HF)
Quantity: 58.42 KG

Averaging Time: 10 Min.
Stability Class: F

Snapshot: 40 Min.

Wind Speed @ 10m: 0.875 m/s
Wind Direction(From): West
Temperature: 15C

Release Height: 10m

ERPG-3: 50ppm

ERPG-2: 20ppm

Fig. 7-4. Hydrogen fluoride 40-min snapshot with 10-min averaging and stability f.
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Chemical: Hydrogen Fluoride (HF)
Quantity: 58.42 KG

Averaging Time: 10 Min.
Stability Class: F

Wind Speed @ 10m: 0.875 m/s
Wind Direction(From): West
Temperature: 15C

Release Height: 10m

ERPG-3: 50ppm
ERPG-2: 20ppm
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Fig. 7-5. Hydrogen fluoride concentration vs distance plot with 10-min averaging and stability f.
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Fig. 7-6. Hydrogen flow in QCRR risk contours, ERPG-2, 10-min average.
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Fig. 7-7. Hydrogen flow in QCRR risk contours, ERPG-3, 10-min average.
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Chemical: Phosgene (COCl2)
Quantity: 5.07 KG

Averaging Time: 10 Min.
Stability Class: F

Snapshot: 10 Min.

Wind Speed @ 10m: 0.875 m/s
Wind Direction(From): West
Temperature: 15C

Release Height: 10m

ERPG-3: 1ppm

ERPG-2: 0.2ppm

Fig. 7-8. Phosgene 10-min snapshot with 10-min averaging and stability f.
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Chemical: Phosgene (COCl2)
Quantity: 5.07 KG

Averaging Time: 10 Min.
Stability Class: F

Snapshot: 20 Min.

Wind Speed @ 10m: 0.875 m/s
Wind Direction(From): West
Temperature: 15C

Release Height: 10m

ERPG-3: 1ppm

ERPG-2: 0.2ppm

Fig. 7-9. Phosgene 20-min snapshot with 10-min averaging and stability f.
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Chemical: Phosgene (COCl2)
Quantity: 5.07 KG

Averaging Time: 10 Min.
Stability Class: F

Snapshot: 30 Min.

Wind Speed @ 10m: 0.875 m/s
Wind Direction(From): West
Temperature: 15C

Release Height: 10m

ERPG-3: 1ppm

ERPG-2: 0.2ppm

Fig. 7-10. Phosgene 30-min snapshot with 10-min averaging and stability f.




81-4

Chemical: Phosgene (COCl2)
Quantity: 5.07 KG

Averaging Time: 10 Min.
Stability Class: F

Snapshot: 40 Min.

Wind Speed @ 10m: 0.875 m/s
Wind Direction(From): West
Temperature: 15C

Release Height: 10m

ERPG-3: 1ppm

ERPG-2: 0.2ppm

Fig. 7-11. Phosgene 40-min snapshot with 10-min averaging and stability f.
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Chemical: Phosgene (COCl»)
Quantity: 5.07 KG

Averaging Time: 10 Min.
Stability Class: F

Snapshot: 60 Min.

Wind Speed @ 10m: 0.875 m/s
Wind Direction(From): West
Temperature: 15C

Release Height: 10m

ERPG-3: 1ppm

ERPG-2: 0.2ppm

Fig. 7-12. Phosgene 60-min snapshot with 10-min averaging and stability f.
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Fig. 7-13. Phosgene concentration vs distance plot with 10-min averaging and stability f.
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Fig. 7-14. Phosgene QCRR risk contours, ERPG-2, 10-min average.
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Fig. 7-15. Phosgene QCRR risk contours, ERPG-3, 10-min average.
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Chemical: Arsine (AsH3)
Quantity: 6.68 KG

Averaging Time: 10 Min.
Stability Class: F

Snapshot: 10 Min.

Wind Speed @ 10m: 0.875 m/s
Wind Direction(From): West
Temperature: 15C

Release Height: 10m

ERPG-3: 5ppm

ERPG-2: 1ppm

Fig. 7-16. Arsine 10-min snaps
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Chemical: Arsine (AsH3)
Quantity: 6.68 KG

Averaging Time: 10 Min.
Stability Class: F

Snapshot: 20 Min.

Wind Speed @ 10m: 0.875 m/s
Wind Direction(From): West
Temperature: 15C

Release Height: 10m

ERPG-3: Sppm

ERPG-2: 1ppm

Fig. 7-17. Arsine 20-min snapshot with 10-min avera

ging and stability f.
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Chemical: Arsine (AsH3)
Quantity: 6.68 KG

Averaging Time: 10 Min.
Stability Class: F

Snapshot: 30 Min.

Wind Speed @ 10m: 0.875 m/s
Wind Direction(From): West
Temperature: 15C

Release Height: 10m

ERPG-3: 5ppm

ERPG-2: 1ppm
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Fig. 7-18. Arsine 30-min snapshot with 10-min averaging and stability f.
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Chemical: Arsine (AsH3)
Quantity: 6.68 KG

Averaging Time: 10 Min.
Stability Class: F

Wind Speed @ 10m: 0.875 m/s
Wind Direction(From): West
Temperature: 15C

Release Height: 10m

ERPG-3: 5ppm

ERPG-2: 1ppm
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Fig. 7-19. Arsine concentration vs distance plot with 10-min averaging and stability f.
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Fig. 7-21. Arsine QCRR risk contours, ERPG-3, 10-min averaging.
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Chemical: Hydrogen Sulfide (H2S)
Quantity: 22.37 KG

Averaging Time: 10 Min.
Stability Class: F

Snapshot: 10 Min.

Wind Speed @ 10m: 0.875 m/s
Wind Direction(From): West
Temperature: 15C

Release Height: 10m

ERPG-3: 100ppm

ERPG-2: 30ppm

Fig. 7-22. Hydrogen sulfide 10-min snapshot with 10-min averaging and stability f.
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Chemical: Hydrogen Sulfide (H2S5)
Quantity: 22.37 KG

Averaging Time: 10 Min.
Stability Class: F

Wind Speed @ 10m: 0.875 m/s
Wind Direction(From): West
Temperature: 15C

Release Height: 10m

ERPG-3: 100ppm

ERPG-2: 30ppm
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Fig. 7-23. Hydrogen sulfide concentration vs distance plot
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LANL Limited Scope QRA
Best Estimate Hydrogen Sulfide Release
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Fig. 7-24. Hydrogen sulfide QCRR risk contours, ERPG-2, 10-min averaging.
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8.0. CONCLUSIONS

The results of the PHA were used to define a limited scope of analysis for this
PRA of the HWTF/DSB and MWRSF. The effort required to quantify scenarios that
present the greatest potential of severe offsite (i.e., public) consequences was reduced
significantly by using the PHA recommendations. Those hazards from the PHA
that appear to present the most potential to the public (offsite) are the releases of
toxic gases from gas cylinders as a result >f seismic or fire events. These two events
have the capability of releasing a large percentage of the gas in storage. They also
bound other scenarios for release of gas, such as the rupture of a single gas cylinder
because of accidental conditions or a degraded cylinder.

The results of the event-tree/fault-tree analysis for the large fire and seismic
scenarios showed an overall frequency of release on the order of 3.5E-4/yr. The
frequency of the initiating events s based on site data or analysis or industry data for
facilities of this type. The dependent-failure probabilities (e.g., building breach given
a seismic event, building or container breach given a facility fire) are conservative
screening-level estimates. These values were assigned to correspond to an upper
bound with respect to the uncertainty of the probabilities. Screening-level estimates
typically are used in first-order PRAs to determine the degree of importance of
accident scenarios.

Consequence calculations were performed for large release of toxic gases, and
the six most toxic gases currently stored and planned to be stored in the new facili-
ties were chosen (hydrogen fluoride, hydrogen sulfide, arsine, phosgene, phosphine,
and cyanogen). We reviewed the CST-7 current storage inventory to determine an
estimate of maximum release inventories. The maximum inventories were judged
not to be overly conservative but are indicative of the upper bound for future stor-
age needs for these gases. It was determined that phosphine and cyanogen will be
present only in small quantities and thus are not considered to affect the risk of
storage. Moreover, ERPG values are not available for these chemicals.

The consequence dispersion analysis was performed using two codes, MIDAS
and QCRR. MIDAS was used to predict release paths from postulated accidents. For
each chemical, a wind speed of 0.875 m/s and atmospheric stability of class F with
10-min averaging was studied. This represents the worst-case scenario associated
with release of the entire toxic gas inventory. The QCRR code was used to calculate
a risk contour for each gas release. The results indicate a very short segment of
Pajarito Road for which the ERPG levels could be exceeded on a frequency of
1.0E-6/yr. It is important to note that individuals would be required to be exposed
to these levels for an hour or more to incur the expected health effect. Additional
analysis indicates that individuals traveling this segment of road would traverse the
distance in a matter of minutes; therefore, a significant health effect would not be
expected.

In addition, DOE and Los Alamos have concluded that Pajarito Road is not
considered to be public domain for safety analysis purposes because this highway is
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DOE property and under its jurisdiction and therefore can be closed at any time
necessary. The mobile home park on the East Jemez Road, 1.5 km from TA-63, is
considered to be the closest public offsite property for dose calculation purposes.
Persons at that location would be more likely to remain in one location for an hour
or more than persons traveling down Pajarito Road. The dispersion analysis indi-

- cates the chance of an effect at the mobile home park from a release at TA-63, is well
below the 1.0E-6/yr value normally considered as a credible cut-off for safety analysis
purposes.

In summary, the PRA indicates that there are a number of hazard scenarios
that may affect the worker or have a localized effect to adjacent facilities. Although
the analysis does not support any severe offsite public consequences of a credible
frequency (1.0E-6/yr), there could be some short-duration exposure to persons trav-
eling the roadway adjacent to TA-63 at a frequency of approximately 1.0E-6/yr. For
this reason the facility should ensure a well-developed emergency response capabil-
ity that is clearly written, reviewed with Los Alamos emergency planning specialists,
and practiced during training exercises.
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APPENDIX A
MIDAS DESCRIPTION

MIDAS

MIDAS (the Meteorological Information and Dispersion Assessment System)
is a fully integrated software package from Pickard Lowe and Garrick (PLG), designed
to assess the environmental and health effects of both routine and accident-related
atmospheric releases of hazardous materials. MIDAS enables its users to determine,
in real time, the potential effect of actual hazardous material releases, create what-if
scenarios to evaluate emergency plans, and train response teams using actual site
conditions. During a real or postulated release, MIDAS can quickly answer
questions such as the following.

* What are the weather conditions?

* Where is the plume of dispersion material expected to go?

* How is the release rate expected to vary with time?

¢ Where will the exposures exceed hazardous levels?
Features

MIDAS continuously samples, processes, and stores data from one or more
meteorological towers and on-line monitors at and around a site. Using this infor-
mation, along with other preset characteristics, MIDAS computes release rates to
the atmosphere. Current and projected locations where hazardous levels may be
exceeded then are quickly displayed on site maps using high-resolution color
graphics technology.

User Interface

Simple menus and unique touch-screen features give users access to com-
mands for directing system functions. The MIDAS design enables new users to
perform routine calculations with minimum training and instructions while
allowing more sophisticated operators to set up and inspect data bases, perform
offsite effect calculations, and review results via local or remote terminals.

Because no two applications are alike, built-in edits allow MIDAS users to
enter plant-/site-specific information during planning sessions.

Hardware/Software Options
The MIDAS modular design enables easy adaptability to meet the specific

needs of a wide variety of users. Whether installed as a full-capability central-
system or as a hands-off PC version providing continuous, automatic monitoring,
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MIDAS can be supplied on existing hardware or as a complete hardware/software
package. The system is available in basic configurations.

e The central-system MIDAS is tailored around a shared host computer.
Multiple sites can be networked, and calculations can be made at a single
processing point.

e The MIDAS workstation incorporates all of the essential functions of
MIDAS operating on a high-speed, stand-alone microprocessor or
workstation.

¢ The low-cost PC-MIDAS system provides continuous data collection, real-
time plume location, and high-resolution color map displays that are
npdated every 5 min. PC-MIDAS also is used in the central system MIDAS
configuration with the host computer.

Experience

PLG is the leader in providing computer support for emergency response
planning and decision-making. The company began MIDAS development in 1973.
Since that time, PLG has continued to enhance the system, relying in large part on
extensive user feedback. Today MIDAS users benefit from PLG staff services that
include training, on-line assistance, software modification, meteorological services,
and other ongoing support.

A-2



APPENDIX B
QCRR DESCRIPTION

QCRR

QCRR, Quantification of Chemical Release Risk, is a personal computer
program for calculating the source evaporation and dispersion of single- and multi-
component gases. The QCRR program is available for IBM-PC compatibles and is a
subset of PLG's CHEMRISKMAN software package. QCRR is available as a stand-
alone package as described below.

Overview

PLG developed the QCRR system of analytical models to determine the risk
consequences of releases of chemicals into the atmosphere. QCRR operates in a IBM
80386 or better PC environment and QCRR performs the following functions.

¢ Determines the release rates of chemicals into the atmosphere.

* Enables input of a user-determined time history of release.

¢ Develops aerosols from flashing releases.

* Defines dense gas blankets.

* Evaluates dispersion of neutrally buoyant gases, as well as dense gases and
aerosols

¢ Computes plume rise for jets and buoyant vapor releases.
¢ Treats dispersion of elevated releases.
¢ Develops building wake and initial plume radius.

* Handles both pure chemicals and mixtures of up to 20 chemical
components.

Numerical Results
QCRR can provide the following numerical information in printed format.
* Input data echo
* Chemical properties
* Time history of liquid pool evaporation

* Time history of dense vapor blarket inflow, outflow, and mass
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Vertical concentration profiles in the vapor blanket

Time history of plume concentration and location

Concentration as a function of distance at an instant in time (snap shots)
Maximum average plume concentrations (for any averaging time)

Analysis of fires and explosions

Graphical Results

QCRR output files may be used to generate the following as a function of
distance downwind from the release point.

Plots of the concentration of any chemical component in the plume or the
total concentration

Plots of the plume temperature

Plots of the concentration in the downwind, crosswind, or vertical
directions

Contour plots of equal frequency of exceeding a given concentration

Plots of affected area vs frequency
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PRELIMINARY HAZARDS ANALYSIS (PHA) OF PROPOSED CST-7
WASTE TREATMENT AND STORAGE FACILITIES

SUMMARY

In FY 1993, the Los Alamos National Laboratory Waste Management Group,
CST-7 (formerly EM-7), requested the Probabilistic Risk and Hazards Analysis Group,
TSA-11 (formerly N-6), to conduct a study of the hazards associated with several
CST-7 facilities. Among these facilities are the Hazardous Waste Treatment Facility
(HWTF) and the Mixed Waste Receiving and Storage Facility (MWRSF), which are
proposed for construction beginning in 1995. These facilities are needed to upgrade
the storage capability for hazardous and mixed wastes and to provide treatment
capability for wastes in cases for which offsite treatment is not available or desirable.
These facilities will assist Los Alamos in complying with Federal and state regula-
tions and agreements.

Both facilities are currently in the conceptual design stage, and therefore,
detailed aspects of the facility structures and systems are not fully developed. The
materials available to the hazards analysis team were conceptual design reports and
design criteria stating the level of the mitigating systems (e.g., ventilation with fil-
tration and scrubbing) without final details or the final configuration. During the
course of the study, numerous design changes were made because of either evolving
operational or regulatory considerations or the reduction of risks from hazards
identified by this study.

A preliminary hazards analysis (PHA) was chosen for the initial assessment.
PHA is an appropriate method because it can identify significant hazards during the
conceptual design stage, when design changes can be made cost-effectively. This
method is endorsed by various Federal agencies, including the U.S. Department of
Energy (DOE), the chemical and nuclear industry, and professional organizations.
The PHA method is based on techniques outlined in AIChE,! the California Risk
Management Prevention Program (RMPP),2 and the Process Safety Management
(PSM) rule3 A multidisciplinary team of senior technical personnel was assembled
to conduct this study; representatives from TSA-11, CST-7, and PLG, a private con-
sulting firm specializing in chemical and nuclear facility risk assessment, composed
the team. The personnel included specialists in nuclear and chemical engineering,
process chemistry, risk analysis, environmental issues, human reliability, and
facility operations.

A more quantitative analysis, such as a probabilistic risk assessment (PRA),
consisting of event and/or fault trees, was judged to be inappropriate for the initial
stage. However, PHA results provide input for a limited, but focused, quantitative
analysis.

Consistent with other PHAs, a risk ranking was assigned to each accident
scenario based on estimates of its consequence and likelihood. Scenarios with a
risk ranking of 1 or 2 were considered to be unacceptable. In these cases, acticns to
reduce the risk for the scenario were identified. The team used the HAZMAN soft-
ware package, which was developed by PLG, to record the results of the analysis



during the numerous meetings to review facility design and operation. The risks
associated with each scenario were evaluated with respect to the public, workers,
co-located workers, and the environment (contamination).

We identified four Risk Rank 1 scenarios during our study. These scenarios
would be considered unacceptable and would require immediate mitigation if the
facilities were in an operating status. Forty-nine scenarios were identified as Risk
Rank 2; if the facilities were in operational mode, the risk associated with these sce-
narios would be judged unacceptable. Mitigation of Risk Rank 2 hazards within a
reasonable time frame would be recommended. The Risk Rank 1 and 2 scenarios
are listed in Table S-1 according to facility and primary activities. In this list, the
storage activities are shown to contribute a disproportionate amount to the overall
risk of these facilities. Well over half of the Risk Rank 1 and 2 scenarios are attri-
buted to the storage of the hazardous and mixed wastes. This is consistent with a
previous limited study* by TSA-6 that looked at the hazards associated with the
storage and treatment of LiH reactive wastes and cyanide plating wastes.

The characterization of each Risk Rank 1 and 2 scenario includes an assess-
ment of consequence and frequency and recommendations to reduce the risk. The
consequence, frequency, and ranking of each scenario then are reexamined assum-
ing that the recommendations are implemented. It is significant to note that all of
the hazards identified can be minimized successfully by the proposed facility modi-
fications and/or administrative controls. Several engineering insights and recom-
mendations should receive special mention because they are common to a number
of hazards or provide a means to significantly reduce risks. They are the following.

1. Storage Presents Significant Risks. The hazards associated with treatment
are significantly less than storage risks because treatment is carried out in
specially designed skids in the HWTF. The risks associated with the treat-
ment building are lower because the HWTF treatment building is designed
to contain releases with several redundant levels of filters/ scrubbers. In
addition, sampling provisions in the HWTF verify the identity of wastes
before treatment, lessening the chances of mislabeling.

2. Storage of Incompatible Materials Increases Risks. The risks associated
with storage are greater because of the large numbers of various materials
in storage, many of which are incompatible. The materials are not inde-
pendently assayed or sampled before storage, resulting in increased
chances for mislabeling.

3. Storage of Materials in Adverse Weather Conditions Increases Risks.
The Drum Storage Building (DSB) appears to present particular hazards.
The DSB is an open building that can be expected to experience problems
from weather extremes. Temperature extremes (freezing or heat), high
winds, and other environmental conditions have the potential to result in

*Probabilistic Safety Assessment for TA-63, Hazardous Waste Treatment Facility, M. K. Sasser to
G. Lussiez, September 29, 1992.



material releases. Because of these weather-related problems, it is recom-
mended that CST-7 consider enclosing the DSB and providing heating and
ventilation (HVAC).

Although the additional installation of filters and scrubbers also could
help mitigate large releases resulting from accident conditions within the
DSB, it is felt that most risk reduction would be achieved by enclosing and
heating the facility. Larger releases are expected on a much less frequent
basis. In addition, the types of accidents that would result in these large
releases (fires, seismic events) also could be expected to breach the facility,
which may, in effect, render any filters/scrubbers ineffective because of the
existence of direct release paths.

Storage of Shock-Sensitive Materials Increases Risks. Several chemicals
were noted that, if stored in these facilities, would represent significantly
higher risks. These materials may be shock or heat sensitive or particularly
incompatible with other chemicals. The materials include picric acid,
sodium azide, nitromethane, and methyl ethyl ketone peroxide. The
resulting hazard is the high potential for an explosion, energetic reactions,
or a fire. There appeared to be conflicting views from the several CST-7
specialists interviewed by the PHA team as to the likelihood of future
generation of these materials at the Lab and/or the need to store them.
However, these materials were included on lists of chemicals generated
and/or stored at the Lab in the past.

The PHA team felt that a specific, restrictive policy should be developed in
advance so that CST-7 can deal with these materials properly should there
be a request to process such materials. Because of the significant, widespread
hazards that these materials represent either alone (from shock, heat, or
friction) or in combination with other chemicals, they should not be stored
in either facility. If they are required to be handled or stored, then special
facilities, compartments, or measures should be in place to place them in
remote locations away from incompatible materials. The risks of an explo-
sion or fire that could propagate to surrounding storage compartments or
to the entire facility are too great to allow storage of these types of materi-
als without taking special precautions.

. Potential for Misrouting of Waste Solutions Increases Risks. Animpor-
tant design change (inclusion of check valves) was recommended in the
cyanide-plating treatment skid in the HWTF. In reviewing the latest
design drawings and flow paths of the skid, the team found that misrout-
ing of the waste solution or reagents could result in the generation of
highly toxic gases (e.g., HCN) that would threaten the worker. There did
not appear to be any check valves in the system to prevent backflow or
flow to wrong locations. (Check valves are an effective means of prevent-
ing the flow of liquids to the wrong locations.) Without an engineering



method to prevent such misroutings, the process is left entirely to the
effectiveness of operators to verify the proper flow path. Human relia-
bility analyses indicate a high frequency of human errors in system
valving alignments in similar situations.

Gas Cylinders of Unknown Content or Questionable Integrity Present
Significant Risks. A number of compressed gas cylinders are now stored
in an open field at TA-54. Many of these are legacy wastes (generated from
past operations), and they may contain unidentified gases or be contained
in cylinders of questionable integrity or conformance to standards. Addi-
tional high-risk gas cylinders are expected to be identified during the
course of future operations and environmental restoration activities.
These cylinders represent a substantial hazard during transportation,
storage, and treatment. Special precautions are recommended for cylin-
ders containing the most highly toxic gases (e.g., phosgene, phosphine,
arsine, etc.) or those that contain unidentified gases. Some of the recom-
mended precautions are as follows.

a. Double containment of the most highly toxic gases before they are
moved and stored.

b. Special precautions at loading sites; e.g., installation/use of windsocks,
training of operators on proper evacuation techniques, availability of
self-contained breathing apparatus, etc.

c. Special transportation restrictions for the most highly toxic or uniden-
tified gases; e.g., escort vehicle, road closure, etc.

d. Special storage restrictions (e.g., do not store legacy wastes in these
buildings) and special enclosed storage compartments for nonlegacy
cylinders. At the time of this study, the CST-7 staff were uncertain
whether gas cylinders would be stored in the new facilities. The PHA
team decided to review the storage facilities as if gas cylinders would be
stored in the facility.

Risk Associated with Existing Storage Facilities is a Concern. Even with
improved safety features included in the design of the new facilities,
approximately 75% of all high-risk scenarios (Risk Ranks 1 and 2) are
attributed to waste storage. The existing storage facilities do not include
the latest safety features; therefore, we inferred that the present risk of
storage is considerably higher than the anticipated risk associated with the
facilities to be built. Figure S-1 shows an estimate of the relative risk,
given the current storage capability and progressing to the completion and
operation of the new facilities. Until such time that the HWTF and
MWRSF are opened, the relative risk associated with storage as it now
exists will rise steadily. The relative risk will decrease after the storage
facilities are created and the legacy wastes are transferred to the new
facilities. Treatment of wastes will reduce the relative risk further.



This document provides a basis for demonstrating compliance with the hazard
analysis requirements of DOE Order 5480.23, Topic 5; DOE Standard 1027-92; and
DOE Standard 3009. It is anticipated that representative sequences from the PHA
will be selected for additional quantitative analysis of their frequency and severity to

satisfy the accident analysis requirements of DOE Order 5480.23, Topic 11, necessary
for inclusion in a Safety Analysis Report (SAR).



TABLE S-1
SUMMARY OF RESULTS BY FACILITY OR ACTIVITY

Facility Number of Risk Number of Risk
or Activity Rank 1 Scenarios Rank 2 Scenarios
Storage
Mixed Waste Storage 1 (25%) 11 (22%)
Hazardous Waste Storage 2 (50%) 22 (45%)
Mixed Waste Bulking — 2 (4%)
 Subtotal 3 (75%) 35 (71%)
Treatment (HWTF) 1 (25%) 9 (18%)
Transportation* — 5 (10%)

*Includes transportation outside facilities; e.g., between storage and treatment buildings, or from
other locations to TA-63.
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1.0. INTRODUCTION AND PURPOSE

Routine operations and research activities at the Los Alamos National Labo-
ratory generate a variety of radioactive, hazardous, and mixed wastes. By definition,
mixed waste contains both a hazardous chemical component and radioactive mate-
rials. The types and quantities of wastes generated have varied greatly during the
more than 50 yr of Laboratory operations. Los Alamos currently has an aggressive
program to minimize new waste generation, thereby reducing the capacity needs for
storage. However, significant amounts of existing (or legacy) wastes remain that
must be processed and stored appropriately.

Options for treating Laboratory-generated wastes are limited. Some hazard-
ous wastes can be shipped offsite to approved commercial facilities for treatment.
For other hazardous wastes and all mixed wastes, no offsite treatment methods are
available; Federal and state regulations are restrictive in terms of the storage and
treatment of these remaining wastes. Therefore, Los Alamos is evaluating a num-
ber of options for treatment and storage of hazardous and mixed wastes to develop a
suitable plan that ensures compliance with all Federal and state regulations.

Los Alamos Group CST-7, Waste Management, is responsible for all aspects
of waste management at the Laboratory: characterization, storage, offsite shipment,
and any onsite treatment. A new technical area, TA-63, is planned as the site for
several new facilities to be constructed beginning in FY 1995 or later. These facilities
are important to future Laboratory operations to ensure Los Alamos’ compliance
with regulations regarding the treatment and storage of hazardous and mixed
wastes. The primary facilities proposed for TA-63 are the Hazardous Waste Treat-
ment Facility (HWTF) and the Mixed Waste Receiving and Storage Facility
(MWRSF). The HWTF will consist of two buildings: (1) a treatment building that is
capable of treating both mixed and hazardous wastes and (2) a Drum Storage Build-
ing (DSB) for hazardous wastes only. The MWRSF will receive and store mixed
wastes; some rebulking or repackaging operations will be performed. Both facilities
are currently in the conceptual design stage; a final design has not been accepted, and
approval for construction has yet to be granted. It is understood that the designs of
the facilities have evolved during the preliminary hazards analysis (PHA) and will
continue to change after this study is completed. Any significant design modifica-
tions implemented after the PHA is completed should be considered from a hazard
standpoint; thus, the PHA should be updated.

The Probabilistic Risk and Hazards Analysis Group (TSA-11) was requested
to analyze the various potential hazards associated with these facilities. If a hazards
analysis is performed during the conceptual design stage, facility improvements and
design changes can be implemented without costly expenditures.

Preliminary Hazards Analysis (PHA) was chosen as the method to use for
hazards analysis. PHA is a semiquantitative method for identifying the broad range
of potential hazards and accident scenarios, with corresponding estimated frequency
and consequences. Because hazards are ranked by qualitative risk measures, PHA

1-1



allows hazard scenarios to be screened and those that are the least concern to overall
risk (either because of low associated consequences or low frequency of occurrence)
to be eliminated. The remaining high-risk hazard scenarios can be analyzed further
using quantitative techniques; however, this is outside the scope of the current
study. Detailed quantitative analyses, in addition to requiring a large expenditure
of resources (dollars and time), require a detailed design of the facility with all of the
supporting components and systems. PHA is a cost-effective alternative.

The purpose of this PHA is to provide an overall assessment of hazards asso-
ciated with the HWTF and MWRSF. Because these facilities are currently in the
conceptual design stage, such a study is useful to determine if there are hazardous
operations or activities that require engineering design changes. This study also is
intended to be used as input to CST-7 safety and project documentation. Further-
more, this document will demonstrate that these facilities are in compliance with
the hazard analysis requirements of DOE Order 5480.23, Topic 5, DOE Standard
1027-92, and DOE Standard 3009.

The scope of the PHA with respect to hazardous and mixed waste treatment
and storage is described in Sec. 2. The PHA methodology used in this study is pre-
sented in Sec. 3, and the results of the PHA are discussed in Sec. 4. Section 5 presents
insights and recommendations, and Sec. 6 lists the references used in the PHA.
Appendices A through C provide a facility description, design changes made during
the PHA, and the results of the PHA for the HWTF (treatment only), the MWRSF,
and the HWTF DSB. Appendix D presents the overall results of the CST-7 PHA.
Appendix E includes the resumes of the PHA team members.



2.0. PHA SCOPE
2.1. Facilities

This PHA includes analyses of hazards associated with the HWTF, the HWTF
DSB, and the MWRSF. The analyzed activities are for both hazardous and mixed
wastes and can be classified into the following areas: (1) transportation within the
TA-63 complex, (2) storage of the waste containers after arrival at TA-63, (3) rebulk-
ing or repackaging of some wastes, and (4) processing or treatment.

2.2, Acutely Hazardous Materials

2.2.1. Storage. The range of waste materials that may be stored in the facilities
was reviewed to provide an understanding of their degree of flammability, toxicity,
and incompatibility with other wastes. The technical staff from CST-7 completed an
exhaustive search for information related to the properties of the materials consid-
ered for possible storage in the facilities. The CST-7 search included all those mater-
ials that have been generated, stored, and/or treated at Los Alamos in the past. A
detailed account of this work is provided in Ref. 4.

Tables 2-1 and 2-2 are abbreviated versions of the hazardous and mixed wastes
tables from the CST-7 study. These tables list only those materials in each category
considered to be most hazardous from the aspects of flammability, reactivity, or
toxicity.

2.2.2. Treatment. A number of treatment skids are available or under devel-
opment to treat hazardous and/or mixed wastes at the HWTF. (The recently
approved Federal Facilities Compliance Agreement (FFCA) requires schedules for
developing treatment techniques.) After reviewing the list of available and planned
skids, the PHA team chose four for analysis. These were chosen based on their
potential for significant hazards because of reactivity, flammability, or the possibility
for generating toxic materials.

Four waste treatment skids were analyzed.

e Water Reactives, e.g., Lithium Hydride

¢ Depleted Uranium Chips

¢ Chemical (e.g., Cyanide) Plating Wastes

* Gas Cylinder Disposal and Recontainerization

Brief descriptions of the treatment skids and the HWTF are presented in the follow-
ing sections. A more detailed description of the HWTF can be found in App. A.

The complete PHA results for the HWTF treatment skids also are included in
App. A.




2.3. General Description of the Facilities

2.3.1. Hazardous Waste Treatment Facility. The HWTF will be located at
TA-63, north of Pajarito Road. It will be composed of a DSB, a treatment building,
and an office building. The treatment building will have a treatment room for each
. of four kinds of waste: nonradioactive characteristic wastes, nonradioactive listed
wastes, radioactive characteristic wastes, and radioactive listed wastes. These sepa-
rate treatment rooms will help workers to avoid mixing waste types and prevent
cross-contamination.

Processing equipment will be mounted on a skid dedicated to one waste type;
the skid then can be moved in and out of a dedicated treatment area. This approach
increases flexibility in treatment methods because new skids can be built for new
waste types. Several features will help to mitigate or eliminate hazards associated
with spills or other unplanned releases.

e Each treatment skid has its own high-efficiency particulate air (HEPA)
filtration/scrubber system.

e Individual spill-containing trays are used for each skid.

e Mobile hoods are used and are connected to the exhaust air treatment
systems.

e Building surfaces are coated with acid-resistant material.
* Ventilation air is treated (HEPA /scrubbed) before release up the stack.

The currently planned DSB is an enclosed building with heating and air scrubbing
filtration. Eight or more individual storage compartments with 4-ft-high segregat-
ing walls are planned. Each storage compartment will have its own sump, which is
designed to hold at least 10% of the volume of the materials in storage. A forklift
will be used to move materials in and out of storage. More detailed descriptions of
the HWTF and DSB, including the complete PHA results, are in Appendices A and
C, respectively.

2.3.2. Mixed Waste Receiving and Storage Facility. The MWRSF will be
located at TA-63 with the HWTF and will consist of only one building. An enclosed
loading dock will allow waste containers to be removed from incoming trucks. The
containers then will be transported to the appropriate storage room or compartment
using low-impact, walk-behind air pallets. Wastes will be stored in one of eight
storage rooms/compartments. Each storage area will be designed with an appropri-
ate fire protection system, depending on the type of waste stored. Individual drain-
age sumps are to be provided for each location. The heating, ventilating, and air
conditioning (HVAC) system in the MWRSF will include HEPA filtration, charcoal
filters, and a caustic scrubber.
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A separate room will be designed for rebulking or repackaging some types of
waste. As this activity is expected to be one of the more dangerous operations, the
room will have increased fire protection, exhaust systems (e.g., portable hoods),
monitoring, supplied air for respirators, and other safety features.

The facility will include all other service areas necessary for it to be indepen-
dent: change rooms, decontamination rooms, a mechanical/electrical room, and
office areas. A more detailed description of the MWRSF, along with a complete
listing of the PHA results for the MWRSF, is presented in App. B.

2.4. General Description of the Processes/Activities

2.4.1. Storage. As described above, hazardous waste containers will be stored
in the DSB. A forklift will be used to move the storage containers within the facility
to and from storage locations. The MWRSF will store mixed waste containers only
and will not have any treatment capability. The MWRSF is an enclosed facility and
will use bridge cranes and small walk-behind air pallets for moving waste
containers.

The currently planned storage classification system is based on the Environ-
mental Protection Agency (EPA) regulations in 40 CFR 264, Storage of Incompatible
Wastes. This classification system has been determined to be the most appropriate
way to segregate the various types of waste materials, reducing the hazards associ-
ated with mixing of incompatibles. The classification system currently in use at the
existing TA-54 storage complex is based on DOT shipping regulations. The DOT
system was compared with the EPA system by CST-7 technical staff and found to be
somewhat deficient in terms of segregating various waste types. The waste classifi-
cation areas to be provided in both the HWTF and MWRSF are as follows.

e Group 1A: Caustics

* Group 1B: Acids

* Group 2A: Reactives (Metals, Metal Hydrides)
* Group 4A: Flammables

e Group 5A: Cyanides, Sulfides

¢ Group 6A: Oxidizers

* Group 7A: Compressed Gases

e Group 8: Polychlorinated Biphenyls (PCBs)

* Group 9: Unregulated



2.4.2. Treatment

2.4.2.1. Water Reactives. Relatively small quantities of water-reactive wastes
are generated at Los Alamos. The most common is lithium hydride (LiH) mixed
with depleted uranium, the total inventory of which is in the range of several thou-
sand pounds. Lithium hydride is stored in a variety of forms; the most abundant
form consists of chunky to powdery LiH contaminated with pieces of depleted
uranium. Other drums contain clean-up items: paper, rags, used parts, and some
LiH. Another form of LiH is produced during machining of LiH and is a sand-like
powder.

These wastes react exothermically with moisture and violently with water,
producing hydrogen, a flammable and explosive gas. The treatment consists of
controlled hydration in a humid atmosphere. The product of hydration is a caustic
hydroxide that requires neutralization because of its corrosivity. Any depleted
uranium left after treatment of the LiH may be treated using the depleted uranium
treatment process.

2.4.2.2. Depleted Uranium Chips. Depleted uranium chips from machining
operations are stored in drums with a cover of oil. The treatment process consists of
draining the oil from the chips in an inert atmosphere of nitrogen and then adding
bleach to oxidize the depleted uranium in a controlled manner. The resulting ura-
nium hydroxide slurry is reduced to a uranium dioxide sediment by adding sodium
thiosulfate. The sediment then is cemented and transferred to storage until final
disposition.

2.4.2.3. Plating Wastes (Cyanides). Electroplating baths with various compo-
sitions are used at the Laboratory. The resulting plating wastes may contain the
following material.

e Acids such as HC¢, HNO3, and HySOg4.

* Metals remaining in the bath after electroplating, up to 100 g/L, including
nickel, copper, chromium, and, in some cases, depleted uranium.

e Ammonia and metal cyanides in nonacidic or low acidic baths, with
concentrations up to 30 g/L and 80 g/L, respectively.

Radioactive plating baths are generated at the rate of two to three 55-gal. drums
every 2 to 3 yr, whereas nonradioactive plating wastes are generated at a substan-
tially higher rate (10 to 20 drums per year).

The best-developed available technology (BDAT) for treating these wastes

involves a number of steps during which various reagents are introduced as
needed.
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e Neutralization of acids, if any, with a base; e.g., sodium hydroxide.

e Oxidation of the cyanides (and ammonia) to produce innocuous gases.
The most common oxidizing agent is sodium hypochlorite (bleach), with
the resulting formation of CO7 and N».

e Reduction of the hexavalent chromium to the trivalent state using
sulfites.

e Precipitation of metals with a base to precipitate hydroxides or with HS
to precipitate metal sulfides.

2.4.2.4. Gas Cylinder Disposal and Recontainerization. Currently, there are a
number of gas cylinders (legacy and nonlegacy) stored in an open area. The range of
possible contents varies from inert gases (e.g., N2 and welding cover gases) to highly
toxic (e.g., phosgene and arsine). Most cylinders are fully characterized or identified,
but approximately 10% contain unknown gases.

The recontainerization skid involves transferring a cylinder to the skid,
where it is enclosed in a pressure vessel with an inert or evacuated atmosphere.
The cylinder then is purposely breached so the contents are released into the con-
tainment vessel, where the gas is sampled and analyzed. The identification of the
gas determines its disposition. Inert gas may be vented to the atmosphere. If the gas
is radioactive, it will be recontainered in a new cylinder for storage and disposition
as mixed waste. Hazardous gases may be recontainered for future treatment offsite
or onsite. There is a possibility that a future design modification may include some
potential for treatment of gases to minimize wastes and reduce costs.



TABLE 2-1

HAZARDOUS WASTES
Incompatibilities Flammability | Reactivity
(7]
8
S
Chemical Name g .g .g =]
Iis a ]
= < »
Qm%gﬁ% '«eg&ggz
ST [+ [ 2 X
sodium azide 2 Y 11113 ]|3]|1A
sodium hydroxide 2 Y|Y 0jO0] 11]1]1A
arsenic pentoxide 2 Y Y 0j0]0[O0]|1A
arsenic trioxide 1,2 1Y]lY]Y Y 0j]0]0jOj{1A
arsenic metal 2 Y Y 0j010}O]|1A
sulfuric acid Y Y 0jo0l2]21]18B
hydrofiuoric acid 2 lYlyY YiY 0{0}l1]01]18B
hydrochloric acid 1 Y YiY 0 0|1B
carbon tetrachloride 1 Yly 0 0/18
arsenic acid 2 0i0jojoj1B
1,1,2,2-tetrachloroethylyene wastes 1 Y 250F 0 0(18
trichlorotrifluorethane 1 Y Y 1B
lithium hydride 1 YlY Y 4 2 |2A
Barium 2 YiY Y 3|13]2]2]2A
|magnesium Yly Y 3|1]313}2A
sodium 1 YlY Y 1 2 12A
Calcium 2 Yivy Y 31112 12(2A
Lithium in oil Y Y 3111111]2A
icric acid 2 |y YiYLY 414]4]4]4A
nitromethane 1 Y YIY]YLY 95F 3 3 |4A
methyl isocyanate 1 YIYIY{YI]Y 20F 3 3 |4A
acethalhehyde 2 |Y YiyY Y| (-38)F 31412 ]2]4A
acrylonitrile 1 1Y YiY]Y 32F 3 2 |4A
Acetonitrile YIYIYIY]LY 42F 3 2 |4A
hydrazine 2 Y 100F 3 2 |4A
furan 2 Y Y (-32)F [3]4]1]1]4A
anhydrous ethyl ether 2 Y (-49)F 3]4]11]1]4A
formaldehyde 2 YIVY]Y 185F 3{4]10]0]4A
Benzy! Chioride 2 |vly Y 153F 21211 ]114A
Toluene diisocyanate YIYLY 260F 1 1 14A
2 Pentene 2 Y Y (-4F) 3]410]0]4A
chlorobenzene analytical solutions 2 Y 82F 3{310]0]4A
1,2-dichloroethane 1 Y 56F 3 0 ]4A
2,4 dichlorophenoxyacetic acid 2 Y 1]11]0101]4A
dichloromethane 1 Y Y no data 1 0 |4A
1,1,2,2 tetrachloroethane 2 Y more 235F| 1] 110 | 0 J4A
pentachlorophenol 2 Y 190 F 0]0}]0]0}4A
mercury oxycyanide 2 Y 0 0|3 }|3]5A
{[cyanogen bromide 2 Y Y 0 0/2]2]|5A




TABLE 2-1 (CONT)
Gold cyanide stripper 1,2 Y YiY 0]0]0|5A
ammonium perchiorate 1 Y Y 0 4 |6A
methy! ethyl ketone peroxide CIX |Y Y] 125.6F 2 3 ]6A
perchloric acid 1 Y Y Y 0 3 |6A
Hydrogen pyroxide Y 01.0]3]31)16A
calcium hypochlorite 1 Y 0 2 |6A
nitric acid Y YIY]Y 0{0]0]0]6A
Ammonium Persulfate 1 Y Y 3 0|6A
Aluminum Nitrate 1,2 Y Y 0j0j0]1]6A
cyanogen 2 _1YlYy Y 314]1212]17A
phosphine DPM Y 4 1|7A
hydrogen sulfide 2 3]14]101017A
arsine gas cylinders 2_1YlY Y 313]10J017A
carbon disulfide 1,2 1Y Y (-22F) 313]0}(0]7A
nitrogen oxide 2 Y 0l1013|3}7A
Phosgene 2 Y 0101 ]1]7A
fluorine DPM|YlY 0 3|7A




TABLE 2-2
MIXED WASTES
incompatibilities Flammability | Reactivity
g
: (3]
Chemical Name |8 'g' &
£ g 2 a § 3
@ g %
< < o
AREEEHERHEEEHE
chromium 3 2 1A
selenium 1 Y Y 3 0 1A
chromium 2 Y 3)13]0|0]3]1A
chromium 2 Y 31]3]1]0]0]|3]J1A
silver 1 Y Yly 3130101} 3 |1A
arsenic 3 Y Y 0]0]0j0] 3 |1A
lead 5 Y 0]0]O0[O0]3]|1A
mercury 6 Y Y 0J]O0|0O[O0] 3 }|1A
arsenic 1 Y Y Y 010]0]0!0[]1A
lead ] Y 0]j]0}jO0!l0] 3 ]|1A
maercury 6 Y Y 0]0]0J0]| 3 1A
thallium chloride 1 Y Y 01010 ]0)3]1A
thioacetamide 1 YlIYLlY 0jl0]0]O0OjO0]1A
thiourea 1 Y Y 0l 0}1O0O]jJO]O]|1A
cadmium 4 YI|Y 0 0 1A
cadmium 4 Y 0 0 1A
vanadium oxide 1 0j]0]0}jO0] 3 ]1A
lead acetate 1 Y'Y 0]0]J]O0O}l0] 3 ]1A
selenium dioxide 1 Y| VY 0j0jO0OjO] 3]1A
mercury Y Y 0]1]010]O}|3}|1A
lead 0]010}10]3/}|1A
lead 0l 0jO0jO0]| 3 |1A
arsenic oxide 1 YivYly Y 1A
thallium oxide 1 Y 1A
hydroxide salts
solutions 1A
mercury 1A
nitric acid; hydro
sulfuric acid; sulfuric
acid; HF, HP304; acetic
acid 10l YL Y Y]V 313|]1(0]81]1B
hydrofiuoric acid 2 YlY Y Y 0j0]1{0}0]1B
hydrogen fluoride 1 Y Y 0{0}1]0]01}1B
phosphoric acid Y 0jJO0j1]0]0]|1B
acetic acid 1 YIY Y 104F | 1 11010(0]1B
hydrosulfuric acid 1 iB
sulfuric acid 1 Y Y iB
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TABLE 2-2 (CONT)
Incompatibilities Flammability | Reactivity
g
Chemical Name g g g 8 §’
ARCHHHHEIHHHAHE
TI¥l< o) s E ; el|X
lithium (hydride),
tassium & sodium YlY Y 3}14]1212}]0]2A
lithium hydride 1 Yl VY Y 4 2 2A
barium 2 YlY 3|3]2}2 2A
barium 2 YlY 313|212 2A
barium 313(2¢}2 2A
sodium 1 YlY Y 1 2 2A
sodium 1 YIVY Y 1 2 2A
tassium 2 Y Y 3]11]1212]0]2A
ethyl ether 1 Y Y 4 1 4A
formaidehyde 2 YILYLlY 185F { 314 |0 1 0] 0 |4A
chloromethane 1 Y Y | 4 0 4A
1,2-dichloroethane 1 Y 3 2 4A
hydrazine 1 Y 3 2 4A
1,1.1, trichloroethane;
trichloroehtylene;
methylene chioride;
chlorinated
flourocarbons; toluene Y Y| Y 313|011 1]4A
chromium, 1,1,1;
trichloroethane;
trichloroethylene;
methylene chloride;
toluene YLV YlY 3{3J]0|1]31]4A
tetrahydrofuran 1 YlYLY 3 1 4A
1,1,1 trichloroethane;
trichloroethylene;
methylene chloride;
toluene; f-solv/dioxin 2 Y 313|011} 1]4A
ethyl acetate 1 YIY{Y]Y]Y 3 0 4A




TABLE 2-2 (CONT)

incompatibilities Flammability | Reactivity
(3]
Chemical Name E 5 8|2
f g a § 8
7]
8 < <|@
AEEE AHEHHE
< v o
pyridine waste 2 Y Y Y 68F | 31 310]o0 | 1 ]4A
methanol 7 Y Y 3/31010 4A
acetone 7 Y 3 0 4A
xylene 8 Y 3 0 4A
benzene 1 Y Y 3 0 4A
acetone 7 Y 3 0 4A
toluene 2 Y OF | 3]310j0]1]4A
methyl ethyl ketone
peroxide 1 Y Y| VY 3 0 4A
acetone; methanol;
xylene Y Y 313]010 4A
methanol 3 0 4A
xylene 3 0 4A
aniline 1 vyivyly 2 0 4A
creasol 2 Y|VYL]Y 178 F 2 0 4A
phenol 1 Yylvyly 2 0 4A
formic acid 1 Y Yl|Y 2 0 4A
cyclohexanone 1 Y 116 F 2 0 4A
napthalene 1 Y 2 0 4A
1,1,1 trichloroethane;
trichloroethylene Y Yliyvy 1 1 4A
1,1,1 trichloroethane 1 Y Yiy 1 1 4A
1,1,1 trichlorethane;
trichloroethylene;
methylene chloride;
chiorinated
fluorocarbons Y 1 110|111 14A
1,1,2, trichloroethane 1 Y Yly 1 11]0]l0]3]|4A
hthalic anhydride 1 YIYIlYLY 1 0 4A
methylene chloride 1 Y 1 1]olol1]4A
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3.0. PRELIMINARY HAZARDS ANALYSIS METHODOLOGY
3.1. Overview

PHA is a systematic approach for identifying hazards* associated with a
process** and assessing qualitatively the risk of those hazards. The methodology
is recognized by various Federal agencies, the chemical and nuclear industry, and
professional organizations. A PHA is performed to answer three questions.

* What can happen?
e How likely is it?
* What is the damage?

A PHA can be conducted during a number of phases: research and development,
conceptual design, initial operations, detailed engineering, or modification of a pro-
cess. It is preferable to perform a PHA during the early stages of conceptual design
and R&D development phase because risk-reduction measures can be implemented
cost-effectively.

PHA is a formal, systematic, and in-depth method for assessing the entire set
of possible accident scenarios for a given facility. Frequency estimates of occurrence
for all scenarios are assessed along with estimates of the damage level. Credit is
taken for any existing protective features for reducing the likelihood of occurrence
of each accident scenario. Each accident scenario is assigned a "risk rank" based on
the estimates of the frequency of occurrence and the damage level. The entire set of
accident scenarios then can be sorted by the severity of the risk rank.

Those accident scenarios identified by the PHA to be of relatively high risk
can be studied in more detail or be subjected to a quantitative analysis. The results
of the PHA can be used to develop or modify guidelines and policies for the process
operations.

The reasons for performing a PHA for the proposed CST-7 facilities include
the following.

e Can be performed with general process information.
* Permits design review before P&IDs are developed.

* Requires relatively small investments of time and money.

*A hazard is an inherent physical or chemical characteristic that has the potential for causing harm
to people, property, or the environment.
**The term "process" is used here to generically represent a structure, system, or process.
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e Provides qualitative ranking of hazardous situations for focusing design
development.

The primary concern/limitation of a PHA is the dependence on subjective informa-
tion because expert experience and judgment are used in significant amounts.

3.2. PHA Preparation

The success of a PHA relies on the composition of the analysis team and the
team’s access to any data that clarify various aspects of the process being studied.
These factors must be considered before the start of a PHA. Each team member must
be knowledgeable in some facet of the operations and maintenance of the process
being studied. Regular participation in the PHA sessions is necessary to have a suc-
cessful PHA; thus, availability of key personnel must be considered when choosing
team members. ‘

Many questions that arise during the PHA sessions can be resolved by gather-
ing information related to the topic of the PHA. This includes a process description,
hazard studies on similar processes, and incident histories and other empirical
information. This is supplemented by expert judgment throughout the PHA.

A thorough understanding of basic process information is necessary, and the
chemicals involved in any step of the process must be identified. In addition, data
are required for appropriate process parameters, such as pressure, temperature, and
chemical reactions, given the state of the process. Major equipment, safety-related
equipment, and component interfaces must be noted. Knowledge of the operating
environments (e.g., earthquakes, winds, flooding, and transportation systems) pro-
vides insight into potential hazards and guidance on how to reduce the risk. Exist-
ing or draft procedures relating to operation, maintenance, inspection, and emer-
gencies also are required. A facility layout places the process in the context of other
processes and the external surroundings. Acquiring the basic process information
before beginning the PHA allows the sessions to be very productive.

A recording medium must be established to systematically evaluate hazard
scenzrios. One PHA team member, the scribe, is assigned the responsibility to record
all data associated with each hazard scenario using a defined format. It is most con-
venient to use a computer program, such as PLG's HAZMAN, to store the informa-
tion, although a handwritten log is also acceptable. The goal is to create a complete
record of the PHA sessions.

3.3. The PHA Review

The principal steps to be followed in performing a PHA are shown in Fig. 3-1.
Each step is described below.

¢ Identify Processes/Equipment To Be Analyzed and Construct Flow Charts.
The facilities, processes, and equipment analyzed in a PHA are identified

3-2



based on (1) a review of written descriptions of the facilities and (2) discus-
sions among the PHA team members. Flow charts depicting the relevant
processing, handling, and storage steps are prepared and reviewed by the
PHA team members. The flow charts are organized into study segments
or "activities" to facilitate the hazard analysis process.

e Examine Each Activity for Possible Hazards and Assess Impacts. A PHA
focuses on identifying accident scenarios by asking the fundamental ques-
tion "What can go wrong?" For each activity, a predefined set of possible
hazards is reviewed for applicability, a sample of which is shown in
Fig. 3-2. For example, the question "What if there is a spill?" is considered
for each activity where applicable. If the PHA team agrees that the spill
does create a problem, then the team assesses the problem in terms of its
consequences, causes, and expected frequency of occurrence.

e Assign Hazard Severity Category, Frequency, and Risk Ranking. For those
accident scenarios deemed by the PHA team to pose a potential problem in
terms of consequences, causes, and/or expected frequency of occurrence, a
qualitative assessment of risk is performed based on team consensus judg-
ment and using predefined criteria. Specifically, Figs. 3-3 and 3-4 present a
summary of the criteria used to select consequence severity ranking and
frequency ranking for those hazard scenarios considered to have signifi-
cant consequence or frequency. Based on these severity and frequency
rankings, Fig. 3-5 presents the risk-ranking matrix that is used to assign a
qualitative risk measure to each significant accident scenario.

e Review Risk Rankings and Recommend Possible Mitigation Actions.
The final risk rankings determine which further actions, if any, should
be taken to mitigate or eliminate selected scenarios. Referring to the Risk
Decision Criteria in Fig. 3-5, we reviewed accident scenarios with a risk
ranking of 1 or 2 to identify if immediate or near-term mitigation actions
are warranted. Accident scenarios with lower risk rankings also were
reviewed, and recommendations were made for possible risk reduction
wherever appropriate. As part of the PHA, estimates of the consequence
severity, likelihood, and risk can be assigned, given that the recommended
actions are implemented.

After all of the accident scenarios are identified, the results are organized into
reports. The results can be prioritized by risk, consequence severity, and/or fre-
quency of occurrence. Each ranking parameter provides a unique perspective on
how hazards affect the process being studied. These results are the basis for deter-
mining if a more detailed, quantitative risk assessment of one or more accident
scenarios is required to better assess the risk of possible onsite or offsite conse-
quences associated with selected hazard scenarios.



3.4. CST-7 PHA Preparation

Mr. M. Kent Sasser and Dr. Mohsen Sharirli (Group TSA-6) coordinated col-
lection of all documentation relevant to the process designs/systems reviewed by
the PHA in each phase of the hazards assessment. This documentation included
- process design specifications, equipment drawings and specifications, drawings
showing intended locations of equipment, piping and instrument drawings, and
process/activity descriptions.

In accordance with the work plan for the CST-7 facilities, the following activ-
ities/operations were considered during the course of the PHA reviews.

¢ Transportation

* Routine Storage

* Treatment Skid Batch Operations
¢ Sampling/Testing

Activity diagrams for the PHA review were developed from process descriptions
and documentation made available to the team members.

3.4.1. CST-7 PHA Team. Detailed resumes for all full-time PHA team mem-
bers are in App. E. These persons are identified in the schedule for the various
phases of the PHA along with part-time participants and observers. Resumes for
part-time participants and observers are not provided.

The schedule of attendance for the PHA is given in Table 3-1. For the PHA
reviews, the team primarily consisted of a PHA team leader/facilitator, a PHA scribe,
one or more Los Alamos staff members from CST-7, and one or more unit process/
design engineers who are intimately familiar with the activity or system being
reviewed. These persons consulted, as needed, with other members of the Labora-
tory staff who are responsible for maintenance and operation of various storage and
processing facilities. A summary of participant expertise is given in Table 3-2.

3.4.2. Training and Information Gathering. Before the PHA sessions, all
full-time team members who had not participated previously in a PHA were given
a brief training session on the methodology by the PLG PHA team leader/facilitator.
This brief course was designed to introduce course participants to the PHA approach,
which forms the basis for evaluating process designs and procedures.

Before the start of the CST-7 PHA, a brief PHA orientation was conducted
during the first day of each series of PHA sessions. This orientation training was
used to refresh all full-time team members on key steps in the PHA methodology
and to confirm ground rules for conducting the study. Topics included the
following.
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1. Method of conducting the PHA
Schedule for the PHA

Processes within CST-7 to be evaluated

W

Hazards present in each section of the process, design, and operating
conditions

5. Identification and recording of recommendations

6. Assignment of likelihood and severity rankings for consequences so that
all significant hazards can be listed in an ordered ranking

7. Resolution of recommended actions

In addition to the PHA methodology presentation, team members participated in a
detailed discussion of the activity or system to be reviewed, which resulted in the
construction of detailed flow charts depicting individual steps/activities. These flow
charts were used to reinforce the team members’ familiarity with the process, activ-
ity sequences and the location and design of the proposed equipment and facilities.

3.5. The PHA Review for CST-7

The sequence of tasks outlined in Fig. 3-1 was followed by the CST-7 PHA
team. HAZMAN, PLG's PC-based hazard analysis code, was used to record the
CST-7 PHA sessions.

The data collected for each accident scenario can be reported in several dif-
ferent formats by HAZMAN. The standard activity report produced by HAZMAN
contains all scenarios associated with an activity. An example is shown in Fig. 3-6.
HAZMAN also allows for the scenarios to be reported by risk ranking, frequency of
occurrence, and/or consequence severity. The key attributes of a scenario, which are
stored in the HAZMAN database, are the following.

* Activity number, an identifier used for sorting the activities

° Activity name

* Activity description

* R, the risk rank of the scenario as determined using Fig. 3-5

* F, the frequency of the scenario as determined using Fig. 3-4

* C, the consequence of the scenario as determined using Fig. 3-3

e Cause/scenario, the cause of the hazard scenario



Consequences, the specific consequences of the given scenario, including
the severity of the consequences for the public, co-located worker, worker,
and environment

Protective features, mitigation currently available

Plans/actions, recommendations to reduce the risk of the scenario



TABLE 3-1

PHA ATTENDANCE
Name/ LANL | PLG | LANL | PLG PLG
Organization 8/2 8/16 9/27 10/11 11/8
iubodh R. Medhekar, If_LG nXXXn | nnXXX | nXXXX | naXXX | nXXXn
Thomas J. Mikschl, PLG nXXXn | nnXXX | nXXXX | nXXXX | nXXXn

M. Kent Sasser, TSA-6, LANL nXXXn | nnXXX | nXXaa | nXXXX | nXXXn

Mohsen Sharirli, TSA-6, LANL | nXXXn | nnXXX | nXXXX | nXXXX | nXXan

Guy Lussiez, CST-7, LANL nXXXn | nnaaa | naaPP | naaka | naaan
Krystyna Dziewinska, CSI-7, nXXXn | nnaaa | naxxP | naaaa | naaan
LANL
Jacek Dziewinski, CST-7, LANL | nXXXn | nnaaa | naxxP | naaaa | naaan
James Stanton, CST-7, LANL naaaa | nnaaa | naaPa | naaaa | naaan
Tim Sloan, CS1-7, LANL naaaa | nnaaa | naaaP naaaa | naaan
Corey McDaniel, TSA-6, LANL | naaaa | nnaaa | naaaa | nXXXa | nXXan
i John P. Kindinger, PLG naaaa [ nnXXX | naaaa | nXPPP | nXXXn
Notes: P = Part Time
X = Full Time
a = Absent

n = No Meeting




TABLE 3-2

PHA PARTICIPANTS AND SUMMARY OF EXPERTISE

Attendees Organization Function/Expertise

[Subodh R. Medhekar | PLG PHA Facilitator

Thomas J. Mikschl PLG PHA Recorder

M. Kent Sasser TSA-6 LANL LANL Principal Investigator,

PHA Participant

Mohsen Sharirli TSA-6 LANL PHA Participant

Guy Lussiez CST-7 LANL PHA Participant

Krystyna Dziewinska CST-7 LANL PHA Participant

Jacek Dziewinski CST-7 LANL | PHA Participant

James Stanton CST-7 LANL | PHA Participant

Tim Sloan CST-7 LANL | PHA Participant

Corey McDaniel 'TSA:-é LANL | PHA Participant

John P. Kindinger PLG PLG Project Manager,

PHA Participant




ANALYSIS
PROCESS

IDENTIFY PROCESS /
EQUIPMENT TO
BE ANALYZED

v

CONSTRUCT FLOW CHARTS
DEPICTING SEQUENCE OF
ACTIVITIES

v

EXAMINE EACH ACTIVITY
FOR HAZARDS AND ASSESS
IMPACT

!

EXAMINE DIFFERENT
ACCIDENT SCENARIOS FOR
EACH ACTIVITY

PROBABLE?

ASSIGN SEVERITY,
FREQUENCY, AND RISK
RANKING TO ACCIDENT
SCENARIO

NOFURTHER |
ACTION REQUIRED

v

RISK
RANK

REVIEW RISK RANKINGS

<3

l RISK RANK |

OR2

REPEAT FOR
EACH
SCENARIO

RECOMMEND POSSIBLE
MITIGATION / CONTROL
ACTIONS

v

ALL ACTIVITIES ANALYZED

NO

ACTION REQUIRED

NO FURTHER

YES

END OF

REPEAT FOR EACH ACTIVITY

Fig. 3-1. PHA review sequence.
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Hazard Sources Examples
Electric Sources High-Voltage and Current Sources
Transformers
Batteries
Static Electricity
Motion Sources Shears, Sharp Edges, Pinch Points,
Machinery

Vehicles/Forklifts and Trucks
Mass in Motion

[Gravity-Mass Sources | Falling

Falling Objects
Lifting

Tripping, Slipping
Earthquakes

Pressure Sources Chemical Reactions
Noise

Confined Gases
Extreme Wind

"Chemical Sources Corrosive Materials
Flammable Materials
Toxic Materials
Reactive Materials
Carcinogenic Materials
Oxygen Deficiency

Heat Sources Electrical

Plasma Torch

Natural Gas

Friction

Spontaneous Combustion

Cold Sources Cryogenic Materials
Ice, Snow, Wind, Rain

Radiant Sources Radioactive Materials
Ionizing Radiation
RF Fields

Infrared Sources
Ultraviolet

Plasma Beam
Chemical Reactions

Fig. 3-2. Potential hazard sources.

3-10



Category Maximum Possible Consequences
Public Co-Located Worker Environment

A Immediate Immediate Loss of life. Significant offsite
health health contamination.
effects effects

B Long-term Long-term Severe injury or Moderate-to-significant
health health disability. onsite-only contamination
effects effects Radiation > MPBB | and/or minor offsite

uptake. contamination.

C Irritation or | Irritation or | Lost-time injury but | Significant contamination of
discomfort discomfort no disability. originating facility /activ-
but no per- but no per- Radiation uptake or | ity, minor onsite contami-
manent manent dose causing tempo- | nation. No offsite
health health rary radiation contamination.
effects effects worker restriction.

D No signifi- No signifi- Minor or no injury Minor or no contamination of
cant offsite | cant offsite | and no disability. originating facility /activ-
effect effect ity; no onsite contamination.

No offsite contamination.
Notes:

Qffsite: Public, private, or Indian lands that are not a part of Laboratory property.

Qnsite: Laboratory property but not necessarily the originating technical area.

Facility: Originating technical area of the Laboratory.

ion: Restrictive work duty for worker who receives a dose
that is a large enough dose to place him/her in jeopardy of exceeding the annual dose limits (5 rem
er year). This restriction ensures that the worker does not exceed the dose limits.

Fig. 3-3. Consequence severity categories.

3-11




I Normal Operations: Frequency as often as once in 10 operat-
(1t00.1) ing years or at least once in 10 similar facilities operated for
1yr.
i Anticipated Events: Frequency between 1 in 100 yr and 1 in
(0.1to .01) | 10 operating years or at least once in 100 similar facilities
operated for 1 yr.
10 Unlikely: Frequency between 1 in 100 yr and 1 in 10,000 oper-

(1072 to 1074)

ating years or at least once in 10,000 similar facilities operated
for 1 yr.

IV
(104 to 1076)

Very Unlikely: Frequency between 1 in 10,000 yr and once in
1 million years or at least once in a million similar facilities
operated for 1 yr.

\%

Improbable: Frequency of less than once in a million years.

Fig. 3-4. Consequence likelihood categories.
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Risk Ranking Matrix
~Severity of Likelihood of Consequence
Consequence I I m 1\Y \//
A 1 1 2 3 3
B 1 2 2* 3 4
C 2 3 3 4 4
D 3 4 4 4 4

*Assign risk rank of 3 if severity category rank of B is based on worker injury and offsite
consequence severity is less than B.

Risk Rank ~ Recommendation

1 Unacceptable: Should be mitigated to risk rank 3 or lower as
soon as possible.

2 Undesirable: Should be mitigated to risk rank 3 or lower
within a reasonable time period.

3 Acceptable with Controls: Verify that procedures, controls,
and safeguards are in place.

4 Acceptable As Is: No action necessary.

3-13
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PRELIMINARY HAZARD/RISK ANALYSIS RECORED BY ACTIVITY FOR MWRSF
ACTIVITY NAME:

ACTIVITY NUMBER: DU3

WALK BEHIND FORKLIFT MOVES DRUM OF DEPLETED URANIUM WASTE TO DOCK

ACTIVITY DESCRIPTION: WALK BEHIND FORKLIFT MOVES WASTE DRUM FROM STORAGE ROOM TO

WORK EXPOSURE DUE TO
DISTANCE FROM SPILL.
(D;D:D;D)

LOADING DOCK.
PROTECTIVE
|L_R--F--C CAUSE/SCENARIO CONSEQUENCE FEATURES ACTIONS

3 mc DRUM PUNCTURED BY CONTAINER BREACH, MINOR NONE NONE
FORKLIFT. WORK EXPOSURE. (D;D;C;D)

3 lcC FORKLIFT DRIVES OFF CONTAINER BREACH IGNITION NONE CONSIDER
DOCK WHILE OF URANIUM CHIPS IN DOCK ISTALLATION
TRANSPORTING DURM, | AREA. MINOR FIRE, WORKER OF ACURBTO
WITH SPRINKLER INJURY AND EXPOSURE TO PREVENT
SYSTEM OPERABLE. DEPLETED URANIUM. (D;D:C:D) DRIVING THE

FORKLIFT
OFF DOCK.

3 IvB FORKLIFT DRIVES OFF CONTAINER BREACH, IGNITION NONE CONSIDER
DOCK WHILE OF URANIUM CHIPS IN DOCK INSTALLATIO
TRANSPORTING DURN, | AREA. SIGNIFICANT FIRE, NOF ACURB
WITH FAILURE OF WORK INJURIES AND TO PREVENT
SPRINKLER SYSTEM. EXPOSURE TO DEPLETED DRIVING THE

URANIUM, AND FACILITY FORKLIFT
CONTAMINATION. (D:D:B;C) OFF DOCK.

4 VD DRUM PUSHED OFF DOCK | CONTAINER BREACH, URANIUM NONE NONE

BY FORKLIFT. CHIP SPILL IN DOCK AREA, NO

Fig. 3-6. Example of HAZMAN activity report.
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4.0. RESULTS

4.1. Summary of Results

The PHA, which was conducted over a 15-week period, provided benefits and
insights into the design of the treatment and storage facilities.

A significant benefit of performing the PHA was the scrutiny of the treatment
and storage facilities and all of their processes from a safety perspective. Detailed
flow charts that defined each activity in the sequence of operations were prepared by
the PHA team. These flow charts allowed the PHA to focus on safety issues and
provided guidance in a format that did not previously exist.

With the flow charts as a starting point, the PHA review process resulted in
a number of design modifications that were adopted as part of the current design.
Some of these changes were decided by participating CST-7 staff during the course of
PHA meetings; others were developed outside PHA meetings by CST-7 and design
staff. These changes specifically affected the safety aspects of the treatment and stor-
age operations. They did not involve major changes to the facility or operations.
When the design changes were confirmed, a PHA review continued with this
change as part of the facility baseline. This reflects the systematic approach of a PHA
to identify safety concerns, address the possible solutions, and implement modifi-
cations. One of the significant design changes proposed during the PHA review was
revising the conceptual floor plan of the MWRSF, which is now based on EPA
classifications. To reduce the risk of puncturing a waste container during transport,
motorized forklifts were replaced with walk-behind forklifts in both the HWTF and
the MWRSF. Loading dock procedures were modified to reduce the risk of crane
accidents. In addition, numerous minor modifications that are not formally pre-
sented in this report were proposed and accepted by the participants. Consequently,
the list of potential hazards has been reduced substantially.

Over the course of the review sessions, we documented more than 200 sce-
narios that could lead to unfavorable consequences. Included in the definition of
each scenario are its description, its likely cause, a description of the consequences,
an estimate of the scenario likelihood, and suggested recommendations that could
reduce the likelihood and/or consequences. As opposed to an FSAR or a PSAR
report, which identifies only a handful of scenarios, the PHA process extensively
detailed potential accident scenarios in every activity or sequence. Each of the more
than 200 scenarios was associated with an estimate of likelihood and consequence.
This allowed the scenarios to be sorted according to a common measure of risk. An
effort of this type is crucial in identifying the overall risk of the individual treat-
ment/storage facilities. Furthermore, it identifies the dominant risk contributor
sequences in the entire system or within each individual facility.

With a thorough set of documented accident scenarios sorted according to

risk, the PHA provided a basis for serious discussions on issues of safety in the
treatment and storage facilities. Allocation of resources, prioritization of design

4-1




modifications, and additional quantification of risk can now be studied based on risk
reduction payback and cost effectiveness. Efforts in the areas of low or minimal risk
can be deferred until high-risk scenarios attain acceptable risk levels. Thus, the PHA
guided CST-7 to focus their efforts on the high-risk scenarios as well as indicated
where further quantitative risk assessment is warranted and could benefit risk

- reduction.

The full HAZMAN printouts identifying all of the scenarios are presented in
appendices for each facility or process of interest. Scenarios with a risk rank of 1 or 2
are the focus of the remainder of this section. A risk rank of 1 implies that the PHA
team determined that the risk is unacceptable and that immediate actions should be
taken to reduce the consequence and likelihood of such a scenario. A risk rank of 2
implies that the PHA team deemed that the risk is also unacceptable but allows for
a reasonable time frame to implement actions to reduce the consequence and likeli-
hood of such a scenario. This "reasonable” amount of time is applicable for nor-
mally operating plants where the next "shutdown" or "turnaround" would be the
appropriate time to implement the suggested modifications. However, because the
facility being evaluated exists purely as a design, all of these recommended actions
should be implemented before the actual construction or operation. Scenarios with
a lower risk ranking were not considered or included in the interpretation of the
results pecause of the minimal effect and/or less severe consequences posed by those
scenarios.

The Risk Rank 1 and 2 scenarios are tallied in Table 4-1 according to facility
and primary activities. Interestingly, the storage activities contribute a dispropor-
tionate amount to the overall risk of these facilities. Well over half of the Risk
Rank 1 and 2 scenarios are attributed to the storage of the hazardous and mixed
wastes. This observation is consistent with a previous limited study by TSA-6
(Ref. 5) that looked at the hazards associated with the storage and treatment of LiH
reactive wastes and cyanide plating wastes. The following subsections discuss the
Risk Rank 1 and 2 scenarios in greater detail to identify and describe the nature of
risk involved in the various activities. Based on recommendations associated with
each accident scenario, the scenario is reassessed with respect to severity of con-
sequence, frequency, and ranking. It is apparent that all Risk Rank 1 and 2 scenarios
can be downgraded to an acceptable level of risk by implementing reasonable facility
design modifications and/or administrative controls.

4.2. Discussion of Risk Rank 1 Scenarios

Four scenarios, listed in Table D-1 in App. D, were determined to be Risk
Rank 1. There are various ways to study these scenarios, which allows a better
understanding of underlying causes, overall environmental impact, or conse-
quence. Table 4-2 presents the Risk Rank 1 scenarios categorized according to the
types of incidents that lead to an undesirable condition. The effect on populations,
including the worker, co-located workers, and the general public, is also indicative



of the severity of these scenarios. The consequences of the Risk Rank 1 scenarios
underline the importance of addressing these hazards.

Regardless of the facility, the storage of legacy gas cylinders that are of doubt-
ful integrity is a primary concern. Because of the potential for the release of highly
toxic gases, these scenarios can result in worker fatality as well as serinus health
effects for the general public. Because of the severe consequences, we recommend
that the legacy cylinders not be stored in either the HWTF or MWRSF unless a
repackaging procedure is adopted. That is, legacy cylinders should be placed in a
secondary containment vessel or the contents of a legacy cylinder should be released
in a contained environment, and, if necessary, the gas should be repackaged in a
cylinder for storage. Again, these recommendations apply to legacy cylinders con-
taining the most highly toxic gases or those with unidentified contents.

The possible mixing of cyanide plating wastes with incompatible materials
while transferring reagents during treatment also must be addressed because the
scenario can lead to worker fatality. This hazard can be reduced further by using
checklists and verification procedures.

The remaining Risk Rank 1 scenario is in the external events category and
can yield a release of highly toxic gases and a fire. This hazard can be reduced by
strict guidelines preventing the storage of shock-sensitive or highly explosive
materials.

4.3. Discussion of Risk Rank 2 Scenarios

The scenarios that require mitigation according to a reasonable schedule (Risk
Rank 2) can be categorized into groups by the type of incident leading to adverse con-
sequences, the overall environmental impact, or the direct consequences. All of
the Risk Rank 2 scenarios are listed in Table D-1 in App. D. Table 4-3 defines the
initiator-type categories and the number of Risk Rank 2 scenarios associated with
each one, and Fig. 4-1 presents this categorization graphically. Many of the scenarios
reflect the effect of more than one cause category; thus, the total exceeds the number
of scenarios listed in Table D-1. The effect of the scenarios, as shown in Table 4-4
and Fig. 4-2, is most often fatal to the worker directly affected by the mishap. Fur-
thermore, significant health risks would affect co-located workers as well as the
general public in many of the scenarios. However, in the majority of Risk Rank 2
scenarios, the public would suffer no permanent health effects. As shown in Fig. 4-3
and Table 4-5, the primary consequence of these scenarios is the release of highly
toxic gases. When the specific type of chemical is known for a scenario, the hazard
of its release is tallied separately. Thus, cyanide, depleted uranium, chlorobenzene,
and PCB releases are listed. The gas cylinder (already shown to play a role in some
Risk Rank 1 scenarios) also can be hazardous as a potential projectile. Many of the
scenarios include a fire or explosion that was induced by exposure to toxic gases; as
such, these scenarios were counted for both categories. Therefore, the total in
Table 4-5 exceeds the number of Risk Rank 2 scenarios.



The significant contributors to risk are applicable to both the DSB and the
MWRSF. The most prominent cause of incidents is the transportation accident—
forklift, crane, truck, or manual transport. The situation often is exacerbated by the
mislabeling of containers, which can result in the release of incompatible wastes.
In many instances, the lack of sufficient guidelines or procedures for labeling and
transport of hazardous or mixed wastes also contributes to the scenario. The most
severe scenarios in terms of effect on all populations (severity category A in
Table 4-4) concern a breach during transport of waste in the form of toxic gas cylin-
ders or drums from either the HWTF or MWRSF to another facility that requires
movement on public roads. Other high-risk scenarios focus on fires that are initi-
ated in either facility, resulting in pressurization and rupture of gas cylinders. These
scenarios strongly support the review of design features and procedures to ensure
the safe use, movement, and storage of legacy and nonlegacy gas cylinders in the
facilities.

Unique to the DSB is the effect of adverse weather conditions, particularly
freezing, which facilitate containment breaches. This reflects the design of the DSB,
which currently is stipulated to be an open structure. This design also poses more
severe hazards to co-located workers and the general public than the MWRSF for
comparable scenarios. For example, the breach of a nonlegacy cylinder as a result of
an accidental drop in the MWRSF can result in worker fatality but no permanent
health effects for co-located workers and the public. However, the same scenario in
the HWTF can yield immediate and severe health effects on co-located workers and
possibly the public as well as resulting in worker fatality. Thus, it is recommended
that the DSB be constructed as a enclosed building.

4.4. Risk of Public Exposure

Another perspective from which to consider the results is the effect of the
hazard scenarios on the general public. For each scenario, the consequences of
exposure to the environment, the worker, the co-located worker, and the public
are determined using Fig. 3-3. The most severe category dictates the overall conse-
quence of the scenario. Because the most severe consequence usually is associated
with the worker, the effect on the public is not directly evident. Table 4-6 lists the
hazard scenarios in which the risk to the public was assigned a severity category of
A. Many of the scenarios have a risk rank of 3; this indicates that the frequency was
sufficiently low to offset the severity. Furthermore, the initiator types associated
with the Risk Rank 3 scenarios are variations of Risk Rank 1 and 2 scenarios. The
differences lie in the intensity of the events; e.g., a larger fire or more powerful
earthquake. A final observation is that the hazard scenarios, regardless of risk rank,
are primarily related to storage or storage activities. These are the types of accident
sequences that require further quantification to determine if these estimates of high
public consequences are real. The further quantification will involve event-tree
frequency analyses and dispersion or consequence analysis.
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4.5. Risk Ranking Revision

Based on the recommendations provided for each Risk Rank 1 or 2 scenario,
some of these scenarios can be downgraded by adjusting design parameters and
refining procedures. Tables 4-7 and 4-8 list the PHA parameters (ranking, frequency,
and consequence) that were determined by the PHA team for Risk Rank 1 and 2 sce-
narios, respectively. The tables also include the effect on the risk rankings, frequen-
cies, and consequences of each scenario by implementing the recommendations
associated with each hazard scenario. These tables indicate that all Risk Rank 1 and
2 hazard scenarios can be reduced to acceptable levels of risk by applying reasonable
facility design modifications and administrative controls. However, to maintain a
conservative approach, the initial risk rankings will be retained for further analysis.



TABLE 4-1
SUMMARY OF RISK RANKS 1 AND 2 SCENARIOS BY FACILITY OR ACTIVITY

Facility Number of Risk Number of Risk
or Activity Rank 1 Scenarios Rank 2 Scenarios
Storage
Mixed Waste Storage 1 (25%) 11 (22%)
Hazardous Waste 2 (50%) 22 (45%)
Storage
Mixed Waste Bulking — 2 (4%)
Subtotal 3 (75%) 35 (71%)
Treatment (HWTF) 1 (25%) 9 (18%)
Transportation* 5 (10%)

*Includes only transportation outside facilities; e.g., between storage and treatment buildings,
or from other locations to TA-63.

TABLE 4-2
RISK RANK 1 SCENARIOS
Impact on
Types of Impact | Co-Located | Impact on
Scenario Incidents on Public Worker Worker Consequences

Storage of MW Breach No Yes Yes Highly Toxic
Gases Gas Release
Storage of HW Breach Yes Yes Yes Highly Toxic
Gases Gas Release
Inadvertent Mixing of No No Yes Cyanide Release
Transfer of Incompatible
Cyanide Wastes | Wastes
or Reagents
HW Global Seismic Event; Yes Yes Yes Highly Toxic
Event Inadequate Gas Release;

Guidelines for Fire/Explosion

Storage of Shock

Sensitive Materials




TABLE 4-3

RISK RANK 2 SCENARIOS CATEGORIZED BY CAUSE

General Types of Number of Risk
Category Incidents Rank 2 Scenarios
[ Transportation Forklift Accidents 14
Crane Accidents 5
Truck Transport Accidents 8
Manual Transport Accidents 2
Mislabeling 13
Guidelines Inadequate Guidelines or 11
Procedures
External Events Seismic Events, Fire Events, 6
Strong Winds
Freezing 6
Mechanical/Design Mechanical Failure 3
Design Failure 2
Chemical Reaction Incomplete Chemical Reaction 1
Corrosion 2
General Breach of Gas Cylinder Drop and Breach 2
Containment
Breach 3

TABLE 4-4
RISK RANK 2 SCENARIOS CATEGORIZED BY EFFECT
Effect on
Severity Category Effect on Public | Co-Located Worker | Effect on Worker
A 7 7 25
B 6 9 19
C 1 1 3
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TABLE 4-6
HAZARD SCENARIOS SORTED BY CONSEQUENCE TO PUBLIC EXPOSURE

Risk

Facility

Node Description of Scenario Rank | Frequency Consequence Consequences of Scenario Recommendations
HW7A | Breach of Legacy Cylinderof | 1 1t A Release of highly toxic gases (1) Do not store legacy cylinders in HWTF area, (2) Process
Doubtful Integrity during (phosphine, , arsine, and legacy cylinders without intermediate storage
Storage others). Worker fatality, potential (3) Provide secondary containment for the cylinders
co-located worker, and public (4) Consider enclosing the HWTF storage and providing
exposure. (A;A;A;D) HVAC and scrubber .
HWG | Low-Intensity Seismic Event 1 ] A Explosion of shock-sensitive (1) Develop and enforce strict policy not to store explosives
with Horizontal Acceleration materials; e.g., picric acid, nitro or shock-sensitive materials in the building
of 0.1g methane, sodium azide. Structural | (2) Consider storage of shock-sensitive material in a
damage to building, fire, and release |separate building in a remote location.
of toxic pases. (A;A;AA)
GC2 | Truck Accident on Public 2 i A Potential release of toxic gases with | Administrative controls
Road Between TA-54 and public and worker exposure. (1) Provide escort for the transport vehicle and consider
TA-63 with Breach of Gas (A;C:AD) road closure during transport
Cylinder(s) (2) Driver training
(3) Restrict night or poor weather deliveries
(4) Consider secondary containment for cylinders of
questionable integrity or unknown contents or those
containing most hi&llly toxic materials
HW4A | Picric Acid Dropped or 2 1 A Detonation, major fire in HWTF Develop and enforce policy not io store explosives or
Jarred storage area, multiple toxic gases shock-sensitive materials in this building.
{e.g., phosgene, HCN, etc.) released
directly to environment, worker
fatality, public exposure. (A:A;AA)
HW7A | Breach of Cylinder 2 i A Release of highly toxic gases (1) Transport and store cylinders securely
(Nonlegacy) from Accidental (phosphine, phosgene, arsine, and (2) Consider secondary containment for most hazardous
Causes; e.g.,, Cylinder others). Worker fatality, potential cylinders
Dropped and Regulator Line co-located worker, and public (3) Gas cylinders to be processed with high priority
Breaks exposure. (A;A;A;D) (4) Work in this area is to be performed with protection
(i.e., wear SCBA, operate under the buddy system)
(5) Protective cap for cylinder regulators should be in place
at all imes
(6)Consider storing gas cylinders in enclosed room inan
HW7A | External Fire (Initiated 2 Hi A Pressurization and rupture of gas (1) Initiate fire suppression sprinklers given fire in adjacent
Within the Building) cylinders. Highly toxic gas release  |areas
and potential cylinder missile (2) Enclose the hazardous waste storage area and store gas
generation. (A;A;AA) cylinders in an enclosed area.
HWG | Acddent during 2 i1 A Spill leading to the unmitigated (1) Consider road closure while transporting the most
Transportation of Waste release of toxic gases. Public hazardous materials between Lab areas
(Toxic Gas Cylinders or exposure. (A;A;AA) (2) Review procedures for securing waste drums during
Incompatible Waste Drums) transportation
from Hazardous Waste {3) Do not transport incompatible waste drums together.
Storage to CAl or Other
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contamination. (A:A;A:A)

TABLE 4-6 (CONT)
_— . Risk . .
Node Description of Scenario Rank | Frequency Consequence Consequences of Scenario Recommendations
MW7A | External Fire (Initiated Within 2 il A Pressurization and rupture of gas Smregascylindetsinmaﬂmdmwithﬁmdooram
the MWRSF Building) cylinders. Highly toxic gas release | fire wall
and potential cylinder missile
— tion. (A:A:A:A
MWG | Accident during 2 1l A Spill leading to the unmitigated (1) Consider road closure while transporting the most
Transportation of the Most release of toxic gases. Public hazardous materials between Laboratory areas
Toxic Waste Drums (e.g., Toxic exposure. (A;A:AA) (2) Review procedures for securing waste drums during
Gas Cylinders or Incompatible transportation
Wastes) from MWRSF to CAl G)Domthmsptxtizxompaﬁblewastednmstogeﬂm
or Other Fadilities _
GC4 | Breach of Cylinder from 3 v A Release of highly toxic gases (1) Transport and store cylinders securely
Accidental Causes; e.g., (phosphine, phosgene, arsine, and (2) Consider secondary containment for most hazardous
Cylinder Dropped and others). Worker fatality. (A;A;A;D) Jcylinders
Regulator Line Breaks G)all’lrowcﬁve cap for cylinder regulators should be in place
at all times
HWG | External Fire 3 v A Fire penetrates the MWRSF, major | None
fire releases toxic gas to the
environment. (A;AA;A)
HWG | High-Intensity Seismic Event 3 v A Structural collapse of building, (1) Review seismic criteria,
with Horizontal Acceleration of breach of multiple drums, major (2) Minimize storage time of most flammable /toxic
03 g or Greater fire, release of toxic gas to materials
environment. (A;A:AA)
MWG | Low-Intensity Seismic Event 3 v A Explosion of shock-sensitive (1) Develop and enforce policy not to store explosive or
with Horizontal Acceleration of materials (e.g., nitro methane, shock sensitive material in this building
0lg sodium azide). Structural damage |(2) Process shock sensitive materials immediately
tobuildingﬁre,ardxeleaseoﬂoxic
_ gases. (AA:AA)
MWG | High-Intensity Seismic Event 3 v A Structural collapse of building, (1) Review seismic design criteria
with Horizontal Acceleration of breach of multiple drums, major {2) Minimize storage time of most flammable /toxic
03 g or Greater fire, release of toxic gas to materials
environment, and radioactive
contamination. (A;AA;
MWG | External Fire 3 v A Fire the MWRSF, major | None
fire releases toxic gas to the
environment, and radioactive
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Doubtful Integrity during Storage

(1) Do not store legacy cylinders in the
MWSRF

(2) Process legacy cylinders without
intermediate

(3) Provide secondary containment when
transporting legacy cylinders.

TABLE 4-7
SUMMARY OF RISK RANK 1 SCENARIOS
Node Description of Scenario :;:: Frequency | Consequence Recommendations Risk Rank R""::’ C R"':n
CY12Z |Cyanide Plating Waste Pumped to 1 1] A (1) Install check valves on outlet lines of the 3 E: B(w)
Wrong Location and Mixed with chemical mix feed tank, chemical feed drum,
Noncompatible Material (i.e, Waste and chemical plating waste drum
Drum, Waste Water System, (2) Follow valve alignment checklist
Chemical Mix and Feed Tank, procedure
Chemical Feed Drum or the Dry (3) Valves should have position indicators
Chemical Feeder); Plating Waste (4) Operators should be equipped with
Process protective clothing and respirator
{5) Have two operators check valve
positioning
(6) Install interlock that allows opening of
- —_ one valve at a time
HW?7A ] Breach of Legacy Cylinder of 1 [ A (1) Do not store legacy cylinders in HWTF N/A N/A N/A
Doubtful Integrity during Storage area
(2) Process legacy cylinders without
intermediate storage
(3) Provide secondary containment for the
cylinders
(4) Consider endosing the HWTF storage
| and providing HVAC and scrubber.
HWG |Low-Intensity Seismic Event with 1 1] A (1) Develop and enforce strict policy not to N/A N/A N/A
Horizontal Acceleration of 0.1g store explosives or shock-sensitive materials
in the building
(2) Consider storage of shock-sensitive
materials in a separate building in a remote
_ - location.
MW7A | Major Breach of Legacy Cylinder of 1 ] A N/A N/A N/A
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during transporta
(3) Limit simultaneous operation of multiple
forklifts

TABLE 4-8
SUMMARY OF RISK RANK 2 SCENARIOS
" ] Risk ) Revised Revised Revised
Node Description of Scenario Rank | Frequency | Consequence N Recommendations Risk Rank | Frequency | Consequence
GC6 |Saw Jams or Other Mechanical 2 1 C (1) Verify atmosphere before opening vessel 4 1] D
Failures during Cutting, and Gas is (2) Wear protective gear (SCBA) when
Released Into Pressure Vessel. opening vessel
Worker Opens Vessel after Purging
|___|Tolnsped _
HWG | High Winds 2 1 C Enclose the hazardous waste storage N/A N/A N/A
MWBK | Inadequate Guidelines or 2 1 C (1) Guidelines (procedures) for mixing and 1 1 D
Procedures for Mixing and ing should be and reviewed
Rebulking Wastes (2) Worker should wear respirator until
. determination of possible reactions —
GC6 |Saw Jams or Other Mechanical 2 1] B (1) Verify atmosphere before opening vessel 4 i D
Failures during Cutting. Worker 2) wear protechve gear (SCBA) when
Opens Vessel To Inspect, Causing opening vessel
Unexpected Release _ _ . _
GC6 | Treatment Skid (Valves for 2 ] B (1) Independent verification of system 3 m B
Containment Vessel) Misaligned alignment before cutting
Before or After Cylinder Breach (2) Use procedure with checklist
| _ _ (3) Provide valve position indication — _
HW?2A |Forklift Accident or Freezing of 2 1] B (1) Restrict use of water in the reactives 3 1] B
Waste Causes Spill of Water storage area
Reactive Waste with Water Pre-~nt (2) Enclose the building for water control and
in the Area fire suppression efficiency
| _ _ Install HVAC and scrubber
HW5A | Mislabeled Cyanide Drum is Placed 2 1l B (1) Consider enclosing the HWTF storage N/A N/A M/A
in the Open Storage Area; Drum building and providing HVAC
Freezes, Causing Simuitaneous Spill (2) Install a scrubber system
of Cyanides and Noncompatible (3) Provide HCN analyzer and alarm
Waste, Such as Acids — _
HW6A | Ammonium Perchlorate or Methyl 2 i B (1) Develop and enforce strict 3 [11] B
Ethyl Ketone Peroxide (MEKP), criteria for sensitive oxidizers (e.g., diluted
Dried Over Time, Subjected to form, t inspection, wetted material)
Shock, Friction, or Sunlight (2) Consider storage of highly sensitive
oxidizers in a separate building in a remote
_ Jocation
HWG |Cracks in Storage Containers 2 1] B Enclose the hazardous waste storage N/A N/A N/A
Propagated by Rain or Snow (Blown building.
Onto Drums) Freezes Over _ — _ _ _
HWG |Acddents during Transpoﬂahon of 2 n B (1) Enclose the hazardous waste storage area 3 m B
Waste Within the Hazardous Waste (2) Maintain physical separation of
Storage Area (Forklifts or Manual) incompatible wastes tion
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TABLE 4-8 (CONT)
Node Description of Scenario ::; Frequency | Consequence Recommendations Rl::k' :::k l’tlgm_ C R”':::‘e
00 AT — N — &
LiH14 |incomplete Reaction of the Lithium 2 1] B Use diverse methods for verification that the 4 1] D
Hydride in the Humidifier reaction is complete. Continue wearing
protective clothing/breathing apparatus
while ing reaction products.
MWG6A | Ammonium Perchlorate or Methyl 2 1] B (1) Develop and enforce strict acceptance 3 m B
Ethyl Ketone Peroxide (Dried Over criteria for sensitive oxidizers (e.g., diluted
Time) Subjected to Shock, Friction, form, frequent inspection, wetted material)
or Sunlight (MEKP) (2) Consider storage of highly sensitive
oxidizers in a separate building in a remote
— location
MWBK | Inadequate Guidelines or 2 il B (1) Guidelires ures) for mixing and 4 ] D
Procedures for Mixing and bulking should be dev and reviewed
Rebulking Wastes Leads to Violent (2) Worker should wear repirator until the
Reaction, and Fume Hood Failure . possibility of violent reactions is passed - ,
MWG | Accidents during Trans tion of 2 il B (1) Maintain physical separation of 3 m B
Waste Within the MWRSF (Forklifts, incompatible wastes during transportation
Cranes, or Manual) (e-g do not transport drum over
incompatible wastes with the crane)
(2) Limit simultaneous operation of multiple
. forklifts
CY1 |Truck Accident with Breach of 2 11 A Administrative controls: (1) Announcement 3 v A
Multiple Waste Containers Leading of delivery
To Mixing of Incompatible Wastes (2) Driver training
as a Result of (1) Normal Transport (3) Restrict other traffic during delivery
of Incompatibles and (2) Mislabeled Consider review of transportation
Drums ures; e.g.,
(1) Restrict the transportation of incompatible
wastes in single truck
{2) Consider transport of one drum at a ime .
GC1 | Handling Accident while Removing 2 Y A (1) Consider secondary containment for 3 v A
Cylinder from Storage; e.g., known highly toxic gas cylinders and all
Cylinder Falls Breaking Valve or unknown gas cylinders, (2) valve covers
Connections or Rupture of a should be in place on all cylinders, (3) train
Corroded Cylinder workers to evacuate in upwind direction,
and locate gas masks in ind direction,
(4)installawindsockforcmﬁm|omwind
direction indication, (5) consider protective
clothing for mixed wast;eggﬁ;release
GC2 | Truck Accident on Public Road 2 m A Administrative controls: (1) Provide escort 3 v A
Between TA-54 and TA-63 with for the transport vehicle and consider road
Breach of Gas Cylinder(s) closure during transport,
(2) Driver training
(3) Restrict night or poor weather deliveries
(4) Consider secondary containment for
cylinders of questionable integrity, unknown
contents, or those containing most highly
toxic materials
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TABLE 4-8 (CONT)
Node Description of Scenario ‘I’::‘l; Frequency | Consequence Recommendations R::v mk &m Co::q“:re
p——— et S
GC6 | Treatment Skid (Valves for 2 m A (1) Independent verification of system 3 v A
Containment Vessel) Misaligned alignument before cutting
Before or After Cylinder Breach (2) Use with checklist
) Provide valve position indication
GC6 |Inadvertent Cutting of Cylinder 2 1 A (1) Install interlocks to prevent saw operation 3 v A
Before Sealing Vessel before sealing and inerting pressure vessel
(2) Verify door cdlosure prior to starting saw
GC6 | Pressure Vessel Incorrectly Sealed 2 1l A (1) Perform check of pressure vessel seal 3 v A
(Such as Door Seal) or Seal Fails before cutting operation
Causing Leakage (2) Minimize time between cutting and
i or recontainerization
(3) Locate control panel away from skid
HWA4A | Spill of Low-Flash-Point Chemicals 2 il A (1) Treat highly flammable materials on an 3 [\ A
[Acethalhehye (-38°F), Furan (-32°F), priority basis; do not allow accumulations of
Anhydrous Ethyl Ether (49°Plasa large inventories
Result of Forklift Accident or (2) Consider specially designed storage
Corrosion. Fire Suppression System configuration for the most hazardous (low
Inadequate flash point) flammable wastes
(3) Consider enclosing the building to
increase the efficiency of the fire suppression
_ system and install gas detector and alarm
TTWA4A | Forklift Accident Causing Dual Spill 2 i A (1) Consider enclosing the building to reduce 3 v A
of Incompatible Flammable toxic gas exposure to the public and co-
Materials Routinely Stored in the located worker
Same Area; e.g., Nitromethane with (2) Store incompatible flammable materials in
Acetone te locations within the flammable
_ storage area, (3) Install scrubbing system
BW4A | Forklift Accident Causing Dual Spill 2 1 A (1) Consider enclosing the building to reduce 3 v A
of Incompatible Materials Because of toxic gas exposure to the public and co-
Mislabeling of Waste Drum; e.g., located worker
Flammable Waste Mixed with: (2) Install scrubbing system
(1) NAOH(1A), 2) H)S04 (1 B), (3) Verify drum contents and labeling at
(3) Lithium Hydride (2A), (4) Nitric waste generator site ]
Acid (6A), (5) Chlorobenzene (4) Develop Laboratory-wide procedure (Lab
ES&H manual) for waste identification and
labeling of waste containers .
HWA4A | Picric Acid Dropped or Jarred 2 il A Develop and enforce policy not to store 3 v A
explosives or shock-sensitive materials in this
HWG6A | Forklift Accident or Freezing 2 il A (1) Verify drum contents and labeling at 3 v A
Causing Dual Spill of Incompatible waste generators site
Materials as a Result of Mislabeling (2) Develop Laboratory-wide procedure (Lab
of Waste Drum; e.g., Oxidizer Waste ES&H manual) for waste identification and
Mixed With: (1) NAOH (1A), labeling of waste containers
(2) Acetic Acid (1B). (3) Sodium (3) Enclose the HWTF storage building and
(2A), (4) Organics Such as Chloro install scrubber system
Benzene (4A); (5) Gold Cyanide (5A)
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Waste Mixed With (1) NAOH (1a),
(2) Hy50; (1b), (3) Lithium Hydride
(2a), (4) Nitric Acid (6a),

(5) Chlorobenzene

(3) Develop Laboratory-wide procedure (Lab
ES&H manual) for waste identification and
labeling of waste containers

TABLE 4-8 (CONT)
Node Description of Scenario :::; Frequency | Consequence Recommendations Rli::::ndk ka:q':'::\:y Co:::q.::’nce
HW7A { Breach of Eylinda {Nonlegacy) 2 1 A (1 )ﬁ-ansport and store cylinders securely 3 v A
Because of Accidental Causes; e.g., (2) Consider secondary containment for most
Cylinder Dropped and Regulator hazardous cylinders
Line Breaks (3) Gas cylinders should be processed with
high priority
(4) Work in this area should be performed
with protection (i.e., wear SCBA, operate
under the buddy system)
(5) Protective cap for cylinder regulators
should be in place at all times
(6) Consider storing gas cylinders in enclosed
room in an enclosed building o
HW7A ]External Fire (Initiated Within the 2 [ A (1) Initiate fire suppression sprinklers given 3 v A
Building) fire in adjacent areas,
(2) Enclose the hazardous waste storage area
and store gas cylinders in an enclosed area -
HW9 | Spill (due to Freezing or Forklift 2 1 A (1) Consider eliminating this area 3 v A
Acddent) of Incompatible Wastes (2) Classify and store all nonregulated westes
Routinely Stored in Nonregulated in compatible regulated areas
Area; e.g., Mislabeled, Temporary (3) Enclose the hazardous waste storage
Storage, or do not Belong in Other building
e Defined Regulated Areas -
HWG [ Accident during Transportation of 2 H A (1) Consider road dosure while transporting 3 v A
Waste (Toxic Gas Cylinders or the most hazardous materials between
Incompatible Waste Drums) from Laboratory areas
Hazardous Waste Storage to CAl or (2) Review procedures for securing waste
Other Facility drums during transportation
(3) Do not transport incompatible waste
drums together
HWG |Medium-intensity Seismic Event 2 Hi A (1) Review seismic design criteria 3 v A
with Horizontal Acceleration of (2) Ensure that incompatible wastes are not
0.17g stored in adjacent areas. see potential
MWRSF floorplan developed by PHA team
(3) Minimize storage time of most
flammable/ toxic materials
(4) Enclose the hazardous waste storage area —
MWH4A | Overhead Crane Drops Drum 2 11 A (1) Develop procedures to prevent or mini- 3 v A
Causing Dual Spill of Incompatible mize crane movements over stored wastes
Materials as a Result of Mislabeling (2) Verify drum contents and labeling at
of Waste Drum; e.g., Flammable waste generator site
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TABLE 4-8 (CONT)
Node Description of Scenacio :::‘ Frequency | Consequence Recommendations R?‘;v:::k F&‘::\:y Co::evq':!:nce
- N e I .
MW4A |Overhead Crane Drops Drum, 2 ] A (1) Develop procedures to prevent or 3 v A
Causing Dual Spill of Incompatible minimize crane movements over stored
Flammable Materials Routinely wastes
Stored in the Same Area; e.g., (2) Store incompatible flammable materials in
Nitromethane with Acetone separate locations within the flammable
storage area
MWA4A | Spill of Low-Flash-Point Chemicals 2 m A (1) Treat highly flammable materials on an 3 v A
{Acethalhehye (-38°F), Furan (-32°F), priority basis; do not allow accumulations of
Anhydrous Ethyle (-49°F)] from large inventories
Forklift Accident, Crane Accident or (2) Consider specially designed storage
Corrosion. Fire Suppression System configuration for the most hazardous (low
Inadequate flash point) flammable wastes
(3) Install gas detector and alarm
(8) Consider adding a flare to the scrubber
system
(5) Consider inert fire suppression system;
e.g., inert the room with Ny when the gas
o analyzers alarm
MWS5A | Forklift Accident Causes 2 11 A {1) Provide HCN analyzer and alarm 3 v A
Simuitaneous Spill of Cyanide and (2) Verify drum contents and labeling at
Other Noncompatible Waste [e.g., waste generator site
H,S0y4 (1b), or Perchloric Acid (6a)} (3) Develop Laboratory-wide procedure (Lab
as a Result of Mislabeling ES&H manual) for waste identification and
labeling of waste containers
MW6A | Overhead Crane Drops Drum 2 1 A (1) Develop procedures to prevent or 3 v A
Causing Dual Spill of Incompatible minimize crane movement over stored
Materials as a Result of Mislabeling wastes
of Waste Drum; e.g., Oxidizer Waste (2) Verify drum conterits and labeling at
Mixed With (1) NAOH (1a), waste generators site
(2) Acetic Acid (1b), (3) Sodium (2a), (3) Develop Lab wide procedure (Lab ES&H
(4) Organics (4a) Such as Chloro manual) for waste identification and labeling
Benzene, (5) Gold Cyanide (5a) of waste containers
MW?7A | External Fire (Initiated Within the 2 1] A Store gas cylinders in an enclosed area with 3 v A
MWRSF Building) fire door and fire wall.
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TABLE 4-8 (CONT)
Node Description of Scenario ::‘I; Frequency | Consequence Recommendations Rli:;v:::k Fll;;‘:::‘c’y Co::evc::e‘:me
MW7A | Breach of Cylinder (Nonlegacy) 2 il A (1) Transport and store cylinders securely 3 v A
from Accidental Causes; e.g., (2) Consider installation of a flare and/or a
Cylinder Dropped and Regulator special scrubber for this facility
Line Breaks, which Results in Major (3) Install gas detectors and alarms
Cylinder Damage (4) Consider secondary containment for most
hazardous cylinders
(5) Gas cylinders should be processed with
high priority
(6) Work in this area should be performed
with protection (i.e., wear SCBA, operate
under the buddy system)
(7) Protective cap for cylinder regulators
should be in place at all times
(8) Store gas cylinders in an enclosed area
MWG | Medium-Intensity Seismic Event 2 HI A (1) Review seismic design criteria 3 v A
with Horizontal Acceleration of (2) Ensure that incompatible wastes are not
0.17g stored in adjacent areas (see potential
MWRSF floorplan developed by PHA team)
(3) Minimize storage time of most
flammable/ toxic materials.
MWG | Acddent during Transportation of 2 i A (1) Consider road closure while transporting 3 v A
the Most Toxic Waste Drums (e.g., the most hazardous materials between
Toxic Gas Cylinders or Incompatible Laboratory areas
Wastes) from MWRSF to CAl or (2) Review procedures for securing waste
Other Facilities drums during transportation
(3) Do not transport incompatible waste
drums together
DU1_ | Truck Accident with Fire and Breach] 2 1 B Administrative controls such as 3 v B
of Depleted Uranium Waste (1) Announcement of delivery
Container (2) Driver training
- (3) Restrict other traffic during delivery
DU4 | Forkift Accident during Transport 2 11} B Move only one pallet or drum at a time; 3 v B
Between Buildings restrict other vehicles during transport.
GC7 | Misrouting of Toxic Gas (e.g., Gas 2 Jil] B (T) Provide sampling procedures with 3 v B
Sent to Atmosphere) Because of independent verification
Human Error, Scrubber Failed, or (2) verify system line-up prior to routing
Ineffective pressure vessel contents o _
CC8 | Radioactive Container Mislabeled as| 2 11 B Independently verify correct labeling 3 v B
Hazardous and Sent Offsite for
Treatment
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TABLE 4-8 (CONT)
Node Description of Scenario g::; Frequency | Consequence Recommendations R?‘;v:::k l.-‘l.:;:::;dﬂ Co: “'::;‘u
HWI1B | Forklift Accident or Freezing 2 il B (1) Verify drum contents and labeling at 3 v B
Causing Simultaneous Spill of Acid waste tor site
Material and Incompatible Material (2) Develop Laboratory-wide procedure (Lab
[e.g., NAOH (1A), Nitrobenzene ES&H manual) for waste identificationand
(4A), Hydrogen Peroxide (6A), labeling of waste containers
Metal Cyanide (5A), Lithium (3) Store waste in enclosed building to
Hydride (2A)] Because of prevent freezing
Mislabeling -
HW2A | Accdent Resulting from Human 2 il B (1) Verify drum contents and labeling at 3 v B
Error Causes Simultaneous Spill of waste generator site
Water Reactive Waste and {2) Develop Laboratory-wide procedure (Lab
Incompatible Waste Because of ES&H manual) for waste identification and
Mislabeling; (e.g., Reactive Waste labeling of waste containers
Mixed With, Sulfuric Acid (1b),
NAOH (1a), Perchloric Acid (6a), or
Trichlora Ethyiene (4a)
5A |Mercury Oxycyanide Detonates as a 2 i B Develop and enforce policy not to store N/A N/A N/A
Result of Heating, from Shock or explosives or shock-sensitive materials in this
L Friction; e.g., Forklift Accident - building.
FIW5A | Acddent Causes Simultaneous Spill 2 1] B (1) Consider enclosing the HWTF storage 3 v B
of Cyanide and Other building and providing HVAC
Noncompatibie Waste [e.g., HySOy (2) Install a scrubber system
(1b), or Perchloric Acid (6a)] Because (3) Provide HCN analyzer and alarm
of Mislabeling (4) Verify drum contents and labeling at
waste ators site
(5) Develop Laboratory-wide procedure (Lab
ES&H manual) for waste identification and
labeling of waste containers _
TIW8 | Mislabeled Drum Results in PCB 2 1t B (1) Verify drum contents and labeling at 3 v B
Drum Being Stored Near Flammabie waste generator site
Waste. Accidental Breach of the (2) Develop Laboratory-wide procedure (Lab
Containers Leads to Fire and ES&H manual) for waste identification and
Burning of PCB Waste labeling of waste containers .
HWS8 | Spill of PCB Waste Drum Because off 2 Il B (1) Install procedures to detect sump levels 3 v B
Forklift Accident, Release to the (2) Test sump contents before discharge
Sump
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5.0. CONCLUSIONS AND RECOMMENDATIONS

5.1. Insights

Several engineering insights and recommendations appear to be appropriate
for special mention because they are common to a number of hazards or provide a
means to significantly reduce risks.

1. Storage Presents Significant Risks. The hazards associated with treatment
are significantly less than storage risks because treatment is carried out in
specially designed skids in the HWTF. The risks associated with the treat-
ment building are lower as the HWTF treatment building is designed to
contain releases with several redundant levels of filters/scrubbers. In
addition, sampling provisions in the HWTF verify the identity of wastes
before treatment, lessening the chances of mislabeling.

2. Storage of Incompatible Materials Increases Risks. The risks associated
with storage are greater because of the large numbers of various materials
in storage, many of which are incompatible. The materials are not inde-
pendently assayed or sampled before storage, lending to increased chances
for mislabeling.

3. Storage of Materials in Adverse Weather Conditions Increases Risks. The
DSB appears to present particular hazards. It is an open building that can
be expected to experience problems from weather extremes. Temperature
extremes (freezing or heat), high winds, and other environmental condi-
tions have the potential to result in material releases. Because of these
weather-related problems, it is recommended that CST-7 consider enclos-
ing the DSB and providing heating and ventilation (HVAC).

Although the installation of additional filters and scrubbers also could
help mitigate large releases resulting from accident conditions within the
DSB, it is felt that the greatest risk reduction would be achieved by enclos-
ing and heating the facility. Larger releases are expected on a much-less-
frequent basis. In addition, the types of accidents that would result in
these large releases (fires, seismic events) also could be expected to breach
the facility, which may, in effect, render any filters/scrubbers ineffective
because of the existence of direct release paths.

4. Storage of Shock-Sensitive Materials Increases Risks. Several chemicals
were noted, that, if stored in these facilities, would represent significantly
higher risks. These are materials that may be shock/heat sensitive or
particularly incompatible with other chemicals. The resulting hazard is
the high potential for an explosion, energetic reactions, or a fire. These
materials include picric acid, sodium azide, nitromethane, and methyl
ethyl ketone peroxide, among others. There appeared to be conflicting
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views from the several CST-7 specialists interviewed by the PHA team as
to the likelihood future generation of these materials at the Laboratory
and/or the need to store them.

The PHA team felt that a specific, restrictive policy should be developed in
advance so that CST-7 can deal with them properly should there be such a
request. Because of the significant widespread hazards that these materials
represent either alone (from shock, heat, or friction) or in combination
with other chemicals, these materials should not be stored in either facil-
ity. If they are required to be handled or stored, then special facilities, com-
partments, or measures should be in place to place them in remote loca-
tions away from incompatible materials. The risks of an explosion or fire
that could propagate to surrounding storage compartments or to the entire
facility are too great to allow storage of these types of materials without
taking special precautions.

. Potential for Misrouting of Waste Solutions Increases Risks. An impor-
tant design change (inclusion of check valves) was recommended for the
cyanide-plating treatment skid. In reviewing the design drawings and
flow paths of the skid, it was found that misrouting of the waste solution
or reagents could result in the generation of highly toxic gases (e.g., HCN)
that would threaten the worker. There did not appear to be any check
valves in the system to prevent backflow or flow to wrong locations.
Check valves are an effective means of preventing the flow of liquids to
the wrong locations. Without an engineering method to prevent such
misroutings, the process is left entirely to the effectiveness of operators to
verify the proper flow path. Human reliability analyses, in similar situa-
tions, indicate the unacceptably high frequency of human errors in system
valving alignments.

. Gas Cylinders of Unknown Content or Questionable Integrity Present
Significant Risks. A number of compressed gas cylinders are now stored
in an open field of TA-54. Many of these are legacy wastes (generated from
past operations) and may contain unidentified gases or be contained in
cylinders of questionable integrity or conformance to standards. Addi-
tional high-risk gas cylinders are expected to be identified during the
course of future operations and environmental restoration activities.
These cylinders represent a substantial hazard during transportation,
storage, and treatment. We recommend special precautions for those
cylinders containing the most highly toxic gases (e.g., phosgene, phos-
phine, arsine, etc.) or those that contain unidentified gases. Some of the
precautions are as follows.

a. Double containment of the most highly toxic gases before movement
and storage.




b. Special precautions at loading sites; e.g., installation/use of windsocks,
training of operators on proper evacuation techniques, availability of
self-contained breathing apparatus, etc.

c. Special transportation restrictions for the most highly toxic or uniden-
tified gases; e.g., escort vehicle, road closure, etc.

d. Special storage restrictions; e.g., do not store legacy wastes in these
buildings, special enclosed storage compartments for nonlegacy cylin-
ders, etc.

7. Risk Associated with Existing Storage Facilities is a Concern. Even with
the inclusion of improved safety features into the design of the new facil-
ities, approximately 75% of all high-risk scenarios (Risk Ranks 1 and 2)
are attributed to waste storage. The existing storage facilities do not
include the latest safety features; therefore, it is inferred that the present
risk of storage is considerably higher than the anticipated risk associated
with the facilities to be built. Figure 5-1 shows an estimate of the relative
risk given the current storage capability progressing to the completion
and operation of the new facilities. Until the HWTF and MWRSF open,
relative risk associated with storage as it now exists will steadily rise. The
relative risk will decrease after the storage facilities are created and the
legacy wastes are transferred to the new facilities. Treatment of wastes
will further reduce the relative risk.

5.2. Final Observations

The PHA successfully screened the hazard scenarios into a set of four risk
rank categories. Each scenario is associated with one or more cause categories.
Furthermore, grouping the scenarios by their effect on the environment provides
an alternate perspective. The adverse effects on the worker, co-located workers, and
the general public were tabulated (Tables 4-2 and 4-4) to give direction to any subse-
quent study. This was enhanced by considering the consequences directly.

This document provides the basis for demonstrating compliance with the
hazard analysis requirements of DOE Order 5480.23, Topic 5; DOE Standard 1027-92;
and DOE Standard 3009-93. After this draft report is reviewed, representative
sequences from the PHA will be selected for additional quantitative analysis of
their frequency and severity to satisfy the accident analysis requirements of DOE
Order 5480.23, Topic 11, necessary for inclusion in a Safety Analysis Report (SAR).
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Fig. 5-1. Relative risk associated with storage and treatment.

5-4



REFERENCES

1. "Guidelines for Hazard Evaluation Procedures,” 2nd Ed. with Worked Examples,
AIChE, 1992.

2. F. A. Lercari, "Guidance for the Preparation of a Risk Management and
Prevention Program," State of California, Office of Emergency Services
unnumbered report (November 1989).

3. OSHA '"Process Safety Management (PSM) of Highly Hazardous Chemicals,"
29 CFR 1910.119.

4. K. Dziewinska, "Classification of Mixed Wastes and Hazardous Wastes and Selec-
tion of the Most Hazardous Wastes at the HWTF Storage Buildings," memo to
G. Luissez (October 25, 1993).

5. M. K. Sasser, "Probabilistic Safety Assessment for TA-63, Hazardous Waste Treat-
ment Facility," informal report to G. Luissez (September 29, 1992).

5-5



APPENDIX A
HAZARDOUS WASTE TREATMENT FACILITY

FACILITY DESCRIPTION

The Hazardous Waste Treatment Facility (HWTF) design is described in detail
in Refs. A-1 and A-2. This appendix provides a brief description of the HWTF and
of the treatment processes included in the PHA.

The HWTF will be located at TA-63, north of Pajarito Road. The 12,000-ft2
treatment building will house treatment rooms for each of four types of waste:
nonradioactive characteristic wastes, nonradioactive listed wastes, radioactive char-
acteristic wastes, and radioactive listed wastes. Each treatment room is designed for
flammable, ignitable, and reactive wastes or reagents. To avoid contaminating the
rest of the building, each treatment room is sealed and under slight negative pres-
sure with its own HEPA filtration. Separate treatment rooms will allow workers to
avoid mixing waste types, prevent cross-contamination, and avoid or mitigate other
hazards associated with treatment. Figures A-1 and A-2 (from Ref. A-1) show the
HWTF floor plan for the ground and mezzanine levels.”

Most processing equipment will be mounted on a skid dedicated to one waste
type. The skid then can be moved in and out of a dedicated treatment area. This
approach increases flexibility in treatment because new skids can be built to accom-
modate new waste types and processes. The waste treatment processes analyzed in
the PHA are described below.

WATER REACTIVE WASTES TREATMENT PROCESS
Introduction

Relatively small quantities of low-level radioactive and water-reactive wastes
are generated at Los Alamos. The most common is lithium hydride mixed with
depleted uranium (DU). Much smaller quantities of magnesium metal, and occa-
sionally some calcium metal, have been generated. Lithium hydride is stored in a
variety of forms. The most abundant form consists of chunky to powdery lithium
hydride contaminated with pieces of DU in such a way as to make separation of the
two components impossible or impractical. Other drums contain mostly clean-up
items—paper, rags, used parts, and some lithium hydride. These two forms of waste
are generally stored in 30- or 55-gal. drums as is or in plastic bags. Another form of
lithium hydride is produced during machining and is a sand-like powder. It should
contain very little DU. It is generally "suspect" because machining is done next to
the room where DU is machined.

“The facility design has changed since the beginning of the PHA.
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These wastes react exothermically with moisture and violently with water,
producing hydrogen, a flammable and explosive gas. Reactivity increases as the
waste is divided more finely. The treatment process consists of controlled hydration
in a humid atmosphere to eliminate the RCRA reactivity characteristic. The prod-
uct of hydrating these reactive wastes is a caustic hydroxide with RCRA corrosivity
characteristics, and neutralization will be required. However, lithium hydroxide
could be incorporated in the incinerator ash vitrification process, which requires
lithium. The DU left after treatment of the reactive waste may be treated according
to a process developed for uranium chips and turnings and for which a separate
process has been designed (described below)

When the RCRA reactivity characteristics have been eliminated, the resulting
waste will be solidified before disposal if it is a low-level waste. Solidification is not
mandatory if the waste is not radioactive. A detailed description of this treatment
process can be found in Ref. A-3.

Process Description

Lithium hydride is present in various physical forms and packaging configu-
rations. Some chunks mixed with DU will have relatively low reactivity even
when exposed to moist air because of the low surface area. However, most of the
lithium hydride is in a sandy to powdery form. A powder is much more reactive; it
probably is often stored in small, individual bags weighing less than 1 kg, with only
a few of these bags stored in each 30-gal. drum, which is placed in a 55-gal. overpack
with vermiculite. However, the bulk is stored in drums with plastic liners in
quantities up to 75 kg. Lithium hydride also can be found in small quantities mixed
with cleaning material and discarded parts. Magnesium and calcium machining
debris are probably stored in small bags.

One waste container at the time is brought into the R.C. (radioactive and char-
acteristic) treatment area and introduced into a dry box. Although the probability of
gas generation and accumulation in the container is low, the dry box is connected to
the room ventilation system. Some of the waste to be treated is spread on a tray in
a relatively thin layer. Because of the variety of the waste's physical and chemical
forms, the weight and depth on the tray will vary. The tray is introduced into a reac-
tor, which then is sealed. The remaining reactive waste is sealed back in the original
container. Piping connections are secured to the reactor. A humidifier provides a
water-saturated atmosphere, nitrogen, or some other inert gas, which is introduced
into the reactor at a controlled rate. It hydrates the reactive waste according to one
of the following exothermic reactions.

LiH + H,O —> LiOH + H»
Mg + 2H,0 —> Mg(OH); + Hp
Ca + 2H,O —> Ca(OH); + Hp

A-2




If air were used for the reactive wastes, strongly exothermic and uncontrollable
oxidation reactions could take place.

The gas flow rate is adjusted according to the kinetics of the reaction of the
waste with water. The gas passes through a scrubber, which will cool it in case of
uncontrolled oxidation, and then through the room HEPA filter. A hydrogen ana-
lyzer on the exhaust gas indicates the hydrogen concentration and redirects the feed
gas to bypass the humidifier if required. The concentration also indicates how fast
the reaction is going, whether adjustment is needed, and when it nears or reaches
completion.

The hydroxide formed during treatment is removed from the reactor; it is
caustic and has the RCRA corrosivity characteristic. It is neutralized in another unit
with an acid and filtered to remove any DU and to separate other solid contami-
nants when present. If not radioactive, the neutralized waste then can be discarded
as is or solidified in cement. Finally, if DU is present in a finely divided and/or
reactive state, the waste may have to be treated in yet another unit. The uranium
will not be very reactive because it will have been exposed to a humid atmosphere, a
condition that oxidizes it more readily than air. However, it still may be advisable to
treat it. A process devised for treating uranium chips and turnings can be used.

PHA Results

The feed and waste disposal streams for the Water Reactive Waste Treatment
Process are shown in Fig. A-3. A process block diagram summarizing the steps in
the waste treatment process is shown in Fig. A-4. The blocks or process steps shown
in Fig. A-4 are grouped into activities to facilitate the PHA. The activity boundaries
and names (i.e., LIH1, LIH2, . . .) also are indicated in Fig. A-4. Each activity was
reviewed by the PHA team to identify scenarios contributing to process risk. The
results of this risk assessment are presented in Tables A-1 and A-2. Table A-1 pres-
ents the scenarios sorted by activity. Scenarios ranked by risk (highest to lowest risk
rank) are presented in Table A-2.

DEPLETED URANIUM OXIDATION PROCESS
Introduction

DU chips from machining operations currently are stored at the Laboratory
in 30-gal. drums. The drums are filled with uranium chips and covered with diesel
oil, and the 30-gal. drum is stored in a 55-gal. overpack filled with vermiculite. A
treatment skid has been designed for processing these drums. It consists primarily
of the reactor vessel, a surge/settler tank, recirculation pumps, a scrubber system,

a cooling water loop, and piping and valves associated with the introduction of
reagents and transfer of the uranium dioxide sediment to the cementation drum.
The treatment process consists of draining the oil from the chips in an inert atmo-
sphere and oxidizing the uranium in a controlled manner. The resulting uranium
hydroxide slurry is reduced to a uranium dioxide sediment by adding sodium
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thiosulfate. The sediment then is cemented and transferred to storage until final
disposition. A detailed description of this treatment process can be found in
Ref. A-4.

Process Description

The DU process flow diagram is presented in Fig. A-5 (drawing number 11104-
DU-KD-01 from Ref. A-4). One 30-gal. drum of DU waste is processed at a time. The
waste drum, in a 55-gal. overpack, i$ transferred from the MWRSF dock to the door
of the treatment room where the DU process skid has been installed. The HWTF
overhead crane is used to move the drum into the sample room.

In the sample room, the overpack drum is opened and the inner (i.e., pri-
mary) drum is removed from the overpack with the overhead crane. The primary
drum is opened, and the contents are inspected visually to verify them. The lid
then is replaced and clamped on the primary drum. It is estimated that about 200 g
of water will be left at the bottom of the drum. This water will react over time with
uranium and generate hydrogen. Empty spaces in both the 30-gal. drum and 55-gal.
overpack drum may be filled with hydrogen, a flammable and explosive gas. To
safeguard against ignition of any hydrogen that may be present, two safety provi-
sions are in place: (1) anti-spark tools are used for opening both the overpack and
primary drums and (2) the drums are opened under a ventilation hood to quickly
dilute the hydrogen below the flammability limit.

The sealed primary waste drum then is transferred to the treatment skid with
the overhead crane. After the drum is placed in the reactor, the reactor lid is closed
and the reactor is purged with nitrogen. The drum's lid and bottom are then punc-
tured by hollow, angled spikes. After the oil has been drained to the waste oil drum,
closed-loop circulation of water through the reactor is begun.

The oxidation reaction is initiated by adding sodium hypochlorite to the cir-
culating water. The circulating liquid is sampled every 20 min to analyze for deple-
tion of the sodium hypochlorite reactant or for a lack of further reaction even
though there is enough active sodium hypochlorite present. During the oxidation
process, the pH is adjusted with caustic if necessary.

After the oxidation process is complete, the uranium hydroxide slurry is
transferred to the surge/settler tank. After establishing circulation, sodium thiosul-
fate is added to reduce the uranium hydroxide to uranium dioxide. The reaction is
complete when samples show excess thiosulfate content and minimal hypochlorite.
The uranium dioxide is allowed to settle, the clear liquid is shipped to TA-50-1, and
the sediment is pumped to the cementation drum. After cementation, the cement
drum is transferred to TA-54.




PHA Results

The feed and waste disposal streams for the Depleted Uranium Waste Treat-
ment Process are shown in Fig. A-6. Figure A-7 is a process block diagram summa-
rizing the steps in the waste treatment process. The blocks or process steps shown in
Fig. A-7 are grouped into activities to facilitate the PHA. The activity boundaries
and names (i.e., DU1, DU2, . . .) also are indicated on Fig. A-7. Each activity was
reviewed by the PHA team to identify scenarios contributing to process risk. The
results of this risk assessment are given in Tables A-3 and A-4. Table A-3 presents
the scenarios sorted by activity. Scenarios are ranked by risk (highest to lowest risk
rank) in Table A-4.

CHEMICAL PLATING WASTE TREATMENT PROCESS
Introduction

The Chemical Plating Waste (CPW) treatment system is intended to treat
listed, characteristic, and mixed aqueous waste solutions to remove the hazardous
components. The CPW system will remove hazardous waste constituents to levels
several orders of magnitude lower than the original feed by using the EPA-approved
BDAT process for electroplating wastes. Typical waste solutions requiring treatment
are cyanide plating wastes, chromic acid plating wastes, metals plating wastes, and
ammonia-bearing plating wastes or solutions with similar compositions. Any of
these wastes may be considered mixed wastes if a DU component is present. A
detailed description of this treatment process can be found in Ref. A-5. The treat-
ment process is described briefly below.

Process Description

The CPW process flow diagram is presented in Fig. A-8 (drawing number
11120-CPW-KD-01 from Ref. A-5). The treatment skid consists primarily of the
reactor vessel (used for mixing the CPW feed and appropriate reagents), a filter
press, a recirculation and transfer pump, a scrubber system, a cooling water system
for reactor vessel cooling, and mixing tanks and hoppers for introducing reagents.
One or more treatment processes must be used, depending on the waste material
being treated. Five main categories of waste treatment are described in Ref. A-5.

1. Elimination of free cyanide and metal-cyanide complexes
2. Elimination of ammonia in solution

3. Reduction of Crg to Cr3, precipitation, solids separation, and
immobilization

4. Heavy-metal precipitation, solids separation, and immobilization

5. Acid or base neutralization
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Wastes typically requiring multiple steps will follow the order listed above to
minimize hazardous gas formation or to ensure maximum treatment. The steps
described below are generic in that they apply to any batch or drum of plating waste
introduced to the CPW skid.

The waste drum (in a 55-gal. overpack) is transferred from the MWRSF dock
to the door of the treatment room in which the CPW process skid has been installed.
The HWTF overhead crane is used to move the drum into the sample room. The
overpack drum is opened, and the inner (i.e., primary drum) is removed with the
overhead crane. The primary drum then is opened, and the contents are inspected
visually and assayed to verify the constituents. The lid then is replaced and clamped
on the primary drum. To safeguard against ignition of any hydrogen that may be
present in the overpack or the primary drum, there are two saf-:; provisions:

(1) anti-spark tools are used for opening the drums and (2) the drums are opened
under a ventilation hood to quickly dilute any hydrogen below the flammability
limit.

The sealed primary waste drum then is transferred to the treatment skid with
the HWTF overhead crane. After the process service systems are started and their
operability is verified (e.g., reactor cooling system, monitoring systems, nitrogen
purge), a pumping assembly is attached to the top of the drum, and the plating waste
is pumped into the reactor.

Reagents are added to the reactor to obtain the desired reaction. For example,
if cyanide is found to be present in concentrations above 0.2 mg/L, cyanide destruc-
tion treatment must be performed by adding strong oxidizing agents (e.g., sodium
hypochlorite). If needed, caustic soda is added to maintain a pH greater than 10.
Maintaining this pH level is critical to avoid the formation of cyanogen chloride gas.
The scrubbing system treats any vented offgas from the reactor. When the reaction
is verified as complete by monitoring temperature and pH and performing sample
assays, the treated waste solution is filtered through the plate and frame filter. Any
solids recovered will be immobilized in a drum using cement. The liquids will sent
to TA-50-1 or cemented with the solids.

PHA Results

The feed and waste disposal streams for the Chemical Plating Waste Treat-
ment Process are indicated in Fig. A-9. A process block diagram summarizing the
steps in the waste treatment process is shown in Fig. A-10. The blocks or process
steps shown in Fig. A-10 are grouped into activities to facilitate the PHA. The activ-
ity boundaries and names (i.e., CY1, CY2, .. .) also are indicated on Fig. A-10. Each
activity was reviewed by the PHA team to identify scenarios contributing to process
risk. The results of this risk assessment are presented in Tables A-5 and A-6. Table
A-5 presents the scenarios sorted by activity. Scenarios are ranked by risk, highest to
lowest risk rank, in Table A-6.



GAS CYLINDER DISPOSAL/RECONTAINERIZATION PROCESS
Introduction

The gas cylinder process skid will provide a means to characterize, recon-

. tainer, and dispose of gas cylinders (legacy and nonlegacy) currently stored in an
open area at Los Alamos. Although the contents of most stored cylinders are fully
characterized and identified, the contents of approximately 10% of the cylinders are
unknown. Cylinder contents must receive identification and/or verification analy-
ses before offsite shipment and treatment. Some cylinders may be unacceptable for
shipment in their present form and may require that the contents be transferred to
DOT-approved, shippable containers.

A particular concern exists for the special case of nonoperable/nonshipable
cylinders with unknown contents. These cylinders are not amenable to standard
sampling techniques and would require some form of intrusive sampling such as
provided by the recontainerization process skid.

Process Description

The recontainerization skid consists of a pressure vessel into which a prob-
lem cylinder is placed. The pressure vessel can be purged with an inert gas or be
evacuated. After the pressure vessel atmosphere is prepared, the cylinder is cut
open using a rotary saw, releasing the gas contents of the cylinder into the pressure
vessel. The gas is held in the pressure vessel for in-line sampling and analysis (e.g.,
mass spectrometer, infrared spectrometer, radiation screening), then either com-
pressed into new gas cylinders acceptable for storage and transportation; if the gas is
inert, it may be vented to the atmosphere. A scrubbing solution then is sprayed into
the empty cylinder after recontainerization to remove residual deposits. The old
cylinder then is sent to the landfill (TA-54) for disposition.

A process block diagram summarizing the steps in the gas cylinder recon-
tainerization process is presented in Fig. A-11. The blocks or process steps shown in
Fig. A-11 are grouped into activities. The activity boundaries and names (i.e., GC1,
GC2, .. .) are also indicated in Fig. A-10.

PHA Results

Each activity was reviewed by the PHA team to identify scenarios contributing
to process risk. The results of this risk assessment are presented in Tables A-7 and
A-8. Table A-7 presents the scenarios sorted by activity. Scenarios are ranked by risk
(highest to lowest risk rank) in Table A-8.
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TABLE A-1
HAZMAN RESULTS SORTED BY ACTIVITY FOR WATER REACTIVE WASTES



PRELIMINARY RAZARD/RISK ANALYSIS RECORD OY ACTIVITY FOR MURSF
ACTIVITY WMMNBER: LINY
ACTIVITY NAME: TRUCK ENTERS FACILITY AWD DRIVES 10 MMSF DOCK (L1W PROCESS)
ACTIVITY DESCRIPTION: TRUCK ENTERS GATE AT FENCE AND DRIVES 10 DOCK

01-V

R--F--C CAUSE/SCENARID CONSEQRIENCES PROTECTIVE FEATURES ACTIONS
TRUCK ACCIDENT WITH [LITNIUN NYORIDE ADMINISTRATIVE
FIRE AND BREACH OF |RELEASE 10 CORIROLS SUCk AS (1)
LITHIUM NYDRIDE ATNOSPNERE DUE 10 ANNOUNCENENT OF
UASTE CONTAINER. SURNING OF LIN DELIVERY, (2) DRIVER
POMDER.  TRUCK TRAINING, (3)

TRUCK ACCIDENT AND
BREACN OF WULTIPLE
CONTAINERS OF
INCOMPAT IBLE MASTES.

ORiVER EXPOSURE 1O
LIN/DU AND NINOR
OEPLETED URANIUM
CONTAMIRATION UITHIN
THE FACILITY.
(0;0;8;D).

¥2 GAS RELEASED AWD
DISPERSED. POSSIBLE
FIRE, ORIVER EXPOSED
10 Lin/ou AND MINOR
DEPLETED URANIUM
CONTANINATION UITHIN
THE FACILITY.
(D;0;8:0).

RESIRICT OTNER
TRAFFIC DURING
DELIVERY, (&) WO VET
WEATNER DELIVERIES.

ADNINISIRATIVE
CONTROLS SUCH AS (V)
ANNOUNCEMENT OF
DELIVERY, (2) DRIVER
IRAINING, (3)
RESIRICT OINER
IRAFFIC DURING
FDELIVEI' (4) N0 \ET
VEATNER DELIVERIES
(5) DO NOT TRANSPORT
INCOMPATIBLE WASTES
TOGETHER (6)
TRANSPORT ONE DRUM
AT A TIRE




PRELIMINARY RAZARD/RISK ANALYSIS RECORD SY ACTIVITY FOR WMRSF
ACTIVITY WMBER: LIN2
ACTIVITY NANE: UALK SENIND FORKLIFT TRANSFERS LITHIUM SYDRIDE WASTE DRUN 10 ENCLOSED STORAGE RODN.
ACTIVITY DESCRIPTION: WALK BEWIND FORKLIFT PICKS UP DRUM, WOVES TO STORAGE, AND PLACES INTO STORACE (SINGLE DRUM NIGH 18 AN ENCLOSED ROOW).

11-V

R--F--C CAUSE/SCENARIO CONSEQUENCES PROTECTIVE FEATURES ACTIONS
3 111 € [LITNIUR UYORIDE COMTAINER BREACK NONE rtlﬂlt THAT ThE
UASTE DRUM PUSHED LIN/OU SPILL 1N docx LOAD ING/UNLOAD ING
OFF DOCK OR TRUCK BYJAREA,  CONIACT wI AREA, INCLUDING TRE
TORKLIFT. \lﬂt‘, POSSIBLE FIRE SUMP S DRY PRIOR 10
AND VORKER I1NJURY OELIVERY.
0;0;C;C).
3 111 C [FORKLIFT DRIVES OFF COMTAINER SREACH, NONE #20 SPRINKLER SYSTEN
DOCK OR TRUCK WMILE |IGNITION OF Lin/oY 1S NOT RECOMMENDED.

TRANSPORTING L1TNIUMISPILLED 1IN DOCK AREA
HYDRIDE UASTE DRUM. |DUE TO CONTACT WITH

WUATER OR
INCOMPATIBLE MASTES,
POSSISLE FIRE AND

VORKER EHJURY
(0;0;C;C).

3 IV A JL1TMIUN KYDRIDE CONTAINER BREACH,  |wOmE ENSURE TRAT TWE
WASTE DRUM PUSHED  |SPILL OF LIN/DU AND LOAD 1 HG/UNLOAD 1NG
OFFf DOCK OR TRUCK BY|CONIACT VITH VATER AREA, INCLUDING THE
FORKLIET. IN SUWP, EXPLOSICN SUP 1S DRY PRIOR 10

DUE 10 EXPLOSIVE DEL IVERY.
FHIIIIIE POSSIBLE

VORKER FATALITY.

(D;0;A;C)

3 IV A |FORKUIFT DRIVES OFF |CONTAINER SREACH,  [NOWE ENSURE TRAT THE
DOCK G TRUCK WMILE |SPILL OF LIN/DU AND LOAD [ NG/UNLOAD I NG
IRANSPORT ING LITHIUM|CONTACT WITH VATER AREA, INCLUDING THE
HYDRIDE WASTE DRUK. 1N Suwp, EXPLOSION suwP’ IS DRY PRIOR 10

DUE TO EXPLOSIVE DELIVERY,

NINTURE, POSSIBLE
VORKER FATALITY.

(D;0;A:0)

& IV € jLiTHIUM WYDRIDE POTERTIAL WONE ORIVER SWOULD NAVE
VASTE DRUM PUWCTURED RELEASE/SPILL OF SREATNING APPARATUS
8Y FORKLIFT. Lin/0U IR THE AVAILABLE (VITHIN

LOADING DOCK AREA. REACH), DREAINING of
POTENTIAL WORKER LIN POMDER (IS
EXPOSURE (LIN AND NAZARDOUS .

ou). (D;0;C;0B)




PRELININARY RAZARD/RISK ANALYSIS RECORD BY ACTIVITY FOR MmSt
ACTIVITY MUMBER: LINS
ACTIVITY BAME: VALK DENIND FORKLIFT ROVES LITRIUN GYDRIDE DRSS 7O DOCK FROMR ENCLOSED STORAGE ROON
ACTIVITY DESCRIPTION: UALK BENIND FORKLIFT TRANSPORTS DRUN FROM STORAGE 1O DOCK.

¢1-v

R--F--C CAUSE/SCENARTD COMSEQUEWCES | PROVECTIVE FEATURES ACTIONS

3 111 C [LITHIUM NYDRIDE CONTAINER SREACN, | NOME ENSURE TRAT TNE
UASTE DRUW PUSNED  |LIW SPILL 1N DOCK LOAD I NG/UNLOAD 1NG
OFFf DOCK 8Y AREA, CONTACT UiItR AREA, INCLUDING "me
FORKLIFT, wATER, POSSIBLE FiRe SIS ORY PRIOR 10

AND VORKER 18JURY DELIVERY.
{0;0;C;C).

3 111 C |FORKLIFT DRIVES OFF |CONTAINER BREACH,  |wOwE W20 SPRINKLER SYSTEM
DOCK WHILE IGRITION OF LIN IS NOT RECONMENDED.
TRANSPORTING LITHIUK|SPILLED 1N DOCK AREA
NYDRIDE MWASTE DRUM. JM 70 CONTACT WITH

VATER ON

INCOMPAT IBLE MASTES,
POSSIBLE FIRE AND
WVORKER 18JURY
®;0:¢;C).

3 1v A |LiTIum nYDRIDE CONTAINER BREACH,  |WOWE ENSURE THAT THE
WASTE DRUN PUSNED  |SPILL OF LIN AND LOAD ] NG/UNLOAD 1NG
OFF DOCK OY CONTACT WITH UATER AREA, INCLUDING TNE
FORKLIFT. IN SUNP, EXPLOSION SUWP IS DRY PRIOR 10

DUE 10 EXPLOSIVE [oetiverr.
famm POSSIALE

VORKER FATALITY.

(0;D;A;C)

3 1v A |roaxLiFy orives O |comtaimen smeacw,  wowe ENSURE TRAT TRE
00CK WMILE SPILL OF LiIN AND LOAD 1 NG/UNLOAD | 96
TRANSPORT ING L1 THIUM|CONTACT WITH VATER AREA, INCLUDING THE
HYDRIDE UASTE ODRUM. [IN SUWP,  ERPLOSION SUMP IS DRY PRIOR 10

DUE 10 EXPLOSIVE DELIVERY.
MIXTURE, POSSIBLE W

VORKER FATALITY,

(0;D;A;C) J

& v C jLiTmiun myoRIDE POTERTIAL wowe DRIVER SNOLS NAVE
VASTE DRUN PUNCTURED [RELEASE/SPILL OF LIN SREATNING APPARATUS
BY FORKLIFT. IN TNE LOADING DOCK AVATLABLE (VITHIN

AREA. POTENTIAL REACN), SREATNING OF
VORKER EXPOSURE (1IN LIN POWDER IS
AND DU). (D;D;C;0) NAZARDOUS .




PRELIRINARY HAZARD/RISK ANALYSIS RECORD BY ACYIVITY FOR WUTF
ACTIVITY NBER: LING
ACTIVITY NAME: YARD FORKLIFT DELIVERS LITHIUN NYDRIOE 7O TREATMENT ROUM DOUR.
ACTIVITY DESCRIPTION: YARD FORKLIFT DELIVERS LITHIUN NYDRIDE VUASTE ORUR FROM DOCK TO TREATNENT ROON OOOR.

£I-V

R--f--C CAUSE/SCENARIO CONSEQUENCES | PROTECTIVE FEATURES ACTIONS
3 11 C |FORKLIFT ACCIOENT  [SPILL OF DR NONE (1) MOVE OWLY ONE
{ourinG TRANSPORT COMTENTS, VORKER PALLEY AT A TINE
BETUEEN BUILDINGS. |CONTAMINATION (LIN (2) RESTRICT OTMER
AND DEPLETED VERICLE DURING
URANIUM). ALSO TRANSPORT
FACILITY (TA) (3)BREATRING
CONTARINATION. APPARATUS AVAILABLE
0;0;C;C) Io .glIVl:; winn
", ¢ %o
IRARSPORTS OURING
VET VEATNER
CoONDITIONS.
3 111 8 [FORKLIFT ACCIDENT  |SPirL OF DR NONE (1) MOVE oMLY ONE
DURING TRANSPORT CONTENTS, POSSIBLE PALLET AT A TINE,
BETVEEN BUILDINGS. FIRE AND LITNHIUN (2) RESIRICT OINER
WYDRIDE FUMES VENICLE DURING
INNALED BY TiE TRANSPORT
DRIVER. POSSISLE (3)ereATninG
DRIVER INJURY AND APPARATUS AVATLABLE
CONTANINATION V11N 10 DRIVER, WITNIN
DEPLETED URANIUM REACH, (4} WO
WASTE. (D;D;8;C) TRANSPORTS DURING
VET UEATNER
CONDI T IONS.
3 111 C |FORKLIFT ACCIOENT  |SPILL OF LIN in TwE |wowe (1) NOVE OWLY ONE
NEAR DOCK AREA. DOCK AREA MINED MITH PALLET AT A TINE,
VATER IN TNE SUWP, (2) RESTRICT OINER
POSSIBLE FIRE AND VENICLE DURING
VORKER [NJURY. TRANSPORT
(0;0;€;C) (3)seatning
APPARATUS AVAILABLE
10 DRIVER, VITHIN
REACH, (4) %O
TRANSPORTS DURING
VET VEATNER
COMITIONS, (5)
ENSURE TNE SUWP AND
|oocx anea ame omy
PRIOR TO MOVING
UASTE DRUMS.
3 IV A {FORKLIET ACCIDENT  [SPILL OF LIN INTO  {wOWE (1) WOVE OWLY OWE
NEAR DOCK AREA. E SUW. PALLET AT A TINE,
EXPLOSION/FIRE DUE (2) RESTRICT DINER
10 EXPLOSIVE VERICLE DURING
WIXIURE, POSSIBLE TRANSPORT
FATALITY. (D:D;A;C) (3)ereataing
APPARATUS AVAILABLE




PRELININARY BAZARD/RISK ANALYSIS RECORD BY ACTIVITY FOR MITE
ACTIVITY IRMDER: LI
ACTIVITY NAME: YARD FORKLIFT DELIVERS LITHIUR NYORIOE TO TREATMENT RUOR SOUR.
ACTIVITY DESCRIPTION: YARD FORKLIFT DELIVERS LITHIUN NYORIDE UASTE DRUN FRON BOCK 10 TREATNENT ROOM DOOR.

CAUSE/SCENARIO CONSEQUENCES PROTECTIVE FEATURES ACTIONS

Y
TRANSPORTS DURING
lues veaTmen
CONDITIONS, (5)
ENSURE TNE SUNP AND
|oocx amen ame omv
PRIOR TO MOVING
UASTE DRUNS.

F1-v




¢1-v

PREL IRINARY NAZARD/RISK ANALYSIS RECORD 8Y ACTIVITY FOR WUTF
ACTIVITY MABER: LINS
ACTIVITY NAME: WUTF OVERNEAD CRANE DELIVERS LITHIUN NYDRIDE DRUN 10 SAWPLE ROCN.
ACTIVITY DESCRIPTION: OVERNEAD CRANE DELIVERS LITNIUN NYDRIDE DRUN TO SANPLE ROON.

R--F--C CAUSE/SCENARIO CONSEQUENCES PROTECTIVE FEATURES ACTIONS
3 010 8 [LITNIUN NYDRIDE CONTAIWER BREACH NOwE WORKER 10 VEAR
VASTE DRUM DROPPED [W1Th SPILL OF LIN PROTECTIVE CLOTRING
UNILE MOVING INTO POUDER. VORKER AND BREATHING
SAMPLE ROOM. EXPOSURE/ INNALAT 1OM APPARATUS DURING
OF LIN POUDER AND MOVEMENT OF ORUM
DEPLETED URAMIUN. uilN NOIST.
(0;0;8;0).




PRELININARY NAZARD/RISK ANALYSIS RECORD BY ACTIVITY FOR WITF
ACTIVITY mmmen: LING
ACTIVITY BAME: OVERPACK DRUR 1S OPEWED AND LINER LIR DMM 1S LIFTED MITR CRANE
ACTIVITY DESCRIPYION: OVERPACK DRUN 1S GROUNDED, OPENED MITH NON-SPARK TOOLS, AKD THE INNER DRUN IS LIFTED VITH THE OVERNEAD CRANE.

91-Vv

R--§--C CAUSE/SCENARIO CONSEQUENCES PROTECTIVE FEATIRES ACTIONS

3 111 8 [ORUN CONTENTS SPILL OF ORUM SHONE OPERATORS SNOIRD USE
SPILLED DUE TO: (1) {CONTENTS WIIN FIRE. SELF CONTAINED
CLAWP COMES LODSE, |WORKER EXPOSURE 10 SREATHING APPARATUS.

OR (2) LID FALLS LIN AND DEPLETED
OFF; AND IGNITION OF [URARIUN POMDER AND

LIN POVDER. INNALATION Of FUMES.
(D;D:8;9)
3 111 C |CPERATIOR FAILS 10 SHORT DURATION NONE OPERATORS SROWMRD USE
FOLLOU PROCEDURE HYDROGEN FIRE UPOM . SELF CONIAINED
WKILE OPENING TNE CPENING TRE SREATRING APPARATUS

LIN OVERPACK (1.E., |OvEmPacCK. POSSIBLE
USES URONG TOOLS, = |VORKER INJURY.
DOES NOT GROUND 0:0;C;0)

DRUN, MISPOSITIONING
OF THE VENT WOOD,

€1C...).

3 111 C |ORUN CONTENTS VORKER EXPOSURE 10 |NOWE OPERATCRS SHOIRD USE
SPILLED DUE 10: (1) [LITINIUN NYDRIDE AND SELF CONTAINED
CLANP COMES LODSE, |[DEPLETED URANIUN. BREATHING APPARATUS.

OR (2) LID FALLS (0;0;C;D)
OFF .,

3 IV A |RELEASE OF TORIC GAS|WORKER INRRY, 1“ Hmhms SHOWLS USE
DUE 10 UNENPECTED POSSIBLE FAIALITY. SELF CONTAINED
MATERIALS 1N LIR (D;0;A;0) BREATHING APPARATUS .

NYDROGEN SULFIOE,
CHLORINE, E1C...).

& IV C [OPERAIOR FAILS 10 EXPLOSION OF SPALL | MONE Jmm SHOMLS USE
FOLLOW PROCEDURE QUANTETY OF SELF COMTALNEYD
(CAUSES SPARK) AND [AVRILABLE NYDROGE® BREATHING APPARATUS.

IGHITES NYOROGEN 1M {RESIRICTED 1O SPACE
INE LIN UASTE DRUM. funn VENTILATION
WOOD. (D;D;C;D)




ACTIVITY DESCRIPTION: OVERPACK ORUN (LITNIUN NYDRIDE PROCESS) IS DISCARDED 10 CRUSHER OR USED FOR CERENTATION.

LI-V

PREL IRINARY RAZARD/RISX ANALYSIS RECORD BY ACTIVIIY FOR WNTF
ACTIVITY WSMER: LINT
ACTIVITY NANE: OVERPACK DRUM 1S DISCARDED 10 CRUSHER OR USED FOR CEMENTATION (LIN PROCESS).

R--5--C

CAUSE/SCENARIO

COMSEQUENCES

PROTECTIVE FEATURES

ACTIONS

MININAL

TRANSPORT OF ENPTY |NONE

OVERPACK DRUM
(LITHIUR NYORIDE
PROCESS) 10 CRUSHER
OR CEMENTATION
FACILITY,

INVOLVES IRANSPORTATION 10 CRUSNER OR CEMENTATION FATILITY.




PRELININARY WAZARD/RISK ANALYSIS KECORD BY ACTIVITY FOR WUTF
ACTIVITY MUBER: LING
ACTIVITY WANE: VERMICULITE REMOVED AND BAGGED (LIN PROCESS)
ACTIVITY DESCRIPTION: VERMICULITE REMOVED FRON OVERPACK, SAGGED AND SENT TO LANDFILL OR STORAGE.

81-V

R--F--C

CAUSE/SCENARID

PROTECTIVE FEATURES

ACTIONS

& 110

VERNICULITE
CONTANINATED WITH
LiN AND DEPLETED
URANIUM FROM LEAKY
INNER PACK.

POSSIMLE
CONTAMINATION NITN
LIN/DU, AND MINOR
WORKER SNNALATION.
;0:0;0)

IF INERE ARE
INDICATIONS OF A
LEAK UWEN REMOVING
INE INNER DRUM,
|oowor memove we
VERMICUL I TE.




ACYIVITY DESCRIPTION: PRIMARY DRUM

61-V

PRELININARY NAZARD/RISK ANALYSIS RECORD BY ACTIVITY FOR WMUF

ACTIVITY NANE: PRINARY MASTE DRUM IS CROUWDED AND OPENED USING NON-SPARK TOODLS
CONTAINING LITHIUN NTDRIDE IS GROUNDED AND OPENED MITH NOWH-SPARK TOOLS. ASSUME SANE NAZARDS AS ACTIVI

ACTIVITY MUMBER: LINO

X--F--C

CAUSE/SCENARIOD

CONSEQUENCES

PROVECTIVE FEATURES

ACYIONS

3

1V A

ive

LITRIUM NYORIDE
ENTRATUMENT 10 TRE
VENT SYSTER UNEFN
PRIMARY DRUR OPENED

OPERATOR FAILS 10
fOLLOV PROCEDURE
UNILE OPENING LIN
INNER WASTE DRUM
(1.€., USES URONG
100LS, DRUM NOT
GROUNDED
NISPOSITIONING OF
INE VEN1 NOTD,
€1C...).

NEPA/SCRUBBER
CONTANINATION WITH
LIN AND DEPLETED

. jumanium. (D;0;0:0)

SHORT DURATION
WYDROGEN FIRE UPON
OPENING THE PRIMARY
VASTE DRUM.

PUSSIBLE LIN :
IGNITION. VORKER
ENPOSURE YO LIN AND
DEPLETED URANIUN,
INMALATION OF FUMES.
(0;0;8;C)

RELEASE OF TOXIC GAS|WORKE

DUE 10 UNEXPECTED
KATERIALS W LIN
PRIMARY UASTE DRUM
(PNOSGER, WYDROGEN
SULFIDE, CHLORINE,
E1C...).

OPERATOR FAILS 1O
FOLLOM PROCEDURE
(CAUSES SPARK) AND
1GN1TES HYDROGEW 1IN
LI% VASTE DRUM.

R INARY,
POSSISLE FAIALLTY.
(0;0;A;C)

OISPERSAL OF
LIN/DEPLETED URARIUM
POMDER DUE 10
EXPLOSION/FIRE .
SEVERE WORKER
INJURY. (D;D;8;C)

DESIGN/OPERATE WOOD
VENT SUCH TNAT LIN
ENTRAINNENT NOY
POSSIBLE.

VORKERS SWOULD VEAR
PROTECTIVE CLOINING,
AND USE SELF
CONTAINED BREATHING
APPARATUS .

VORKERS SWOLD WEAR
PROTECTIVE CLOTNING,
AND USE SELF
CONTAIWNED BREATNING
APPARATUS .

VORKERS SNOULD WEAR
PROTECTIVE CLOTRING,
AND USE SELF
CONTAINED BREATNING
APPARATUS.

IY 10, EXCEPY LESS W2 GENERATION POSSH



PRELININARY BAZARD/RISK ANALYSIS RECOR® SY ACTIVITY FOR WITF
ACTIVITT MARER: LINTO
ACTIVITY WANE: CONTENTS OF LIN UASTE DRUN VISUALLY INSPECTED AND SAPLED
ACTIVITY DESCRIPTION: CONTENIS OF LIN UASTE DRU VISUALLY INSPECTED AWD SAMPLED

R--F--C CRUSE /SCENARIO CONSEQUENCES PROTECTIVE FEATURES ACTIONS
3 111 8 [LIN PRINARY DRUN POTENTIAL LITHIUN NONE rllllﬂll! NE TINE
OPENED AND LEFT OPEN|MYORIDE FIRE WIIR TRAT TRE LITNIUM
fOR AN EXTENDED SANWLE ROOM NYDRIDE MAY Bt
PERIOD OF TIME. COMTAMINATION AND EXPOSED 10 AIR.
VORKER INMNALATION. Q00N WURIDITY SHOAD
(0;9:8;C) SE
MOM | TORED/CONTROLLED

02-V



PRELININARY NAZARD/RISK ANALYSIS RECORD BY ACTIVITY FOR MATF
ACTIVITY NUMSER: LINTY
ACTIVITY NANE: PRIMARY LITHIUM NYDRIDE DRUM TRANSFERED 10 SKID WITH CRANE.
ACTIVITY DESCRIPTION: PRINARY LITHIUN KYDRIDE DRUM TRANSFERED TO SKID UITH CRANE.

R--F--C CAUSE/SCENARIO CONSEQUENCES PROVECTIVE FEATURES ACTIONS

3 111 B [ORUM COMTENTS VORKER NONE WORKER 10 VEAR
SPILLED DUE 10: (1) |EXPOSURE/INNALATION PROVECTIVE CLOTNING
CLAMP COMES LODSE, |OF L1TNIUR AYDRIDE AND BREATHING
(2) LID FALLS OFF, |POMDER AND DEPLETED APPARATUS OURING
(3) CRANE ACCIDEWT. |URANIUM. (D;D;8.C) WOVEMENT OF DRUM

WITH MOIST.

3  1v B |DRUM CONTENTS LIN SPILLED AW NOWE VORKER 10 WEAR
SPILLED DUE TO: (1) |CONTACIS WATER IN PROTECTIVE CLOTNING
CLAMP COMES LOOSE, |SUWP, PUSSIBLE FIRE, AND BREATNING

(2) LID FALLS OFF
(3) CRANE ACCIDENT.

VORKER EXPOSURE AND
INNALATION OF FUMES
AND DEPLETED

URANIUM. (D;D;8;C)

APPARATUS DURING
NOVEMENT OF ORUM
WiTH WOIST. ENSURE
TRAT THE SUMP IN THE
TREATNENT ROOM (S
PUMPED ORY IF
POSSIBLE.

18-V




PRELININARY NAZARD/RISK ANALYSIS RECORD BY ACTIVIIV FOR WITF
ACTIVITY musBER: LINI2
ACTEVETY NANE: MANUALLY LOAD MUMIDIFIER TRAYS WiTH LITRIUR NYORIDE
ACTIVITY DESCRIPTION: WANUALLY LOAD WUNIDIFIER TRAYS WITH LITAIUM AYORIDE

R--F--C CAUSE/SCENARIO CONSEQUENCES PROTECTIVE FEATURES ACtiONS
3 115 8 |SPILL OF LITHIUM POSSIBLE LITNIUN NONE (1) VORKER SWOULD
HYDRIDE WMILE NYDRIDE FIRE, WORKER VEAR PROTECTIVE
LOADING WMUMIDIFIER tmulnuhmou. CLOINING AND
TRAYS (0;0;8;0) SREAINING APPARATUS
(2) ENCLOSE VORKER
AREA (3) PROVIDE
VENTILLATION
3 1§t 8 |EXCESS LITHIUN POSSISLE LITNIUN NONE (1) VORKER SHOULD

WYDRIDE (AFIER
WURIDIFIER TRAYS

FILLED) WOT RESEALED

IM THE PARTIALLY
FILLED DRUN,

NYORIDE FIRE, UORKER
ENPOSURE/ INNALATION.
;0;0;0)

WEAR PROVECTIVE
CLOTHING AND
SREATHING APPARAIUS
(2) ENCLOSE LOADING
AREA (3) PROVIDE
VENRTILATION

te-V




PRELININARY RAZARD/RISK ANALYSIS RECORD GV ACTIVITY FOR WTF
ACTIVITY NUMBER: LINT3
ACTIVITY BANE: LITRIUN NYDRIDE REACTED WITH WATER IN THE WUNIDIFIER
ACTIVITY DESCRIPTION: LITRIUM WYDRIDE REACTED WITH VATER 1N THE WUNIDIFIER

€e-V

R--F--C CAUSE /SCENARIO COMSEQUENCES | PROTECTIVE FEATURES ACTIONS
3 11 C |excess mDISTURE TENPERATURE Nowe (1) INCREASE DESIGH
INTRODUCED DUE 7O  |EXCURSION 1N TRE WUMIDIFIER SAFETY
WURIDIFIER REACTOR SED, VERY (2) INSTALL WUNIDITY
MALFUNCTION OR NIGH GENERATION RATE ANALYZER,
CONIROL FAILURES  |OF NYDROGEW EXCEEDS TENPERATURE
(E.G., URE INLET DILUTION CAPABILITY ANALYZER, AWD
VALVE 1O THE PACK  |OF TNE EOUIPMENT. AYDROGEN  ANALYVZER
COLUMM FAILS CPEN). |FORMATION OF
lexpLOSIVE OR
SLMASLE WINTURE
(N2 B AIR) 1N THE
EXNAUST DUCT OR TNE
MUMIDIFIER.
POSSIBLE
EXPLOS10M/F IRE
VORKER INJURY AND
FACILITY
DAMAGE /CONTAMNINAT ION
. (D:0;C:C)
3 11 ¢ |our of cowteoL LITRIUN NYORIDE NONE (1) PROCESS SAFETY
REACTION OUE TO TNE |EVAPORATES AWD UCASURES ANS
USE OF AIR [NSTEAD |CONTANINATES TNE ADMINISTRAT IVE
OF INERT GAS IN TNE [SCRUBSING SYSTEM. CONIROLS (2) PROVIDE
REACTION PROCESS  |(D:0;0;C) SPECIAL COWNECTORS
(LIN PROCESS). FOR NI TROGEN GAS




PRELININARY NAZARD/RISK ANALYSIS RECORD BY ACTIVITY FOR WITF
ACTIVITY NUMBER: LIN14
ACTIVITY BAME: LITHIUM OXIDE REMOVED FROM THE WMMIDIFIER AND PLACED IN TNE REACTOR
ACTIVITY DESCRIPTION: LITHIUM OXIDE REMOVED FROM TWE NUMIDIFIER AND PLACED 1N THE REACIOR (LIN PROCESS).

R--F--C CAUSE/SCENARIO CONSEQUENCES PROTECTIVE FEATURES ACTIONS

ve-v

2

INCOMPLETE RERCTION
OF TNE LITHIUN
KYDRIDE 1M TRE

POTENTIAL FOR
LITRIUN NYORIDE FIRE
AND VUORKER EXPOSURE

USE DIVERSE METNODS
FOR YERIFICATION
THAT TNE REACIION IS

NUMIDIFIER 10 LIN/DEPLETED COSPLETE. CONTINUE
URANIUM UNILE VEARING PROVECIIVE
|oisposinG of CLOTHING/OREATRING

PARTIALLY REACTED
UASTE. (D;D;8;0)

APPARATUS WMILE
PROCESSING REACTION
PRODUCTS.




PRELININARY WAZARD/RISK ARALYSIS (ECORD BY ACTIVITY FOR MITF
ACTIVITY NUMBER: LiN1S
ACTIVITY NANE: SULFURIC ACID ADDED 10 LITNIUN WYDROR IDE
ACTIVITY DESCRIPTION: SULFURIC ACID ADDED 10 LITRIUM NYOROXIDE

R--F--C CAUSE/SCENARIO CONSEQUENCES PROTECTIVE FEATURES ACTIONS

3 11 C |[NUMAN ERROR LEADS 10 WORKER {NJURY DUE TO|NONE NONE
H2SO4 SPILL. ACID BURN. (D;D;C.D)

3 111 8 |[MIKING OF ACID GENERATION OF NONE NIX UNDER N5 TROGEN
(W2S04) UM HYDROGEN, POSSIBLE ATHOSPHERE
PARTIALLY REACTED FIREZEXPLOSION UITH
LIH (UNREACTED). VORKER INJURY AND

FACILITY
COMTAMINATION.
(D;0;8;0)

Ge-V




PRELININARY NAZARD/RISK ANALYSIS RECORD B8Y ACTIVITY FOR NUTF
ACTIVITY NUMBER: LIN1S
ACTIVITY NAME: LISOA SOLUTIONS FILTERED (LITHIUM KYDRIDE PROCESS)
ACTIVITY DESCRIPTION: LISOL SOLUTIONS FILTERED (LITHIUN NYDRIDE PROCESS)

R--F--C CAUSE/SCENARIO CONSEQUENCES PROTECTIVE FEATURES ACTIONS

9¢-V

&

LEAX OF SOLUVIONS
FILTERED FROM LIN
PROCESS.

KINOR VORKER
ERPOSUME. (D;0:0.0)




TABLE A-2
HAZMAN RESULTS SORTED BY RISK RANK FOR WATER REACTIVE WASTES

A-27
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MAZARD ANALYSIS REPORT BY RISK

R---F---C|] ACI/FAC ACTIVITY NAME CAUSE /SCENARIO CONSEQUENCES PROTECTIVE FEATURES ACYIONS
2 e jumsy LITHIUA OXIDE REMOVED INCONPLETE REACIION OF  [POTENTIAL FOR LITHIUW NONE USE OIVERSE METNODS FOR
WITF FROM TNE WUMIDIFIER AND |TWE LITWIUN WYDRIDE 1N |WYDRIDE FIRE AND WORKER VERIFICATION THAT TRE
PLACED IN TNE REACTOR INE MMIDIFIER EXPOSURE 10 LIN/DEPLETED REACTION 1S COMPLETE.
URANIUN ABIILE DISPOSING CONT INUE VEARING
OF PARTIALLY REACTED PROTECHIVE
WASTE. (D;D;8;0) CLOTNING/BREAINING
APPARATUS WHILE
PROCESSING REACTION
PRODUCTS .
3 1 0 |LIN®Y PRIMARY WESTE DRUM IS LITRIUN NYDRIDE PEPA/SCRUBSER NONE DESIGN/OPERATE WOOD VEWT
WTF GROUNDED AND OPENED USINGIENTRATMMENT 1N TWE VENT [CONTANINATION MITH LIN SUCH TRAT LiW ENTRAINMENT
NON-SPARK TOOLS SYSTEN WNEN PRIMARY DRUM [AND DEPLETED URANIUM, WOt POSSIBLE.
OPENED. (D;0;0;0)
3 e jusy YARD FORXLIFT DELIVERS FORKLIFT ACCIDENT DURING [SPILL OF DRUM CONIENES, |NONE (1) MOVE ONLY ONE PALLE!
Y1 LITHIUM NYDRIDE 10 TRANSPORT SETUEEN VORKER CONTANINATION (LIN AT A TINE, (2) RESIRICT
TREATMENT ROOM DOOR. [oUILDINGS. AND DEPLETED URANIUN). OINER VERICLE DURING
ALSO FACILITY (TA) TRANSPORT, (3)BREATNING
CONTANINATION. (D;D:C;C) APPARATUS AVAILABLE fO
JoRivER, WITNIN REACK, (&)
WO TRANSPORIS DURING WET
MEATNER CONDITIONS.
3 11cfjumsy LITRIUM NYDRIDE REACTED [ENCESS MDISTURE TENPERATURE ERCURSION I8 |nOwE (1) INCREASE DESICH
wWIF VITH VATER IN TRE INTRODUCED DUE 10 THE REACTOR BED. VERY WMMISIFIER SAFETY (2)
NURIDIFIER MMIDIFIER MALFUNCTION OR|NIGHN GENERATION RATE Of INSTALL MMIDITY
CONIRCL FAILURES (E.G., [NYDROGEW EXCEEDS DILUTION ANALYZER, TEMPERATURE
TNE INLET VALVE 10 TKE CAPABILITY OF TRE ANALYZER, AND WYDROGEM
PACK COLUMN FAILS OPEN). |EQUIPMENT. FORMATION OF ANALYZER
EXPLOSIVE OR FLAMMASLE
MIXTURE (N2 & AIR) 1IN TRE
EXNAUST DUCT OR TWE
WUMIDIFIER. POSSIBLE
EXPLOSION/FIRE VORKER
tnumy awo eaciuity
OAMAGE /CONTANINATION.
:b;C;:C)
3 i1 cC {LIm3y LITNIUN NYDRIDE REACTED |OUT OF CONTROL REACTION [LITHIUN KYDRIDE NONE (1) PROCESS SAFETY
WITF WIIN VATER IN THE DUE 10 TNE USE OF AIR EVAPORATES AND NEASURES ANS
WMMIDIFIER INSTEAD OF INERT GAS IN |CONTAMINAIES TNE ADMINISTRATIVE CONTROLS
INE REACTION PROCESS (LIN|SCRUBBING SYSTEN. (2) PROVIDE SPECIAL
PROCESS). (;0:0:C) g?tcvms FOR N1 VROGEN
3 11 ¢ jumsy SULFURIC ACID ADDED 10  [WMIMAN ERROR LEADS YO VORKER (NJURY DUE 1O ACID|{NONE NOWE
nTF LITHIUN WYDROXIDE n2s0b SPILL. SURN. (D;0;C;D)
3 1L B juImk YARD FORKLIFT DELIVERS FORKLIFY ACCIDENT DURIKG |SPILL OF DRUM CONTENIS, [NOWE (1) WMOVE ONLY ONE PALLET
WJTF / LITNIUN NYDRIDE 10 TRANSPORT BEIVEEN POSSISLE FIRE AND LITHIUN AV A TINE, (2) RESTRICY

TREATMENT ROOM DOOR.

BUILDINGS.

NYDRIDE FUMES [MNALED 8Y
INE DRIVER. POSSIBLE
DRIVER INJURY AND
CONTARINATION WITH
DEPLETED URANIUM MASTE.
(D;D;8;C)

OINER VERICLE DURING
TRANSPORT, (S)SREATNING
APPARATUS AVAILABLE 10
ORIVER, WITNIN REACH, (&)
MO TRANSPORTS DURING \WET
VEATNER CONDITIONS.




62-V

NAZARD ANALYSIS REPORT BY RISK

R---F---C

ACT/FRC

ACTIVITY BAME

CAUSE/SCENARLO

PROVECTIVE FEATURES

ACTIONS

3

Lins 7/
wie

Lints 7
WUTF

LNt /
wiE

Limi2 /
wJiF

LINY2 /7
WUTF

LINS 7
MRSF

L 7
MRS

LING /
WTF

WUTE OVERNEAD CRANE
DELIVERS LITRIUN NYDRIDE
ORUM 10 SAMPLE ROUH.

SULFURIC ACID ADDED 10
LITNIUN NYOROXIDE

CONTENTS OF LIN UASTE
DRUM VISUALLY INSPECTED
AND SANPLED

RANUALLY LOAD WURIDIFIER
TRATS UITH LITRIUN
HYORIDE

MANUALLY LOAD WUNIDIFIER
TRAYS WITH LITHIUN
WYDRIDE

TRUCK ENTERS FACILITY AND
ORIVES 10 MMSF DOCK (LIN
PROCESS)

TRUCK ENTERS FACILITY AND
DRIVES 10 MRSF DOCK (LIN
PROCESS)

OVERPACK DRUM 1S OPEWED
AND INNER LIN ORUM IS
LIFTED V11N CRANE

F

LITHIUN NYDRIDE VASTE
ORUM DROPPED UNILE NOVING
INTG SAMPLE ROOM.

WIXING OF ACID (H2SO04)
WITH PARTIALLY REACTED
LIN (UNREACIED).

LIN PRINARY DRUM OPENED
AND LEFT OPEN FOR AN
EXTENDED PERIOD Of VIME.

SPILL OF LITMIUN RYDRIDE
\&'{%E LOADING WUMIDIFIER

EXCESS LITHIUN KYORIDE
(AFTER WUMIDIFIER IRAYS
FILLED) WOV RESEALED W
TNE PARTIALLY FILLED

TRUCK ACCIDENT UITN FIRE
AND BREACH OF LITNIUN
NYCRIDE UASTE COMTAINER.

TRUCK ACCIOENT AND BREACN
OF MATIPLE CONTAINERS OF
INCOMPATIBLE VASIES.

DRUM CONTERTS SPILLED DUE
10: (1) CLAWP COMES
LOOSE, OR (2) LID FALLS
OFF; AND IGNITION OF LIW
POVDE

CONTAINER SREACR VITH
SPILL OF LIN POMDER.

WORKER

EXPOSURE/ INNALAT ION OF
LIN POMDER AND DEPLETED
URARIUN. (D;0;:8;:D).

GENERATION OF NYDROGEW,
POSSIBLE FIRE/EXPLOSION
VITH UORKER (1NJURY AND
FACILITY CONTAMINATION.
(0;0;8;C)

POTENTIAL LITHIUN NYDRIDE
FIRE UITH SANPLE ROON
CONTAMINATION AND WORKER
INNALATION. (D;D;8;C)

POSSICLE LITNIUN NYDRIDE

FIRE, VORKER
EXPOSURE/ TRNALATION.
(6;0;8:0)

m:mt u:smn NYORIDE
EXPOSURE/ INNALATION,
(D;0:8:0)

LITRIUN WYDRIDE RELEASE
10 ATMOSPNERE DUE 10
SURNING OF LIN POMDER.
TRUCK DRIVER EXPOSURE 10
LIN/OU AND MINOR DEPLETED
URANTUM CONTARINATION
VITHIN TRE FACILITY.
(0;0:;8:0).

%2 GAS RELEASED AND
DISPERSED. POSSIBLE

¢IRE, DRIVER EXPOSED 10
LIn/OU AND MINOR DEPLETED
URANIUN CONTAMINATION
VITNIN TNE FACILITY.
(0;9;8:0).

SPILL OF DRUN COMTENTS
WITR FIRE. VORKER
EXPOSURE TO LIN AND
DEPLETED URANIUM POMDER
AND INWALATION Cf FUMES.
(D:0;8;0)

|ome

VORKER 10 WEAR PROTECTIVE
CLOTHING AND BREATHING
APPARATUS DURING MOVEMENT
OF DRUM UITN NOIST.

Inix vDER N1TROGER
ATMOSPNERE

MINIIZE TRE TINE ThA?
INE LETNIUM NYORIDE MAY
SE EXPOSED 10 AIR. ROOM
MMIDITY SNOND BE

10N TORED /CONTROLLED .

(1) UORKER SWOULD VEAR
PROTECTIVE CLOINING AN
BREATNING APPARAIUS (2)
ERCLOSE WORKER AREA (3)
PROVIOE VENTILLATION

(1) VORKER SNOULD WEAR
PROTECTIVE CLOINING AND
BREATRING APPARAIUS (2)
ENCLOSE LOADING AREA (3)
PROVIOE VERTILAIION

ADRINISIRATIVE CONTROLS
SUCH AS (1) ANNOUNCEMENT
OF OELIVERY, (2) ORIVER
mammine, (3) RESIRIC
OINER TRAFFIC DURING
DELIVERY, (&) MO WET
VEATNER DELIVERIES.

ADNINISTRATIVE CONIROLS
SUCH AS (1) ANNOUNCENENT
OF DELIVERY, (2) DRIVER
wmatwing, (§) REsIRICT
OIWER IRAFFIC DURING
DELIVERY, (&) NO WET
VEATNER DELIVERIES, (5)
00 WOT IRANSPORT
INCONPATIBLE VASTES
1OGE INER (6) TRANSPORT
ONE DRUM AT A TINE

OPERATORS SWOULD USE SELF
COMTAINED SREATNING
APPARATUS .




0¢-V

NAZARD ANALYSIS REPORT Y RISK

ACT/EAC

ACTIVITY NAME

CAUSE /SCENARTO

PROTECTIVE FEATURES

ACTIONS

Ling 7
wWiE

uiny
Wt

LN 7
1”5’

L2 /
MMSF

L/
mSF

LIng ¢/
MnSF

Ling /
L 114

PRIMARY WASTE DRUN IS
GROUNDED AND OPENED USING
NON-SPARK TOOLS

PRIBARY LITNIUN NYDRIDE
DRUM TRANSFERED 1O SKID
WITN CRANE.

VALK GENIND FORKLIFT
TRANSFERS LITHIUN NYORIDE
WASTE DRUN 10 ENCL
STORAGE ROUNM.

VALK SENIND FORKLIFT
TRANSFERS LITNIUM NYORIDE
VASIE DRUM 1O ENCLOSED
STORAGE ROON.

VALK GENIND FORKLIFY
NOVES LITHIUN NYDRIDE
DRUM 10 DOCK FROM
ENCLOSED STORAGE ROOM

VALK BENIWD FORKLIFY
WOVES LITNIUN NYDRIDE
DRUM 10 DOCK FROM
ENCLOSED STORAGE ROOM

VARD FORXLIFT DELIVERS
L1THIUN NYORIDE O
TREATMENT ROOM DOOR.

OPERATOR FAILS TO FOLLOM
PROCEDURE WMILE OPENING
LIN INNER VASTE DRUN
(1.E., USES WMMONG TOOLS,
jowum %01 crOUMDED,
MISPOSITIONING OF THE
VENT NOOD, E3C...).

jorun contERTS SPILLED DUE
10: (1) CLAWP COMES
LODSE, (2) LID FALLS OFF,
(3) CRANE ACCIDEWT.

LITRIUN RYDRIOE WASTE
ORUN PUSNED OFF DOCK OR
TRUCK BY FORKLIFY.

FORXLIFT ORIVES OFF DOCK
OR TRUCK UMILE
TRANSPORTING L)TRIUN
NYDRIDE UASTE DRUNM.

LITHIUM NVDRIDE WASTE
DRUM PUSNED OFF DOCK BY
FORKLIFT.

FORELIFT DRIVES OFF DOCK
WRILE TRANSPORTING
LITRIUM RYORIDE MASTE
ORUM.,

FORKLIFY ACCIDENT NEAR

|oocx anea.

SHORT DURATION KYOROGEN
FIRE UPON OPENING TNE
PRINRARY VASTE DRUM,
POSSISLE LIN IGNEEION.
VORKER EXPOSURE 10 Lin
AND DEPLETED URANIUM,
INNALATION OF FUMES.
(0;0;8;0)

WORKER
EXPOSURE 7 INNALATION OF
LEITNIUN NYDRIDE POMDER
AND DEPLETED URANIUM.
(0;0:8;:C)

CONTAINER BREACH, LIN/DU
SPILL In DOCK ARfA,
COMIACY VITR WATER,

POSSISLE FIRE AND VORKER

1Ry (0:0:C:C).

CONTAINER BREACH,
IGHITION OF LIN/BY
SPILLED 1N DOCK AREA DUE
1O CONYACT ULTN UATER OR
INCOMPAT IDLE WMSTES,
POSSIBLE FIRE AMD WORKER
INJURY (D;0;C;C).

CONTAINER BREACH, LIN
SPILL 1N DOCK AREA,
CONTACT VITH WMTER,
POSSIBLE FIRE AND UORKER
INJURY (D;0;C;C).

CONTAINER BREACH
ICHITION OF LIN $PILLED
IN 0OCK ARER OUE 10
CONTACT VITH VATER OR
INCONPATISLE WASTES,
POSSIBLE FIRE AND UORKER
INRY (D;0;C;C).

SPILL OF LIN N THE SOCK
AREA NIRED MITN UATER IN
INE SUMP, POSSIBLE FIRE
AND VORKER INJURY.
€0;0;C;C)

VORKERS SHOULD VEAR
PROTECYIVE CLOINING, A
USE SELF CONTAINED
GREATRING APPARATUS.

UORKER 10 \EAR PROTECIIVE
CLOTRING AND SREATNING
APPARATUS DURING NOVENEN!T
OF DRUM WITK WOIST.

ENSURE THAT TNE
LOADING/AUNLOADING AREA,
INCLUDING THE SUMP IS ORY
PRIOR 10 DELIVERY.

020 SPRINKLER SYSIEM IS
NOT RESOMMENDED.

ﬁm IAT THE
LOADING/UNLOADING AREA,
INCLUDING THE SUWP 1S DAY
[Prion 10 per iveny.

N20 SPRINKLER SYSTEM IS
wm RECOMMENDED .

C1) MOVE ONLY ONE PALLET
Al A VINE, (2) RESIRICT
OTNER VEWICLE OURING
TRANSPORT, (SIBREATNING
APPARATUS AVAILABLE 16
DRIVER, VITHIN REACH, (&)
N0 IRANSPORIS DURING WET
VEATNER COMDITIONS, (5)
ENSURE THE SUNP AND SOCK
AREA ARE DRY PRIOR 10
MOVING MASTE DRUNS.




—

18-V

WAZARD ANALYSIS REPORT BY RISK

R---F---C] actzeac ACTIVITY RNAME CAUSE/SCERARIO CONSEGUENCES PROTECTIVE FEATURES ACTions
3 111 C ILInG 7  |OVERPACK DRUN IS OPEWED |OPERATOR FAILS TO FOLLOW [SWORT DURATION RYDROGEN |wONE TORS SNOND USE SELF
AT ASD INNER L1N ORUM IS |PROCEDURE WHILE OPENING |FIRE UPOR OPENING TNE r CONTAINED SREATNING
LIFTED MITH CRANE INE LIN OVERPACK (1.E., |OVERPACK. POSSINE APPARATUS
USES WRONG TOOLS, DOES WORKER INSRUMY. (D;0:C:D)
NOT GROUND DRUM,
MISPOSITIONING OF TRE
VENT NOOD, ETC...).
3 111 ¢ |ume s |oversack omum 1S oPEwED  Jomum CONTENTS SPILLED DUE|UORKER EXPOSURE 1O |roome TORS SNOR® USE SELF
WtF AND 1WNER LIN ORUM IS 10: (1) CLAWP CONES LITHIUN RYERIDE AND CONIAINED BREATRING
LIFTED MITH CRANE LOOSE, OR 12) LID FALLS [DEPLETED URANIUN. APPARALUS .
oFF. ;0;C;9)
3 tvafus2z  |uax semim roextist LITRIUN WTDRIDE UASTE CONTALNER SREACH. s |one ENSURE TRAT THE
*MSV TRANSFERS LITNIUM NYDRIDE jORUN ORUN PUSHED OFF DOCK OR LIN/OU AND LOADINGARR OADING AREA
WASTE DRUM TO ENCLOSED | IRUCK BY FORKLIFI. ViTk UATER 1N sur IRCLUDING TRE SUWP 1S By
SIORAGE ROUM. EXPLOSION BUE 10 PRICR 10 DELIVERY.
ENPLOSIVE NIRT
POSSISLE WORKER vimm.
€(0;0;:A;C)
3 tva jums  |uax semIm FORKLIFT FORNLIFY ums OFF DOCK |CONTAINER OREACH, SPILL |wOmE TRAT THE
lmsr TRANSFERS LITHIUN NTORIDE [OR 1RUCK WM OF LIN/OU AND CONTACT LOADING/USLOADING AREA
WASTE DRUN 1O ENCLOSED lmmnm i VITH UATER 1N SUWP, INCLUDING TNE SUWP 1S ORY
STORAGE ROOM. NYDRIDE VASTE DRUM. EXPLOSION BUE 10 10R 10 DELIVERY.
EXPLOSIVE MIKTURE
POSSISLE WORKER FASALITY.
{D;D:A;C)
3 1vaA juss/  |uaLk BENIND FORKLIFY LITHIUN WYDRIDE UASTE  |CONTAINER SREACE, SPILL Qm ENSURE TRAT THE
RSE NOVES LITHIUN NTDRIDE  |ORUM PUSNED OFF DOCK BY [OF LIN AMD CONIACLT wiTH LOADING/AMILOADING AREA
DRUM 10 DOCK FROM FORKLIFT. VATER IN SUNP, EXPLOSION JECLUDING TNE SuwP IS bar
ENCLOSED STORAGE ROOM oUE 10 Exprosive mixTuRe, PRIOR 10 DELIVERY.
POSSISLE VORKER FATALITY.
[{ K HHA)
3 v jums s |uax sEmim FoRKLIFY FORKLIFT ORIVES OFF 0OCK |CONTAINER GREACH, SPILL rm ENSURE TRAT TwE
Jmmse MOVES LITHIUN NYDRIDE  |VMILE VRANSPORTING OF LIN AND CONTACY Wi LOADING/UMLOADING AREA,
DRUM 10 DOCK FRON LITHILN NYDRIDE WASTE  |WATER IN SLOW nmmu INCLUDING INE SUWP IS BRY
ENCLOSED STORAGE ROOM [DRUM. ouE 10 Exprosive mIXTURE, PRIOR 10 DELIVERY.
POSSISLE VORKER FATALITY.
;0:;4:;C)
3 VA LI 7 YARD FORKLIFY DELIVERS FORKLIFT ACCIDENT REAR SPILL OF LIN INTO TRE WONE (1) MOVE ONLY ONE PALLEY
WMITF LItTRIUR NYDRIDE TO #m AREA. SUMP. EXPLOSION/FIRE DUE T A TINE. (2) RESIRICY
TREATMENT ROOM DOOR. 10 EXPLOSIVE MIXIURE, otmer venfciLe suming
POSSIBLE FATALITY. IRANSPORT, (3)BREATNING
rm;p:g;g) APPARATUS AVAILABLE 10
DRIVER, UITuInN REACK, [(3)
%0 IRANSPORTS DURING WE!
VEATNER CONDITIGNS, (5)
ENSURE TNE SUNP AND DOCK
AREA ARE DRY PRIOR 10
1NG WASTE DRUMS.
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BAZARD ANALVSIS REPORT BY RISK

R---F---C| ACT/EAC ACTIVITY NAME CAUSE/SCERARIO CONSEGUENCES PROTECTIVE FEATURES ACTIONS
3 VA |LING / OVERPACK DRUN IS OPENED |[RELEASE OF TONIC GAS DUE [WORKER INJMY. POSSISLE |[wOuE OPERATORS SNOULD USE SELF
L4 AND INNER LIN ORUM IS 10 URENPECTED MATERIALS |[FATALITY, (B:‘:A;D) CORTAINED BREATRING
LIFTED WITN CRANE 1N LIN VASTE DRI APPARATUS .
(PNOSGEN, NYOROGEN
SULFIDE, CNLORINE,
€1C...).
3 IVvA JLING / PRIMARY UASTE DRUM §S RELEASE OF TOXIC GAS DUE [VORKER IRJURY, POSSIBLE |NONE WORKERS SHOLD WEAR
WITF GROUNDED AND OPENED USING]TO UNEXPECTED FATERIALS IFATALITY. (D;D;A;C) Imt!l:IIVE CLOINING, AWD
NON-SPARK TOOLS 6 LIN PRINARY WASTE DRUN USE SELF CONTAINED
(PROSGEN, NYDROGEN SREAINING APPARATUS.
SULFIDE, CMLORINE,
Ev1C...).
3 wvejLimey PRINARY UASTE DRUR (S OPERATOR FAILS 10 FOLLOV |o|srnsn. OF LIN/OEPLETED |NONE UORKERS SWOIRD WEAR
nTF GROUWDED AND OPENED USING|PROCEDURE (CAUSES SPARK) [URANIUM POMDER DUE 10 lmttﬂlvt CLOTNING, AND
MNOM-SPARK TOOLS AND IGHITES NYDROGER IN (ENPLOSION/FIRE. SEVERE USE SELF CONIAINED
LIN WASTE DRUM. WORKER 1MJURY. (D:D;8:C) SREATNING APPARATUS.
3 ive jLintty PRIMARY LITNIUM NYDRIOE [ORUM CONTENTS SPILLED DUE|LIN SPILLED AND CONTACTS |NONE WORKER 10 WEAR PROTECTIVE
WITF JORUM TRANSFERED 1O SKID |710: (1) CLAMP COMES VATER IN SUNP_ POSSIBLE CLOTRING AND BREATNING
VITH CRANE. LOOSE, (2) LIO FALLS OFF, |FIRE, VORKER EXPOSURE AND APPARATUS DURING MOVEMENT
(3) CRANE ACCIDENT. INNALATION OF FUMES AND OF BRUN WITH NOIST.
JDEPLETED URANIUN, ENSURE TRAT TNE SURS IN
(0;0;8:C) TNE TREATMENT ROOM {S
PUNPED DRY IF POSSIBLE.
& 110 jLImé/ LI1SO4 SOLUTIONS FILTERED |LEAK OF SOLUTIONS ININOR WORKER EXPOSURE. NONE ONE
wis C(LITRIUN NYDRIDE PROCESS)|FILVERED FROM LIN (0;0:0:0)
PROCESS.
& 110 jLIN8/ VERNICURL ITE REMOVED AND |VERRICULITE CONTANIRATED VOSSIllE CONTANINAT 10N NONE IF YWERE ARE (NDICATIONS
MITF BAGGED (LIN PROCESS) WITN LIK AND DEPLETED WITH LIN/DU, AND MINOR JOF A LEAK WNEN REMOVING
URANIUN FROM LEAKY [NNER [VORKER INMALATION. TNE JUNER DRUN, DONOT
PACK. (0:;0:0:0) REMOVE [HE VERMICULITE.
& Ivejumey VALK DENIND FORKLIFY LITRIUN NYDRIDE VASTE POTENTIAL RELEASE/SPALL Lm illl!!l SKINLD NAVE
MMSF TRANSFERS LITNILRY NYDRIDE [DRUN PUNCTURED SY OF LIN/OU IR INE LOAD:%G SREATNING APPARATUS
UASTE DRUW TO ENCLOSED FORKLIFT. DOCK AREA. POTENTISL AVAILABLE (VITHIN REACH),
STORAGE ROOM. VORKER EXPOSURE (LIN AND SREAINING OF LIN POWDER
oU). (D;0;C;0) 1S GAZARDOUS.
& IvC Ll 7/ VALK SEXNIND FORKLIFY LITRIUN NYDRIDE WASTE POTERTIAL RELEASE/SPILL [NOWE IORIVER SHOLD NAVE
meSF MOVES LITHIUN NYDRIDE ORUN PUNCTURED BY OFf LIN IN TNE LOADING SREATNING APPARATUS
jorUM 10 DOCK $ROM FORKLIFT. DOCK AREA. POTENTIAL AVAILABLE (VITHEN REACH),
ENCLOSED STORAGE ROOM WORKER EXPOSURE (LIN AND BREATRING OF LIN POLDER
DUy, (D;9:C;0) IS WAZARDOUS .
& IVC JLING OVERPACK DRUN S OPENED |OPERATOR FAILS TO FOLLOU [EXPLOSION OF SMALL NONE CPERATORS SHOULD USE SELF
wWiF / AND IWNER LIN ORUN 1S PROCEDURE (CAUSES SPARK) [QUANTITY OF AVAILASLE CONTAINED BREATNING
LIFTED WITH CRANE AND ICNITES NYDROGEN IN |[WYDROGEM RESIRICTED 10 APPARATUS .
THE LIN UASTE DRUM, SPACE UNDER VENTILATION
HOOD. {D;0:C:D)
L7 /7 OVERPACK ORUN IS TRANSPORT OF ENPIY NONE NONE NONE
WITF DISCARDED 10 CRUSMER OR |GVERPACK DRUM (LITNIUN
USED FOR CENENTATION (LININYDRIDE PROCESS) 10
PROCESS). CRUSHER CR CEMENTATION
FACILITY, ]




TABLE A-3
HAZMAN RESULTS SORTED BY ACTIVITY BY DU WASTE
TREATMENT PROCESS

A-33



PRELININARY NAZARD/RISK ANALYSIS RECORD BY ACTIVITY FOR MMSF
ACTIVITY mmBER: DU
ACTIVITY NAME: TRUCK ENTERS AND DRIVES 70 OOCK
ACTIVITY DESCRIPTION: DELIVERY OF URANIUM VASTE 10 TNE MURSF LOADING DOCK AND TRANSFER 10 STORAGE

pe-v

R--F--C

CAUSE/SCENARIOD

COMNSEQUENCES

PROVECTIVE FEATURES

ACTIONS

2 e

TRUCK ACCIDENT WITN
FIRE AND BREACH Of
DEPLETED URANIUM
WASTE COMTAINER.

RADIOACTIVE RELEASE
10 ATMOSPNERE DUE 10
SURWING OF DEPLETED
URANIUM.  TRUCK
ORIVER INCAPACITATED
DUE 10 ACCIDENT, IS
EXPOSED 10 FUMES AND
|oEPLETED URANILM.
CONTAMIRATION OF
FACILITY (TA) AND
MINOR OFFSIIE
COMTANINATION,
(C;C;8:9).

ADMINISTRATIVE
CONIROLS SUCN AS (1)
ANNOUNCEMENT OF
DELIVERY, (2) DRIVER
TRAINING, (3)
RESIRICT OINER
TRAFFIC DURING
DELIVERY.




PRELININARY NAZARD/RISK ANALYSIS RECORD BY ACTIVITY FOR MURSE
ACTIVITY NUMBER: DU2
ACTIVITY NAME: WALK BENIND FORKLIFT TRANSFERS DRUN 10 ENCLOSED STORAGE ROON
ACTIVITY DESCRIPTION: WALK SEMIND FORKLIFT TRANSFERS DRUN 1O ENCLOSED STORAGE ROOM

gg-V

R--f--C CAUSE/SCENARIO CONSEQUENCES PROTECTIVE FEATURES ACTIONS
3 111 C [FORKLIFT DRIVES OFF |CONTAINER SREACH, NONE

DOCK WMILE IGNITION OF URANIUN

TRANSPORT IRG CHIPS 1W DOCK AREA.

DEPLETED URANIUN MINOR FIRE, POSSIBLE

WASTE DRUM WORKER [NJURY AND

SPRINKLER SYSTEM IS
OPERABLE .

ENPOSURE 10 DEPLETED
URANIUM. (D;DB;C;D)

3 iV 8 |FORKLIFT DRIVES OFF |COMTAINER BREACH
DOCK WMILE 1o Tion ofF umaniom
TRANSPORTING CHIPS IN DOCK AREA.
DEPLETED URANIUN SIGNIFICANT FIRE AND
VASTE DRUM, POSSIBLE WORKER
SPRINKLER SYSTEM INJURIES, EXPOSURE
FAILS TO OPERATE. |10 DEPLEFED URANIUN

AND FACILITY
CONTAMINAT 1ON.
(0;0;8;C)

¢ 111 0 |oEpLETED URANIUN CONTAINER SREACH,
DRUM PUSNED OFF DOCK [URANIUN CNIP SPILL
8Y FORKLIFT. 1N BOCK AREA.

(D;0;D;0)
& IV C |DEPLETED URANIUW CONTAINER SREACH,

DRUM PUNCTURED 8Y
FORKLIFT.

HINOR WORKER
EXPOSURE. (D;0;C;D)




PRELININARY HAZARD/RISK ANALYSIS RECORD BY ACTIVITY FOR MMSF
ACTIVITY MUNBER: DU3
ACTIVITY NAME: UALK SENIND FORKLIFT MOVES DRUN OF DEPLETED URANIUN WMASTE 1O DOCK
ACTIVITY DESCRIPTIGN: VALK SENIND FORKLIFT MOVES VASTE DRUN FRON STORAGE ROOM 10 LOADING DOCK.

9e-v

R--f--C CAUSE/SCENARIO CONSEQUENCES PROTECTIVE FEATURES RCTIONS
3 111 C [ORUM PUNCTURED BY CONTAINER BREACH, NONE NONE
FORKLIFY, MINOR WORKER
EXPOSURE. (D;D;C;D)
3 111 € [FORKLIFT DRIVES OFF |CONTAINER BREACH, NONE CONSIDER
DOCK WMILE IGNITION OF URANIUM INSTALLATION OF A
TRANSPORTING DRUM, ICHIPS IN DOCK AREA. CURB 1O PREVENT
WITH SPRINKLER MINOR FIRE, WORKER DRIVING TNE FORKLIFT
SYSTEM OPERABLE. INJURY AND EXPOSURE OFF DOCK.
10 DEPLETED URANIUM,
(D;0;C;0)
3 Iv e |FORKLIFT DRIVES OFF |CONTAINER BREACH NOWE CONSIDER
DOCK WUNILE 1GNITION OF Umanjum INSTALLATION OF A
TRANSPORTING DRUN, |CWIPS IN DOCX AREA. CURB TO PREVENT
VITH FAILURE OF SIGNIFICANT FIRE, ORIVING THE FORXLIFY
SPRINKLER SYSTEM. VORKER NJSURIES AWD OFFf DOCK.
EXPOSURE 10 DEPLETED
URANIUN, AND
FACILITY
CONTANINATION.
(0;0.8;C)
& IV D |DRUM PUSKED OFF DOCK]CONTAINER SREACH, NONE NONE
BY FORKLIFY. URANIUM CNIP SPILL
1% DOCK AREA, MO
VORKER EXPOSURE DUE
10 DISTANCE FRUM
SPILL. (D;D;D;D)




PRELIMNINARY NAZARD/RISK ANALYSIS RECORD 8Y ACTIVITY FOR WITF
ACTIVITY NUMBER: DX
ACTIVITY NAME: YARD FORKLIFT DELIVERS DEPLETED URANIUM UASTE DRUN TO TREATMENT ROON DOOR
ACTIVITY GESCRIPTION: YARD FORKLIFT DELIVERS ORUM FRON LOADING DOCKX TO TREATNENT R00M DOOR

LE-V

R--F--C

CAUSE/SCENARIO

CONSEQUERCES

PROTECTIVE FEATURES

ACTIONS

2

FORXLIFT ACCIDENT
DURING TRANSPORT
BETWEEN BUILDINGS.

FORXLIFT ACCIDENT
DURING TRANSPORT
BETUEEN BUILDINGS.

SPILL OF DU
CONTENTS WITH FIRE
AND CRASHN INFLICTED
IHJURY TO DRIVER.
ORIVER EXPOSED 10
FIRE, FUMES AND
DEPLETED URANIUM.
CONTANINATION OF
FACILITY (TA) WITR
NINOR OFFSITE
CONTANINATION.
(C;C;8;0)

SPILL OF DRUM
COMTENTS Wi TNOUT
FIRE. (D;D;D:D)

MOVE ONLY ONE PALLE?
OR DRUM AT A TiME,
RESTRICT OTMER
VERICLE DURING
IRANSPORT .

WOVE ONLY ONE PALLEY
OR DRUM AT A TIME,
RESIRICT OTNER
VENLICLE DURING
TRANSPORY .




PRELIMINARY NAZARD/RISK ANALYSIS RECORD BY ACTIVITY FOR WUTF
ACTIVITY MUMBER: DUS
ACTIVITY NAME: CRANE DELIVERS DRUM 1O SANPLE ROOM
ACTIVITY DESCRIPTION: OVERNEAD CRANE PICKS UP AND DELIVERS DRUN 1O SANPLE ROON

8¢-V

R--F--C CAUSE/SCENARLO CONSEQUENCES PROTECTIVE FEAIURES ACTIONS
& 11t D [ORUN DROPPED UMILE |CONTAINER BREACH MONE
MOVING 10 WIF uitn SPILL OF

SAMPLE ROOM USING
HOIST. SPRINKLER
SYSTEM OPERABLE.

ORUM DROPPED WUNILE
MOVING 10 WTF
SAMPLE ROOM USING
HOIST. SPRINKLER
SYSTEM NOT OPERABLE.

URANIUM CNIPS AND
POTENTIAL FIRE,
WINOR WORKER
EXPOSURE. (D;D;D;D)

CONTAINER SREACH,
SPILL OF URANIUM
CRIPS WITN POTENTIAL
FIRE LINITED 1O
CONTENTS OF ONE
DRUM. UORKER [NJURY
AND EXPOSURE 10
DEPLETED URANIUM,
(D;D;C;D)




PRELIMINARY NAZARD/RISK ANALYSIS RECORD BY ACUVIVITY FOR MITF
ACTIVITY WUMBER: DUS
ACTIVITY NAME: OVERPACK DRUM IS OPENED AND DRUM LIFTED WITH CRANE
ACTIVITY DESCRIPTION: OVERPACK DRUM IS CROUNDED, OPENED WITH NON-SPARK TOOLS, AND TNE INNER DRUM IS LIFTED WITH THE OVERNEAD CRANE.

6e-V

R--F--C CAUSE/SCENARTO CONSEQUENCES PROTECTIVE FEATURES ACTIONS

3 111 C [OPERATOR FAILS 10 |SNORT DURATION nONE NONE
FOLLOM PROCEDURE NYDROGEN FIRE UPON
WHILE OPENING TNE  |CPEMING TNE
DEPLETED URANIUN OVERPACK. POSSIBLE
OVERPACK (1.E., USES|UORKER INJURY.

WRONG TOOLS, 0;0;C;0)
MISPOSITIONING OF

TNE VENE NOOD,

EfC...).

3 IV A |RELEASE OF TOXIC GAS|WORKER INJURY, NOWE OPERATORS SWOULD USE
DUE 10 UMEXPECTED  |POSSISLE FATALITY. SELF COMTAINED
MATERIALS IN (D:D;A;D) BREATHING APPARATUS,
DEPLEFED URANIUM LEAVE ROOM 1F
WASTE DRUM (PHOSGEN, ANYINING OUT OF THE
HYDROGEN SULF IDE, ORDINARY 1S
CHLORENE, ETC...). OBSERVED.

4 11 0 |onum comrents LINITED SPILL OF NONE NONE
SPILLED DUE 10: (1) |DEPLETED URANIUW
CLAMP COMES LODSE, |UASTE DRUM COMTENTS,

(2) CORROSION CF MINGR CONTAMINATION.
1NNER ORUN, (3) LID |(D;D;0;D)
FALLS OFF.

& IV C |OPERATOR FAILS 10 |EXPLOSION OF SWALL |wOwE NONE
FOLLOW PROCEDURE OUANTITY OF NYDROGEN
(CAUSES SPARK) AND |[RESIRICTED 10 SPACE
1GM1TES WYDROGEW 1N JUNDER VEMTILATION
THE DEPLETED URANIUM|NOOD. (D;D;C;D)

UASTE DRUN.

¢ iV C [CRUM CONTENTS SPILL OF DRUM NONE NOWE
SPILLED DUE T0: (1) |COMTENTS WITN
CLAMP COMES LOOSE, |URANIUM FIRE.

(2) CORROSION OF (0;0;C;D)
INNER DRUM, (3) LID

FALLS DSF; AND

1GNITION OF URANIUM

CHIPS.




ACTIVITY DESCRIPTION: OVERPACK DRUM (DEPLETED URANIUM PROCESS) 1S DISCARDED 10 CRUSHER OR USED FOR CEMENTATION.

ov-v

PRELIHINARY MAZARD/RISK ANALYSIS RECORD 8Y ACTIVITY FOR WITF
ACTIVITY NUMBER: DUT7
ACTIVITY NAME: OVERPACK ORUN IS DISCARDED TO CRUSNER OR USED FOR CEMENTATION.

-

R--F--C

FACILITY,

CAUSE /SCENARIO CONSEOUENCES | PROTECTIVE FEATURES ACTIONS
MINIMAL TRANSPORY OFf ENPTY VERRICWLITE IS NONE
OVERPACK DRUM RENOVED, DRUS 1S
(DEPLETED URANIUN | TESTED fom
PROCESS) 1O CRUSNER |COMTAMINATION PRIOR
OF CEMENTATION 70 DISPOSAL.

INYOLVES TRANSPORTATION 1O CRUSNER OR CEMENTATION FACILITY,



PRELIHINARY NAZARD/RISK ANALYSIS RECORD BY ACVIVITY FOR MITF
ACTIVITY MUMBER: DUS
ACTIVITY NAME: VERMICULITE REMOVED AND BAGGED
ACTIVITY DESCRIPTION: VERRICULITE REMOVED FROM OVERPACK, SAGGED AND SENT TO LANDFILL OR STORACE.

19-V

R--F--C CAUSE/SCENARIO CONSEQUENCES PROTECTIVE FEATURES ACTIONS
3 1 D |LEAX FROM THE INNER |POTENTIAL MINOR 1F THERE ARE
DRUM (DEPLETED CONTAMINATION INDICATIONS OF A
URANIUM [N OIL) TO [PROBLEMS. LEAK LEAR UMEN RENOVING
THE JERMICLILTE. CONTALNED 1N THE INNER DRUW,
OVERPACK. (D;D;0;D) DONOT RENCVE THE
VERMICULITE.




ACTIVITY DESCRIPIION:

INNER DRUM CONTAINING DEPLETED URANIUN AND OIL 1S GROUNDED AND OPENED WITN NON-SPARK TOORS.

PRELININARY RAZARD/RISK ANALYSIS RECORD SY ACVIVITY FOR witE
ACT YITY MUMBER: DU9
ACTIVITY NAME: INNER DRUN IS GROUNDED AND OPENED USING NON-SPARK TOOLS

CAUSE/SCENARIO

CONSEQUENCES

PROTECTIVE FEATURES

ACTIONS

R--F--C
3 1c
3 VA
v
ey ¢ tvec

OPERATOR FAILS 10
FOLLOW PROCEDURE
UNILE OPENING
OEPLETED URANIUN
INNER WUASTE DRUM
(1.E., USES WMONG

100LS
NISPOSITIONING OF
TRE VENT WOOD,
€1C...).

RELEASE OF TOXIC GAS
DUE 1O UBEXPECTED
PATERIALS IN
DEPLETED URANIUM
INNER VASTE DRUM
(PMOSGEN, NYDROGEN
SULFIDE, CHLORINE,
€7C...).

OPERATOR FAILS 10
FOLLOW PROCEDURE
(CAUSES SPARK) AND
IGHITES NYDROGEN 1IN
JDEPI.EYED URANTUM
UASTE DRUN.

SNORT DURATION
WYDROGEN FIRE UPON
OPENIRG TRE
OVERPACK. POSSISLE
VORKER IRJURY.
(D;0;C;0)

VORKER INJURY,
POSSIBLE FATALITY.
(D;0;4;D)

ENPLOSION OF SMALL
QUANTITY OF RYDROGEN
RESIRICIED 10 SPACE
UNDER VENTILATION
NOOD. (D;D,;C;D)

OPERATORS SNOMLD USE
SELF COMTAINED
SREATHING APPARATUS,
LEAVE ROOM IFf
ANYTHING OUT OF TNE
ORDINARY ]S
OBSERVED.

ASSUME SAE NAZARDS AS ACTIVITY 10, EXCEPT LESS N2 GEWERAILO
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PRELININARY NAZARD/RISK ANALYSIS RECORD BY ACTIVITY FOR WITF
ACTIVITY KUMBER: DU1O
ACTIVITY NAME: CONTENTS OF DRUM INSPECTED VISUNLLY
ACTIVITY DESCRIPTION: CONTENTS OF DEPLETED URANIUN INNER DRUN INSPECTED VISUALLY, LD IS REPLACED AND CLANPED ON INNER DRUM.

R--¢--C CAUSE/SCENARIO CONSEQUENTES PROTECTIVE FEATURES ACTIONS
MINIMAL [CONTENTS OF DEPLETED |POTENTIAL MAZARDS NONE §F UNEXPECIED
JURAKTUM WASTE INNER |COVERED UNDER CONTENTS FOUWD
DRUM VISUALLY ACTIVITIES UNERE CoNIACT Supervisom.
INSPECTED. OVERPACK AND IUNER
DRUM ARE OPENED.




SRELIMINARY NAZARC/RISK ANAL7SIS RECORD 8Y ACTIVITY FOR WUTF
ACTIVITY NUNBER: DUTY
ACTIVITY NANE: DEPLEVED URANIUN UASTE DRUM TRANSFERED TO TREATMENT SKID UiTH OVERREAD CRANE
ACTIVITY DESCRIPTION: DEPLETED URANIUM UASTE DRUN TRANSFERED 1O JREATMENT SKID UITH OVERNEAD CRANE.

Py-v

SPILLED DUE 10: (1)
CLANP COMES LODSE,
(2) CORROSION Of
INMER DRUM, (3) L1D
FALLS OFF; AND
IGNITION OF URANIUM
CHIPS.

URANIUN UASTE DRUN
CONTENTS UIIn
URANIUM FIRE. UORKER
EXPOSURE 10 DEPLETED
URANIUM. (D;D;C;D)

R--F--C CAUSE/SCENARIO CONSEQUENCES PROTECTIVE FEATURES ACTIONS
& 11D jomw CONTENTS LINITED SPILL OF NONE
SPILLED DUE 10: (1) |DEPLETED URANIUM
CLAMP COMES LOOSE, |WASTE DRUM CONTENTS,
(2) CORROSION OF WINOR CONTAMINATION.
INNER DRUM, (3) LID |(D;D;D;D)
FALLS OFF,
¢ v C |ORUN COMTENTS SPILL OF DEPLETED NONE




3

gy-v
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PRELININARY NAZARD/RISK ANALYSIS RECORD 8Y ACTIVITY FOR MITF
ACTIVITY MRBER: DU1I2
ACTIVITY NAME: NYDRAULIC PUNCTURE OF DRUN USING NOLLOVW SPIKES
ACTIVITY DESCRIPTION: NYDRAULIC PUNCTURE OF DEPLETED URANIUN DRUN USING NOLLOW SPIKES. TNE REACTOR 1S INERTED WITH NITROGEN PRIOR TO PUNCTURING TNE DRUN.

R--F--C CAUSE/SCENARIO CONSEQUENCES PROTECTIVE FEATURES ACTIONS
& 111 D |[FAILURE YO INERT THE|CONTAINED FIRE 1IN NONE INTERLOCK THE OXYGEN
REACTOR WiITH TRE REACIOR. %O DETECTION WITH I1NE
#1TROGEN. RELEASE SEYOND HYDRAUL IC PRESS, SC
FILVERS AND DRUN IS NOT
SCRUBBER. (D;D;D;D) PUNCTURED 1F OXYGEN
1S PRESENT.




PRELININARY RAZARD/RISK ANALYSIS RECORD BY ACIIVITY FOR WITE
ACTIVITY JumBER: DUTS
ACTIVITY NANE: CLOSED LOOP CIRCULATION OF UATER THROUGN REACTOR
ACTIVITY DESCRIPTION: CLOSED LOOP CIRCULATION OF UATER THROUGH REACTOR (DEPLETED URANIUM PROCESS).

9%~V

R--f--C CAUSE/SCENARIO CONSECUENCES PROVECTIVE EEATURES ACTIONS
& 111 O [WATER REACTIVE N2 GAS PRODUCTION NONE NONE
RATERIAL (1.E., LIN3[AND RELEASE 1O
PRESENT DUE 10 SCRUBBER. MO FIRE
MISLABELING NCT SINCE REACTOR IS
DETECTED BY VISUAL |INERTED VWIIH
INSPECTION. NITROGEN. (D;D;D:D)
& IV C [ADDITION OF UATER OR|LINITED EXPLOSION 1M ]NONE ADD UATER vZxy
BLEACH TO UATER REACTOR AND DUCT SLOWMLY AT TRE
REACTIVE MATERIAL WORK OF SCRUBBER. BEGINNING TO DEVECY
(1.E., LIN) PRESENT |LINITED POTENTIAL. ANY H2 FORMATICN,
DUE TO MISLABELING |[FOR WORKER iNJURY,
#OT DEVECIED BY FACILITY
VISUAL INSPECTION. JCONTAMINATION AND
REACTOR WOT INERTED [SOME RELEASE 10
WITH NITROGEN. OINER TECMNICAL
AREAS ONSITE.
(o;p;C;C)
& IV D [WUMAN ERROR: BLEACNH CHLORINE CAS RELEASE |NONE NONE
INTRODUCED Wi ThOUT THROUGN STACK.
CIRCULATION OF UATER|(D;D;D:D)
(DEPLETED. SCRUBBER
FAILURE.
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PRELIMINARY NAZARD/RISK ANALYSIS RECORD BY ACTIVITY FOR WMITF
ACTIVITY WMMBER: DUTS
ACTIVITY NAME: OIL DRAINS TO WASTE OIL DRUM (DEPLETED URANIUM PROCESS)
ACTIVITY DESCRIPIION: OIL DRAINS TO WASIE OIL ORUM (DEPLETED URANIUM PROCESS).

R--F--C CAUSE/SCENARIO CONSEQUENCES PROTECTIVE FEATURES ACTIONS
& 11 0 [OVERFILL OF OIL ORUMIRINOR CONTAMINATION (NONE NONE

CAUSED 8Y OPERATOR [PROBLEM. (D;0;D;D)

ERROR (].E.,

INSUFFICIENT VOLUME
OR DRUM NOT IN
POSITION).
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PRELININARY HAZARD/RISK ANALYSIS RECORD BY ACTIVITY FOR wWulF

ACTIVITY NFNE: BLEACN IS ADDED 1O CIRCULATING VATER
ACTIVIIY DESCRIPTION: BLEACN 1S ADDED 10 CIRCLATIRG WATER (DEPLETED URANIUM PROCESS).

ACTIVITY NUMBER: DUIS

R--F--C CAUSE/SCENARIO CONSEQUENCES PROTECTIVE FEATURES ACTIONS
3 111 C JCAUSTIC LINE LEAK POSSISLE WORKER NONE NONE
OUE TO CORROSION. Inmy, (0;0:C;0)
3 111 € [CIRCULATING LINE URANIUN SLURRY NONE NONE
RUPTURE DUE 10 RELEASED IN THE
CORROSION, PUMP TREATRENT ROOM.
DIAPHRAN LEAK OR POSSIBLE UORKER
CONNECT 1ONS . CONTACY BY SPRAY AND
ROOM CONTAMINATION.
(p;0;C;0)
& 111 D |LOSS OF COOLING INCREASE IN NONE NONE
WATER (DU PROCESS). |TEMPERATURE AND
INCREASED ANMOUNT OF
CHLORINE GAS DUE 10
DECONPOSITION OF
BLEACH, (0;0:D;0)
4 111 D |LOSS NEPA/SCRUBBING [SMALL CNLORINE GAS |NONE NOME
SYSTER (DU PROCESS). |[RELEASE NEAR STACK
OR SCRUBBING SYSTEN.
(0;0;0;0)
& Iv C |LOSS OF COOLING INCREASED AMOUNT OF |NOXE NONE
WATER WITH LOSS OF [CHLORINE GAS LEAKED
SUCTION tO THE INTO THE TREATHENT
SCRUBBER (DU ROOM DUE TO INCREASE
PROCESS). IN TEMPERATURE.
WORKER EXPOSURE 10
CHLORINE ANO
DEPLETED URARIUN.
(0;0:C;D)

INCLUDES ONIDATION REACTION.



PRELIMINARY NAZARD/RISK ANALYSIS RECORD BV ACTIVITY FOR WITF
ACTIVITY MMBER: DU1S
ACTIVITY NAME: REACTION COMPLETE. SLURRY TRANSFERRED TO REDUCTIOR/SETTLING TANK (DEPLETED URANIUN PROCESS)

6v-V

ACTIVITY DESCRIPIION: REACTION COMPLETE. SLURRY TRANSFERRED 70 REDUCTION/SETTLING TANK (DEPLETED URANIUN PROCESS)

R--F--C CAUSE/SCENARIO CONSEQUENTES PROTECTIVE FEATURES ACTIONS
3 11 C [HUMAN ERROR SLURRY ROUTED 10 NONE

(DEPLETED URAMIUM UASTE VATER TANK,

PROCESS) . CEMENTATION DRUM OR

MISALIGNMENT OF OTNER. FACILITY

VALVES DURING CONTAMINATION, MINOR

TRANSFER OF URANIUN

WORKER EXPOSURE .

SLURRY 10 €0;0:0;0)
REDUCT ION/SETTLING
TANK.
MINIMAL  [PLUGGING CF OPERATIONAL PROBLEN. | NONE

CIRCULATION LINE DUE
10 ACCUMULATION OF
SMALL UNREACIED
URANIUM CHIPS
(DEPLETED URANIUN
PROCESS). MAY BE
DUE TO BREACH OF TNE
PACTICLE SCREEN.

NOT A MAZARD.




PRELIMINARY NAZARD/RISX ANALYS!S RECORD SY ACTIVITY FOR MUTF
ACTIVITY WUMBER: DUY7
ACTIVITY HAME: REDUCTION OF URANIUM WYDROKIDE B8Y SODIUM THIOSULFATE TO URANIUR DIOXIOE (DEPLETER UGRANIUN PROCESS)H
ACTIVITY DESCRIPTION: REDUCTION OF URANIUM NYDROXIDE BY SODIUM THIOSULFATE TO URANIUM DIOXIDE (DEPLESED URANIUM PROCESS).

08-V

R--f--C CAUSE/SCENARIO CONSEQUENCES PROTECTIVE FEATURES ACTIONS
3 1 D |SPILLS DURING NINOR VORKER NOME
REDUCTION, ENPOSURE AND
DECANTING, OR FACILITY
TRANSFER OF LIQUIDS [CONTAMINATION.
OR SEDIMENT. (9;0;0;0)
3 1 D [SLURRY SPILLED MINOR CONTANINATIO? |MONE
OURING CEMEUTATION 10 TREATMENT ROCZ.
PROCESS (1.E., (D;0;0;0)
OVERFILL, TIPPED
OVER, ETC...}
3 111 C JLINE RUPTURE IN THE |CONTAMINATION OF TNE | NONE
CIRCULATING SLURRY TREATKENT ROOM AND
LOOP DUE 10 POSSIBLE VORKER
CORROSION. CONTAMINAT ION/ INJURY
. (0;0;C;C)




PRELIMINARY HAZARD/R!  ANALYSIS RECORD BY ACTIVIIY FOR WITF
ACTIVITY RUNBER: DU1S
ACTIVITY NANE: OPEN REACTOR AND UASTE DRUN AND CNECK RESIOUAL CONTENTS
ACIIVITY DESCRIPTION: OPEN REACIOR LID, OPEN UASTE DRUM, CNECK CONIENTS, REMOVE AND BAG DRUM FOR DISPOSITION (DEPLETED URANIUM PROCESS).

18-V

COVER LEADS 10 SLOM
BURN OF RES'DUAL
URANIUN N DRUM
(DEPLETED URANIUM
PROCESS).

URANIUM OXIDE 10
SCRUBBER SYSIENM.
(0;0;0;0)

R--F--C CAUSE/SCENARTIO CONSEQUENCES PROTECTIVE FEATURES ACTIONS

3 11 C |UNREACTED URANIUM FIRE 1IN DRUM. NOWE WORKER SNOULD BE
FINES IGNITE 1IN POSSIBLE WORKER EQUIPED VITN
PRESENCE OF OXYGEN | INNALATION. RESPIRATORY
UHEN IMNER DRUN LID [(D;D;C;0) PROTECTION.
OPENED 10 CMECK
CONTENTS (DEPLETED
URANIUM PROCESS).

& 11 D |LOSS OF INERT GAS POSSIBLE RELEASE OF |NONE INSPECT DRUM FOR

RESIOUAL URANIUN
AFTER OXIDATION
PROCESS BEFORE EWD
OF SHIFT.




TABLE A-4
HAZMAN RESULTS SORTED BY RISK RANK FOR DU
WASTE TREATMENT PROCESS

A-52
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WAZARD ANALYSIS REPORT BY RISK

ACT/FAC

ACTIVITY NANE

CAUSE/SCENARIO

PROTECTIVE FEATURES

ACTions

2

oUL /7 WTF

out /
MMRSF

oUS / WITF

oulz?
HUTF

bU17 /
HUTF

outé /
L

outs /
NITF

YARD FORKLIFY DELIVERS
DEPLETED URANIUM UASTE
DRUM 1O TREATMENT ROOM
DOOR

TRUCK ENTERS AND DRIVES
10 pOCK

VERRICUL ITE REMOVED AND
BAGGED

REDUCTION OF URANIUM
NYOROXIDE BY SODIUM
TRIOSULFATE TC URANIUM
DIONIDE (DEPLETED URANIUM
PROCESS)

REDUCTION OF URANILN
RYDROXIDE 8Y SODIUM
TRIOSULFATE 1D URANTUM
DIOXIDE (DEPLETED URANIUN
PROCESS)

REACTION COMPLETE.
SLURRY TRARSFERRED 10
REDUCTION/SETTLING TANK
(DEPLETED URANIUM
PROCESS)

OPEN REACTOR AND UMSTE
ORUN AND CMECK RESIDUAL
CONTENTS

FORKLIFT ACCIDENT DURING
TRANSPORT BETWEEN
BUILDINGS.

TRUCK ACCIDENT WIIN FIRE
AND BREACN OF OEPLETED
JURANIUM UASTE CONTAINER.

LEAK FROM THE INNER DRUN
(DEPLETED URANIUW [N CIL)
10 TNE VERMICULITE.

SPILLS DURING REDUCTION,
DECANTING, OR TRANSFER Of
LIOUIDS OR SEDIMENT.

SLURRY SPILLED DURING
CEMENTATION PROCESS
(1.E., OVERFILL, TIPPED
over, ‘E1C...)

MMAN ERROR (DEPLETED
URANIUN PROCESS).
NISALIGHNMENT OF VALVES
DURING TRANSFER OF
URANIUR SLURRY 1O
REDUCTION/SETTLING TANK.

UNREACTED URANIUM FINES
IGNITE [N PRESENCE OF
ONYGEN UNEN LNNER ORUM
L10 OPENED 10 CNECK
COMTENTS (DEPLETED
URANIUN PROCESS).

SPILL OF DRUN CONIENTS
WITN FIRE AND CRASH
INFLICIED INARY 10
DRIVER. DRIVER ENPOSED 1O
FIRE, FUMES AND DEPLETED
rummn. CONTANINATION Of
FACILITY (TA) VITH RINOR
OFFSITE CONTANINATION.
(C;C:8:8)

RADIOACTIVE RELEASE 70
ATMOSPRERE DUE IC BURNING
OF DEPLETED URANIUM,
TRUCK DRIVER
INCAPACITATED DUE 10
ACCIDENT, IS EXPOSED 1O
FUKES AND DEPLETED
URANTUN. CONTAMINATION OF
FACILITY (TA) AND ®MINOR
OFFSITE CONTANINATION.
(C;C;8:9).

POTENTIAL NINOR
CONTANINATION PROBLENS.
LEAK CONTAINED N
OVERPACK. (D;D;D;D)

jMIXOR UORKER EXPOSURE
FACILITY CONTAMINATION,
(0;0;0;0)

RINOR CONTANINATION 1IN
TREATMENT ROOM. (0;0:0:0)

SLURRY ROUTED 10 WASTE
UATER TANK, CEMENTATION
DRUM OR OTNER. FACILITY
CONTAMINATION, MiNOR
VORKER EXPOSURE.
(D,;0;0;C)

FIRE IN DRUM, POSSIBLE
VORKER INMALATION.
(0;0;€;0)

JNONE

mﬂm

NOVE OWMLY ONE PALLET OR
DRUN AT A TiNE, RESIRICT
OINER VENICLE DARING
TRANSPORT .

ADRINISTRATIVE CONTROLS
SUCH AS (1) ANNOUNCENENT
OF DELIVERY, (2) DRIVER
maIninG, (3) nesinict
OINER TRAFFIC DURING
DELIVERY.

1F THERE ARE INDICATIONS
OF A LEAK UNEN REMOVING
TNE INNER DRUM, DONOT
REMOVE INE VERMICULITE.

VORKER SWOLNC Bt EOQUIPED
WITH RESPIRATORY
PROTECIION.
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NAZARD ANALYSIS REPORT BY RISK

AND DRUM LIFTED WITN
CRANE

10 UNERPECTED MATERIALS
1N DEPLETED URANIUM UASTE
DRUM (PHROSGEN, MYDROGEN
SULFIDE, CHLORIME,
E1C...).

FATALITY. (D;D;A;D)

R---F---C| ACI/FAC ACTIVITY NAME CAUSE/SCENARIO CONSEQUENCES PROTECTIVE FEATURES ' ACTIONS
3 11 ¢ jouy VALK SENIND FORKLIFY FORKLIFY ORIVES OFF DOCKX JCONTAINER BREACH NONE NOWE
MMSF TRANSFERS DRUM 10 WMILE TRANSPORTING 1GNI 1108 OF UmAWjum cHirs
ENCLOSED STORAGE ROOM DEPLETED URANIUM UASTE IN DOCK AREA. WNINOR FIRE,
ORUM. SPRINKLER SYSIEM |[POSSIBLE UORKER INJURY
IS OPERABLE. AND EXPOSURE 10 DEPLETED
URAKIUN. (D;0:C:D)
3 111 ¢ jousy UALK SENIND FORKLIFT DRUM PUNCTURED BY CONTAIKER SREACK, NINOR [NONE im
MIRSF |MOVES DRUM OF DEPLETED FORKLIFT. WORKER ENPOSURE.
URANIUM UASTE TO DOCK (0;D;C;D)
3 1mncjousy VALK BENIND FORKLIFTY FORKLIFT S2iVES OFF DOCK [CONTAINER DREACN NONE CONSIDER INSTALLATION OF
MMSF MOVES DAUM OF DEPLETED LILE TRARSPORTING DRUN, [IGRITIOR OF Iﬂﬂllm cuirs A CURB 10 PREVENT DRIVING
URANIUM MASTE 10 DOCK WITH SPRINKLER SYSTEM IN DOCK AREA. NINOR FIRE, TNE FORXLIFY OFF DOCK.
OPERABLE. VORKER 1NJURY AND
EXPOSURE 10 DEPLETED
URANIUM. (D;0;C.0)
3 (it c jouts v SLEACKH (S ADDED 1O CAUSTIC LINE LEAK OUE 10 [POSSIBLE WORKER INJRY. [NONE NONE
WTF CIRCULATING MATER CORROSION. ;0;C;0)
3 111 c [ouss v/ SLEACN 1S ADDED 10 CIRCULATING LINE RUPTURE [URANIUM SLURRY RELEASED |NONE NONE
HUTF CIRCULATING VATER OUE 10 CORROSION, PUNP IN TWE TREATMENT ROON.
DIAPHRAN LEAK OR POSSISLE VORKER CONTACY
CONNECTIONS. BY SPRAY AND ROUM
CONTANEINATION. (D;D:C:C)
3 11 c o7y REDUCTION OF URANIUN LINE RUPTURE IR TNE CONTARINATION OF TNE NONE Lm
WITF HYDROXIDE BY SCDIUM CIRCULATING SLURRY LOOP |TREATINENT ROON AND
THIOSULFATE 10 URANIUN EM 10 CORROS!ION. |rossinLe vorkeR
DIONIDE (DEPLETED URANIUN CONTAMINATION/ INRAY,
PROCESS ) (0;0;C;C)
3 111 C [oUD 7 WITF]INNER DRUN IS GROUNDED OPERATOR FAILS TO FOLLOW |SWORT DURATION NVDROGEN |NONE 1“
AND OPENED USING PROCEDURE WNILE OPENING [FIRE UPON OPENING THE
HON-SPARK TOOLS DEPLETED URANIUN INNER OVERPACK. POSSIBLE
WASTE DRUM (1.E., USES WORKER INJURY. (D;0;C;D)
WRONG TOOLS,
NISPOSITIONING OF INE
VENT WOOD, ETC...).
3 111 € |ous 7 WuTF|OVERPACK DRUW 1S OPENED |OPERATOR FAILS 1O FOLLOW |SWORT DURATION NYDROGEN |NONE NONE
AND DRUM LIFTED WITH PROCEDURE UMILE OPENING [FIRE UPON CPENING TNE
CRANE TNE DEPLETED URANIUN OVERPACK. POSSIBLE
OVERPACK (1.E., USES WORKER INAMY. (D;D;C.;D)
URONG TOOLS
|misposiTioninG of e
VENT MOOD, €1C...).
3 IV A [ous 7 mutr|OVERPACK DRUM 1S OPENED |RELEASE OF TOXIC GAS DUE WORKER INJURY, POSSIBLE NONE OPERATORS SHORMD USE SELF

COKTAINED BRIATHING
EPPARATUS, LEAVE ROOM IF
ANTINING OUT OF INE
ORDINARY 1S OBSERVED.

L

R LK
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NAZARD ARALYSIS REPORT BY RISK

ACT/FAC

ACTIVITY  RAME

CAUSE/SCENARIO

PROTECTIVE FEATURES

¢

ivse

ivs

ouY 7 MTE

ous /
MMSF

DUS 7 WTF

1o JMIN\I"

1o

outt /
NUTF

Utk /
HJTF

outs /
WITF

I1NNER ORUM IS GROUNDED
AND OPENED USING
NON-SPARK TOOLS

VALK SENIND FORKLIFY
TRANSEERS DRUM 10
ENCLOSED STORAGE ROOM

VALK BERIND FORKLIFT
URANIUM UASTE TO DOCK

OVERPACK DRUN 1S OPENED
AND DRUM LIFTED WITH
CRAKE

YARD FORKLIFT DELIVERS
DEPLETED URANIUR WASTE
DRUM 10 TREATNENT ROOM
DOOR

DEPLETED URANIUM UASTE
ORUM TRANSFERED 10
TREATMENT SKID wiTN
OVERMEAD CRANE

OIL DORAINS TO WASTE OIL
DRUM (DEPLETED URANIUN
PROCESS)

OPEN REACTOR AND WASTE
ORUM AND CHECK RESIDUAL
CONTENTIS

WALK BENIND FORKLIFY
TRANSFERS DRUR 10
ENCLOSED STORAGE RCOM

|WOVES DRUM OF DEPLETED

RELEASE OF TOXIC GAS DUE
10 UNEXPECTED MAIERIALS
1% DEPLETED URANIUM [NNER
WASTE DRUM (PNOSGEM,
NYDROGEN SULFIOE,
CMLORINE, ETC...).

FORKLIFT DRIVES OFF DOCK
UNILE TRANSPORTING
DEPLETED URANIUW WASTE
{omm. sPRINKLER SYSTEM
FAILS TO OPERATE.

FORKLIFT DRIVES OFF DOCK

UMILE TRANSPORTING DRUM,

WETN FAILURE OF SPRINKLER
SYSIEN.

ORUN CONTENTS SPILLED DUE
10: (7) CLAWP COMES
LOOSE, (2) CORROSION OF
l?:!l ORUM, (3) LID FALLS
OfFF.

FORKLEFT ACCIDENT DURING
TRANSPORT BETWEEN
SUILDINGS.

10“ CONTENTS SPILLED DUE
10: (1) CLAWP COMES
LOOSE, (2) CORROSION OF
A;::ER DRUM, (3) LID FALLS

OVERFILL OF DIL ORMm
CAUSED BY OPERATOR ERROR
C1.E., INSUPFICIENT
VOLUME OR DRUM NOT IN
POSITION).

LOSS OF INERT GAS COVER
LEADS 10 SLOW BURM OFf
RESIDUAL URANIUM IN DRUN
(DEPLETED URANIUN
PROCESS).

DEPLETED URRNIUN DRUM
PUSNED OFF DOCK BY
FORKLIFT.

VORKER INJURY, POSSIBLE
FATALITY. (0;0:A;0)

CONTAINER BREACH
tceTion oF umaniun cuips
IN DOCK AREA. SIGNIFICANT
FIRE AND POSSIBLE VORKER
INJURIES, EXPOSURE 10
DEPLETED URANIUM AND
FACILETY CONTAMIRATION.
(0;0;8;C)

CONTAINER SREACH
1GNITION OF URAN{UN CHIPS
1% DOCK AREA. SIGNIFICANT
FIRE, WORKER INJURIES AND
EXPOSURE 10 DEPLETED
URANIUN, AND FACILITY
CONTAMINATION. (D;D;8;C)

LIRITED SPILL OF DEPLETED
URANIUN VASTE DRUN
CONTENTS, MINOR
CONIAMINATION. (D;0:D;D)

SPILL OF ORUM CONTENTS
VITHOUT FiRE. (D;D;0;0)

LINITED SPILL OF DEPLETED
URANIUR VASTE DRUM

le!lls, NiNoR

COMTANINATION. (D;D:0;D)

NINOR CONTAMINATION
PROBLEN. (D;D,0,0)

POSSIBLE RELEASE OF
URANIUM OXIDE 10 SCRUBBER
SYSIEM. (D;D;D;0)

CONTAINER BREACH, URANIUM
CHIP SPILL 1IN DOCK AREA.
(D;0;0;D)

OPERATORS SHOLD USE SELF
CONTAINED SREATNING
APPARATUS, LEAVE ROOM IFf
ANYIRING OUT OF TNE
ORDINARY §S OBSERVED.

CONSIDER INSTALLATION OF
A CURS 1O PREVENT DRIVING
THE FORKLIFT OFF DOCK.

WOVE OULY ONE PALLET OR
DRUN AT A TINME, RESIRICT
OINER VENICLE DURING
TRANSPCRT .

INSPECT DRUM FOR RESIDUAL

[umAwIUR afTER OXIDATION

PROCESS BEFORE END OF
SHIFT.
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WAZARD ANALYSIS REPORT 8Y RISK
R---F---¢| actseac ACTIVITY  NAME CAUSE/SCENARIO CONSEQUENCES PROTECIIVE FEATURES ACTiONS
& 1o jowr2y WYDRAULIC PUNCTURE OFf FAILURE TO INERT TNE CONTAINED FIRE IN THE NONE INTERLOCK TNE OXYGEN
WITF DRUN USING NOLLOW SPIKES |REACTOR MITH NITROGEN.  |REACTOR. MO RELEASE JoETECTION With TNE
BEYOND FILTERS AND NYDRAULIC PRESS, SO DRUM
SCRUBBER. (D;D;D;D) IS NOT PUNCIURED IF
ONYGEN 1S PRESENT.
& 1110 jouts / CLOSED LOOP CIRCULATION |WATER REACTIVE MATERIAL |N2 GAS PRODUCTION AND nONE NONE
HWTE Of WATER TNROUGN REACTOR [().E., LIN) PRESENT DUE |RELEASE 7O SCRUBSER. MO
10 MISLABELING NOT FIRE SINCE REACIOR IS
Joeteciep oy visuaL INERTED WITH NITROGEN.
INSPECT 0N, (9;5;0;0)
& 111D jouts 7 BLEACH 1S ADDED 10 LOSS OF COOLING WATER (DU[INCREASE IN TEMPERATURE |NONE NONE
HUTE CIRCULATING WATER PROCESS). AND INCREASED AWOAMY OF
CHLORINE CAS DUE 10
DECOMPOSIT1ON OF BLEACH.
{D;0;0;0)
& 11t o Jours / BLEACN [S ADDED TO LOSS WEPA/SCRUBBING SHALL CWLORINE GAS NONE (3
HUTE CIRCULAT ING VATER SYSTEM (DU PROCESS). - RELEASE WEAR STACK OR
© |SCRUBBING SYSTENM.
(0;0,0:0)
& it D |DUS /7 WUTFICRANE DELIVERS DRUN 10 ORUM DROPPED WHILE MOVING |[CONTAINER BREACK WITH NONE NOWE
SAWPLE ROOM 10 MUTF SANPLE ROOM USING[SPILL OF URANIUN CHIPS
NOIST. SPRINKLER SYSTEM |AND POTENTIAL FIRE. MINOR
OPERABLE . WORKER EXPOSURE .
0;0:0:0)
¢ IV C [oUS 7/ WUTF |OVERPACK DRUN 1S OPENED {OPERATGR FAILS 10 FOLLOV [EXPLOSION OF SMALL NONE NONE
AND DRUM LIFTED WITR PROCEDURE (CAUSES SPARK) [QUANTITY OF NYDROGEW
CRANE AND IGNITES NYDROGEN IN [RESTRICTED TO SPACE UNDER
TNE DEPLETED URAMIUM VENTILATION NOOD.
VASTE DRUM. (0;D;C;0)
& 1V C |DUS 7 WUTF |OVERPACK DRUM 1S OPENED |DRUN CONTENTS SPILLED DUE|SPILL OF DRUM CONTENIS  |wOme nOnE
AND DRUM LIFTED MITN 10: (1) CLANP COMES VITH URANIUN FIRE.
CRANE LODSE, (2) CORROSION OF [(D;D;C;0)
IWNER ORUM, (3) LID FALLS
OFF; AND ICHITION OF
hmulm cuiPs,
6 ive |ouw2 s VALK BENIND FORKLIFT DEPLETED URANIUN DRUM CONTAIHER GREACNH, MINOR NONE
MURSE TRANSFERS ORUM 10 PURCTURED BY FORKLIFT.  |VORKER EXPOSURE.
ENCLOSED STORAGE ROOX (D;D;C;D)
¢ 1ve joutyy DEPLETED URANIUW VASTE  |DRUM CONTENTS SPILLED DUE[SPILL OF DEPLETED URANIUM|mOwE woNE
HWTE DRUW TRANSFERED 10 10: (1) CLAWP COMES WASTE DRUN CONTENTS WITH
TREATNENT SKID WITN LOOSE, (2) CORROSION OF [URANIUN FIRE. WORKER
OVERREAD CRANE INNER DRUM, (3) LID FALLS|EXPOSURE TO DEPLETED
OFF; AND IGRITION OF URANIUM. (D;D;C;D)
URANIUM CRIPS.
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NAZARD ANALYSIS REPORT BY RISK

R---F---C| ACI/FAC ACTIVELY NANE CAUSE/SCENARIO CONSEQUENCES PROTECTIVE FEATURES ACTIONS
¢ ave oy CLOSED LOOP CIRCULATION |ADDITION OF UATER O LINITED EXPLOSION N nowE ADD UATER VERY SLOWLY AT
i OF UATER THROUGH REACTOR |BLEACN 1O UATER REACTIVE |REACTOR AND DUCT VORK OF THE BEGINNING 1O DETECT
MATERIAL C1.E., LIN) SCRUBBER. LINITED ANY N2 FORMATION.
PRESENT CUE 10 POTENTIAL FOR WORKER
MISLABELING NOT DETECTED |INARY. FACILITY
BY VISUAL INSPECTION. CONTAMINATION AND SOME
REACIOR WOT INERTED WITN |RELEASE 10 OTNER
N1 TROGEN, TECHWICAL AREAS ONSITE.
] (0;0;C;C)
¢ v jours s BLEACN IS ADDED 10 LOSS OF COOLING VATER INCREASED AROUNWT OF wowe wowe
HUTF CIRCULATING WATER VITN LOSS OF SUCTION 10 CHLORINE GAS LEAXED INTO
THE SCRUSSER (DU INE TREATRENT ROOM OUE 10|
PROCESS). INCREASE IN TENPERATURE.
VORKER EXPOSURE 10
CHLORINE AND DEPLETED
URANIUM. (D;B;:C;D)
& 1V L |ouS 7 muTF|CRANE DELIVERS DRUM 10 |oRum DROPPED WNILE MOVING|cONTAINER eREACH, SPiLL  [wowe wOwE
SAMPLE ROOM 10 MTF SANPLE ROUM USING|OF URmANILM CHIPS WiTH
WOIST. SPRINKLER SYSTEM |POTENTIAL FIRE LIMITED TO
NOT OPERABLE. COMTENTS OF ONE DRUN.
VORKER INJURY AND
EXPOSURE T0 DEPLETED
URANIUS. (D;D:C:D)
& IV C |[DUD / WITF|INNER DRUM IS GROUNDED |OPERATOR FAILS TO FOLLOW |EXPLOSION OF SIALL wowE wowE
AND OPENED USING PROCEDURE (CMUSES SPARK) [OUANTITY OF WYDROGEN
KON-SPARK TOOLS AWD IGNITES NYDROGEN IN IRESTRICIED 10 SPACE UNDER
DEPLETED URANIUM WASTE  |VEMTILATION WOOD.
ORUN. (0;0;C;0)
4 vo |ousy/ [wax semimo rFomLIFT ORUN PUSWED OFF DOCK BY |CONTAINER SREACN umuu WONE nonE
|mmsr NOVES DRUM OF DEPLETED | FORKLIFT. CHIP SPILL IN DOCK ARE
URANIUM WASTE 10 DOCK ¥0 VORKER ENPOSURE DUE io
OISTANCE FROM SPILL.
(0:0:0:0)
& 1vD [oUt3 7/  |CLOSED LODP CIRCULATION |mmaw ERROR; BLEACH CHLORINE GAS RELEASE NOWE wowe
WITF OF WATER THAOUGH REACTOR |INTRODUCED UIINOUT TRROUGR STACK. (D;D;D;0)
CIRCLATION OF VATER
(DEPLETED. SCRUSSER
FAILURE.
DUI0 /  |CONTERTS OF DRUM CONTENTS OF DEPLETED POTENTIAL WAZARDS COVERED |wOWE IF UNEXPECTED COMTENTS
wTF INSPECTED VISUALLY URANTUM WMSTE INNER DRUW [UNDER ACTIVITIES UNERE FOUND, CONTACT
VISUALLY INSPECTED. OVERPACK AND INNER DRUM SUPERVISOR.
ARE OPENED.
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ACTIVITY WANE

CAUSE/SCENAR!O

PROTECIIVE FEATURES

ACTIONS

REACTION COMPLETE.
SLURRY TRANSFERRED 10
REDUCTION/SETTLING TANK
(DEPLETED URANIUM
PROCESS)

OVERPACK DRUN 1S
DISCARDED 10 CRUSWER On
USED FOR CEMENTATION.

PLUGGING OF CIRCILATION
LINE DUE TO ACCUMULATiON
OF SMALL UWREACTED
URANIUN CHIFS (DEPLETED
URANIUM PROCESS). MAY BF
DUE TO BREACH OF THE
PACTICLE SCREEN.

TRANSPORT OF ENPTY
OVERPATK DRUN (DEPLETED
URANIUM PROCESS) 10
CRUSHER OF CEMENTATION
FACILITY,

OPERAT JONAL PROBLEN. m’m
A NAZARD.

VERNICULITE IS RENOVED,
DRUM IS TESTED FOR
CONTAMINATION PRIOR 1O
DISPOSAL .




TABLE A-5
HAZMAN RESULTS SORTED BY ACTIVITY FOR CHEMICAL PLATING WASTE
TREA TMENT PROCESS

A-59



PRELININARY NAZARD/RISK ANALVSIS RECORD BY ACTIVITY FOR MRS
ACTIVITY NUMBER: CY!
ACTIVITY NAME: TRUCK EMTERS FACILITY AND DRIVES TO DOCK (PLATING UASTES).
ACTIVITY DESCRIPTION: TRUCK ENTERS GATE AT FENCE AND DRIVES 10 DOCK

09-V

R--f--C CAUSE/SCENARIO CONSEGUENCES PROTECTIVE FEATURES ACTSONS
2 111 A |TRUCK ACCIDENT WITK [POSSIBLE PRODUCTION |NONE ADRIRISTRATIVE
BREACH OF MULTIPLE [OF NCH. WORKER(S) CONIROLS; (V)

3 mec

UASTE COMTAINERS
LEADING 10 RIXING OF
INCOMPAT IBLE WASTES.
DUE 10 (1) NORMAL

EXPOSED 10 KCN GAS
VITH POSSIBLE
FATALITIES, AND
INJURY TO COLOCATED

ANNOUNCEMENT OF
DELIVERY, (2) ORIVER
TRAINING, (3)
RESTRICT OINER

TRANSPORT OF WORKERS. MINOR TRAFFIC DURING
INCOMPATIBLES, (2) |OWSIIE JOELIVERY. CONSIDER
MISLABELED DRUNS. CONTAMINATION. REVIEY OF

(8:8;A;C) TRANSPORTAT IOR

TRUCK ACCIDENT WITN
TME SPILL UF A
SINGLE DRUM OF
PLATING WASTE.
RELEASE OF 55
GALLONS .,

VORKER EXPOSURE 10
CYANIDE AND POSSIBLE
INJURY, RADIATION
contaninATION, MinoR
ONSITE
CONTAMINAT 1ON.
;9;C;:C)

PROCEL'MES, £.G.,
(1) RESIRICY TME
TRANSPORTATION OF
INCOMPAT IBLE UASTES
IN SINGLE TRUCK, (2)
CONSIDER TRANSPORT
OF ONE DRUM AT A
TImE.

ADRINISTRATIVE

|DELIVERY, (2) DRIVER

IRRINING, (3)
RESIRICT OTMER
TRAFFIC DURING
DELIVERY,




PRELIKINARY NAZARD/RISK ANALYSIS RECORD BY ACTIVITY FOR MMSF
ACTIVITY NUMBER: CY2
ACTIVITY NAME: UALK BENIND FORKLIFT TRANSFERS VASTE ORUM TO STORAGE AREA (PLATING WASTES)
ACTIVITY DESCRIPTION: FORKLIFT PICKS UP CYANIDE PLATING WASTE DRUM (CARDOY, POLYPACK OR OTNER) AND NOVES 10 STORAGE AREA.

19-V

R--f--C CAUSE/SCENARIO CONSEQUENCES PROTECTIVE FEATURES ACTIONS

3 11t C [FORKLIFT DRIVES OFF CARBOY, POLYPACK OR |NONE
DOCK WNILE OTHER CONTAINER
TRANSPORTING CYAMIDE |BREACR [N DOCK AREA,

PLATING UASTE VORKER EXPOSURE 10
CONTAINER (CARDOY CYANIDE. (D;D;C:D).
POLYPACK OR OTNER).

3 IV A [FORKLIFT ACCIDENT CYANIDE AND ACID DRUNS NOT STORED IN
SREACHES DRUMS OF WASTES CAUSE LETNAL |DOCK AREA. ONLY
INCOMPATIBLE WASTES [NCN NiXTURE. MATERIAL AT RISK IS
ON THE TRUCK OR IN |POSSIBLE UORXER - |ON THE TRUCK.

THE DOCK AREA. FATALITY, MINOR
ONSITE
CONTANINATION.
(D;D;:A;C)

& (1 D |CARBOY, POLYPACK OR |CONTAINER SREACH, NONE
OTHER PLATING WASTE [PLATING VASTE SPILL
COMTAINER PUSHNED OFF|iN DOCK AREA. MINOR
00CK OR TRUCK B8Y VORKER EXPOSURE AMND
FORKLIFY, FACILITY

CONTAMINATION,
(D;0;0;0)

& 111 O [CARBOY, POLYPACK OR |CONTAINER BREACN, NONE
OITRER PLATING UASTE [PLATING UASTE SPILL
CONTAINER PUNCTURID |IR DOTKX AREA.

BY FORKLIFT. (D;0;D;D)




PRELIMNINARY NAZARD/RISK ANALYSIS RECORD SY ACTIVIIY FOR MMSF
ACTIVITY WUMBER: CY3
ACTIVITY NAME: VALK SENIND FORKLIFT ROVES CYANIDE WASTE DRUM $O DOCK
ACTIVITY DESCRIPTION: VALK SEWIND FORKLIFT MOVES CYANIDE UASTE DRUM FROM STORAGE RUOM 10 DOCK

¢9-V

-F--C

CAUSE/SCENARIO

CONSEQUENCES

PROTECTIVE FEATURES

ACTIONS

3

4

Htc

FORKLIFT DRIVES OFF
DOCK WMILE
1RANSPORT ING CYANIDE
PLATING VASTE
CONTAINER (CARSOY
POLYPACK OR OTHER).

FORKLIFT ACCIDENT
SREACNES ORUNS OF
INCOMPAT IBLE WASTES
ON THE TRUCK OR [N
THE DOCK AREA.

CARBOY, POLYPACK OR
OTHER PLATING WASTE
CONMTAINER PUSNED OFF
DOCK BY FORKLIFT.

CARBOY, POLYPACK OR
OTHER PLATING UASTE
CONTAINER PUNCTURED
BY FORKLIFT.

CARBOY, POLYPACK OR
OINER CONTAINER
SREACH IN DOCK AREA,
VORKER EXPOSURE.
(0;0;C;C)

CYANIDE AND ACID
VASTES CAUSE LETHAL
HCN RIXTURE.
POSSISLE WORKER
FATALEITY, (D;D;A;C)

CONTAINER BREACH
PLATING WASTE sPiLL
I¥ DOCK AREA.
;0;0;0)

CONTAINER BREACH,
PLATING UASTE SPILL
In DOCK AREA.
(D;0;0;D)

ORUNS WOT STORED IN
DOCK AREA. OWLY
MATERIAL AT RISK IS
OK THE TRUCK.




PRELININARY NAZARD/RISK ANALYSIS RECORD BY ACVIVITY FOR WUTF
ACTIVITY MUMBER: CY4
ACTIVITY NAME: YARD FORKLIFT TRANSPORTS CYANIDE PLATING WASTE TO TREATMENT RODM DOOR
ACTIVITY DESCRIPTION: YARD FORKLEIFT TRANSPORYS CYANIDE PLATING UASTE TO TREATMENT ROOM DOOR

£€9-V

WIIN BREACH OF
MULTIPLE UASTE
CONTAINERS LEADING

POSSIBLE PRODUCTION
Of MCH. WORKER(S)
EXPOSED 1O NCN GAS
VITH POSSIBLE

R--F--C CAUSE/SCENARIO CONSEQUENCES PROTECTIVE FEATURES ACTIONS
3 111 C JFORRLIFT ACCIDENT VORKER EXPOSURE 1O | NOKE NONE
WITH THE SPILL OF A CYANIDE, POSSIBLE
SINGLE ORUM OF INJURY, RINOR
PLATING WASTE. FACILITY
RELEASE OF 55 CONTANINATION.
GALLONS. (0;0;C;D)
3 IV A FORKLIFT ACCIDENT NONE (1) WOVE ONLY ONE

PALLET AT A TEME,
(2) COMSIDER MOVING
ONLY ONE DRUM AT A

10 RIXING OF FATALITIES, AND TINE.
NONCOMPATIBLE WASTE |SEVERE INJMRY T0

MATERIALS. COLOCATED VWORKERS.

NISLABELED WASTE FACILITY AND ONSITE

RESULTS IN RNOVEMENT |CONTANMINATION.

OF INCOMPATIBLE (C;B;K;C)

ACIDS WITH CYANIDE
UASTES.




PRELIMINARY MAZARD/RISK AMALYSIS RECORD BY ACTIVIIY FOR WUIF
ACTIVITY WUMBER: CY5
ACTIVITY NANE: WITF CRANE DELIVERS CYANIDE PLATING UASTE DRUM TO SAMPLE ROOM
ACTIVITY DESCRIPTION: CRANEC DELIVERS CYANIDE PLATING VASTE DRUM TO SAMPLE RCOM

PROTECTIVE FEATURES ACTIONS

b9-V

R--F--C

CAUSE/SCENARIO

CONSEQUENCES

3 111 c

PLATINRG UASTE ORtM
DROPPED MNILE NOVING
T0 WWiF SANPLE ROOM
USIHG CRANE.

CARSOY, POLYPACK OR
OTNER CONTAINER
BREACH IN SAMPLE
ROOM, POSSIOLE
UORKER EXPOSURE.
(D;0;C;0)




PRELININARY RAZARD/RISK ANALYSIS RECORD 8Y ACTIVITY FOR WITH
ACTIVITY IRASER: CY6
ACTIVITY NANE: OVERPACK DRUN (S OPENED AND INNER CYANIDE DARUN IS LIFTED WITH CRANE
ACTIVITY DESCRIPTION: OVERPACK DRUN IS GROUNDED, OPENED WITH NON-SPARK TOOLS, AND THE 10MER DRUM IS LIFTED WITR THE OVERNEAD CRANE.

69-Vv

R--F--C CAUSE /SCENARIO CONSEQUENRCES PROTECTIVE FEATURES ACTIONS

3 1t1 C jOPERATOR FAILS 10 SNORT DURATION NONE OPERATORS SMOWLD USE
FOLLOW PROCEDURE NYDROGEN FIRE UPON SELF CONTAINED
URILE OPENING THE OPENING INE BREATHING APPARATUS
CYANIDE OVERPACK OVERPACK. POSSIBLE
(1.E., USES WmONG VORKER INJURY.
100LS, DCES NOT (0;0;C;0)

GROUND DRUM,
MISPOSITIONING OF
THE VENT DOOD,
E1C...).

3 111 C |ORUN CONTENTS SPILL OF DR NONE OPERATORS SHOIND USE
SPILLED DUE 1O: (1) |CONTENTS. VORKER SELF CONTAINED
CLAMP COMES LOOSE, [EXPOSURE TO CYANIDE SREATHING APPARATUS.
OR (2) LID FALLS VASTE. (D;0;C;D)

OFF.

3 IV A [RELEASE OF TOXIC GAS|UORKER INARY, NONE OPERATORS SHNOAND USE
DUE TO UNEXPECTED POSSIBLE FATALITY, SELF CONTAINED
MATERIALS 1IN CYANIDE|(D;D;A;D) SREATRING APPARATUS.
WASTE DRUM (PMOSGEN,

NYDROGEN SULFIDE,
CHLORINE, ETC...).

& Iy C |OPERATOR FAILS 1O EXPLOSION OF SWALL [NONE OPERATORS SHOIND USE
FOLLOW PROCEDURE OUARTITY OF SELF COMIAINED
(CAUSES SPARK) AND |AVAILASLE NYDROGEN BREATHING APPARATUS.
1GNITES WYDROGEW IN [RESIRICIED 10 SPACE
THE CYANIDE UASTE UNDER VENTILATION
ORUM. NOCD. (0;0;C;0)




ACTIVITY DESCRIPIION: OVERPACK DRUM (PLATING MASTE PROCESS) IS DISCARDED 1O CRUSMER OR USED FOR CEMENTATION.

99-V

PRELININARY NAZARD/RISK ANALYSIS RECORD BY ACTIVIIY FOR WMTF

ACTIVITY mmBER: CY7

ACTIVITY NANE: OVERPACK DRUN IS DISCARDED 10 CRUSNER OR USED FOR CENMENTATION (PLATING VASTE PROCESS).

R--F--C

CAUSE/SCENARIO

CONSEQUENCES

PROTECTIVE FEATURES

ACTiONS

MINIMAL

TRANSPORT OF EMPIY  [NONE

OVERPACK DRUM
(PLATING UASTE
PROCESS) 10 CRUSHER
OR CEMENTATION
FACILITY,

INVOLVES TRANSPORTATION TO CRUSNER OR CEMENTATION FACILITY,




PRELININARY NAZARD/RISK ANALYSIS RECORD BY ACTIVIIY FOR WMIF
ACTIVIIY MMBER: CV8
ACTIVITY NANME: VERRICULITE REMOVED AND BAGGED (PLATING MASIE PROCESS)
ACTIVITY DESCRIPTION: VERMICULITE REMOVED FROMN OVERPACK, BAGGED AND SENT 10 LANDFILL OR STORAGE.

L9-V

R--F--C

 CAUSE/SCENARIO

COMSEQUENCES

PROVECTIVE FEATLRES

ACTIONS

& 1o

VERMICULITE
CONTARINATED WITH
CYANIDE PLATING
VASTE FROM LEAKY
INNER PACK.

POSSIBLE
CONMTAMINATION WITH
CYANIDE PLATING
UASTE, NINOR WORKER
EXPOSURE. (D;0;0:D)

1F THERE ARE
INDICATIONS OF A
LEAK UMEN REMOVING
THE INNER DRUM, DO
NOT REMOVE INE
VERRICULITE.




PRELININARY NAZARD/RISK ANALYSIS RECORD BY ACTIVIIY FOR WUTF
ACTIVITY MMBER: CY9
ACTIVITY NAME: PRIMARY UASTE DRUN IS CROIWDED AND OPENED USING NON-SPARK TOOLS (PLATING UASTES).
ACTIVITY DESCRIPTION: PRIMARY MASTE DRUM IS GROUNDED AND OPENED USING NOW-SPARK TODLS (PLATING UMSTES).

89-V

R--F--C CAUSE/SCENARIO CONSEQUENCES | PROTECTIVE FEATURES ACY IONS
3 IV A |RELEASE OF TOXIC GAS|VORKER 1NJURY, WONE OPERATORS SHOMND USE
DUE 10 UNEXPECTED  |POSSIBLE FATALITY. SELF COMTAINED
MATERIALS IN CYANIDE [(D;D;A;D) BREATNING APPARATUS.
MASTE DRUM (PROSGEW,
NYDROGEN SULFIDE,
CMLORINE, ETC...).
& 1V C |OPERATOR FAILS 10  [SNORT DURATION FIRE |NOWE wONE

FOLLOW PROCEDURE
WNILE OPENING

THE VENT NOOD,
£7C...}. RELEASE of

FLAMMABLE GAS DUE 10
UNEXPECTED COMTENIS.

UPON OPENING TNE
UASTE CONTAJRER.

CYANIDE PRIMARY POSSIBLE VORKER
WASTE DRUW (1.E., |INJURY AND MiNOR
USES VRONG TOOLS CONTANINATION.
niSPOSITIONING OF  |(D;0;C;D)




69-V

PRELININARY MAZARD/RISK ANALYSIS RECORD OV ACTIVITY FOR MMJIF
ACTIVITY MMBER: CY10
ACTIVITY NAME: CONTENTS OF PLATING WASTE DRUN JNSPECTED VISURLLY
ACTIVITY DESCRIPYION: CONTENTS OF PLATING UASTE DRUN INSPECTED VISURLLY AND SANPLED

R--F--C CAUSE/SCENARTIO CONSEQUENCES PROTECIIVE FEATURES ACTIONS

& 11 0 |SPILL OF CYANIDE NINOR VORKER
LICUID DIMING INJURY/EXPOSURE .

SAMPLING AND VISUAL [{(D;D;0.:D)

INSPECTION.

IF UNENPECTED
CONTENTS FOUND
COMTACT SUPERViSOR.




PREL FRINARY NAZARD/RISK ANALYSIS RECORD BY ACTIVITY FOR WP
ACTIVITY JUMBER: CY1Y
ACTIVITY NAME: PLATING UASTE CONTAIKER TRANSFERED 70 SKID WITH CRANE OR MANUALLY.
ACTIVITY DESCRIPTION: PLATING WASTE CONTAINER TRANSFERED 10 SKID WITN CRANE OR MANUALLY.

0L-V

R--F--C

CAUSE/SCENARIO

CONSEQUENCES

PROTECTIVE FEATURES

ACTIONS

3 1nc

COMTAINER COMIENTS
SPILLED DUE TO: (1)
CLANP COMES LOOSE,
(2) CAP FALLS OFF,
OR (3) CONTAINER IS
DROPPED. (PLATING
WASTES)

CRANE ACCIDENT
SPILLS CYANIDE WASTE
DRUM CONTENTS WITK
INCONPATIBLE
VASTE(ACIDS). BOTH
ORUMS BREACNHED.

SPILL OF UASTE
CONTAENER TONTENTS.
POTENT IAL WORKER
EXPOSURE AND {NJURY.
(0;D;C;0)

NIXING OF
INCONPATIBLE WASTES
RESULTS 1® LETHAL
WCW GAS. (D;D;A;D)




PRELIMINARY NAZARD/RISK ANALYSIS RECORD BY ACTIVITY FOR WUTF
ACTEVITY MUMBER: CV12
ACTIVITY KAME: INSTALL PUMPING ASSEMBLY TO TNE TOP OF TNE CYARIDE VASTE DRUM
ACTIVITY DESCRIPTION: INSTALL PUNPING ASSEMBLY 10 TNE TOP OF TNE CYANIODE VASTE DRUM (PLATING WASTE PROCESS).

1L-V

R--F--C CAUSE/SCENARIO CONSEQUENCES | PROIECTIVE FEATURES AC* 1OWS
1 11 A |CYAMIDE PLATING nCN, N2S, WM3 OR WONE (1) INSTALL CMECK
WASTE PUWPED 10 oreér 10%IC GAS VALVES ON OUTLET
URONG LOCATION AND |PRODUCED AND LINES OF THE
MIXED WITH RELEASED IN THE CNEMICAL WIX FEED
NONCOMPAT IBLE TREATMENT ROON. TANK, CHENICAL FEED
MATERIAL (1.E., VORKER EXPOSURE AND DRUN AND CNEMICAL
UASTE DRUM, WASTE [INJURY. (D;D;A;D) PLATING WASTE DRUN
VATER SYSIEM, (2) FOLLOW VALVE
CHENICAL MIX AND ALIGWMENT CNECKLIST
FEED TANK, CMNEMICAL PROCEDURE (3)
FEED DRUM OR TNE ORY VALVES SWOULD WAVE
CHEMICAL FEEDER.) POSITION IHDICATORS
PLATING WASTE (4) CPERATORS
PROCESS. SWOULD BE EQUIPED
WITH PROTECTIVE
CLOTNING AND
RESPIRATOR (5) WAVE
TVO OPERATORS CRECK
VALVE POSITIONING
(6) INSTALL
INTERLOCK UNICH
ALLOMS OPENING OF
ONE VALVE AT A TINE
¢ 11D |RESIOUAL PLATING  [WCH, N2S OR WM3 GAS |wowe ENSURE SCRUBSER
VASTE/REAGENTS LEFT [GENERATED AND OPERATION DURING ALL
IN PROCESS LINES DUE|RELEASED 10 PHASES OF TREATMENT.
10 IMPROPER PURGE  |SCRUBBER. (D;0;0;D)
AFTER LOADING OF
PREVIOUS VASTE
CONTAINER. PLATING
WASTE PROCESS.




PRELININARY MAZARD/RISK ANALYSIS RECORD BY ACTIVITY FOR WUTF
ACTIVITY MUNBER: CY13
ACTIVITY SANE: INTRODUCTION OF REAGENTS 10 THE REACIOR
ACTIVITY DESCRIPTION: INTRODUCTION OF REAGENTS 10 THE REACTOR (PLATING WASTE PROCESS).

L=V

R--F--C CAUSE/SCENARIO CONSEQUENCES PROTECTIVE FEATURES acTiows
3 111 C |REAGENTS ADDED 10  [UNPLANNED REACTIONS |wOwE
TME PROCESS IN THE LEAD 10 EXCESSIVE
WRONG SEQUENCE GENERATION OF GASES.
CPLATING UASIE CAN OVERLORS SKID
PROCESS). SCRUPSER BUT WILL
VENT 10 ROOM
SCRUBBER. MINOR LEAK
|oF Toxic eases 10
ROOM TWROUGN LEAKS
IN PIPING AND
DUCTWORK. POTENTIAL
FOR MINOR VORKER
INJURY. (D;D;C;0)
3 11 ¢ |insTRUNENTATION luwPLANWED REACTIONS |NOWE
FAILURE LEADS T0  |LEAD TO RELEASE OF
INCORRECT TOXIC GAS 10 TNE
REAGENT/AMOUNTS OF |SCRUBBER. (D:D;C;D)
REAGENTS ADOED 10
REACIOR (PLATING
VASTE PROCESS).




€L-V

PRELININARY RAZARD/RISK AWALTSIS RECORS ST ACTIVIT PSR mevF
ACTIVITY MMBER: €18
ATTIVITY NANE: LIGUIDS PACKAGED AND SENT TO TA-S0-1

ACTIVITY DESCRIPTION: LIOUIDS PACKAGED AND SENT TO TA-50-1 (PLATING UASTE PROCESS).

R--F--C

CAUSE/SCENARIO

CONSEQUENCES PROVECTEVE FEATURES ACTIONS

3

1" c

THE REACTION IS
INCOMPLETE DUE 10
INSTRUMENTAT ION
FAILURE OR HUMAN
ERROR (PLATING UASTE
PROCESS).

UNTREATED WIXED
UASTE SENT TO
1A-50-1. (D;0;0:C)

PHYSICALLY SANPLE
LIOUID PRIOR TO
TRANSPORTATION 10
TA-50-1.




TABLE A-6
HAZMAN RESULTS SORTED BY RISK RANK FOR CHEMICAL PLATING
WASTE TREATMENT PROCESS

A-T4



GL-V

MAZARD ANALYSIS REPORT BY RISK

ACT/FAC

ACTIVITY NANE

CAUSE/SCERARIO

PROTECTIVE FEATURES

ACTIONS

2

3

3

3

1 c

i c

mec

cvie v
HUTF

Yt /
MRSF

cvit 7
wIF

cv2 /
WMRSF

cvy /
MARSF

INSTALL PUMPING ASSEMBLY
10 TKE TOF OF TNE CYANIDE
VASTE DRUM

TRUCK ENTERS FACILITY AND
DRIVES TO DOCK (PLATING
WASTES).

PLATING LASTE CONTAINER
TRANSFERED 10 SKID WITHM
CRANE OR RANUALLY.

VALE GENIND FORKLIFT
TRANSFERS VASTE ORUM TO
STORAGE AREA (PLATING
WASTES)

VALK BEWIND FORKLIFY
MOVES CYANIDE UASTE DRUM
10 SOCK

CYANIDE PLATING UASTE
PUNPED TO WRONG LOCATION
AND KIXED VITN
NONCOMPATIBLE MATERIAL
{1.E.. UASTE DRUM, UASTE
WATER SYSTEM, CHENICAL
{NIX AND FEED TANK,
CWEMICAL FEED DRUN OR THE
ORY CHERICAL FEEDER.)
PLATING WASTE PROCESS.

TRUCK ACCIDERT WITH
BREACN OF MULTIPLE VASTE
CONTAINERS LEADING 10
MIXIRG OF INCOMPATIBLE
UASTES. DUE TO (1) NORMAL
TRANSPORT OF
INCOMPATIBLES, (2)
JNISLABELED DRUNS.

CONTAINER CONTENTS
SPILLED DUE 10: (1) CLAWP
COMES LOOSE, (2) CAP
FALLS OFF, OR (3)
CORTALHER IS DROPPED.
(PLATING WMSTES)

FORKLIFT DRIVES OFF DOCK
WVHILE TRANSPORTING
CYANIOE PLATING VASTE
CONTAINER (CARBOY,
POLYPACK OR OINER).

FORKLIFT DRIVES OFF DOCK
VNILE TRANSPORTING
CYANIDE PLATING VASTE
CONTAINER (CARBOY,
POLYPACK OR OTHER).

n2S, N3 OR OTNER
toulc cAS PRODUCED AND
RELEASZD IN TNE TREATNENT
ROOM. WORKER EXPOSURE
AND [NJURY. (D;D;A;D)

‘|POSSIBLE PRODUCTION OF

HCN. VORKER(S) EXPOSED TO
HCH GAS WITH POSSIBLE
FATALITIES, AND [NJURY TO
COLOCATED UORKERS. MiNOR
ONSEITE CONTAMINATION.
(8;8:A;C)

SPILL OF UASTE CONTAINER
CONTENTS. POTENTIAL
VORKER EXPOSURE AND
INJURY. (D;0;C;D)

CARBOY, POLYPACK OR OTNER
tmlllﬁl SREACH 1N DOCK
AREA, WORKER EXPOSURE 10
C'Allbt. (:0:C;0). -

CARSOY, POLYPACK OR OTNER
CONTAINER BREACH 1N DOCK
AREA, VORKER EXPOSURE.
(D;0;C;C)

(1) JNSIALL CAECK VALVES
ON OUTLET LINES OF INE
CRENICAL WIX FEED TANK,
CHENICAL FEED DRUN AND
CNEMICAL PLATING WASTE
DRUM (2) COLLOU VALVE
ALIGIMENT CRECKLIST
PROCEDURE (3) VALVES
SHOULD NAVE POSITION
INDICATORS (&) GPERATIORS
SNOWLD BE EOUIPED ViIIN
PROTECTIVE CLOYNING AND
RESPIRATOR (5) MAVE WO
OPERATORS CMECK VALVE
POSITIONING (6) INSTALL
INTERLOCK WNICH ALLOUS
("IE‘IIIG OF ONE VALVE Al A

ADNINISTRATEVE CONTROLS;
1) ANBTINCEMENT OF
DELIVERY, (2) DRIVER
lllllllG, (3) ResIRICY
OINER TRAFFIC DURING
OELIVERY., CONSIDER
REVIEW OF TRANSPORTATION
PROCEOURES, E.G., (1)
RESIRICY InE
IRANSPCGREIATION OF
INCOMPATIBLE VUASTES IN
SINGLE TRUCK, (2)
CONSIDER TRANSPORT OF ONE
{ORUM AT A TINME,




9L-V

NAZARD ANALYSIS REPORT SV RISK

R---F---c| acv/Fac ACTIVITY NAME CAUSE/SCENARIO CONSEUENCES PROTECTIVE FEATURES ACTIONS
3 111 € |CY6 /7 WITE{VARD FORKLIFT TRANSPORTS |FORKLIKY ACCIDENT UITH  JWOMKER EXPOSURE 1V NONE NOWE
CYANIDE PLATING WASTE TO |INE SPILL OF A SINGLE CYANIDE rnssm.t 10mY,
TREATNENT ROOM DOOR DRUN OF PLATING UASTE. [WINOR l‘tlll"
RELEASE OF 55 GALLONS. CONTAMINATION. (D;D;C;D)
3 110 C |CYS /7 WITF|WITF CRANE DELIVERS PLATING VASTE DRUM CARBOY, POLYPACK OR OTNER | NONE NOWE
CYARIDE PLATING UASTE OROPPED SHiLE MOVING TO |CONTAINER BREACW 1IN
DRUM 1O SAMPLE ROOM WUTF SANPLE R00M USING  [SAMPLE ROOM, POSSIBLE -
CRANE. VORKER EXPOSURE .
(0;0:C;0)
3 111 € |cve 7 mITF{OVERPACK DRUN 1S OPENED |[OPERATOR FAILS TO FOLLOM [SWORT OURATION WYDROGEN |NONE JOPERATORS SWOULD USE SELF
AND INNER CYAHIDE DRUM 1S|PROCEDURE UNMILE OPENING |FIRE UPON OPENING TNE CONTAINED BREATHING
LIFTED WITR CRANE INE CYANIDE OVERPACK OVERPACK. FOSSISLE APPARATUS
(. t., uses URONG TOOLS, |UORKER 1NAMY. (D:D;C;D)
DOES NO! GROUND DRUM,
ulsmsmomlc Of THE
VENT NOOD, E7C...).
3 111 C [CV6 /7 WUTE JOVERPACK DRUM 1S OPENED |ORUM CGRYENTS SPILLED DUE |SPILL OF DRUM CONTENTS. [NONE |GPERATORS SROUALD USE SELF
AND [NNER CYANIDE ORUM 1S{T10: (1) CLANP COMES VORKER EXPOSURE 10 CONTAINED BREAINING
LIFTED YITH CRANE ll'l‘)SE, OR (2) LID FALLS |[CYANIDE WASTE. (D;0;C:0) APPARATUS .
OFF.
3 11 ¢ jevisy INTRODUCTION OF REAGENTS [REAGENTS ADDED 10 THE |UNPLANNED REACTIONS LEAD |NONE wone
NUTF 10 THE REACTOR PROCESS iN TNE WRONG 7O EXCESSIVE GENERATION
SEQUENCE (PLATING VASTE |OF GASES. CAN GVERLOAD
PROCESS). SKID SCRUBSER QUT WILL
VENT TO ROOM SCRUBBER.
MINOR LEAK OF TOXIC GASES
10 ROOM THROUGH LEAKS IN
PIPING AND DUCTUORK.
POTENTIAL FOR MINOR
WORKER 1MJURY. (D;D;C;D)
3 11 cijeniyy INTRODUCTION OF REAGEWTS | INSTRUMENTATION FAILURE [UNPLANNED REACTIONS LEAD INONE NOWE
WITF 10 THE REACTOR LEADS 10 INCORRECY 10 RELEASE OF TOXIC GAS
REAGENT/ANOUNTS OF 10 TNE SCRUSBBER.
REAGENTS ADDED 10 REACTOR|(D:D:C;D)
(PLATING WASIE PROCESS).
3 11 cjcviby LIOUIDS PACKAGED AND SENT|TNE REACTION IS JUNTREATED RIXED UASTE PAYSICALLY SAWPLE LIGUID Hm
witF 10 TA-50-1 IHCOMPLETE DUE 10 SENT 10 TA-50-1. PRIOR 10 TRANSPORTATION
INSTRURENTATION FAILURE |(D;0:D:C) 10 TA-S0-1.
OR UMAN ERROR (PLATING
VASTE PROCESS).
3 111¢ ey TRUCK ENTERS FACILITY ANDTRUCK ACCIOZET WITH THNE |VORKER EXPOSURE 10 NONE AOMINISTIRATIVE CONTROLS;
MMSF DRIVES 10 DOCK (PLATING |SPILL OF A SINGLE DRUW OF [CYANIDE AWD POSSISLE A (1) ANHOUNCEMENT OF
VASTES). PLATING UASTE. RELEASE |INJURY, RADIATION DELIVERY, (2) DRIVER
OF 55 GALLONS. couuuuu\uou NiNOR TRAINING, (3) RESIRICY
ONSITE CONTAMINATION. OINER TRAFFIC DURING
(9;0;C;C) DELIVERY.
onRUN LE |MONE OPERATORS SWOULD USE SELF
3 IV A [CY9 7 WUTF|PRINARY WASTE 1s RELEASE OF TOXIC GAS DUE [VORKER INJURY, POSSIE T TAIUS Snoue st

GROUWDED AND OPENED USING
NON - SPARK TOOLS (PLATING
WUASTES).

T0 UNEXPECTED MATERIALS
IN CYANIDE WASTE DRUM
(PMOSGEN, NYDROGEN

FATALITY, (D;0;A;0)

APPARATUS .




LL-V

RAZARD ANALYSIS REPORT BY RISK

R---F---C| ACT/FAC ACTIVITY NANE CAUSE/SCENARIO CONSEQUENCES PROTECTIVE FEATURES ACTIOKS
SULFIDE, CHLORINE,
€1C...).
3 vajcv2y VALK DENIND FORKLIFT FORKLIFT ACCIDENT CYANIGE AND ACiD UASTES |ORUMS %07 STORED IN DOCK |wONE
MRSF TRANSFERS WASTE DRUN TO [BREACNES ORUMS OF CAUSE LETAAL WCR NMINTURE. |AREA. ONLY MATERIAL AT
SIORAGE AREA (PLATING INCOMPATIBLE WUASTES OM  [POSSiSLE VORKER FATALITY. [RISK IS ON THE TRUCK.
MASTES) INE TRUCK OR IN THE DOCK ;MINOR ONSITE
AREA. CONTAMINATION. (D;D;A;C)
3 IvaAlcr3y UALK GERIND FORKLIFT FORRLIFY ACTiOENT CYANIDE AND ACID UMSTES ﬂnws NOT STORED 1IN OOCK |wONE
MRSF MOVES CYANIDE VUASTE DRUN |SREACEES DRUNS OF CAUSE LETHAL NCW NIXTURE. |AREA. ONLY MATERIAL AV
10 DOCK ICOMPATIBLE UASTES ON  |POSSIOLE VORKER FATALITY.[RISK 1S ON TNE TRUCK.
TNE TRUCK OR IN TNE DOCK |(D;D;A;C)
AREA.
3 IV A |CY4 7 WITF{YARD FORKL!FT TRANSPGRTS |FORKLIFT ACCIDENT UITH  |POSSISLE PRODUCTION OF  |NOWE (1) MOVE ONLY ONE PALLET
CYANIDE PLATING VASTE TO |SREACH OF MATIPLE UASTE [NCN. WORKER(S) EXPOSED AT A TIPE, (2) CONSIDER
TREATMENT ROOM DOOR CONTAINERS LEADING 10 T0 NCH GAS VITN POSSIBLE |wovinc oxtv ONE DRUM AT A
INIXING OF WONCOMPATIBLE |FATALITIES, AND SEVERE TINE,
WMASTE MATERIALS. INJURY TO COLOCATED
MISLABELED WASTE RESULTS |WORKERS. FACILITY AND
1N MOVEMENT OF ONSITE CONTAMINATION.
INCOMPATIBLE ACIDS WITH |(C;8;A;C)
CYANIDE UASTES.
3 IV A |CY6 /7 WITF|OVERPACK DRUN IS OPENED |RELEASE OF TOXIC GAS DUE |UDRXER INJURY, POSSIBLE |wowe OPERATORS SNOULD USE SELF
AND JNNER CYANIDE DRUM 1S]T0 UNEXPECTED MATERIALS IFATALITY, (0:D:A:D) CONTAINED BREATHING
LIFTED WITN CRANE IN CYANIOE WASTE DRUM APPARATUS .
(PMOSGEN, NYDROGEN
SULFIDE, CNLORINE,
EfC...).
3 VvV Ajoriy PLATING UASTE CONTAINER |CRANE ACCIDENT SPILLS jumn OF INCONPATISLE  |NONE NONE
WTF TRANSFERED T0 SKID WITN |CYANIDE WASTE DRUM MASTES RESULTS IN LETNAL
CTRANE OR RANUALLY. CONTENTS MITR NCN GAS. (D;D;A;D)
INCOMPAT IBLE
VASTE(ACIDS). BOTH DRUNS
SREACNED.
& 110 |cvie 7 CORTENTS OF PLATING WASTE [SPILL OF CYANIOE LIGUID |[MINOR VORKER |wowe 1F UNEXPECTED CONTENTS
wTF DRUM INSPECTED VISUALLY vmm SAZPLING AND INJURY/EXPOSURE . FOUND, CONEACT
VISUAL INSPECTION. (0;0;0;0) SUPERVISOR .
& 110 Jev2y VALK BENIND FORKLIFY CARBOY, PCLYPACK OR OTWER|CONTAINER BREACK, PLATING]|NONE Wm
mASF TRANSFERS WMSTE DRUR 10 |PLATING VASTE CONTAINER |UASTE SPILL IN DOCK AREA.

STORAGE AREA (PLATING
UASTES)

PUSHED OfF DOCK OR TRUCK
BY FORKLIFT.

NINOR VORKER EXPOSURE AND
FACILITY COMIAMINATION.
(0;0,0;0)
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NAZARD ANALYSIS REPORT BY RISK

R---F---C| ACI/ZFAC ACTIVITY WA CAUSE/SCENARIO CONSEQUENCES PROTECTIVE FEATURES ACTi0NS
¢« 110 |ev3y VALK BENIND FORKLIFT CARBOY, POLYPACK OR OTNER |CONTAINER BREACH, PLATING|NONE NONE
|mask MOVES CYAMIDE WASTE ORUM |PLATING UASTE CONTAINER |WASTE SPILL IN DOCK AREA. |
10 DOCK PUSNED DFF DOCK BY (®;D;0;D)
FORKLIFY.
4 1o ey INSTALL PURPING ASSENBLY |RESIDUAL PLATING NCH, W28 OR %N3 GAS WONE ENSURE SCRUBBER OPERATION
WTF 10 TNE TOP OF TWE CYANIOE |UASTE/REAGENTS LEFT 1IN |GENERATED AND RELEASED 10 DURING ALL PWASES OF
VASTE DRUM PROCESS LINES DUE 10 SCRUBSER. (D;D;0;0) IREATMENT .
INPROPER PURGE AFTER
LOADING OF PREVIOUS WASTE
CONTAINER. PLATING VASTE
PROCESS.
& 110 [CY8 /7 WUIF|VERRICULITE REWOVED AND |VERWICULITE CONTANINATED |POSSIBLE CORTANINATION  |NONE IF INERE ARE INDICATIONS
BAGGED (PLATING WASTE WITN CYANIDE PLATING WITH CYANIDE PLATING OF A LEAK WIEN RENOVING
PROCESS) UASTE FROM LEAKY INWER  |UASTE, MINOR WORKER INE INNER DRUM, DO WOT
PACK. EXPOSURE. (D;D;D;D) |nemOVE The VERMICULITE.
¢ 1o jev2y VALE BENIND FORKLIFT CARBOY, POLYPACK OR OTNER |CONTAINER SREACH, PLATING|wONE NONE
|mmsF TRANSFERS WASTE DRUM 10 [PLATING UASTE CONTAINER [UASIE SPILL IN DOCK AREA.
STORAGE AREA (PLATING  |PUNCIURED BY FORKLIFY.  |(D:0;D;D)
UASTES)
¢ 1o ey VALK BENIND FORKLIFT CARGOT, POLYPACK OR OINER|CONTAINER BREACH, PLATING|NOWE | wome
MmSF MOVES CYANIDE WASTE DRUM |PLATING UASTE CONTAINER |UASTE SPILL IN DOCK AREA.
10 DOCK PUNCTURED BY FORKLIFT.  |(D;D;D;B)
& IV C |CY9 7 miTE|PRINARY WASTE DRUM 1S OPERATOR FAILS TO FOLLOV |SWORT DURATION FIRE UPON |NONE wONE
GROUNDED AND OPENED USING|PROCEDURE WNILE OPENING [OPENING TNE WASTE
NON-SPARK TOOLS (PLATING |CYANIDE PRIMARY UASTE CONTAINER. POSSIBLE
VASTES). |omum c1.€., uses weowe  |woRKER INJURY AND MINOR
100LS, MISPOSITIONING OF |CONTAMINATION. (D;D;C;0)
1w vinr mooD, EVC...).
RELEASE OF FLAMMABLE GAS
DUE 10 UNENPECTED
COMTENTS.
& 1vcC |cvé 7 mits |OVERPACK DRUN IS OPENED |OPERATOR FAILS 10 FOLLOV |EXPLOSION OF SMALL NONE OPERATORS SWOULD USE SELF
AND [NRER CYANIDE DRUM 1S|PROCEDURE (CAUSES SPARK) [GUANTITY OF AVAILABLE CONTAINED SREAINING
LIFTED WITH CRANE AND IGNITES WYDROGENM IN |WYOROGEW RESTRICTED 10 APPARATUS.
TNE CYANIDE WASTE DRUN. |SPACE L2GER VENTILATION
NOOG. (D;0:C:0)
CY? /7 WTF |OVERPACK DRUM (S TRANSPORT OF ENPTY nowE wONE none
DISCARDED TO CRUSWER OR |OVERPACK DRUM (PLATING
USED FOR CEMENTATION VASTE PROCESS) 10 CRUSEER
(PLATING WMSTE PROCESS). |OR CEMENTATION FACILITY.




TABLE A-7
HAZMAN RESULTS SORTED BY ACTIVITY FOR GAS CYLINDER
RECONTAINERIZATION PROCESS

A-79



PRELININARY NAZARD/RISK ANALYSIS RECORD 8Y ACTIVITY FOR MRSF
ACTIVITY mmetER: 6Cl
ACTIVITY NAME: “0AD CTLINDER FROM TA-S4 ONTO TRANSPORT VENICLE AND WOVE 10 TA-63
ACTIVITY DESCRIPTION: LOAD CYLINDER FRON TA-54 ONTO TRANSPORT VENICLE AND WOVE TO TA-63

08~V

R--F--C CAUSE/SCENARIO COMSEQUENCES | PROTECTIVE FEATURES ACTiONS

2 111 A [NANDLING ACCIDENT |RELEASE OF TOXIC GAS|NOWE (1) CONSIDER
UMILE REMOVING FRON A SINGLE SECONDARY
CTLINDER FROM CYLINDER (E.G., CONTAIIMENT FOR
STORAGE, (€.G., CYANOGEN, ARSENIC KNOUN NIGMLY TONIC
CYLINDER FALLS PENTAFLORIDE, WF, GAS CVLINDERS AND
BREAKING VALVE OR  |PMOSGENE). POSSIBLE ALL URKNOWM GAS
CONNEC T IONS OR VORKER FATALITY. CYLINDERS, (2) VALVE
RUPTURE OF A (C:0:A;0) COVERS SWOULD OF 1N
CORRODED CYLINDER). PLACE ON ALL

CYLINDERS, (3) TRAIN
VORKERS 10 EVACUATE
1IN UPVIND DIRECTION
AND LOCATE GAS MASKS
I8 UPAIND DIRECTION,
(6) INSTAIL A WIND
SOCK FOR CONTINUOUS
VIND DIRECTION
INDICATION, (5)
CONSIDER PROTECTIVE
CLOTRING FOR WINED
UASTE GAS RELEASE.

3 IV B [RUPTURE OF FLAMMABLE [FLAMMABLE GAS €1) VORKER WAS TINE (1) vaLvE covees
GAS CYLINDER DURING |IGNITES AND ENPOSES |10 RESPOND 10 THE |SWOULD OE IN PLACE
MANDLING WEAR OTWER |WULTIPLE CYLINDERS |FIRE PRIOR 10 ON ALL CYLINDERS
GAS CYLIWDERS. 10 NIGH TENPERATURE |RUPTURE OF OTWER (2) TRAIN voReeRS To)

RESULTING IN RELEASE |CYLINDERS, (2) EVACUATE 1N UPVIND

OF MATIPLE GAS SIORAGE FACILITY IS [DIRECTION, AW

CYLINDERS. (C;C;8;C)|LOCATED AT A REMOIE |LOCATE GAS masks In

SITE. UPVIND DIRECTION,

(3) INSTALL A W10
SOCK FOR COMTINUOUS
VIND DIRECTION
INDICATION. .




PRELININARY NAZARD/RISK ARALYSIS RECORD SY ACTIVITY FOR MRSF
ACTIVITY mameER: cC2
ACTIVITY NAME: TRANSPORT OF GAS CYLINDER 70 TA-63 MMSF
ACTIVITY DESCRIPTION: GAS CYLINDER IRANSPORIED 10 TNE WMRSF 0OCK

18-V

R--F--C CAUSE /SCERARIO CONSEQUENCES | PROTECTIIVE FEATURES ACTIONS
2 111 A |teuck accioewt om lbmutm RELEASE OF |womE ADRINISIRAT IVE
PUBLIC RDAD DETVEEN |1ONIC GASES WITH coNtROLS; (1)
TA-S6 AND TA-63 WITN|PUBLIC AND WORKER |provioe éscomt rom
SREACNH OF GAS EXPOSURE. (A;C;A;D) THE TRANSPORT
CYLINDER(S). VERICLE AND CONSIDER
R0M0 CLOSURE SURING
IRANSPORT, (2

. )
DRIVER IRAINING, (3)
RESIRICT NIGHT OR
PODR MEATRER
DELIVERIES, (&)
CONSIDER SECONDARY
CONTAISENT FOR
CVLINDEKS OF
QUEST SONABLE
INTEGRITY, (MENOMN
CONIENTS, ‘OR TNOSE
CONTAINING NOST
nIGHLY TONIC
MATERIALS .




PRELININARY NAZARD/RISK ANALYSIS RECORD OV ACTIVIIY FOR MMSF
ACEIVITY mAmER: GC3
ACTIVIIY NAME: GAS CYLINDER TRANSPORIED FRON IGRSF DOCK STORAGE AREA
ACTIVITY DESCRIPTION: GAS CYLINDER TRANSPORTED FRON MURSF DOCK STORAGE AREA

8-V

DUE TO ACCIDENTAL

MODERATELY TOXIC

SYSTEN.

R--F--C CAUSE/SCENARIO CONSEQUENCES | PROTECTIVE FEATURES ACTIONS
3 IV A |BREACH OF CYLINDER |RELEASE OF NIGNLY [NEPA AND SCRUBSING [(1) TRARSPORT AND
DUE 10 ACCIDENTAL  |TORIC GASES SYSTEN. STORE CYLINDERS
CAUSES (E.G., (PROSPRINE, PROSGEN, SECURELY, (2)
CYLINDER DROPPED AND |ARSINE, AND OTNERS), INSTALL GAS
REGULATOR LINE WORKER FATALITY., DEIECIORS AND
BREAKS). (C;C;A;0) ALARNS, (3} CONSIDER
SECONDARY
CONTAINMENT FOR MOST
RAZARDOUS CYLINDERS,
(4) PROIECTIVE CAP
FOR CYL INDER
REGULATORS SNOWLD B
1N PLACE AT ALL
TINES.
3 IV 8 |BREACH OF CTYLINDER [RELEASE OF NEPA AND SCRUBBING |(1) TRANSPORT AND

STORE CYLINDERS

CAUSES (E.G., GASES (N2S, W02, AND SECURELY, (2)
CYLINDER DROPPED AND [OTHNERS). WORKER INSTALL GAS
REGULATOR LINE EXPOSURE. (C;C;8:D) |oetEcions am
BREAKS). ALARNS, (3) CONSIDER

SECONDARY
CONTAINMENT FOR MOS?
RAZARDOUS CYLINDERS,
(4) PROIECTIVE CAP
FOR CYLINDER
REGULATORS SHNOMRD OF
18 PLACE AT ALL
TINES.




PRELININARY NAZARD/RISK ANALYSIS RECORD BY ACTIVITY FOR MMSF
ACTIVITY mumatRr: oC4
ACTIVITY BAME: TRANSPORT GAS CYLINDER FRON MURSF STGRAGE 10O TNE WUTF TREATMENT RODM
ACTIVITY DESCRIPIION: TRANSPORT GAS CYLINDER FROM MURSF STORAGE TO YHE WMTF TREATMENT ROOM

£8-V

R--F--C CAUSE/SCENARIO CONSEGUENCES PROTECTIVE FEATURES ACTIONS
3 IV A |BREACH OF CYLINDER |RELEASE OF MIGHLY NONE (1) IRANSPORT AND
DUE 10 ACCIDENTAL TORIC GASES STORE CYLINDERS
CAUSES (E.C., (PROSPRINE, PROSGEN, SECURELY, (2)
CYLINDER DROPPED AND [ARSINE, AND OTNERS), CONSIDER SECONDARY
REGULATOR LINE VORKER FATALITY. CONTAINMENT FOR MOST
BREAKS). (A;A;R;0) NAZARDOUS CYLINDERS,
(&) PROIECTIVE CaP
FOR CYLINDER
REGULATORS SNOULD BE
IN PLACE AT ALL
VINES.
3 IV B [BREACK OF CYLINOER |[RELEASE OF NONE (1) TRANSPORT AND

JOUE 1O ACCIDENTAL
CAUSES (E.G.,

MODERATELY TOMIC
GASES (N2S, NO2, AND

STORE TYLINDERS
SECURELY, (2)

CYLINDER DROPPED AND|OTHERS). UORKER CONSIDER SECONDARY
REGULATOR LINE EXPOSURE. (C;C;8:D) CONTAJMMENT FOR NOST
BREAKS). BRAZARDOUS CYL INDERS,

(&) PRUTECTIVE CAP
FOR CYLINOER
REGULATORS SHNOULD SE
10 PLACE AT ALL
TIMES.




PRELININARY MAZARD/RISK ANALYSIS RECORD BY ACPIVITY FOR WUTF
ACTIVITY MUMBER: GCS
ACTIVITY BAME: TRANSFER CYLINDER INTO SKXID PRESSURE VESSEL
ACTIVITY DESCRIPTION: TRANSFER CYLINDER INTO SKID PRESSURE VESSEL

R--F--C CAUSE/SCENARIO CONSEQUENCES PROTECTIVE FEATURES ACTIONS
3 1V A |CYLINDER OROPPED POTENTIAL RELEASE OF |[CYLINDER (S WNOT (1) VORKER SHRIAD
DURING TRANSFER INTOITOXIC GAS, WORKER TRANFERRED USING VEAR PROTECIIVE
PRESSURE VESSEL. EXPOSURE AMD OVERNEAD CRANE. EQUIPNENT, INCLUDING
FATALITY. (D;D;A;D) RESPIRAIOR.

p8-v




PREL IMINARY NAZARD/RISK ANALYSIS RECORD Y ACTIVIIY FOR WITF
ACTIVITY WUMBER: GC6
ACTIVITY RAME: CYLINDER SREATKED
ACTIVITY DESCRIPIION: CYLINDER BREACHED

¢8-v

F--C CAUSE/SCENARIO CONSEQUENCES PROTECTIVE FEATURES ACTIONS

I C [skw JAmS OR OTWER  [RELEASE OF RESIDUAL |ONLINE GAS (1) VERIFY
MECNAMICAL FABLURES |TOMIC GAS, MINOR DE TECTORS. ATMOSPNERE PRIOR 10
DURING CUTTING AND |VORKER EXPOSURE. OPENING VESSEL. (2)
GAS IS RELEASED 1N10](D;D;r:5) VEAR PROTECTIVE CEAR
PRESSURE VESSEL (SCHA) WMEN OPENING
WOREER OPENS VESSEL VESSEL.
AFTER PURGING 10
INSPECT.

11 8 |saw Jans om OTMER  |RELESTE OF TONIC  |OMLINE GAS (1) VERIFY

1A

NECHANICAL FAILURES
DURING CUTTING

VORKER OPENS VESSEL
10 INSPECY, CAUSING
UNEXPECTED RELEASE.

TREATMENT SKID
(VALVES FOR
CONTAINMENT VESSEL)
MISALIGHED SEFORE OR
AFTER CYLINDER
BREACH.

TREATMENT SKID
(VALVES FOR
COMTAIMNWENT VESSEL)
MISALIGNED JEFORE OR
AFTER CYLINDER
BREACH.

INADVERTANT CUTTING
Of CYLINDER PRIOR TO

GAS, VORKER EXPOSURE
AND SERIOUS INJURY,
(b:0:8;:0)

RELEASE OF
NODERATELY TOMIC
GASES (E.C., NO2,
2s, ETC...) 10
ATMOSPRERE AND/OR
SUILDING. WORKER
EXPOSURE, (C;C;8:D)

RELEASE OF NIGNLY
GASES

(PNOSPINE, PNOSGEN,
ARSINE, AND OTNERS)
10 ATROSPHERE AND/OR
SUILDING. VORKER
FATALITY, POTEWTIAL
COLOCATED WORKER AND
PUBLIC EXPOSURE.
(C;0;A;0)

RELEASE OF TOXIC GAS
iNT0 RODN, WORKER

DETECTORS.

WEPR AND SCRUBSING
SYSTEN.

WEPA AND SCRUSBING
SYSTEN.

ATNROSPHERE PRIOR 10
OPENING VESSEL. (2)
VEAR PROTECTIVE GEAR
(SCBA) UNEN OPENING
VESSEL.

C1) INDEPENDENT
VERIFICATION OF
SYSTEM ALIGNWENT
SEFORE CUTTING. (2)
USE PROCEDURE UITHK
CHECKLIST, (3)
PROVIDE VALVE
POSITION INDICATION.

(1) INDEPEWDENT
VERIFICATION OF
SYSTEN ALIGNMENT
BEFORE CUTTING. (2)
USE PROCEDURE WITH
CHECKLIST, (3)
PROVIDE VALVE
POSITION INDICATION.

(1) INSIALL
INTERLOCKS 1O

SEALING VESSEL. ENPOSURE AND PREVENT SAM
POSSIBLE FATALITY. GPERAYION BEFORE
(D;0;A;D) SEALING AND INERTING

PRESSURE VESSEL
INCORRECTLY SEALED
(SUCH AS DODR SEAL)
OR SEAL FAILS

MINOR LEAK OF NIGHLY
1OXIC GAS
(PNOSPHINE, PNOSGEN,
ARSINE) FROM LEAKY

PRESSURE VESSEL. (2)
VERIFY DOOR CLOSURE
PRIOR TO STARTING
SAW.

(1) PERFORN CNECK OF
PRESSURE VESSEL SEAL
BEFORE CUTTVING
OPERATION. (2)




98-V

PRELININARY WAZARD/RISK ANALYSIS RECORD BY ACTIVIIY FOR WUTE

ACTIVITY WUMBER: GC6
ACTIVITY NAME: CYLINDER BREACNED

ACTIVITY DESCRIPVION: CYLINDER BREACHED

ive

INCORRECTLY SEALED
(SUCH AS DOOR SEAL)
OR SEAL FAILS
CAUSING LEAKAGE.

FLAMAGLE CYLINDER
SREACHED WiTOUT
INERTING PRESSURE
VESSEL ATMOSPHERE.

TOXIC GAS FROM LEAKY
SEALS. (D;D;C;D)

FIRE OR EXPLOSION
POTENTIAL PRESSURE
VESSEL DAMAGE.
RELEASE OF GASES 10
ATNOSPERE, WORKER
1HJURY. (D;D;8;C)

VESSEL DESIGNED 10
CONTAIN FIRE AND
EXPLOSION.

R--§--C CAUSE/SCENARIO CONSEQUENCES PROTECTIVE FEATURES ACTIONS
CAUSING LEAKAGE. SEALS, POTENTIAL NIRINIZE TIME
MORKER FATALITY. BETVEEN CUTTING AND
(D;D;A;D) DISPOSAL OR
RECONTAINERIZATION.
(3) LOCATE CONTROL
PANEL AGAY FRON
SKiD.
3 11 C |PRESSURE VESSEL LEAK OF WODERATELY |womwe (1) PERFORM CWECK OF

PRESSURE VESSEL SEAL
SEFORE CUTTING
OPERATION. (2)
NININIZE TIME
BETUEEN CUTTING AND
DISPOSAL OR
RECONTAINERIZATION.
(3) LOCATE CONTROL
PANEL AWAY FRON
SKID.

VERIFY PRESSURE
VESSEL ATMOSPNERE
BEFORE CUTTING
CYLINDER.




PRELININARTY NAZARD/RISK ANALYSIS RECORD BY ACTIVITY FOR WuTF
ACTIVITY WUNBER: GC7
ACTIVITY NAME: SANPLE, ANALYZE, AND DISPOSE PRESSURE VESSEL CONTENTS
ACTIVITY DESCRIPTION: SAMPLE, ANALYZE, AND DISPOSE OF PRESSURE VESSEL GASES

L8-V

R--F--C TAUSE/SCENARIO CONSEQUENCES PROTECTIVE FEAVURES ACTIONS
2 111 8 |nISROUTING OF TOXIC |1ORIC GASES NONE (1) PROVIOE SANPLING
GAS (E.G., GAS SENT |INADVERTEMTLY VENTED PROCEDURES W1 TN
10 ATMOSPNERE) DUE | TO ATMOSPNERE, INDEPENDENT
10 NUMAN ERROR, EXPOSURE 10 PUBLIC, VERIFICATION, (2)
SCRUBBER FAILED OR |COLOCATED WORKERS VERIFY SYSTEM
IMEFFECTIVE. AND VORKERS OUTSIDE LINE-UP PRIOR 1O
THE BUILDIWG. ROUTING PRESSURE
(8;0;8;0) VESSEL CONTENTS.
3 11 C |MISROUTING OF TOXIC |tOMIC GASES WEPA AND SCRUMBER  {(1) VERIFY SYSIEN
GAS {E.G., GAS SENT |INADVERTENTLY VEMTED|SYSTEM. LINE-UP PRIDR 1T
10 ATNOSPNERE) DUE |10 ATMOSPHERE RGUTING PRESSURE
70 MUMAN ERROR OR | IMROUGH SCRUBSER VESSEL COMTENTS.
MISINTERPRETATION OF [SYSTEM, MINOR
SAMPLING RESULTS.  |ENPOSURE. (C:€;T;0)
3 11C |INCOMPLETE VENTING |UORKER EXPOSURE 10 _|WoOwE (15 VORKER 10 VEAR
OR SCRUGBING OF TNE IZESIOUAL TOXIC GASES PROTECTIVE EQUIPMENT
PRESSURE VESSEL Tie |UPOw OPEWNING THE CINCLUDING SCBA)
10 WUMRP ERZIR., PRESSURE VESSEL. WUNEN OPENNING
(0;0;C;D) PRESSURE VESSEL.




PRELIMINARY NAZARD/RISX ANALYSIS RECORD SY ACTIVIIY FOR WUIF
ACTIVITY NUMBER: GCB
ACTIVITY NAME: SCRUBSING AND DISPOSING OF CYLINDERS
ACTIVITY DESCRIPTION: SCRUBSING AND DISPOSING OF CYLINDERS

R--F--C CAUSE/SCENARIO CONSEQUENCES PROTECTIVE FEATURES ACTIONS
2 111 8 |RADIOACTIVE VIOLATION OF ORLINE SAMWPLING. INDEPENDENTLY VERIFY
CONTAINER KISLABELED JREGINAT IONS CORRECT LASELING.

RS NAZARDOUS AND LOCALIZED MiwOR
SENT OFF-SITE FOR  |OFFSITE
TREATMENT . CONTAMINATION.
(0;0;0;8)

88-V



TABLE A-8
HAZMAN RESULTS SORTED BY RISK RANK FOR GAS CYLINDER
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NAZARD ANALYSIS REPORT BY RISK
R---§---C| actzrac ACTIVITY NANE CAUSE /SCERARIO CONSEQUEKCES PROTECTIVE FCATURES ACTIONS
2 1 C |GC6 7 MITF|CYLINDER BREACHED SAY JANS OR OTNER RELEASE OF RESIOUAL TOXIC|ONLINE GAS DETECTORS, (1) VERIFY ATMOSFRIRE
MECHANICAL FAILURES GAS, NINOR LOURKER PRIOR TO OPENING VESSEL.
DURING CUTTING AND GAS 1S|EXPOSURE. (D;D;C;D) (2) VEAR PROTECTIVE GEAR
RELEASED INTO PRESSURE (SCBA) UMEN OPENING
VESSEL, VORKER OPENS VESSEL.
VESSEL AFIER PURGING 10
INSPECT.
2 118 |cce 7 muTE|cYLINDER BREACHED SAU JAMS OR OTNER RELEASE OF TONIC GAS, ONLINE GAS DETECTIORS. (1) VERIFY ATMOSPNERE
MECHANICAL FAILURES VORKER EXPOSURE AND PRIOR 10 OPENING VESSEL.
DURING CUTTING, VORKER  ISERIOUS INJURY. (D;D;8;D) (2) VEAR PROTECTIVE GEAR
OPENS VESSEL 10 INSPECT, (SCEA) UNEN OPENING
CAUSING UNEXPECTED VESSEL.
RELEASE.
2 118 |GC6 7 MITFICYLINDER BREACHED TREATMENT SKID (VALVES  |RELEASE OF WODERATELY NEPA AND SCRUBBING (1) INDEPEMDENT
FOR COMTAINNENT VESSEL) |TONIC GASES (E.G., NO2, |SYSTEM. VERSFICATION OF SYSTEM
i!lS‘llMD SEFORE OR N2S, ETC...) V0 ALIGNSENT BEFORE CUTTING.
AFTER CYLINDER BREACN.  |ATMOSPNERE AND/OR (2) USE PROCEDURE MITM
BUILDING. VORKER CHECKLIST, (3) PROVIDE
EXPOSURE. (C;C;D;D) vALVE Position
INDICAT ION.
2 11 A leer g LOAD CYLINDER FROM TA-54 |NANDLING ACCIDENT WWILE |RELEASE OF TORIC GAS FRom|wowe (1) CONSIDER SECONDARY
mRSE OMTO TRANSPORT VEWICLE  |REWOVING CYLINOER FRON A SINGLE CYLINOER (E.G., CONTAINMENT FOR KNOWM

AND MOVE 10 TA-63

STORAGE, (E.G., CYLINDER
FALLS BREAKING VALVE OR
CONKECTIONS OR RUPTURE Of
A CORRODED CYLIMNDER).

CYANOGEN, ARSENIC
PENTAFLORIDE, WF
PNOSGENE). POSSIBLE
VORKER FATALITY.
(C;0;A;D)

NIGNLY TOXIC GAS
CYLINDERS AND ALL UWKNGIN
CAS CYLINDERS, (2) VALVE
COVERS SWOULD SE IN PLACE
O ALL CYLINDERS, (3)
IRAIN WORKERS 10 EVACUATE
IN UPHIND DIRECTION, AND
LOCATE GAS MASKS 1IN
UPMIND DIRECTION, (4)
1NSTALL A VIND SOCK FOR
CONTINUDUS WIND SiccTion
INGICATION, (5) CONSIDER
PROTECTIVE CLOTNING FOR
WINED MASTE GAS RELEASE.
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NAZARD ANALYSIS REPORT BY RISK

R---f---c| acrsrac ACTIVITY NAME CAUSE/SCENARIO CONSEQUENCES PROTECTIVE FEATURES ACTiONS
2 1 c [ceé 7 mutr|CcYLINDER BREACHED SAU JANS OR OTNER RELEASE OF RESIDUAL TOXIC|ONLINE GAS DETECTORS, FY ATROSPRER
[mECHANICAL FASLURES GAS, MI%OR WORKER 3}3&".‘6 ('pguue 3‘“&..
DURING CUTTING AND GAS 1S|EXPOSURE. (0;0;C;D) (2) UEAR PRGTYECTIVE GEAR
RELEASED INTO PRESSURE (SCBA) WMEN OPENING
VESSEL, VORKER OPENS VESSEL .
VESSEL AFTER PURGING 10
INSPECY.
2 1168 |6c6 /7 MTF|CYLINDER BREACHED SAW JANS OR OTNER RELEASE OF TONIC GAS, ONLINE GAS GETECTORS. (1) VERIFY ATMOSPRERE
MECRANICAL FAILURES WORKER EXPOSURE AND PRIOR 0 OPENING VESSEL.
DURING CUTTING, VORKER  [SERIOUS INJURY. (D;2;8;0) (2} VEAR PROTECTIVE GEAR
OPENS VESSEL 10 INSPECT, (SCBA) WEN OPENING
CAUSING UNEXPECTED VESSEL.
RELEASE.
2 11 8 |]GC6 7 WUTF |[CYLINDER BREACNED IREATMENT SKID (VALVES RELEASE OF NODERATELV WEPA AND SCRUBSING C1) INDEPENDENT
FOR CONTAINMENT VESSEL) |TOXIC GASES (E.G., W02, [SYSiEm. VERIFICATION OF SYSTEW
MISALIGNED BEFORE OR N2s, £1C...) 10 ALIGNNENT BEFORE CTUITING.
AFTER CYLINDER BREACM. ATMOSPNERE AND/OR (2) USE PROCEDURE With
BUILDING. VORKER CRECKLIST, (3) PROVIDE
EXPOSURE. {C:C:8:D) VALVE POSiTiON
INDICATION.,
2 A |oct g LOAD CYLINDER FROM TA-56 |WAWDLING ACCIDENT WMILE |RELEASE OF TOXIC 235 Fwom|wone (1) CONSIDER SECONDARY
MMSF ONTO TRANSPORT VENICLE REMOVING CYLINDER FROM A SI¥Gie CYLINDER (E.G., CONTAINMENT FOR KNOWUN
AND MOVE 1O TA-63 STORAGE, (E.GC., CYLINDER [CYAWOGEN, ARSENIC NIGHLY TOXIC GAS
FALLS BREAKING VALVE TR PENTAFLORIDE, WF CYLINDERS AND ALL
COMNECTIONS OR RUPTURE MIP“OSGEIE). POSSI‘lE GAS CYLIXDERS, (2) VALVE
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RAZARD AMALYSIS REPORT BY RISK

ACT/FAC

ACTIVITY NAME

CAUSE/SCENARIO

PROTECTIVE FEATURES

ACTIONS

2 A

2 1A

2 1L A

2 1 e

2 HIB

Ge2 /
MRSF

GCo /7 witf

GC6 /7 WITF

GC6 / MITF

GC7 /7 WTF

GC8 /7 miTF

TRANSPORT OF GAS CYLINDER
10 TA-63 MMmSF

CYLINDER BREACNED

CYLINDER BREACHED

CYLINDER SREACHED

SCRUBBING AND DISPOSING
Of CYLINDERS

TRUCK ACC'DENT ON PUBLIC
ROAD BETUVEEN TA-5¢ AND
TA-63 WI1N BREACH OFf GAS
CYLINDER(S).

TREATNENT SKID C(VALVES
FOR CONTAINWENT VESSEL)
RISALIGRED SEFORE OR

AFTER CYLINDER BREACH.

INADVERTANT CUTTING OF
CYLINDER PRIOR 10 SEALING
VESSEL.

PRESSURE VESSEL
INCORRECTLY SEALED (Sucw
AS DOOR SEAL) OR SEAL
FAILS CAUSING LEAKAGE.

s s e
(E.6.

ATROSPNERE) DUE 10 MAAN
ERROR, SCRUBSER FAILED OR
ineFrECTIvE.

RADIOACTIVE CONTAINER
NISLABELED AS NAZARDOUS
AND SENT OFF-SITE FOR
TREATMENT .,

POTENTIAL RELEASE OF
TOXIC GASES VITH PUBLIC
AND WORKER EXPOSURE.
(A;C;A;D)

|nevease of miemy vomic
GASES (PHOSPINE, PHOSGEN,
AND OTRERS) 10

ATMOSPRERE AND/OR
SUILOING. MORKER
FATALITY, POTENTIAL
COLOCATED WORKER A¥D
PUBLIC EXPOSURE.
(C;8:A;0)

ROOH, VORKER €
PosSiBLE FATALITY.
(O;D;A;D)

MINOR LEAX OF WIGMLY
TOXIC GAS (PNOSPRINE,
PROSGEN, ARSINE) FRON
LEAKY SEALS, POTENTIAL
VORKER FATALITY.
(D:D;A;0D)

TORIC GASES INAOVERTEMTLY
VENIED 10 ATNOSPHERE,
EXPOSURE 10 PUBLIC
COLOCATED VORKERS AND
VORKERS OUTSIDE THE
SUILDING. (8;8;8;0)

LOCALIZED MINOR OFFSIVE
CONYAMINATION. (D;D;D;8)

NEPA AND SCRUBSING
SYSTEN.

RELEASE OF TORIC CAS INTO|NONE
KPOSURE AND

VIOLATION OF REGULATIONS, JONLINE SANPLING.

ADMINISIRATIVE CONTROLS;
(1) PROVIDE ESCORT FOR
INE TRANSPORT VEWICLE AND
CONSIBER ROAD CLOSURE
DURING TRANSPORT, (2)
ORJVER IRAINING, (3)
RESTRICT WiGHT OR POOR
VEATHER DELIVERIES, (4)
CONSIDER SECONDARY
CONTAIWNENT FOR CYLINDERS
OF GUESTIONABLE
JNTEGRITY, UNKNOWUN
CONTENTS, ‘OR THOSE
CORIAINING HOST NIGMLY
TOXIC MATERIALS.

(1) INDEPENDENT
VERIFICATION OF SYSTEN
ALIGIMENT BEFORE CUSTING.
(2) USE PROCEDURE MITH
CHECKLIST, (3) PROVIDE
vatve posirion
INDICATION.

(1) INSTALL INTERLOCKS 1O
l'ltﬁl' SAM OPERATION
SEFORE SEALING AND
INERTING PRESSURE VESSEL.
(2) VERIFY DOOR CLOSURE
[PRIOR 10 STARTING SAM.

(1) PERFORR CUHECK OF
PRESSURE VESSEL SEAL
SEFORE CUTTING OPERATION.
€2) RINIRIZE V1IME SETVEEN
CUTTING AND DISPOSAL OR
RECONIAINERIZATION. (3)
LOCATE CONTROL PANEL Aumy
FROM SKID.

(1) PROVIDE SAPLING
PROCEDURES Wi

"
INDEPENDENT VERIFICATION
(2) VERIFY SYSTEM Line-ub
PRIOR 10 ROUTING PRESSURE
VESSEL CONTENTS.

INDEPENDENILY VERIFY
CORRECT LASELING.
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HAZARD ANALYSIS REPORT 8Y RISK

R---F---C| actzeac ACTIVITY BAME CAUSE /SCENARIO CONSEQUENCES PROTECTIVE FEATURES AcTIONS
3 11 C |GC6 7 WMITF|CYLINDER BREACNED PRESSURE VESSEL LEAK OF WIDERATELY TONIC {MONE (1) PERFORM CRECK OF
INCORRECTLY SEALED (SUCH |GAS FRON LEAKY SEALS. PRESSURE VESSEL SEAL
AS DOOR SEAL) OR SEAL (D;0:C;0) SEFORE CUTTING OPERATION.
FAILS CAUSING LEAKACE. (2) WINIMIZE TIME BETVEEN
CUTTING AND DISPOSAL OR
RECONTAINERIZATION. I!)
LOCATE CONIROL PANEL AMA
FROM SKID.
3 11 C JGC7 7 WITF|SANPLE, ANALYZE, AND Jmmuc OF TOXIC GAS |TOXIC GASES INADVERTENILY |NEPA AND SCRUBSER SYSTEN. [¢1) VERIFY SYSIEM LINE-UP
DISPOSE PRESSURE VESSEL |(E.G., GAS SENT 10 VENTED 10 ATROSPNERE |PRIOR 10 ROUTING PRESSURE
COMTENTS ATHOSPNERE) DUE 10 MMAN |TWROUGH SCRUBSER SYSTEN, VESSEL COMTENLS.
mwn on RINOR ENPOSURE. (C;C;C;D)
RISINTERPRETATION OF
SANPLING RESULTS.
3 11 C |GC7 /7 WTF|SAMPLE, ANALYZE INCONPLETE VENTING OR VORKER EXPOSURE 10 NONE (1) VORKER Y0 VEAR
oispost pressumé v:ssa SCRUBOING OF TNE PRESSURE |RESIDUAL TORIC GASES UPON PROTECTIVE EQUIPMENT
CONTENTS VESSEL DUE 1O NUNAN OPENNING TWE PRESSURE C(INCLYDING STBA) WEN
ERROR. VESSEL. (D;0:C:D) OPENNING PRESSURE VESSEL.
3 Ivajccyy GAS CTYLINDER TRANSPORTED |SREACH OF CYLINDER DUE TO|RELEASE OF NIGHLY TOXIC [NEPA AND SCRUBBING (1) TRANSPORT AND STORE
MMSF FRON MURSF DOCK STORAGE |ACCIDEHTAL CAUSES (E.G., |GASES (PROSPNINE, SYSTEN, CYLINDERS SECURELY, (2)
AREA CYLINDER DROPPED AND PHOSGEN, ARSING, AND INSIALL GAS DETECIORS AND
REGULATOR LINE BREAKS). JOTNERS), VORKER FATALITY. ALARNS, (3) CONSIDER
(C:C:A;0) SECONDART CONTAINMENT FOR
NOST NAZARDOUS CYLINDERS,
(4) PROIECIIVE CAP FOR
CTYLINDER RECULATORS
SHOULD OF IN PLACE AT ALL
TINES.
3 1vajcck / TRANSPORT GAS CYLINDER |BREACN OF CYLINDER DUE TO|RELEASE OF NIGHLY TORIC |NOME (1) TRANSPORT AND STORE
MURSF FRCN MMSF STORAGE 10 TME |ACCIDENTAL CAUSES (E.G., [GASES (PNOSPRINE, CYLINDERS SECURELY, (2)
WUTF TREATMENT ROOM CYLINDER DROPPED AND PWOSGEN, ARSINE, AND CONSIDER SECOMDARY
REGULATOR LINE BREAKS). |OTNERS). WORKER' FATALITY. CONTASNMENT FOR MOST
(A;A;A;0) NAZARDOUS CYLINDERS, (4)
PROTECTIVE CAP FOR
CYLINDER REGULATORS
SEOULD OF 1IN PLACE AT ALt
T1INES.
3 1v A |GCS 7 muTE|TRANSFER CYLINDER INTO  |CYLINDER DROPPED DURING [POTENTIAL RELEASE OF CTLINDER IS WOV Len VORKER SNOULD UEAR
SKID PRESSURE VESSEL TRANSFER INTO PRESSURE  |IORIC GAS, WORKER TRANFERRED USING OVERNEAD [PROTECTIVE TOUIPNENT,
VESSEL. EXPOSURE AND FATALITY.  |CRANE. INCLUDING RESPIRAIOR.
(D;0;A;D)
3 ve jecr g LOAD CYLINDER FRON TA-54 |RUPTURE OF FLAMMABLE GAS |FLAMMABLE GAS IGNITES AND|(1) VORKER BAS TINE 5O  [(1) VALVE COVERS SmOutd
MmmSF ONTO TRANSPORT VEWNICLE  |CYLINDER OURING NANDLING |EXPOSES WA TIPLE RESPOND 10 THE FIRE PRIOR ¢ (N PLACE ON ALL

AND MOVE 10 TA-63

NEAR OTNER GAS CYLINDERS.

CTLINDERS 1O NIGN
TENPERATURE RESULTING IN
RELEASE OF MULTIPLE GAS
CYLINDERS. (C;C;8;C)

10 RUPTURE OF OINER CYLINDERS, (2) TRAIN

CYLINDERS, (2) SIORAGE |VORNERS 10 EVACUMTE (n

FACILITY S LOCATED AT A JUPMIND BIRECTION, AND

REMOTE SITE. LOCATE GAS MASKS 18
UPUIND DIRECTION, (3)
INSTALL A WIND SOCK FOR
CONTINUOUS WEND DIRECTION
INDICATION. .
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NAZARD ANALYSIS REPORT BY RISK

ACI/ERC

ACTIVITY NANE

CAUSE/SCESARIOD

PROTECTIVE FEATVRES

ACTIONS

R---F---C
3 ive
3 1ve
3 avs

cc3 /
MRSF

Ges /4
MRSF

GC6 / WITF

GAS CYLINDER TRANSPORIED [BREACN OF CYLINDER BUE 0

FRON MURSF DOCK STORAGE
AREA

TRANSPORT GAS CYLINDER
FRON MRSF STORAGE 10 THE
WUTF TREATNENT ROOM

CYLINDER BREATNED

ACCIDENIAL CMISES (E.G.,
CYLINOER DROPPED AND
REGULATOR LINE SREAKS).

OREACH OF CYLINDER DUE 7O
ACCIDENTAL CAUSES (E.G.,
CYLINDER DROPPED AND
REGULATOR LINE BREAKS).

FLAMABLE CYLINDER
SREACHED WITOUT INERTING
PRESSURE VESSEL
ATMOSPHERE .

RELEASE OF MODERATELY
me: GASES (N2S, %02,
AND OTNERS). MORKER
EXPOSURE. (C;C;8:0)

RELEASE OF RODERATELY
1ONIC GASES (N2S

w02
AND OTWERS). WORKER
EXPOSURE. (C;C;9;0)

FIRE OR EXPLOSION
POTENTIAL PRESSURE VESSEL
|oamace. aELEASE OF GASES
10 ATMOSPERE, A oRKER
INJURY. (D;D;8;C)

rst':'l Er SCRUBSING

rm

bty Ry tg i
Jexeros

Jm TRANSPORT AND STORE
CVLINDERS SECURELY, (2)
umu :g -net.::gs o
stmln CONTAINNENT FOR
NOST BAZARDOUS CYLINDERS,
(&) PROTECIIVE CAP FOR
CYLHIBER REGULATORS
SHMLO BE 1N PLACE AT ALL
11MES.

(1) TRANSPORT AND STORE
CYLMNDERS SECURELY, (2)

VERIFY PRESSURE VESSEL
ATNOSPRERE BEFORE CUTIING
CYLINDER.
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Fig. A-2. Hazardous Waste Treatment Facility mezzanine/crane/floor plan.
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UM MGH2. CAMZ WASTE TREATMENT

PROCESS FOR WATER
HumprEoNe —{ REACTIVE(LITHIUM SOLUTION (LI2504, MGSO4 OR CASO4)
%51 HYDRIDE) WASTES \

Fig. A-3. Feed/waste streams for the water reactive waste treatment process.
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A

WATER REACTIVE DELIVERY OF LITHIUM
TRANSFER OF
(U‘I’Hﬂ'.lv::!YEMIDE) HYDRIDE WASTE TO LITHIUM HYDRIDE
WASTE DRUM 10

SAMPLE ROOM

Fig. A-4. Flow diagram for water reactive waste treatment process.
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W4

DELIVERY OF LITHIUM
HYDRIDE WASTE TO
MWRSF LOADING
DOCK AND TRANSFER
YO STORAGE

Fig. A-4. Flow diagram for water reactive waste treatment process (cont).
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TRANSFER OF
WASTE DRUM TO
SAMPLE ROOM

WALK BEHIND
FORKLIFT MOVES
DRUM FROM
STORAGE TO

DOCK

LS

OVERHEAD CRANE
PICKS UP AND
DELIVERS GRUM TO

SAMPLE ROOM

TO TREATMENT
ROOM DOOR

-

VERMICULITE REMOVED,

| BAGGED AND SENT TO
LANDFILL OR STORAGE

1 T \

CONTENTS OF DRUM
INSPECTED
VISUALLY

Fig. A-4. Flow diagram for water reactive waste treatment process (cont).
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PREPARATION FOR
TREATMENT, TREATMENT
PROCESS AND
PROCESSING OF
EFFLUENTS

M1y LH14

LIH REACTED WITHH20 N

HYDRATOR. H2 GAS, N2
LIM LOADED ONTO ""’m' '“A""’"' SCRUBBED,
VDRATOR TRAYS . HEPA FILTERED AND
TREATMENT SKID RELEASED TO

ATMOSPHERE.

I
Lk1S [T TTTTommmmsssssossssssssscesosssoosscocos '

LOUID SENT 10
TA-50-1 OR
CEMENTATION

Fig. A-4. Flow diagram for water reactive waste treatment process {cont).
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Fig. A-5. Depleted uranium process flow diagram.
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LANDFILL

NaCl
WASTE DRUM OF URANIUM I
CHIPS AND FUEL OIL > OVERPACK AND
NCO | WASTE TREATMENT |——=""—s Tomsrosn
SODIUM THIOSULFIDE PROCESS FOR WASTE DRUM
—>DEPLETED URANIUM IN —> TODISPOSAL
CAUSTIC FUEL OIL LOW LEVEL
> RADIATIONLIQUID 4 50.1

CEMENTED DRUM

WASTE OIL

ih TA-54 (LXNDFILL)
INCINERATOR

Fig. A-6. Feed/waste streams for the depleted uranium waste treatment process.
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DELIVERY OF - |
URANIUM WASTE TO w A

PREPARATION FOR
TREATMENT

Fig. A-7. Flow diagram for depleted uranium waste treatment process.
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\V4

DELIVERY OF
URANIUM WASTE TO
MWRSF LOADING
DOCK AND TRANSFER
TO STORAGE

TRUCK ENTERS TA-83
GATE AND DRIVES 10
LOADING DOCK

Fig. A-7. Flow diagram for depleted uranium waste treatment process (cont).
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v

TRANSFER OF
WASTE DRUM TO
SAMPLE ROOM

WALK BEHIND
FORKLIFT MOVES
DRUM FROM
STORAGE 10
00CK

YARD FORKLIFT
PICKS UP DRUM AT
DOCK AND DELIVERS
TO TREATMENT
ROOM DOOR

ony

VERMICULITE REMOVED,
BAGGED AND SENT TO §
LANDFILL OR STORAGE §

Fig. A-7. Flow diagram for depleted uranium waste treatment process (cont).
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Fig. A-7. Flow diagram for depleted uranium waste treatment process (cont).
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[P

[

REDUCTION B8Y SEDIMENT IS

OPEN REACTOR
LID, OPEN WASTE

SODIUM PUMPED TO
THIOSULFATE TO CEMENTATION
URANIUM DIOXIDE SLURRY IN TANK DRUM

CEMENT AND

CLEAR LIOUD

SEDWENT ARE
SAMPLED AND MIXED IN THE DRUM
ANALYZED

USING TUMBLER

CEMENT 1S
TRANSFERED
TO TA-54
AREA G

SHIPMENT OF
CLEAR LIQUID
TO TA-50-1

Fig. A-7. Flow diagram for depleted uranium waste treatment process (cont).

o

Voo

1 DRUM AND CHECK
CONTENTS
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DU1S

OXIDATION
REACTION
(TREATMENT)
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Fig. A-7. Flow diagram for depleted uranium waste treatment process (cont).
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LANDFILL

PLATING WASTES
»>!| WASTE TREATMENT

PROCESS FOR
REAGENTS CHEMICAL (CYANIDE)

(BLEACH, H2504) > PLATING WASTES

Y Y

TA-54 (LANDTILL
INCINERATOR )

Fig. A-9. Feed/waste streams for the chemical plating wastes treatment process.
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CYANIOE PAATING | DELIVERY OF CYANIDE
WASTE (LIQUID PLATING WASTE TO
SOLUTION)
TREATMENT

PROCESS

PROCESSING OF

PREPARATION FOR
EFFLUENTS

TREATMENT

Fig. A-10. Flow diagram for chemical plating waste treatment process.
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DELIVERY OF CYANIDE

............................................

WALK BEHIND
FORKLIFT PICKS UP
DRUM AND MOVES

TO STORAGE

TRUCK ENTERS TA-83
GATE AND DRIVES TO
LOADING DOCK

Fig. A-10. Flow diagram for chemical plating waste treatment process (cont).
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PICKS UP DRUM AT OPERATOR LF TS

NNER DRUM WITH

o

cYy e
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L}
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Fig. A-10. Flow diagram for chemical plating waste treatment process (cont).
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Fig. A-10. Flow diagram for chemical plating waste treatment process (cont).
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TREATMENT PROCESS

cyY3

REACTION |
TAKES PLACE

CN + BLEACH = CO2 + N2
AMMONIUM ¢+ BLEACH = N2 +
H20
ACIDS/BASES TO ADJUST pH
CHROMIUM ¢+ NA HYPOSULFITE
= REDUCTION
HEAVY METALS ¢ NaHS =
PRECIPITATE METAL

Fig. A-10. Flow diagram for chemical plating waste treatment process (cont).
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SOLIDS

PUMP LIQUID/SOLID
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SOLIDS
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SENT TO TA-54

Fig. A-10. Flow diagram for chemical plating waste treatment process (cont).
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1

Fig. A-11. Gas cylinder recontainerization process.
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CYLINDER TO
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Fig. A-11. Gas cylinder recontainerization process (cont).
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Fig. A-11. Gas cylinder recontainerization process (cont).




APPENDIX B
MIXED WASTE RECEIVING AND STORAGE FACILITY

DESIGN DESCRIPTION

The Design Criteria Report” provides the most complete description of the
facility design currently available. Only a brief description of the facility and process
is provided here.

Introduction. The proposed Los Alamos Mixed Waste Receiving and Storage
Facility (MWRSF), located in TA-63, will receive and store mixed waste generated
on-site at Los Alamos National Laboratory.

Facility Description. A new facility, called the Mixed Waste Receiving and
Storage Facility (MWRSF), is proposed to house mixed wastes generated by the Lab-
oratory. Figure B-1 shows the site plan as envisioned in the preconceptual design
report. The MWRSF will be fully independent and will include necessary areas
such as airlocks, waste storage room, change room facilities, mechanical/electrical
rooms, and the loading dock area.

The MWRSF is an enclosed building (see Fig. B-1) containing the following
room classifications: Flammables, Oxidizers, Caustics, Acids, Unregulated (non-
RCRA), Compressed Gases, Cyanides and Sulfides, Reactives (metals and hydrides),
and PCBs. The last three rooms are completely enclosed; the others are open on one
side. The bulking room is used to rebulk solids and liquids. The ventilation system
has HEPA filtration, and the stack will have radiation monitoring.

EPA Classification Methodology. The mixed wastes expected to be received
by the MWRSF are listed in the following tables and are classified according to EPA
. classifications for Potentially Incompatible Waste. The EPA classification is used to
avoid mixing hazardous waste with other waste or material at a hazardous waste
facility that could result in effects that are harmful to human health and the envi-
ronment. These effects could be (1) heat or pressure; (2) fire or explosion; (3) violent
reaction; (4) toxic dusts, mists, or fumes; or (5) flammable fumes or gases.

Table B-1 contains examples of potentially incompatible wastes, waste compo-
nents, and materials, along with the harmful consequences that result from mixing
materials in one group with materials from another group. The list is intended to
be a guide for operators of treatment, storage, and disposal facilities and to indicate
the need for special precautions when managing these potentially incompatible
waste materials or components.

*"Design Criteria Report for Mixed Waste Receiving and Storage Facility,” LANL Facilities
Engineering Division, February 10, 1993.
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Table B-2 lists the hazardous wastes, according to EPA classification, that
potentially could be treated at the MWRSF.

DESIGN CHANGES DURING PHA

The PHA was performed for the basic facility design as described in the Pre-
conceptual Conceptual Design Report. However, a number of changes were made
to the facility process, layout, and/or structural design during the course of the PHA.
Some of these were made as a result of the PHA analysis (e.g., concerns over the
large number of human interactions with potentially hazardous waste materials)
or during CST-7 attempts to improve the process for efficiency, economy, or risk
reduction.

The design changes known as of this report are as follows.

1. Replace Motorized Forklift with Walk-Behind Forklift. To reduce the risk
of puncturing a waste container during transportation, a motorized fork-
lift will not be used to transport mixed waste from the loading dock to the
storage area. The motorized forklift has been replaced with a small, walk-
behind forklift (flat with wheels). Compared with the larger, motorized
forklift, this small forklift has less potential for accidents because it will be
moved manually (pushed) from one location to another. There is better
control, less momentum, and less or no motive force.

2. Change Classification Procedure. The mixed waste will be classified
according to the EPA classification system for potentially incompatible
waste. The classification at the previous storage site was based on DOT a
classification and did not take into consideration the compatibilities of
mixed waste. The EPA classification aided in PHA team's recommen-
dations for the final locations of the various waste.

3. Relocation of Incompatible Waste. The final recommended locations for
the mixed waste rooms in the MWRSF (see Fig. B-2) were determined
using the EPA classifications (Table B-1) and by analyzing the properties
of the various classified wastes. It was decided to enclose the rooms
containing reactives, cyanides, and PCBs.

4. Loading Dock Procedures. The original design called for a crane hoist to be
used when loading the waste from trucks to the loading dock. To reduce
the risk of a crane accident, the decision was made to use an elevator plat-
form with the walk-behind dolly to reduce the number of handling
operations.

RESULTS OF PHA

The results of the PHA on the MWRSF are in the form of Hazard Analysis
Reports and are contained in Tables B-3 and B-4. Table B-3 lists the hazards
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identified by their activity number; within each activity, the hazards are listed in
order of severity by risk ranking. Table B-4 lists the hazards according to their risk
rank; the most severe hazards have the lowest risk rank and are listed first.
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TABLE B-1

EXAMPLES OF INCOMPATIBLE WASTES

Group 1-A

Acetylene sludge

Alkaline caustic liquids
Alkaline cleaner

Alkaline corrosive liquids
Alkaline corrosive battery fluid
Caustic wastewater

Lime sludge and other corrosive alkalies
Lime wastewater

Lime and water

Spent caustic

Group 1-B
Acid sludge
Acid and water
Battery acid
Chemical cleaners
Electrolyte, acid
Etching acid liquid or solvent
Pickling liquor and other corrosive acids
Spent acid
Spent mixed acid
Spent sulfuric acid
Potential consequences: Heat generation; violent reaction

Group 2-A

Aluminum

Beryllium

Calcium

Lithium

Magnesium

Potassium

Sodium

Zinc powder

Other reactive metals and metal hydrides

Group 2-B
Any waste in Group 1-A or 1-B

Potential consequences: Fire or explosion; generation
of hydrogen gas.

Group 3-A
Alcohols
Water

Group 3-B
Any concentrated waste in Group 1-A or 1-B
Calcium
Lithium
Metal hydrides
Potassium
50,Cly, SOCl,, PCl3 CH3SiCl3
Other water-reactive wastes
Potential consequences: Fire, explosion, or heat generation;
generation of flammable or toxic gases.

Group 4-A

Alcohols

Aldehydes

Halogenated hydrocarbons

Nitrated hydrocarbons

Unsaturated hydrocarbons

Other reactive organic compounds and solvents

Group 4-B
Concentrated Group 1-A or 1-B wastes
Group 2-A wastes

Potential consequences: Fire,
explosion, or violent reaction

Group 5-A
Spent cyanide and sulfide solutions

Group 5-B
Group 1-B wastes

Potential consequences: Generation of
toxic hydrogen cyanide or hydrogen
sulfide gas.

Group 6-A
Chlorates
Chlorine

Chlorites

Chromic acid
Hypochlorites
Nitrates

Nitric acid, fuming
Perchlorates
Permanganates
Peroxides

Other strong oxidizers

Group 6-B

Acetic acid and other organic acids

Concentrated mineral acids

Group 2-A wastes

Group 4-A wastes

Other flammable and combustible flammable
wastes
Potential consequences: Fire,

explosion, or violent reaction.
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TABLE B-2
LIST OF MIXED WASTE FOR POTENTIAL STORAGE
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Incompatibliities Heaith Hazard Flammability |Reacti
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£ | 1l . . 8| ¢
3 | Name of chemical | o £ |2lf|2|e 3|58 Sl<l| Theshod | £ S| ||| E |Hasardons Combustion | Unusual fre and &
gl (formufa) LL g m @l SIE1ELE Others gle Value or LD Ole|8|&| 8] or Decomposition Explosion Additonal Information m 2
& SOLID & g | =|5|8]%|"|8|= ] g [8]=%|8|%]|5 Products Hazards 2 2
& ol k- = W W
o T
94 |chromium Area G T8D See # 9 4 3 2 1A 4100
emits toxic fumes
nature of decomposition junder fire
36 |selenium Area L HWTF 1 Y Y 4 |TLV 0.2 mg/m3 3 [+] products not known conditions. 1A 16
most soluble
chromic or chromyi chloride causes ignition of
chromous salts  Jammonia, ethyi aichohol,
OSHA 0.5 are not {turpentine, and other combustible
9 |chromium AreaG] HWITF 2 Y 3] 4 [mgim3 3[]3]0]0} 3 jnone combustible materials 1A 15
most soluble
chromic or chromyl chioride causes ignition of
chromous salts  |ammonia, ethy! aichoho!,
OSHA 0.5 are not turpentine, and other combustible
33 jchromium Area L HWTF 2 Y 3| 4 jmg/m3 31]3{0j0} 3 |none combustible materials 1A 15
emits toxic fumes
under fire
n_u conditions, this
» material, fike most
in powder form.,is
capable of
OSHA 0.01 nature of decomposition jcreating a dust
37 |silver Area L KWTF 11Y Yly oxygen 3] 4 |mg/m3 313j0j0 u-.ﬂdﬁ.ﬁu:gxag explosion 1A 19
a moderate fire
hazard exists if
material is in form
of dust and is
exposed to heat, a
slight explosion
hazard also exists
OSHA .2mg/M3| if dust is exposed
6 |arsenic Area G| HWITF 31]Y Y air 3] 2 |TLV .01 mg/M3 0j010]0}]23 to flame 1A 7
lead and its compounds has
OSHA 0.05 tentatively been found to be a
mg/m3 ACGIH class B-2 carcinogen, the use of
hydrogen peroxide and TLV 0.15 lead pipes or lead sheet in any
10 |lead Area G| HWIF 5 Y active metals 3] 4 mg/m3 o|o}jojo]|3 none private potable water system 1A 5767
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acetylene, aluminum,
amines, ammonia, bom
diodosphide, bromine,
3-bromopropyne,
calcium, chiorine,
chlorine dioxide,
copper(and alloys).
lethyleneoxide, fithium,
sodium, sodium {thermal decomposition ++=* methvi azide, methyisiline,
carbide, sulfuric acid, products may include negotiable fire nitric acid, oxalic acid, oxidants,
tetracarbonyinickel, highly toxic vapors of hazard when peroxyformic acid, potassium,
«s*+* see additional mercury and mercury exposed to heat orjrubidium, silver perchiorate, silver
{mercury Area G| HWTF 6]Y Y information 3] 3 }29 mg/m3 0]0]0]0} 3 Joxides flame perchiorate 1A 75
non-combustible but produces
fumes at high temperature,
emits toxic fumes [hydrogen gas can react with
under fire inorganic arsenic to form the
arsenic Areal| HWIF 11Y Y Y halogens, air sensitive | 3 | 2 |TLV 0.2 mg/m3 o] 0| 0] 0] o Jarsenic oxides conditions highly toxic gas arsine 1A 23
lead and its compounds has
OSHA 0.05 tentatively been found to be a
mg/m3 ACGIH class B-2 carcinogen, the use of
hydrogen peroxide, TLV 0.15 lead pipes or lead sheet in any
lead Area L HWTF 5 Y active metals 3| 4 |mg/m3 ojojojoj}3 none {privale potable water sysiem 1A 5767
acetylene, aluminum,
amines, ammonia, bom
diodosphide, bromine,
3-bromopropyne,
calcium, chiorine,
chlorine dioxide,
copper{and alloys), thermal decomposition
|ethyleneoxide lithium, products may include negotiable fire
sodium, sodium highly toxic vapors of hazard when
carbide, sulfuric acid, mercury and mercury exposed to heat of]
mercury Area L HWTF 6 {Y Y and tetracarbonylinicket | 3 | 3 129 mg/m3 010] 0] O] 3 Joxides. flame 1A 75
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r Incompatibilities Health Hazard Flammability [Reactivity
Tae
g 5 5|3 2 " 8 E
3 | Name of chemical | o § |g|2|2]selElE < <] tmenon | 8 5]« 5] | E [Hazardous Combustion | Unusual fire and &
g| Cormua) L | 5 E 121212 15121=]8 Others I vave or LD Q1 |21&[{ 8| or Decomposition Explosion Additional Information | 8 z
g SOLID & g 1= 1B|F|7|6]e g% ol g 181%|81%|8 Products Hazards ° g
R -lx w & W w
& T
emits toxic fumes
may discolor on TLV-TWA 0.1 nature of decomposition Junder fire reacts vigorously with fluorine and
78 |thatlium chloride Area L 8D 11Y Y exposure {o fight 31 3 mg/m3 0]0] 0}0] 3 jnot known conditions reacts violently with poiassium 1A Trace
carbon monoxide,
carbon dioxide, nitrogen  |emits toxic fumes
Joxides, sutfur oxides, under fire
79 |thioacetamide Area L CAl 1 YlY|Y 313 0| 0] 0] 0| O |hydrogen sulfide gas conditions 1A 11.2
carbon monoxide, emits toxic fumes
carbon dioxide, nitrogen  |under fire
80 |thiourea Area L CAl 1 Y Y 3| 2 |LD 147 mg/Kg 0]0} 0|0} O joxides, sulfur oxides conditions 1A Trace
heating of metal
beyond boiling
point resuits in
evolution of
cadmiurmn vapor,
which immediately
reacts with air to
OSHA 0.1 form cadmium
mg/m3; TLV oxide fume (highly
8 |c d Area G| HWIF 4 Y{Y alkalis 2 |.05 mg/m3 0 0 toxic) 1A 118
heating of metal
beyond boiling
point results in
evolution of
cadmium vapor,
lwhich immediately
reacts with air to
OSHA 0.1 |form cadmium
mg/m3; TLV oxide fume (highly
32 |cadmium Area L HWTF 4 Y alkalis 2 1.05 mg/m3 ] 0 toxic) 1A 118
emits toxic fumes
TLV 0.05 nature of decomposition {under fire slowly oxidized by heat and air to
50 |vanadium oxide Areal| HWITF 1 air 4| 4 jmg/m3 0|0} 0]o0] 3 |products not known conditions vanadium oxide 1A 0.04
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Incompatibliitles Health Hazard Flammability |Reactivity
T
é o 2B 13 ™ g E
3 | Name of chemical i g g |£ Slalg g § Sl<| Threshod | 2 <] < | 5|« & |Hazardous Combustion | Unusual fire and &
w| (formula) LL 5 5 2.1l HEE Others SIE] vaeortn | = |ZIEISIE % or Decomposition Explosion Additional Information g z
§ SOLID @ E 121587176 Gl g 15171817 Products Hazards o g
& Stz s e E 3
o T o
have been reported to cross the
placenta and to induce embryo-
and feto- mortality, they also have
teratogenic effect in some animals
may decompose on carbon monoxide, emits toxic furnes |species, excessive exposure can
exposure to air, carbon dioxide, lead and junder fire affect blood, nervous and digestiv
67 jlead acetate Area L TBD 1 Y{Y absorbs CO2fromair | 3] 4 |LD 714 mg/Kg 0]0]j0] o0} 3 llead oxides conditins system 1A 0.02
emits toxic fumes
organic materials and TLV-TWA 0.2 nature of decomposition junder fire
74 | selenium dioxide Area L T8D 1 Yi{v ammonia 31 3 |mg/M3 0]0f 0] 0] 3 jnot known conditions 1A 0.02
91 [mercury HWTF Y Y See # 11 313 0]0j0j{0§3 1A
g5 flead Area G 8D See # 10 314 ojojojo}]3 1A 72400
96 |lead Area G 18D See # 10 34 ojfojojo}3 1A 536
emits toxic fumes
under fire
44 |arsenic oxide Area L HWTF 1 Yivyjy Y halogens 29 mg/kg arsenic oxides conditions 1A 0.25
emits toxic fumes
nature of decomposition junder fire
49 |thallium oxide Area L HWTF 1 Y TLV 0.1 mg/m3 }produds not known conditions 1A Trace
hydroxide salts
28 |solutions Areal| HWTF 1A 42
68 mercury Area L 78D See # 8 1A 0.23
nitric acid; hydro
sulfuric acid; sulfuric
acid; HF, HP304, See # 22,23, 24,25,
21 |acetic acid Areal HWTF Yy Y|Y 26, 27 3|4 313}J1}0}3 1B 180
alkali metals, acetic
anhydride, 2-
aminoethanol,
ammonium hydrohide,
arsenic trioxide,
bismuthic acid, calcium do not store in glass, can cause
oxide, chiorosulfuric |severe bums which can be not
acid, cyanogen, limmediately painful - - - -
cyanides, diphosphorus **+**glass, concrete. leather,
pentoxide, ethylene mercury oxide, methanesu'fonic
diamine, ethyleneimine, acid, nitric acid, oleum, organics.,
fiuorine, ***** see OSHA TWA phosphorus oxide, piastics,
26 |hydrofluoric acid offsite 2 jYlY YiY additional info. 3] 4 |3ppm 0{0]140})0 emits toxic fumes }potassium permanganate, light 1B
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Incompatibllities Health Hazard Flammability |Reactivity
B
8l w
‘E - =l 8 13 o o E
3 | Name of chemical | 3 § |wl|2|2lelslElE Slel Theshod | 2 13]< 3 < | 2 |Hazardous Combustion | Unusual fire and &
sl (fomula) L | § E 181012131823 Others C1&] \aoe or LD S|E|S|&| 8| or Decompostion Explosion Addidonal Information | § z
g SOLID & L R Bt fe D e P y1Z £ |81Z|8]|#| 5 Products Hazards 2 8
& = Six & & E 5
& S (e]
emits toxic fumes ]contact with glass, concrete and
under fire other silicon-bearing materials
conditions, yield silicon tetrafluoride gas,
do not store in glass, container contact with cyanides and sulfides
avoid contact with explosion may produce highly toxic gases of
metals, alkali metals, LC 50 ppm / occur under fire  jhydrogen cyanide and hydrogen
90 jhydrogen fluoride Areal | HWITF 11Y Y and light sensitive 3] 4 {30m 0]0} 1] 0] 0 |hydrogen fluoride conditions sulfide 1B 0.02
chiorides +SS steel,
ferrous metals and
alloys, granite, metals,
nitromethane, piastics,
rubber, coatings,
porcelain, sodium OSWA, TWA emits toxic fumes of may ignite
23 |phosphoric acid offsite Y tetrahyborate 3] 3 |img/m3 0j0}1]0]0 iphosphonc oxides combustibles 1B
toxic fumes of carbon
OSHA 25 imonoxide & carbon
27 {acetic acid Areal | HWTF 11Y1Y Y 2| 2 jmg/m3 104F| 1| 1] 0 0 O jdioxide 18
toxic fumes, irritating |hazardous
24 {hydrosulfuric acid | AreaL| HWTF 1 jfumes polymerization 18
incompatible with carbides,
chiorates, fulminates, nitrates,
picrates, cyanides, alkali halides,
zinc lodive, permanganates,
emits toxic fumes jhydrogen peroxide, azides,
under fire perchiorates, nitromethane,
25 |sulfuric acid Area L HWTF 1 Y Y halides, metals OSHA 1 mgim. sulfur oxides conditions phosphorous, nitrites 8
lithium (hydride),
2 |potassium & sodium | Area G| HWTF Yiy Y 413 3{4j12]2{0 2A 399
in powder form
OSHA TWA can cause dust
3 [lithium hydride offsite 1 YL Y Y alcohols 3 10.025 mg/m3 4 2 liberates hydrogen explosion corrosive, inhalation may be fatal | 2A
OSHA 0.5
7 |barium Area G| HWTF 2 YiyY organics, combustibles | 3 | 4 jmg/m3 3]3}2]2 Hoxic gases and vapors 2A 208
OSHA 0.5
31 ibaﬂum Area L HWTF 2 YiY organics 3] 4 |mg/m3 31322 toxic gases and vapors 2A 208
93 |barium Area G T8D See # 7 3Ta1 3[3]2{2 2A 531




Reference Number

Name of chemical
(formula) LL
SOLID

Stored

Treatment

incompatibilities

Health Hazard

Flammability

Reactivity

MSDS
Light Heat
H20 Molst
Aclds
Bases
Oxidizers

Others

Reducers

CERCLA

Threshold
Value or LD

NFPA

Flash Point

CERCLA
NFPA

CERCLA

NFPA
Persistance

Hazardous Combustion
or Decomposition
Products

Unusua! fire and

Explosion
Hazards

Additdonal Information

HWTF Storage Class

Quantity FT3

sodium

ammonia nitrate salts,
sodium chormate

3 |IPR 40 mg/Kg

nature of decomposition
products not known

material readily
reacts with water
generating
flammable and/or

di ions of sodium in volatile

hydrogen gas,
reducing agent

P

solvents become pyrophoric when

the solvent evaporates

3900

sodium

TBD

nature of decomposition
products not known

material readily
reacts with water
generating )
fiammable and/ior
explosive

dispersions of sodium in volatile

hydrogen gas,
reducing agent

solvents become pyrophoric when

jthe solvent evaporates

3900

11-49

potassium

3 |nodata

thermal decomposition

Ihazardous gases

‘mat release toxic and/or

dangerous fire
hazard when
exposed o heat
flame, finly divided
material may
ignite on exposure
to air

-

ethyl ether

CAl

2 LD 260 mg/Kg

carbon monoxide,
carbon dioxide

flammable, vapor
travels to cause
flash back,
container
lexplosion may
occur under fire
conditions

*mx.adnz

tends to form explosive peroxides

|especially when anhydrous

inhibited with 0.0001% BHT
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Incompatibllities Health Hazard Flammability JReactivity
2
S
s } S| E
- 2
3 | Name of chemical | o & “ g 2lgls EIE é <| 5 <l < é < ¥ | Hazardous Combustion | Unusual fire and &
s| Gomua) L | B e 12].]ol3)3)3 ! Others Olg Value""or‘“wd ~ SIE|S{E| 2| or Decompositon Explosion Additional Informaton | & =
> k-]
g SOLID “ 2 §§ S| yl% éb‘zﬁzg Products Hazards i g
-
& 2 C
114,
trichloroethane;
|trichloroehtyiene;
methylene chioride;
chiorinated
flourocarbons;
12 |toluene Area G TBD Y YiY See # 59,81,83,85 | 3] 2 3j]3j0j1}1 4A 9529
chromium, 1.1.1;
trichioroethane;
trichloroethylene;
methylene chioride; See # 9,59, 81,83,
98 Jtoluene Area G TBD YlY Yly 85 3] 4 313j0fj1]3 4A 6500
extremely
flasnmable, vapor
traveis to cause  |on exposure to air, tetrehydrofuran
container explode upon contact with strong
explosion may base or metal hydrides when he
TLV-TWA 200 carbon monoxide, occur under fire  |peroxide concentration is greater
77 |tetrahydrofuran Area L CAl 1 YiYjy oxygen 2 ippm 3 1 carbon dioxid conditions 0.5% 4A 0.04
111
trichloroethane;
trichloroethylene:
methy:ene chioride;
99 |toluene; f-solv/dioxin | Area G TBD 2 Y See # 59, 81, 83,85 32 313101t} 1 4A 38500
vapor traveis to
lcause flashback, |siowly decomposed by moisture
carbon monoxide, forms explosive  |and reacts explosively with iithium
60 Jethyl acetate Area L CAl 1t ]yjyjyjvrjy 1 3 0 |carbon dioxide Imixtures in air aluminum hydride 4A 0.07
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Incompatibilities Health Hazard Flammability {Reactivity
e
£ Lyl } . 8|
3 | Name of chemical | o g 2 2 M alg g m Sl<!| Threshoid m m < m < | 2 |Hazardous Combustion | Unusual fire and &
s| (omua) 1L | § E 12 1513181218 Others S1& | vate or Lb Olg1l|e or Decomposition Explasion Additional Information | 8 z
§ SOLID @ g | Z[&8 5| g% FRGIE GG Products Hazards g
] Slx & W 3
& 3 o]
beta propiolactone,
brominetrifiuoride
+carbon tetrachloride,
chiorosutfonic acid,
chromic trioxide,
|dinitrogen tetraoxide, avoid heat and ignition sourses
fluorine, formamide + perchioric acid,
iodine+sulfur trioxide, emits toxic fumes of perchromates, piastics, silver
maleic anhydride, nitric OSHA TWA nitrogen and carbon perchlorate, sulfuric acid,
43 |pyridine waste oftsite 21y Y Y acid, oleum 312 kwuva 68F | 31 3]C|0}] 1 joxides |trifiuoromethyl, hypofiuorite, heat | 4A
chromic anhydride,
iodine, ethyl alchohol,
perchiorate, perchloric carbon dioxide,
acid, sodium or formaldehyde, and other
potassium hydroxide Htoxic gases may be reacis violently to
15 |methanol Area G CAl 71]1Y Y and chioroform 3 ] 1 |JOSHA 200 ppm) 31310)0 formed in a fire oxidizers AA
OSHA 1000 carbon monoxide,
ppm, TLV 750 carbon dioxide, organic |extremely
14 jacetone Area G CAl 7 Y 1 |ppm 3 0 acid flammable 4A 72
nitric acid, plastics, a SCBA should be
rubber, coatings, sulfric carbon dioxide and/or  jwom by fire
16 |xylene Area G CAl 8 Y acid 2 |200 ppm 3 0 carbon monoxide |fighting personnel 4A
OSHA TWA extremely carcinogen, blood effects, bone
42 [benzene offsite 1 Y Y 3 {1ppm 3 Y] CO, CO2 flammabile marrow effects 4A
OSHA 1000 carbon monoxide,
ppm.TLV 750 carbon dioxide, organic extremely
51 Jacetone Areal CAl 7 Y 1 |ppm 3 0 acid |flammabie 4A 72
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Incompatibilities Heaith Hazard Flammability |Reactivi
5 i -
Eln g 5|8 ele £ s Q] E
3 ame of chemical ° S e EAEIPIEE é <| Threshod | & é < a «| & [Hazardous Combustion Unusual fire 2nd ,
g| (formula) LL g g 2 F1EIELE: Others & &1 vaive or LD vielgie or Decomposition Explosion Additional Information S Z
S SOLID & g 1|52 &l y|Z g |89]1%18|% Products Hazards 2 g
s =k < E| 3
o T
iron, ferric chioride,
uranium hexafluoride, .
|tetranitromethane, stimulants such as epinephrine
plastics, nitrogen may induce ventricular fibrillation,
tetroxide, nitric adic, alcohol may enhance the toxic
bromine trifluoride, dangerous fire effects, the metabolism of ohter
silver perchiorate, sulfurj thermal decomposition |hazard when |soivents may be inhibited resulting
dichloride, sulfuric acid, may release acrid smoke|exposed to heat orjin a potentiation of toxic effects of
81 [toluene Area L CAl 2 Y dinitrogen tetrafiuoride | 3 | 2 |LD 50 mg/Kg 40F| 3} 3| 0}]0]| 1 }andimitating fumes flame those chemicals 4A 0.15
organic peroxiae.
may explode
when heated,
contact with other
{methy! ethyl ketone TLV-CL 0.2 carbon monoxide, material may
70 jperoxide Area L CAl 1 Y Y{Y Y {heavy metals 1 {ppm 3 (/] carbon dioxide {cause fire contains 8.6%-9.0% active oxygen| 4A 0.04
Jacetone; methanol;
40 |xylene Area L | CAl, HWTF Y Y See # 14, 15, 16 3{2 313{0}0 4A 570
69 {methanol Area L CAl See # 15 1 3 ] 4A 45
86 [xylene Areal CAl See # 16 2 3 0 4A 6.7
carbon monoxide, emits toxic fumes
iron and iron salts, carbon dioxide, nitrogen |under fire
52 |aniline Area L CAl 1 Yiygy aluminum, zinc 3 |LD 150 mg/Kg 2 0 oxides conditions 4A 0.03
thermai decomposition
aluminum, brass alloys, products may inciude  |moderate fire
chlorosulfonic acid, toxic and hazardous hazard when may bum but does not ignite
copper, nitric acid, tumes of formaidehyde [exposed to heat orfreadily, containers may expiode in
55 |creasol Area L CAl 2 YiY]Y oleurn 3 |LD 114 mg/Kg | 178 F 2 0 and oxides of carbon  {flame heat of fire 4A 0.02
emits toxic fumes
may discolor on carbon monoxide, under fire
72 {phenol Area L CAI 1 Y{Y}]Y lexposure to light 3 |LD 140 mg/Kg 2 0 carbon dioxide conditions 4A 018
reacts violentty with furturyl
lemits toxic fumes |alcohol, hydorgen peroxide,
TLV-TWA 50 carbon monoxide, under fire hydrated thallium nitrate,
64 {formic acid Area L CAl 1 Y YlY finely powdered metals 3 jppm 2 0 carbon dioxide conditions lpermanganates, sulfuric acid 4A 19
OSHA TWA 50 carbon monoxide,
56 |cyciohexanone Area L CAl 1 YiY{p 1 jppm 116 F 2 0 |carbon dioxide 4A 75




Incompatibilities Health Hazard Flammability |R
3 a r
HE g HE ele £ al E
3 | Name of chemical s 2 1E|2|a|g|E|E 3 < g | 8 3 < é < Hazardous Combustion | Unusual fire and
e| (fomua) L g 5§ |18, SEELE Others gie Vlallue“ "'or'°'w Olellle or Decomposition Explosion Adddonal Information | &
E SOLID & 2 232 15|12 Gl g |8]%|8]% Products Hazards @ £
£ 2 2 3
3 z| ¢
capable of
carbon monoxide, creating a dust
71 jnapthalene Area L CAl 1 Y 2 JLD 29 mg/Kg 2 () carbon dioxide explosion 4A Trace
1.1.1
trichloroethane;
13 Jtrichloroethylene Area G| CAl, HWTF Y Yly See # 83, 85 3 1 1 4A m
reacts violently with carbon monoxide,
sodium, potassium, |carbon dioxide, emits toxic fumes
magnesium, aluminum, TLV-TWA 10 |phosgene gas, hydrogen junder fire
83]1,1.1 trichloroethane | Area L CAl 1 Y YlY zinc 3 {ppm 1 1 chioride gas conditions 4A 574
1,1,1 trichiorethane;
trichloroethyiene;
methylene chioride;
w chiorinated
1 ' 97 jfkiorocarbons Area G CAl Y See # 59, 83, 85 3|3 111]0}1 4A 9758
o
carbon monoxide,
carbon dioxide, emits toxic fumes
112, |phosgene gas, hydrogen junder firs
84 [trichloroethane Area L CAl 11Y Y| Y| Y jaluminum, magnesium | 3 | 3 |LD 7 gm/Kg 1jJ]1]0}0 chioride gas conditions 4A 043
reacts vigorously with nitric acid
dust explosion and nitrating mixiures to produce
ana emits loxic  |potentiafly explosive products,
TLV-TWA 1 carbon monoxide, fumes under fire  [react when heated with sodium
_72_Lphﬂmlic anhydride | Areal CAl | Yiylvyjyjly 2 ippm 1 0 carbon dioxide conditions nitrate or copper 4A 0.04
alkali metals,
copper, iron, lithium,
dinitrogen pentoxide,
dinitrogen tetroxide, thermal decomposition
nickel, nitric acid, products may include
oxygen, plastics, toxic and hazardous
|potassium, sodium, phosgene gas, toxic and
sodium-potassium corrosive fumes of slight fire hazard
alloy, zinc, titanium, chiorides, and oxides of {when exposed to
59 jmethylene chloride | AreaL CAl 1 Y stainless steel 3| 2 |LD 357 mg/Kg 1J1]jo]o carbon heat or flame 4A 04




Incompatibliities Health Haza-d Flammability |Reactivi
: g 5|8 g s 8 e
3 | Name of chemical | o g @ 2l2|g g g g 3 <! Trreshoid | 3 < a «| & |Hazardous Combustion | Unusual fire and )
] (formula) LL § g al, 2‘ 2313 Others 3 £- Value or LD = e o & 21 or Decomposition Explosion Additional Information § g
g/  soup a1 & | =I|&[21°1%5]2 Gl g |8|2|8|%|5 Products Hazards o -
K] = S|z = g 3
& T o
111,
trichloroethane;
!tﬁdﬂorothylena;
meathylene chloride;
chlorinated
38 |flourocarbons Area L | CAl, HWTF Y Y|Y See # 59,83, 85 3({3 1j1jJoj1]1 4A 313
111,
trichloroethane,
39 |trichlorothylene Area L | CAl, HWTF Y Yy See # 83,85 3 1 1 4A 450
85 |trichloroethlyene Area L CAl 2 1 [ 4A 219
flammable /
combustible
material, may be
ignited by heat,
? chemically active sparks or flames,
- metals, sodium, vapor may travel
=3 potassium, calcium, runoff to sewer may 10 a source of
{powdered aluminum, create fice or explosion  |ignition and flash may be poisonous if unhaled or
88 |bromoethane Areal CAl CTX zinc, magnesium 2 1 0 {hazard back absorbed through skin 4A 0.2
thermal decomposition
realeases highly toxic [negligible fire may bum but does not ignite
alkalies, aluminum, fumes of phosgene, hazard when readily, prevent dispersion of dust
iron, plastics, rubber, chiorine, ethylenes, and {exposed to heat orjin air, do not allow spilied material
65 |hexachioroethane Area L CAl 2 Y{vyly zinc 314 0] 0] 0] 0] 3 |choloethylenes flame to contaminate water sources 4A 0.02
carbon monoxide,
carbon dioxide, emits toxic fumes
phosgene gas, hydrogen junder fire
53 {chloroform Area L CAl 11Y Y atluminum, light 2 |LD 546 mg/Kg 0 0 chioride gas conditions 4A 0.02
carbon monoxide, emits toxic fumes
alkali metals, carbon dioxide, under fire incompatible with aluminum,
82 |bromoform Area L 18D 1]Y Y aluminum, acetone 3| 1 |LD 143 mg/Kg 0] 0} 0] 0] 2 |hydrogen bromide gas conditions magnesium, and their alloys 4A 0.04
carbon monoxide,
carbon dioxide, emits toxic fumes
TLV-TWA 50 phosgene gas, hydrogenjunder fire
75 |tetra-chioroethylene | Area L CAl 1 Y 2 |ppm 0 0 chloride gas _jconditions 4A 0.01
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Incompatiblilities Heatlth Hazard Flammability |Reactivity
3 d =
Eln E HE rle £ Y & E
3 ame of chemical 5 o |2|2lg|g|E| 8 é <! Threshoid | 2 a < 3 < ¥ | Hazardous Combustion | Unusual fire and
s| (formuia) LL g E (21171551212 Others Q& | vaeortn | = |ZIE|E[E 8| or Decomposition Explosion Addtlonal Informaton | & z
§ SOLID a g | Z18|81°|F 8] 1% g |8|Z|8|%|8 Products Hazards 2z
& T
benzene; pyridine;
41 |toluene Area L | CAl, HWTF yivyl]y Y See # 42,43, 81 4A 381
carbon monoxide,
sodium, potassium, carbon dioxide,
magnesium, aluminum, phosgene gas, hydrogen]emits toxic fumes incompatible with: copper, bronze,
trichioro- zinc, away from heat TLV-CL 1000 fluoride, hydrogen under fire sitver, berytlium, akall and alkaline
62 |fluoromethane Area L 8D 1]Y Y and sunlight ppm chloride gas conditions earth materials 4A 19
thosgene gas, carbon  |emits toxic fumes
alkali metals, finely monoxide, carbon under fire reacts violently with dimethyl
76 |tetra-chioromethane | Area L CAl 1 Y powdered metals LD 93 mg/Kg dioxide conditions formamide (OMF) above 65 C 4A 0.43
incompatible with aluminum,
magnesium, and alioys of more
carbon monoxide, than 2% magnesium, zinc,
carbon dioxide, berytiiumn, alkali or alkaline earth
potassium, sodium, phosgene gas, hydrogen emits toxic fumes |metals, silver and copper bearing
dichioro- aluminum, magnesium, TLV-TWA 1000 fluoride, hydrogen under fire alloys can act as catalysts at high
89 |difiuvoromethane Area L CAl 11Y zinc ppin chioride gas conditions temps 4A 4
ignitable chemical
{reagents scintillation
19 |vials Area L | CAl, HWTF 4A ] 2800, 2750, 40
hydrogen cyanide,
carbon monoxide, emits toxic fumes
carbon dioxide, nitrogen |under fire
47 |potassium cyanide | Areal | HWITF 1 YLY Y absorbs CO2 from air 3 |2.8 mg/kg 0 oxides conditions 5A 0.06
|nydrogen cyanide,
carbon monoxide, emits toxic fumes
- carbon dioxide, nitrogen junder fire
48 |sodium cyanide ArealL HWTF 1 YiY Y carbon dioxide 3 |2.8 mg/kg 0 oxides conditions SA 004
carbon monoxide,
carbon dioxide, nitrogen |emits toxic fumes
OSHA&TLVS oxides, hydrogen under fire
45 |copper cyanide Areal.| HWITF 1 Y Y magnesium mg/m3 cyanide conditions 5A 0.6
emits toxic fumes
under fire
conditions, may |can polymerize violently on
LC 92 ppm/ hydrogen bromide gas, explode when prolonged storage at ambient
87 |cyanogen bromide | Area L TBD 1]1vylyY Y 4 [10m 4 hydrogen cyanide heated temperature SA 13
cyanide and sulfide
29 |solutions Areal| HWITF 5A 72
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Incompatibilities Health Hazard Flammability jReactivity
R
.W M 2|8 £ m ﬁmu m
3 | Name of chemical | o S Q 22 2l m m Ll Threshold | £ b P m «/| £ |Hazardous Combustion Unusual fire and &
s|  (formuia) L g E (2], HEHEE Others 1| Ve or LD O1|Q|&| 8] or Decomposition Explosion Additional Information 8§ 2
$ SOLID & £ MMm 5le 8% £ |8]%|8|%15 Products Hazards 2 B
(g ™™
2 * 5l &
a mixture of aluminum powder
strong acids, strong water , metal nitrale may explode
reducers, finely due to self accelerating reaction,
powdered metals, mixture of metal nitrates and alkyl
cyanides, thiocyanates, eslers may explode, mixture of
isothiocyanates, contact with other imetal nitrates with phosphorus
nitrates & nitrate hypophosphines, ACGIH TWA nitrogen oxides, materials may 'may explode, mixture of metal
1 compounds Area G| HWTF 1.2 YjY Y jcombustibles, sulfur 3] 1 j2mg/im3 0joc]o}o} 1 jauminum oxides cause fire nitrates and organic explode 6A 597
nitric acid will not
{bum but may
cause
metaliic powders, combustibles in
carbides, sulfides, OSHA S5mg/m3, jcontact with it to
22 |nitric acid Areal | HWTF 10 turpentine, Cyanides 3] 3 |TLVSmg/m3 3] 3]0} 0] 3 |oxides of nitrogen r.::_ 6A
alkaline metal calcium
carbonate+magnesium,
[chiorine dioxide,
copper(ll) oxide,
dichlorine oxide, «++++ isopropyt aicohol, nitroanisole
difiuorodiazene, + nickel, nitrogen (liquid), nitrogen
dinitrogen oxide, oxide, nitrogen trifluoride, nitrosyl
dinitrogen tetraoxide, chiloride, nitryl fluride, ozone,
dioxane+nickei, fluorine dangerous palladium I, palladium
perchiorate, halogens, explosion hazard |trifluoride, 1-pentol, poly ethane, 1-
interhalogens **** see when exposed to | -1 tris nitromethane, 1-1-1 tris
17 jhydrogen Area L CAl 9 1Y Y additional information | 0| O 3] 4} 0} 0} 0 |none hazardous heat or flame ethane 7A 5
contents under
pressure,contai
explosion may
occur under fire
amines, ammonia, carbon dioxide, carbon  {conditions emits
alcohols, sodium, OSHA 04 monoxide, hydrogen toxic fumes under
46 |phosgene Area i TBD 1 Y potassium 4 jmg/m3 0 0 chicride gas fire conditions TA 30
18 jignitable gases Areal CAl 7A 711
20 Jcorrosive gases Areal| HWTF 7A 9
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S a =
SIn g H ele £ & | Hazardous Combustion I fire & =
3 | Name of chemical 3 s 2 |2|2|s]|g|E|E ng P Threshold K 5 < m <| & |Haa Unusua and b
w| (fomua) L | & e |20 131812]E Others 2IE| vieortn | = 12[EIS|E m or Decomposition Explosion Additional Information | 3 z
§| soup @ g 1 Z|8|8%|%|6| 8= g |9|%181%|5 Products Hazards g
k] ~lx = W m
o T
some of these
materials may
chemically active burn, but none of
metals, sodium, tham ignites vapors may cause dizziness or
potassium, calcium, readily, cylinder  |suffocation, contact with liquid =ﬁ<1
dichlorodifiuoro- powdered aluminum, TLV 10 ppm - - may explode in  |cause frostbite, fire may produce
57 |methane Area L TBD CTX zinc, magnesium - 40 mg/m3 jheat of fire iTitating or poisonous gases. 7A 0.35
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HAZMAN RESULTS SORTED BY ACTIVITY FOR MWRSF
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PREL ININARY NAZARD/RISK ANALYSIS RECORD BY ACTIVITY FOR MIXED WASTE STORAGE
ACTIVITY MOBER: MITA
ACTIVITY BAME: MURSF CAUSTICS (GROUP 1A)
ACTIVITY DESCRIPTION: STORAGE OF CAUSTICS IN MMSF (GROUP 1A)

2%-4d

R--F--C CAUSE/SCENARIO CONSEQUENCES | PROTECTIVE FEATURES ACTIONS
3 §11 8 ISODIUM AZIDE EXPLOSION AND FIRE PROTECTION AND |00 NOU ACCEPI/ALLOM
EXPLODES DUE 10 RELEASE OF TONIC GAS|SCRUBSER SYSTEM.  |SODIUW AZIDE IN 1ME
SEVERE SWOCK, MEAT [(WOX). (D;D;8;C) MUSRY .
OR FRICTION.
3 111 8 [EXTERMAL FIRE RELEASE OF FIRE PROTECTION AND |wowe
MODERATELY TONIC SCRUBBER SYSTEN,
GASES. VORKER
INJURY, (0;C;8;C)
3 IV 8 {OVERNEAD CRANE POTENTIAL FIRE FIRE SUPPRESSION AND |NONE
ACCIDENT CAUSING EXPLOSION, lml SCRUBSER SYSTEM.
SINULTANEOUS SPILL |GAS PRODUCTION AND
OF CAUSTC MATERIAL |NEAVY NETAL FUME
AND INCOMPATIBLE GENERAT |ON. WORKER
MATERIALCE.G., 1MJURY ZEXPOSURE .
H2504( 18), (D;D;8;C)
TETRANYDRO
FURAN(LA), NITRIC
ACID(6A), METAL
CYANIDE(SA), LITHILN
NYORIDE(ZA)) OUE 10
MISLABELING. J
¢ 110 |SPILL OF A SINGLE  [wINOR vORKER NOWE mowE
CAUSTIC WASTE DRUM. |EXPOSURE. (D;D;D;D)




PRELIMINARY MAZARD/RISK ANALYSIS RECORD SY ACUIVITY FOR MINED WASTE STORAGE
ACTIVITY NUMBER: WI18
ACTIVITY NANE: MMSF ACIDS (GROUP 18)
ACTIVITY DESCRIPTION: STORAGE OF ACIDS 1N MMRSF (GROUP 18)

ge-4d

R--F--C CAUSE/SCENARIO CONSEQUENCES PROTECTIVE FEATURES ACTIONS
3 111 B |SPILL OF A SINGLE  |TONIC GAS RELEASE  |(1) SCRUBBER SYSTEM.|(1) VERIFY
ACIO UASTE DRUN DUE |(E.G., WF). WORKER [(2) TNE suwp CONSTRUCT 1ON
10 CORROSION OR EXPOSURE AND INJURY |CAPACITY IS TEW MATERIAL OF STORAGE
CRAME ACCIDENTS. DUE 10 CONTACT MITH |PERCENT OF VNE CONTAINER AND INE
GAS/LIQUIDS. INVENTORY 1N THE SUWP SYSTEM, (2)
(0;0;8:0) ROON, EQUIVALENT TO |FREQUENT
TWREE SPRINKLER INSPECTIONS, (33
WEADS DISCHARGING  |INSTALL GAS
FOR 30 MINUTES. DETECIONS, (4) DO
ND! PERFORN ANY
UMNECESSARY
ACTIVITIES UNILE TNE
SCRUBBER 1S DOMM,
(5) REVIEW/CONSIDER
STORING WF 1N GAS
CYLINDER AREA (GROUP
7).
3 111 8 |SPILL OF A SINGLE  |1OXIC GAS RELEASE | TRE SUNP CAPACITY 1S|(1) VERIEY
ACID WASTE DRUM DUE |(E.G., WF OR WCL). |VEN PERCENT Of INE |CONSTRUCTION
10 CORROSION OR VORKER EXPOSURE AND |INVENTORY 1N FWE MATERIAL OF STORAGE
CRANE ACCIDENIS. INJURY. (C;C;8;D) |ROOW, EQUIVALENT TO [CONTALNER AND THE
SRCUSBER NOT TOREE SPRINKLER SUNP SYSTEM, (2)
OPERATIONAL, BUT WEADS DISCHARGING | FREQUEWT
BLOVER 1S VORKING. FOR 30 MINUTES. INSPECTIONS, (3)
INSTALL GAS
DETECIORS, (&) DO
NOT PERFORM ANY
UNNECESSARY
ACTIVITIES WNILE THE
SCRUBBER 1S DOMM.
3 111 8 |ENTERMAL FIRE RELEASE OF FIRE PROTECTION AND |NONE
WODERATELY TORIC SCRUBBER SYSTEM.
GASES. VORKER
waumy. (0;C;9;:C)
3 111 C |sPitL OF A SINGLE  |RELEASE OF ACID (1) SCRUBBER SYSTEM.[(1) VERIFY
ACID UASTE DRUN DUE |FUMES (E.G., WCL). [(2) THE suwp CONSTRUCT 10N
10 CORROSION OR VORKER EXPOSURE AND |CAPACITY IS TEW MATERIAL OF STORAGE
CRANE ACCIDENTS. 1NJURY DUE 10 PERCENT OF TNE COMTAINER AND TKE
COMTACT VTN INVENTORY I8 TNE SUWP SYSTEM, (2)
GAS/LIQUIDS. ROOM, EQUIVALEWT 10 |FREQUENT
(D;0;C:0) THREE SPRINKLER INSPECTIONS, (3)
WEADS DISCHARGING  |INSTALL GAS
fOR 30 MINUIES. DETECTORS, (&) DO
MOt PERFORN ANY
UNNECESSARY
ACTIVITIES WMILE THE
SCRUBBER IS DOWM.




PRELININARY HAZARD/RISK ANALYSIS RECORD OV ACTIVITY FOR MINED WASTE STORAGE
ACTIVITY WUNBER: MI1B
ACTIVITY NANE: WURSF ACIDS (GROUP 1B)
ACTIVITY DESCRIPTION: STORAGE OF ACIDS 1N MARSF (GROUP 1B)

R--F--C CAUSE/SCENAR!O CONSEQUENCES PROTECTIVE FEATURES ACTIONS

IV B |OVERNEAD CRANE POTENTIAL FIRE FIRE SUPPRESSION ANO | NONE
ACCIDENT CAUSING ExrLOSION, NYOROGEN |SCRUBSER SYSTEM.
SIMULTANEOUS SPILL |GAS PRODUCTION AND
OF ACID MATERIAL AND|TOXIC GAS

INCOMPATISLE GEWERATION. SEVERE
MATERIAL (E.G., VORKER

NAOMCIA), 1NJURY 7EXPOSURE .
PYRIDINE(4A), (;0;8;C)

NYOROGEN

PERDXIDE(6A), WETAL
CYANIDE(SA), L1TNIUM
HYDRIDE(2A)) DUE 10
MISLABELING.

be-d




PRELININARY NAZARD/RISK ANALYSIS RECORD BY ACTIVITY FOR WMINED UASTE STORAGE
ACTIVITY NUMBER: MI2A
ACTIVITY NAME: MURSF REACTIVES (GROUP 2R)
ACTIVITY DESCRIPTION: STORAGE OF REACTIVES IN AN ENCLOSED AREA (GROUP 2A)

Ge-4d

R--F--C CAUSE/SCENARIO CONSEQUENCES PROTECTIVE FEATURES ACTIONS
3 11 C [UALK BENIND FORKLIFT|WORKER ENPOSURE, (1) DRY CNEMICAL NONE
ACCIDENT OR OIMER  |CONTAMINATION OF FIRE SUPPRESSION

EVENT CAUSES SPILL |STORAGE AREA. STS1EM, (2) SCRUBBER
OF VATER REACTIVE |(D;D;C;D) SYSIEM, (3) INE Suwp

VASTE. CAPACIEY 1S TEN
PERCENT OF INE
INVENTORY IN INE
ROOM, EOUIVALEWT 10
TMEE SPRINKLER
NEADS DISCHARGING
fOR 30 MINUTES.

3 111 8 |uALK BENIND FORKLIFTINVOROGEW EVOLUTION, [(1) DAY CRENICAL (1) INSTALL NYDROGEN
ACCIDENT OR OTWER  |POTENTIAL FIRE SUPPRESSION  |ANALYZER AND ALARM.
EVENT CAUSES SPILL |FIREZEXPLOSION 1N |SYSTEW, (2) SCRUBBER
OF UATER REACTIVE  |SUMP. POSSIBLE SYSTEN, (3) INE SUWP
VASTE INTO THE SUWP [RELEASE OF TOXIC caracify 1s TEN
VITH VATER PRESENT |METAL FUMES. LOM  |PERCENT OF TNE
IN TNE SUWP. LEVEL RADIOACTIVE | INVENTORY IN TME

COMTAMINAT 10N ROON, EQUIVALEN! TO

TRROUGNOUT THE THREE SPRINKLER

FACILITY. (D;D;8;C) |NEADS DISCNARGING
FOR 30 MINUTES, (4)
SUNP SWOULD BE
MAINTAINED FREE OF
WATER, (5) RESTRICT
USE OF VATER IN WIS
STORAGE AREA.

3 111 8 |ACCIDENT CAUSES PRODUCT IO OF FIRE PROTECTION WONE
SIMULTANEOUS SPILL |NYDROGEN GAS SYSTEM, SCRUBSER
OF VATER REACTIVE |POTEWTIAL Fike SYSTEN.

VASTE AND AND/OR EXPLOSION AND
INCOMPATIBLE WASTE |PRODUCTION OF TOXIC
DUE TO MISLABELING. |FUMES. SEVERE WORKER
(€.G., REACTIVE INJURY, AWD LOV
WASTE WIXED WITH, (LEVEL RADIOACTIVE
SULFURIC ACID(1D), |CONTAMINATION
NAON(TA), PERCHLORIC|THROUGNOUT THE
ACID(6A) OR FACILITY. (D;D;8;C)
TRICHLORA

ETHYLENE(SA))

3 111 C |waLK BENIND FORKLIFT|BURNING OF TWE DRY CHEMICAL FIRE  |WOWE
ACCIOENT OR OTNER  (DEPLETED URANIUM DUE [SUPPRESSION SYSTEM,
EVENT CAUSES SPILL |10 PROLONGED SCRUBBER SYSTEM.

OF DEPLETED URANIUM [EXPOSURE 10 AIR,

VASTE. RELEASE OF TOXIC
FUMES AWD
RADICACTIVITY.




PRELININARY NAZARD/RISK ANALYSIS RECORD BY ACTIVITIY FOR NIXED WASTE STORAGE
ACTIVITY NUMBER: MMU2A
ACTIVITY NAME: WMRSF REACTIVES (GROUP 2A)
ACTIVITY DESCRIPTION: STORAGE OF REACTIVES IN AN ENCLOSED AREA (GROUP 2A)

--f--C CAUSE/SCENARIO

ACTIONS

CONSEQUENCES PROTECTIVE FEATURES

WORKER EXPOSURE AND
LoV LEVEL
RADIOACTIVE
CONTARINAT 10N
THROUGHOUT THE
FACILITY, (D;D:C:C)

92-4

ive

WATER NTRUSION INTO
THE STORAGE DRUN DUE
1O HUMAN ERROR.

10 WYOROGEW
EVOLUTION, POTENTIAL
FIRE/ZEXPLOSION.
POSSIBLE RELEASE OF
TONIC METAL FUMES.
(0;0:8;C)

ORY CREMICAL FIRE
SUPPRESSION SYSTEN,
SCRUBBER SYSIEM.




PRELININARY NAZARD/RISK AMALYSIS RECORD 8Y ACTIVITY FOR MINED tMSTE SIORACE
ACTIVITY MMBER: MMXA
ACTIVITY BANE: MRSF FLAMMABLES (GROUP {A)
ACTIVITY DESCRIPTION: STORAGE OF FLAMMABLES 1IN AN EWCLOSED AREA

L2-4

R--F--C CAUSE/SCENARIO COMSEQUENCES | PROTECTIVE FEATURES ACTIONS
2 111 A [SPILL OF LOW FLASW |icwiTion OF GROUNDIRG OF (1) TREAT MIGMLY
POINT CHENICALS FUMPMABLE VAPORS  [ELECTRICAL EQUIPMENT [FLAMMABLE MATERIALS
(ACETHALWENVEC-38F), [LEADS 1O A WAJOR  |AWD DRUNS DURING  |ON A PRIORETY
SURAN (-32F), FIRE AND EXPLOSION |TRANSPORTATION. BASIS, DO NOT ALLOW
ANNYDROUS ETHYLE (E.C., WITROMETNANE ) [NONSPARK TODLS ARE [ACCUMMATIONS OF
(-49F)) DUE 10 in 1 stomace amea. |useo. LARGE INVENIORIES,
FORKLIFT ACCIDENT, |RELEASE OF MULTIPLE (2) CONSIDER
CRANE ACCIDENT OR'  |TOKIC GASES (E.G., SPECIALLY DESIGNED
CORROSION. F IRE PNOSGENE) 10 STORAGE
SUPPRESSION SYSTEM |ATMOSPNERE . CONF ICURATION FOR
INADEQUATE . (8;8;A;A) TNE MOST RAZARDOUS
(LOV FLASH POINT)
FLAMMABLE WASTES,
(3) INSIALL GAS
DETECIOR AND ALARM,
(4) CONSIDER ADDING
A FLARE 10 THE
SCRUBBER SYSTEN, (5)
TONSIDER IMERT fIRE
SUPPRESSION SYSTEN,
(E.G., INERT TWE
ROOM UITH W2 WMEN
INE GAS ANALYZERS
ALARN) .
2 111 A |OVERNEAD CRAWE DROPS |RELEASE OF TOMIC  [(1) cArsOm (1) DEVELOP
DRUM CAUSING DUAL  |GASES AND POTENTIAL |ABSORBTION BED IN  |PROCEDUMES 10 :
SPILL OfF FIRE UITN GENERATION|INE WEPA Fll'f. 2) m‘['l OR MININIZE
INCOMPAT IBLE OF PNOSGENE AND FIRE SUPPRESS] CRANE MOVEMENTS OVER
MATERIALS DUE TO  |VORKER FATALITY. SYSTEN. SIORED WASTES, (2)
msuuculc OF WASTE|(C;C;A;C) VERIFY DRUN CONTENTS
(E.G., AND LABELING AT
ﬂmu VASTE VASTE GENERATORS
WIXED WITH; (1) SITE, (3) DEVELOP
WAOH(1A), (2) LAB {1DE PROCEDURE
H2504(18), (3) (LAB ESEN MANUAL)
LITHIUM NYDRIDE(2), FOR WASTE
(4) WITRIC ACID(GA), IDENTIFICATION AND
(S) CHLOROBENZENE.) LABELING OF WASTE
CONTAINERS.
2 111 A [OVERNEAD CRANE DROPS |RELEASE OF TOXIC CARBON ABSORBTION (1) DEVELOP
DRUM CAUSING DUAL  |GASES (E.G., SED IN THE WEPA PROCEDURES 10
SPILL OF PNOSGENE ) FILTER. PREVENT OR MININIZE
INCONPAT IOLE POIENTIAL FIRE. CRANE MOVEMENTS OVER
FLAMMABLE MATERIALS [WORKER INJURY. SIORED WASTES, (2)
ROUTINELY STORED IN [(C;C;A;C) STORE INCOMPAT IBLE
THE SAME AREA. FLAMMABLE MATERIALS
(€.G., WITROMETHANE 1N SEPARATE
vITH ACETONE) LOCATIONS WITNIN THE




PREL ININARY NAZARD/RISK ANALYSIS RECORD @Y ACTIVITY FOR MINED VASIE STORAGE
ACTIVITY mamen. muA
ACTIVITY NAME: WURSF FLAMMASLES (CROUS &AD
ACTIVITY DESCRIPTION: STORAGE OF FLAMPMABLES IN AN ENCLOSED AREA

8¢-4d

R--F--C CAUSE/SCENARIO CONSEQUENCES PROTECTIVE FEATURES ACTIONS
FLAMMABLE STORAGE
AREA.

3 11 C [SPILL OF LOV FLASN |[VORKER EXPOSED 10 CARSON ABSOR®T IOW INSTALL GAS ANALYZER
POINT CHENICALS TONIC FUMES. SEO 10 MEPA FILTFR, [WUITH ALARM.
(ACETRALNENYEC-38F), (D;D;C;D) FIRE SUPPRESSION
FURAN (-32F), SYSTEN.

ANRYORGUS ETNYL
(-49F)) DUE 10
FORKLIFT ACCIDENT,
CRANE ACCIDENT OR
CORROSION.
3 11 C [SPILL OF LOV FLASKH 1IGNITION OF (1) FIRE SUPPRESSION|(1) TREAT NicMY

POINT CPERMICALS
(ACETMALNENYE( -36F),
FURAN (-32F),
ANHYDROUS ETHYL
(-49F)) DUE 10
FORKLIFT ACCIDENT,
CRANE ACCIDENT OR
CORROSION. FIRE
SUPPRESSION SYSTEM
OPERAT [ONAL .

FLAMABLE VAPORS
LEADS 10 CONTAINED
FIRE IN THE STORAGE
AREA. (D:D;C;D)

SYSTEN, (2) CARBOM
Assongfion BED In
NEPA FILTER, AND
SCRUBBING SYSTEN.

FLANMABLE MATERIALS
ON AN PRIORLTY
SASIS, DO NOT ALLOW
ACCUMURLATIONS OF
LARGE INVEWTORIES,
(2) CONSIDER
SPECIALLY DESIGNED
STORAGE

CONF IGURATJON FOR
INE MOST RAZARDOUS
LLOM FLASKH POINY)
FLAMABLE WASIES,
(3) INSTALL GAS
DETECTOR AND ALARN,
(¢) CONSIDER ADDING
A FLARE 10 TRE
SCRUBBER SYSTEM, (S)
CONSIDER INERT fIRE
SUPPRESSION SYSTEM,
(E.G., INERT INE
ROOM UITH N2 WWEN
INE GAS ANALYZERS
ALARN) .




6c-4

PRELININARY MAZARD/RISK ANALYSIS RECORD 8Y ACTIVIIY FOR WINED WASSE STORAGE
ACUIVITY mMBER: MISA

MMSF CYARIDES AND SULFIDES (GROUP SA)

STONAGE OF CYANIDES AND SULFIDES IN TNE MURSF

ACTIVITY BAME:
ACTIVITY DESCRIPTION:

R--F--C CAUSE/SCENARIO CONSEQUENCES PROTECTIVE FEATURES ACTIONS

2 111 A [FORKLIFT ACCIDENY RELEASE OF TORIC (1) USE OF SMALL (1) PROVIDE WCN
CAUSES SIMULTANECUS {GASES (E.C., WCH AND|™WALK SERIND™ ANALYZER AND ALARN,
SPILL OF CYANIDE AND|[CYANOGEN) AND FORKLIFIS, (2) DRUNMS[(2) YERIFY DRUM
OINER WONCOMPATIBLE [POSSIBLE EXPLOSIION [ARE STORED ONLY ONE [COMTENIS AND
WASTE (E.G., AND FIRE. SEVERE LEVEL Wicw, (3) LABELING AT UASTE
N2S06(18), OR VORKER INJAMY, AND [SCRUBBER SYSIEH, (4)|GENERATORS SIIE, (3)
PERCHLORIC ACID(GA)) [LOM LEVEL FIRE SUPPRESSION DEVELOP LAS WIDE
DUE TO MISLABELING. |RADIOACTIVE SYSTEN. PROCEDURE (LAD ESEN

CONTANINATION IN THE MANUAL) FOR UASTE

FACILITY, (D;D;A;C) TOENTIFICATION AND
LABELING OF WASTE
CONTAINERS.

3 111 8 |EXTERNAL FIRE CAUSES]TNERMAL FIRE SUPPRESSION (AT|PROVIDE NCH ANALYZER
CYANIDE CONPOLNDS DECOWPOSITION OF FIRE INITIATION AND ALARM.
(CYANOGEN SROMIDE) |[CYANIDE LEADING 10 ]LOCATION) AW
10 DECOMPOSE. TOXIC GAS RELEASE SCRUB3ING SYSTEN.

(E.G., WCN AND
CYANOGEN), LOW LEVEL
RADIOACYIVE
CONTAMINATION 1IN
FACILITY. (D;D;8;:C)

3 111 8 |MERCURY OXYCYAMIDE |SMALL EXPLOSION SCRUBSING SYSTEN, DEVELOP AYD ENFORCE
DETONATES DUE 10 LEADING 70 TOXIC GAS POLICY NOT 10 STIORE
HEATING, FRON SWOCK [RELEASE. SEVERE EXPLOSIVE AND SNOCK
OR fllChﬂ (E.G., |VORKER INJURY DUE 10 SENSIVIVE MATERIALS
FORKLIFT ACCIDENT). |10XIC GAS EXPOSURE. AT TA-63.

(0;0,8;C)

3 iV A [FORKLIFT ACCIOENT RELEASE OF TOXIC (1) USE OF SWALL (1) PROVIDE nCR
CAUSES SIMALTANEOUS [GASES (E.C., NCN ANDI™WALK BERIND™ ANALYZER AND ALARR,
SPILL OF CYANIDE AND |CYANOGEN) FORKLIFIS, (2) DRUNS|(2) DG NOT PERFORN
OINER WONCOMPATIBLE [POSSIBLE EXPLOSIION [ARE STORED ONLY ONE |[ANY UNNECESSARY
VASIE (E.G., AND FIRE. SEVERE LEVEL NIGH. ACTIVIVIES IF 1NE
H2S04(18), OR WORKER [NJURY, AND SCRUDSER (IS
PERCHLORIC ACIO(6A)) [LOV LEVEL NONOPERATIONAL, (4)
DUE TO MISLABELING, |RADIOACIIVE ADD ALARNMS 10
AND FAILURE OF TNE |CONTAMINATION IN TNE ONITOR SCRUBBER
SCRUBBER SYSTER MITHIFACILITY. (C;3:A;0) OPERATION.

THE VENT BLOWER
WORK ING.

4 11 D {SPILL OF CYARIDE DUE [CONTARINATION OF TNE | NONE NOWE
10 VALK SENIND STORAGE AREA, MINOR
FORKLIF7 ACCIDENY OR JUORKER EXPOSURE. NO
CORROSION. 10XIC GAS RELEASED

DUE 10 LOM
VOLATILETY,
(D;0;0;0)




PRELININARY MAZARD/RISK ANALYSIS RECORD BV ACTIVITY FOR NINED VASTE STORAGE
ACTIVITY NUMBER: MMSA
ACTIVITY RARE: IRIRSF ONICIZERS (CROUP 6A)
ACTIVITY DESCRIPTION: STORAGE OF ONIDIZERS IN WMMSF

0e-€

HIF R CAUSE/SCENARIO CONSEGUENCES | PROTECTIVE FEATURES ACTIONS
2 11 8 |AweoNiUR PERCHLORATE [EXPLOSION OR FIRE 1N[(1) AWONIUN (1) DEVELOP AND
OR METNYL EINVL ImmSF, RELEASE OF  |PERCMLORATE IS OMLY [ENFORCE SIRICI
KETONE PEROXIOE TORIC GASES, WORKER |ACCEPTED 1N AN OXIDE ACCEPTANCE CRITERIA
(DRIED OVER TIME) |twamv. (0;0;8:C) |(LIOUID) FORW, (2) |FOR SENSITIVE
SUBJECTED 10 SHOCX, fFine suppression awoloxioizers ¢e.c.,
FRICTION OR SCRUBSER SYSTEN.  |DILUTED SORM
SUNL 1GRT (MEKP) . FREQUENT INSPECTION,
VETTED MATERIAL)
(2) CONSIDER STORAGE
OF MIGNLY SENSITIVE
ORIDIZERS IN A
SEPARATE SUILDING IN
A REMOTE LOCATION.
2 111 A |oveameao crame oroes|eecease o micmy  |(1) careon (1) DEVELOP
DRUN CAUSING GUAL | TOXIC GASES, ABSORBTION BED 1%  |PROCEDURES 10
SPItL OF POTENTIAL EXPLOSION |Tme mepa ssLtER, (2)IPREVENT OR MININIZE
INCONPAT IBLE AND POTENTIAL FIRE. |FIRE SUPPRESSION AND|CRANE MOVEMENT OVER
MATERIALS DUE 10 |VERY WIGH FIRE SCRUBSER SVSTEN. STORED ULASTES, (2)
NISLABELING OF VASTE [POTENTIAL ViTH VERIFY DRUW CONTENTS
DRUN. (E.G. GENERATION OF AND LABELIWG AT
ox1DiZER WASTE MIXED |PHOSGEN WITH SPiLLS WASTE GENERATORS
VIIN; (1) NAONCTA), |INVOLVING CWLORO SI1E, (3) DEVELOP
(2) ACETIC ACID(19), |SENZEWE, POTENTIAL LAS VIDE PROCEDURE
(3) SODIUNC2A), (&) |VORKER FATALITY. (LAB ESEN MANUAL)
ORGANICS(4A) SUCH As|(C;8;4;C) FOR WASTE
CHLORD SEMZENWE, (5) IDENTIFICATION AND
GOLD CYANIDE(SA)) LABELING OF WASTE
CONTAINERS.
& 110 [sPILL OF ONIDIZERS |LOW LEVEL TOXIC WEPA FILTER AND NOwE
love To waLx SENIWMD {SPILL. VORKER SCRUBSING SYSTEW.
FORKLIFT OR OVERWEAD |EXPOSURE. (D:D;:D;D)
CRAWE ACCIDENTS.




PRELININARY NAZARD/RISK ANALYSIS RECORD 8Y ACTIVITY FOR MIHED UASTE STORAGE
ACTIVITY NUNBER: MUTA
ACTIVITY BAME: MURSF GASES (GROUP 7A)
ACTIVITY DESCRIPTION: GASES STORED IN MUMSF (GROUP 7A)

1€-d

R--F--C CAUSE/SCENARIO CONSEQUENCES PROTECTIVE FEATURES ACTIONS
1 11 A [MAJOR BREACH OF RELEASE OF NIGHLY WEPA AND SCRUBBING (1) DO NOT STORE
LEGACY CYLINDER OF |[TOXIC GASES SYSTEN. LEGACY CYLINDERS IN

2

2

DOUBTFUL INTEGRITY
{OURING STORAGE.

SREACH OF CYLINDER
(NON-LEGACY) DUE 10
ACCIDENTAL CAUSES
(E.G., CYLINDER
DROPPED AND
REGULATOR L INE
BREAKS) UNICH RESULT
I® MAJOR CYLINDER
DAMAGE .

ENTERNAL FIRE
CINTTIATED WITHIN
THE MURSF BUILDING).

(PROSPHINE, PWOSGEN,
ARSINE, AND OTNERS).
VORKER FATALITY
POTENTIAL COLOCATED
WORKER AND PUBLIC
EXPOSURE. (C;8:A;D)

|RELEASE OF HIGALY
TOXIC GASES
(PNOSPNINE, PNOUSGEN,
ARSINE, AND OTNERS).
WORKER FATALITY,
POTENTIAL COLOCATED
VORKER AND PUBLIC
EXPOSURE. (C;C;A;D)

PRESSURIZATION AMD
RUPTURE OF GAS
CYLINDERS. NIGNLY
TOXIC GAS RELEASE
AND POTENTIAL
CYLINDER RISSILE
GENERATION,
(LH H ML}

NEPA AND SCRUBSING
SYSTEN.

(1) FIRE PROTECTION
SYSTEM, (2) WEPA AND
SCRUDBING SYSTEM,
(3) FUSIBLE PRESSURE
RELIEF.

CYL INDERS VI THOUT
INTERMEDIATE
STORAGE, (3) PROVIDE
SECONDARY
CONTAINNENT WNEN
TRANSPORT ING LEGACY
CYLINDERS.

(1) TRANSPORT AND
STORE CYLINDERS
SECURELY, (2)
CONSIDER
INSTALLATION OF A
FLARE AND/OR A
SPECIAL SCRUSBER FOR
WS FACILITY, (3)
INSTALL GAS
|:{ltc1ms‘ms oen
ARNS, (4) CONS
CONDAR

SE v
CONTAINMENT FOR NOST
WAZARDOUS CYLINDERS,
(5) GAS CYLINDERS 10] .
SE PROCESSED Wi TH
HIGH PRIORITY, (6)
WORK IN TNIS AREA 10|
BE PERFORMED VITHN
PROTECTION (1.E.
VEAR SCOA, OPERATE
UNDER THE SUDDY
SYSTEN), (7)
PROTECTIVE CAP FOR
CYLINDER REGULATORS
SWOD BE IN PLACE
AT ALL TIMES., (8)
STORE CAS CVLINDERS
1N AN ENCLOSED AREA.

STORE GAS CYLINDERS
I8 AN ENCLOSED AREA
VITH FIRE DOOR AND
FIRE WALL.




PRELIMINARY WAZARD/RISK ANALYSIS RECORD OV ACTIVITY FOR WINED UASTE STORAGE
ACTIVITY UMBER: MITA
ACTIVITY NANE: YAMSF GASES (CROUP TA)
ACTIVITY DESCRIPTION: GASES STORED IN MRSF (GROUP 7A)

ce-9g

R--F--C CAUSE /SCENARID CONSEGUENCES | PROTECTIVE FEATURES ACTIONS
3 111 8 |SREACH OF CYLINDER |RELEASE OF WEPA AWD SCRUBBING |(1) TRANSPORT AND
(MON-LEGACY) DUE 10 |RIDERATELY TORIC _ |SYSTEN. SIORE CYLINDERS
ACCIDENTIAL CAUSES  |GASES (W2s, WO2 SECURELY, (2)
(E.G., CYLINDER OTNERS). ek CONSIDER
OROPPED AND EXPOSURE. (C;C;8;0) INSTALLATION OF A
REGULATOR LINE FLARE AKD/OR A
BREAKS). SPECIAL SCRUSBER FOR
RIS FACILITY, (3)
INSTALL GAS
po:m:tms AW
AN, (4) coNstDER
contatmR Nt FOR WOST
NAZARDOUS CVLINDERS,
(5) GAS CYLINDERS 10|
S PROCESSED UITH
NIGH PRIORITY, (6)
VORK ¥ TNIS AREA 10
S€ PERFORMED V1TH
PROTECT ION u €.
VEAR SCBA, OPERATE
UNDER THE mv
SYSIEN), (7)
protect ive Cap FoR
CYLINDER REGULATORS
SWOULD OF IN PLACE
AT ALL TIMES., (8)
Stone cas cvilwoers
1N AN ENCLOSED AREA.
3 111 8 |EXVERWAL FIRE PRESSURIZATION AND |(1) FIRE PROTECTION |STORE GAS CYLIWDERS
CINITIATED UITHIN  |RUPTURE OF Gas SYSTER, (2) WEPA AND|IN AN ENCLOSED AREA.
1HE MMSF SUILDING). |CYLINDERS. SCRUBBING SYSTEM
WODERATELY TOXIC GAS|(3) wmu PRESSURE
RELEASE AND RELIEF.
POTENTIAL CYLINDER
[missILE cEmeRATION.
(€;c;8;0)
3 tv 8 |simnrtanEous mUPTURE |FIRE 13 STORAGE AREA|(1) FIRE PROTECTION |wOWE
OF TUO INCOMPATIBLE |OR VENT SYSTEW DUE |AND (2) WEPA AND
(€.G., FLORINE AND |10 WIXING OF SCRUBBING SYSTEM.
#25) CAS CYLINDERS |INCONPATIBLE GASES.
(DUE TO MISHANOL ING, | TOXIC GAS RELEASE.
FORKLIFY ACCIDEWT, |SEVERE WORKER
€7C...) INARY. (C;C;8;C)




ge-4d

PRELININARY MAZARD/RISK ANALYSIS RECORD 8Y ACTIVITY FOR RIXED UASTE STORAGE

ACTIVITY DESCRIPTION: STORACE OF PCS UASTES IN AKX ENCLOSED AREA (GROUP 8)

ACTIVITY NUNBER: M8

ACTIVITY NAME:

WMMSF PCB (GROUP )

a--f--¢

CAUSE/SCENARIOD

CONSEQUENCES

PROTECTIVE FEATURES

ACTIONS

3

Htc

1V A

IV A

KISLABELED DRUM
RESULTS IN PCB ORUM
SEING STORED NEAR
FLAMMABLE WASTE.
ACCIDENTAL BREACK OF
THE CONTAINERS LEADS
10 FIRE AND BURNIC
OFf PCB WASTE.

LARGE EXTERNAL FIRE
VITN SREACN OF
SUILDING OR WS
SCRUBBER SYSTEH.

SPILL OF PCB WASTE
ORUM DUE TO FORKLIFT
ACCIDENT, RELEASE 10
THE SUMP,

SPILL OF PCB WASTE
DRUM DUE 10 FORKLIFY
ACCIDENT.

BURNING OF PCB UASTE
FILTIER THROUGN TKE
QUILDING SCRUBBER
SYSTEM. (C;C;C;C)

POTENTIAL SPILL AND
SURRING OF PCB
VASTE. DISPERSION OF
PCB WASTE 10 INE
ENVIRONNENT .
(8;8;8;R)

POTENTIAL RELEASE 10
THE ENVIRONMENT
TNROUGH TRE SUNWP
SYSTEN.
ENVIRONNENTAL
CONTANINATION.
{0;0:0:A)

CONTARIGATION OF THE
STORAGE AREA.
(0;0:;0;0)

FIRE PROTECTION AND
SCRUBBER SYSTEMS.

(1) FIRE PROTECTION

. 1SYSTEM, (2)

NEPA/SCRUBSER WITH
CARDONSED .

(1) 1WSIALL
PROCEDURES 10 DETECT
SUWP LEVELS, (2)
TEST SUWP CONTENTS
SEFORE DISCWARGE,
(3) S SYSIEM.

SUNP SYSTEN.

COKSIDER STORING PCS
UASTE AUAY FROM
FLAMMABLES.




PRELININARY NAZARD/RISK ANALYSIS RECORD BY ACTIVITY FOR MINED UASTE STORAGE
ACTIVITY UWRER: WD
ACTIVITY NAME: MURSF WONREGLLATED WASTES (SROUP 9)
ACTIVITY DESCRIPTION: STORAGE OF NONREGULATED WASTES IN MUMSF STORAGE AREA (CROUP 9)

pe-d

R--F--C CAUSE/SCENARIO CONSEQUENCES PROTECEIVE FEATURES ACTIONS
311 ¢ [SPILL OF AWONIUM  |POTENTIAL WORKER nOwE CONSIDER RELOCATION
BIFLORIDE DUE 1O EXPOSURE. (D;D;C;D) OF APOIONIUN
OVERNEAD CRANE OR SIFLORIDE 1O ONE Of
FORKLIFT ACCIDENT. TNE REGULATED AREAS,
SUCH AS CAUSTIC(IA).
3 111 8 |ACCIDENTAL SPILL OF [FIRE AND RELEASE OF [FIRE PROTECTION AND |(1) CONSIDER
INCONPAT IBLE WASTES |TOXIC GASES. SCRUBBER SYSIENS.  [ELININATING TNIS
ROUTINELY STORED IN [(C;C;®;0) AREA, (Z) CLASSIFY
NONREGULATED AREA A $TORE ALL
(E.G., WISLABLED, WONREGULATED WASTES
TENPORARY STORAGE 1" COMPATIBLE
OR DO NOT SELONG iN REGULATEC AREAS, (3)
OTNER OEFINED ENCLOSE THE

REGULATED AREAS)

NONREGULATED AREA.




ge-d

PRELININARY RAZARD/RISK ANALYSIS RECORD BY ACTIVITY FOR NIXED UASTE STORAGE

ACTIVITY DESCRIPTION: SANPLING AND REPACKAGING OF NINED WASTE

ACTIVITY NUMBER: MK

RCTIVITY NAME

: MMRSF BULKING ROON

CAUSE/SCENARIO

CONSEQUENCES

PROTECTIVE FEATURES

ACTIONS

R--F--C
2 1 ¢
2 us
3 e
3 11 s
3 e

INADECUATE

GUIDEL INES OR
PROCEDURES FOR
HIXEING AND REBULKING
UASIES.

INADEQUATE

GUIDEL INES OR
PROCEDURES fOR
MIXING AND RESULKING
VASTES LEADS 10
VIOLENT REACTION,
AND FUME HOOD
FAILURE.

MAINME ERROR DURING
SULKING GPERATION
LEADS 10 WASTE
SPELL.

OPERATOR OPENS
MISLASELED WASTE
COMTAINER.

INCOMPATISLE VASTE
ARE WIXED DURING
REPACKAGING PROCESS
DUE 10 MISLABELING
OR OPERATOR ERROR.

VIOLENT REACTION,
RELEASE OF TOXIC GAS
VITH VORKER EXPOSURE
AND FACILITY
CONTANINATION.
(D;0;C;D)

VIOLENT REACTION,
RELEASE OF TOXIC GAS
WUITH WORKER ENPOSURE
AND FACILITY
CONTANINATION,
(D;0:8;C)

VORKER EXPOSURE 10
T0%1C CRENICALS AND
1OXIC FUMES.
(0;0;C;0)

POTENTIAL YORKER
EXPOSURE 10 NIGHLY
TONIC CHENICALS AND
10KIC FUNES
POTENTIAL FiRE.
(D;0;8;C)

VIOLENT REACTION,
RELEASE OF TOXIC GAS
VITN VORKER EXPOSURE
AND FACILITY
CONTAMINATLON.
(0;0;8;C)

(1) FUNE NOOD AND
FIRE SUPPRESSION

SYSIEN, (2) FULL

PROIECTIVE GEAR,

£.G. SUIIS, FACE

SHIELDS).

(1) FIRE SUPPRESSION
SYSTEN, (2) FULL
provective cEar
le.c. suirs, sack
SNIELDS).

(1) UASTE IS OPENED
AND REPACKACED UMDER
FUME MOCD, (2) USE
Of WONSPARKING
100LS, (3)
PROTECTIVE GEAR,
Je.c. suitr, Face
SMIELD.

(1) UASTE 1S OPENED
AND REPACKAGED UMNDE
FUME WOOD, (2) USE
OF WONSPARKING
100LS, (3)
PROTECTIVE GEAR,
€.G. SUIT, FACE
SHIELD.

(1) FUNE NOCD AND
FIRE SUPPRESSION

SYSTEM, (2) FULL

PROTECTIVE GEAR,

€.G. SUITS, FACE

SHIELDS).

(1) GUIDELINES
(PROCEDURES) FOR
Wuum AND BULKING
SHOLD OF DEVELOPED
AND REVIEWED, (2)
VORKER SWOULD VEAR
RESPIRATOR UMTIL
OETERNINATION OF
POSSIBLE REACTIONS.

(1) GUIDELINES
(PROCEDURES) FOR
Inining Ao s KinG
SHOULD BF DEVELOPED
AND REVIEVED, (2)
WORKER SHOIR® VEAR
REPINATOR UNTIL THE
POSSIRILITY OF
VIOLENT REACTIONS IS
PASSED . .

| owe

VORKER SNOULD VEAR
PROTECTIVE
EQUIPMENT.

VORKER SNOIRD VEAR
|PROTECTIVE
EQUIPMENT.




PRELININARY MAZARD/RISK ANALYSIS RECORD SY ACTIVITY FOR NMINED MRSTE STORAGE
ACTIVIIY MMBER: MG
ACTIVITY NAME: PRSF GLOBAL (INTERNAL AND ENTERNAL) EVENTS
ACTIVITY DESCRIPTION: MIRSF GLOBAL (INTERNAL AND EXTERNAL) EVENTS

9¢-€d

CAUSE/SCENARIO CONSEQGUENCES PROTECTIVE FEATURES ACTIONS
ACCIDENTS DURING SPILL OF 'l.MlES NONE (1) MAINTAIN
TRANSPORTATION OF REACTIVES PHYSICAL SEPARATION

MASTE VITHIN THE
MMSF (FORKLIFTS,
CRANES, OR MANUAL).

111 A |WEDIUM INTENSITY

SEISMIC EVENT NITH
HOR|ZONTAL
ACCELERATION OF 0.17
G.

ACCIDENT OURING
TRANSPORTATION OF
IHE WOST TOXIC VASTE
pRUNS (E.G., TOXIC
GAS CYLIWDERS OR
INCOMPATIBLE UASTES)
FROM MMSF 10 CAI OR
OTHER FACILITIES.

LIGHINING STRIKES
STORAGE BUILDING.

utuomh: MASTES
LEADING 1D TOXIC GAS
RELEASE/ FIRE.
VORKER INJURY.
;C;8;0)

NINING OF

INCOMPAT IBLE WASTES
STORED I ADJACENT
AREAS. VIOLENT
REACTIONS, POTENTIAL
FIRE, AND RELEASE Of
T1OXIC FUNES (E.C.,
PNOSGENE OR WCH).
POTENTIAL LOSS OF
SCRUBSER. NOTE:
SHOCK SENSITIVE
MATERIAL NOT
CONSIDERED IN TNIS
SCENARIO. (C;C;A;C)

SPILL LEADING TO THE
UNMITIGATED RELEASE
OF TOR{IC GASES.
PUBLIC EXPOSURE.

L HH N

NOT A RAZARD.
(0;0;D;0)

NO NAZARD. (D;0;0:D)

WUSRF EQUIPED WITH
LIGHTNING RODS.

ENCLOSED STORAGE
STRUCIURE.

OFf INCOMPATIBLE
VASTES DURING
IRANSPORTAT ION
(E.G.

movavm( VASTES
WUITH THE CRANE), (2)
LIKIT SIMULTANECUS
OPERATION OF
MALTIPLE FORKLIFTS.

(1) REVIEW SEISNIC
|oEsicn critERIA, (2)
ENSURE TWAT
INCOMPATIBLE UASTES
ARE WOT STORED (N
ADJACENT AREAS. SEE
POTENTIAL MMSF
FLOORPLAN DEVELOPED
8Y PHA TEMN, (3)
|MININIZE STORAGE
TINE OF MOST
FLAMRABLE/ TOXIC
|matERIALS.

(1) CONSIDER ROAD

JPATERIALS BETUEEN

LAB AREAS, (2)

REVIEW PROCEDURES

FOR SECURING WASTE

DRUNS DUR NG 3
(

TRANSPORTAT 10N
DO WOU IRANSPORT

INCONPATIOLE WASTE
DRUMS TOGETMER.
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PRELININARY BAZARD/RISK ANALYSIS RECORD BY ACTIVITY FOR MINED UASTE STORAGE
ACTIVITY SBER: UG
ACTIVITY NANE: MRSF CLOBAL (INTERNAL AND EXTERNAL) EVENTS
ACTIVITY DESCRIPTION: MRSF GLOBAL (INTERNAL AND EXTERNAL) EVENTS

R--F--C CAUSE/SCENARIO CONSEQUENCES | PROTECTIVE FEATURES ACTIONS

3 111 8 |INADVERTENT MATER MIXING VITK | wOwE (1) DO NOT LEAVE
OPERZTION OF TNE  |WATER REACTIVES OR OPEN WASTE
FSxZ SPRINKLERS OR |ACIDS COWLD CAUSE CONTAINERS IN
AUPIURE OF VATER  |VORKER INJURY. SULKING ROOM, (2)
PIPING DUE 10 (0;0;0;D) CONSIDER USE OF DRY
CORROSION, 1N TWE CHEMICAL FIRE
SULKING ROOM DURING SUPPRESSION SYSTEM
SULKING OPERATION. IN TNE BULKING ROOM.

3 111 c |insovERTENT IF FLOOD SOURCE WOT |(1) DRY CNEMICAL (1) INSTALL S
OPERATION OF TWE  |MITIGATED, COULD  |FIRE SUPPRESSION  |HIGH LEVEL ALARWS
FIRE SPRINMKLERS OR |CAUSE waTéR SYSTEN 1N WATER (2) DESICH StomAcE
RUPTURE OF WATER INTRUSION [NTO REACTIVE(GROUP 2A) |AREA TO PREVENT
PIPING DUE 10 REACTIVE WASTE AREA, [STORAGE AREA, (2) |INTRUSION OF WATER
CORROS1OW. GENERATION OF PERIODIC VALKDOWNS |10 THE WATER

NYDROGEN GAS AMD  |OF TNE FACILITY ARE |REACTIVE WASTE AREA.
RADIOACTIVE PERFORMED, (3)
CONTAMINATION IN THE |OPERATION OF
FACILITY. (D;D:D;C) |SPRINKLERS MILL
INITIATE A 919
ALARN.

3 Iv A [Lov INTENSITY EXPLOSION OF SWOCK  |wowe (1) DEVELOP AND
SEISMIC EVENT VITH |SENSITIVE MATERIALS ENFORCE POLICY WOT
NORI ZONTAL (E.G., WITRO 10 STORE EXPLOSIVE
ACCELERATION OF 0.1 |NETRANE, SODIUW OR SNOCK SEWSITIVE
G. AZIDE). ' STRUCTURAL |mteriaL 1n THIS

|oamace 10 suiLDING, UILDING, (2)

FIRE AMD RELEASE OF PROCESS $MOCK

TOXIC GASES. SENSITIVE MATERIALS
(A;A;A;A) IMMEDIATELY.

3 v A |niGe intemsitY STRUCTURAL COLLAPSE |wowe (1) REVIEV SEISMIC
SEISMIC EVENT WITH |OF BUILOING, BREACH |oesicn criveria, (2)
HOR1ZOWTAL Lot MALTIPLE DRUNS, NININIZE STORAGE
ACCELERATION OF 0.3 |MAJOR FIRE, RELEASE TINE OF MOST
G OR GREATER. Of ToxIC GAS 10 FLAABLE/ TOXIC

ENVIRONNENT AND MATERIALS.
RADIOACT I VE
COMTAMINATION.
(A;AACA)
3 Iv A [exTERmAL FIRE [r1me pewernates Tue |1y anen suxmoum G wowe
WMMSF, MAJOR FIRE |INE WURSF IS CLEARED
RELEASES TOXIC GAS |OF COMBUSTIBLE
10 TNE ENVIRONMENT |MATERIAL, (2)
AND RADIOACTIVE SUILDING' IS DESICNED
COMTAMINAT ION. 10 REIARD FIRE.
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PRELININARY NAZARD/RISK ANALYSIS RECORD 8Y ACTIVITY FOR NIXED WASTE STORAGE
ACTIVITY MMBER: MG
ACTIVITY RANE: MRSF GLOBAL (INTERMAL AMD EXTERMAL) EVENTS
ACTIVITY DESCRIPTION: MRSF GLOBAL (INTERNAL AND EXTERNAL) EVENTS

R--F--C

CAUSE /SCENARIO

CONSEQUENCES PROTECTIVE FEATURES ACTIONS

(A;A;A;A)




TABLE B-4
HAZMAN RESULTS SORTED BY RISK RANK FOR MWRSF

B-39
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NAZARD ANALYSIS REPORT BY RISK

CAUSE/SCENARTIO

PROTECTIVE FEATURES

Actions

R---F---C| ACT/FAC ACTIVITY NARE

111 A [m7ammst [mase cases (Grow 7a)

2 1 ¢ |mex/mmss|mmsr sking noos

211w [maanmast mass uioizens (Grow
)

2 11 9 |mexsmmst mast BULKING RooM

2 118 |meramss |mase cLoma coTemmaL

AND EXTERNAL) EVENTS

2111 A [WAAZRRSE [IRSE FLASABLES (GROP

)

|

L

MAJOR BREACH OF LEGACY

rmmn OF DOUBTFUL .
INTEGRITY DURING STORAGE . [PROSGER, ARSINE, A

JADEGUATE GUIDELINES OR
PROCEDURES FOR MIXING AND
REBULKING MASTES.

AMNONIUN PERCILORATE OR
METAYL ETNTL KETONE
PEROXIDE (DRIED OVER
VINE) SUBJECTED TO SMOCK,
FRICTION OR

SUNL IGRT(REKP) .

INADECUATE GUIDELINES OR
PROCEDURES FOR NIXING AND
REBULKING VASTES LEADS 10
VIOLENT REACTION, AND
FUME NOOD FAILURE.

ACCIDENTS DURING
TRAXSPORTAT [ON OF UASTE
VITHIN INE MURSF
(FORKLIFTS, CRANES, OR
MANUAL ).

SPILL OF LOV FLASH POINT
CHEMICALS
(ACETHALNENYE(-38F),
FURAN (-32f), ANNYDROUS
EINTLE (-49F)) DUE 10
SORKLIFT ACCIOENT, CRANE

RELEASE OF RIGHLY TONIC
GASES (PNOSPALNE

OTNERS). WORKER
FATALITY, POIENTIAL
COLOCATED VORKER AND
PUBLIC ENPOSURE.
€C;8:A:0)

VIOLENT REACTION, RELEASE
OF TORIC GAS WITR UORKER
ERPOSURE AND FACELITY

CONTAMINATION. (D;D;C;D)

ERPLOSION OR FIRE IR
MRSE, RELEASE OF TOXIC
GASES, VORKER INARY.
(0;0;9;C)

VIOLENT REACTION, RELEASE
OF TOXIC GAS WITH VORKER
EXPOSURE AND FACILITY

CONTANINATION. (D:D;8;C)

SPILL OF FLAMDABLES,
REACTIVES, On
INCOMPATIBLE VUASTES
LEADING 10 TOXIC GAS
JRELEASE/ FIRE. WORKER
INJRY. (D:C;0;C)

IGNITION OF FLANABLE
VAPORS LEADS 10 A WAJOR
FIRE AND EXPLOSION (E.G.,
NITROME TNANE) N TNE
STORAGE AREA. RELEASE OF
MULTIPLE TOXIC GASES

NEPA ANID SCRUBSING
SYSIEN,

(1) FUNE NOUD AND FINE
SUPPRESSION SYSTEN, (2)
FULL PROTECTIVE GEAR,
€.G. SUITS, FACE
SIELDS).

€1) ABIDNIUN PERCHLORATE
1S ONLY ACCEPIED IR AN

FIRE SUPPRESSION AND
SCRUBSER SYSTEN.

(1) FIRE SUPPRESSION
SYSIEN, (2) FAL

S
jwome

GROUWDING OF ELECTRICAL
EQUIPMENT AND DRUNS
DURING TRANSPORIATION,
NONSPARK T00LS ARE USED.

ONIDE (LiCUID) FORM, (2)

(%) 00 NOT STORE LEGACY
JCTLINDERS 1N INE WUSKRF,
(2) PROCESS LEGACY
CYLINDERS Wi ThOUT
INTERNEDIATE STORAGE, (3)
|PROVIOE SECONDARY
CONTARNENT uUnEN

(PROCEDURES) FOR Ill‘l“

(1) BEVELOP AND ENFORCE
SIRICT ACCEPTANCE
CRITERIA FOR SEWSITIVE
ORIDIZERS (€.C., DILUTED
FORM, FREGUENT
INSPECIION, METIED

(1) MINTAIN PRYSICAL
SEPARATION OF
INCONPATIBLE VASIES
BURING IRANSPORTAT 1ON
(E.G., DO NOI IRANSPOR?
DRUM OVER INCOMPATISLE
WASTES WITH TNE CRANE),
(2) LINIT SIMLTAREOUS
OPERATION OF MATIPLE
FORKLIFIS.

C1) TREAT miGMY
FLAMMABLE WATERIALS ON AN
PRIORIIY BASIS, DO NOI
ALLOW ACCRRATIONS OF
LARGE INVENIORIES, (2)
CONSIDER SPECIALLY
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HAZARD ANALYSIS REPORT 8V RISK

R---f---c| ACT/FAC ACTIVITY WANE CAUSE/SCENARIO CONSEQUENCES PROTECTIVE FEATURES ACTiONS
ACCIDENT OR CORROSION. |(E.G., PNOSGENE) 10 DESIGNED STORAGE
FIRE SUPPRESSION SYSTEM |ATNOSPHERE. £8;8;A;A) CONFIGURATION FOR THE
INADEQUATE. SAZAROOUS (LOM FLASH
POINT) FLAMMABLE VASTES
(3) INSTALL GAS DEFECTOR
AD ALARM, (4} CONSIDER
ADBING A FLARE TO TRE
SCRUBBER SYSIEN, (5)
CONSIBER INERT FIRE
SUPPRESSION SYSTEN,
(€.G., INERT INE ROOM
VIIN €2 WMEW TNE GAS
ANALTZERS ALARN).
2 111 A |MKA/MMSE [MRSE FLAMMABLES (CROUP |OVERWEAD CRANE DROPS DAUM|RELEASE OF TOXIC GASES [(1) CARBON ASSORSTion 9eo|c¢1) oeveLor PRocTOURES 1O
A) CAUSING DUAL SPILL OF  |AND POTENTIAL FIRE VITH [IN TNE WEPA FILTER, (2) [PREVENT OR MININIZE CRANE
INCOMPATIBLE MATERIALS GENERAYION OF PROSGENE FIRE SUPPRESSION SYSIEN. [MOVEMENRTS CVER SIORED
[oUE 10 MISLABEL InG OF AND VORKER FATALITY. WMASIES, (2) VERIFY DRUW
UASTE DRUM. (E.G., (C;C;A;C) CONTENTS AND LASELING AT
FUNWABLE UASTE RIXED VASIE GEWERATORS SITE,
WITH; (1) NAON(IA), (2) (3) DEVELOP LAB WIDE
u2sob(18), (3) LITAILM PROCEDURE (LAS ESEN
NYORIDE(2A), (&) MIIRIC NAMML) FOR WASTE
acioea), ($) IDENTIFICATION AND
CNLOROBENZENE . ) LABELING OF WASTE
CONTAINERS.
2 111 A |[miasmmse [mmSE FLABABLES (GROUP  |OVERMEAD CRANE DROPS DRUM|RELEASE GF TONIC GASES  |CARSON ABSORBTION OED I8 |(1) DEVELOP PROCEDURES 10
4A) CAUSING DUAL SPILL OF (E.G., PNOSGENE) AND INE MEPA FILTER. PREVERT OR MININIZE CRANE
INCONPATISLE FLAmaBLE  [PotemfiaL FIRE. woRKER MOVEMENTS OVER SIORED
|matERIALS ROUTINELY INJURY. (C;C;A;C) UASTES, (2) STORE
SIORED IN TNE SANE AREA. INCONPATIOLE FLASMOLE
(E.C., NITROMETNANE WITH MATERIALS 1N SEPARATE
ACETONE ) LOCATIONS VITRIN TNE
FLAMABLE STORAGE AREA.
2 111 A |msasmmse mmse cYAnIDES AmD FORKLIFT ACCIDENT CAUSES |RELEASE OF TONIC GASES |(1) USE OF SMALL "WALK (1) PROVIDE NCN ANALYZER
SULFIDES (GROUP SA) SINULTANEOUS SPILL OF (E.G., WCN AND CYANOGEN) [SEMIND™ FORKLIFIS, (2) [AWD atamm, (2) vemiry
CYANIDE AND OTNER AND POSSIBLE EXPLOSIION |DRUNS ARE STORED CNLY ONE|9aUW CONTENTS AND
NORCOMPAT IBLE WMSTE AND FIRE. SEVERE MORKER |[LEVEL MIGH, (3) SCRUBGER [LABELING AT WMSIE
(E.G., R2504(18), OR INJURY, AND LOW LEVEL SYSTEM, (4) FIRE GENERATORS S11E, (3)
PERCMORIC ACID(SA)) DUE |RADIOACTIVE CONTAMINATION]SUPPRESSION SYSTEW. DEVELOP LAD VIOf
10 MISLABELING. IN INE FACILITY. PROCEDURE (LAS ESEN
(D;D;A;C) MANUAL) FOR WMSTE
IDENTIFICATION AND
LABELING OF WASTE
CONTAINERS.
MJUGA/MURSE |[MURSE OXIDIZERS (CROUP  |OVERWEAD CRANE DROPS DRUM|BELEASE OF RIGNLY TOXIC |(1) CARSON ABSORETION GED|(1) DEVELOP PROCEDURES 10
2 1A 6A) ¢ CAUSING DUAL SPILL OF GASES, POTEWTIAL I% THE NEPA FILTER, (2) |PREVENT OR MININIZE CRANE

INCOMPATIBLE MATERIALS
DUE TO WISLABELING OF
UASTE DRUM. (E.G.,
OXIDIZER WASTE WIKED
VITN; (1) NAOW(IA)
acetic aciog1s), (3
SUDIUR(2R), (&)

@)

EXPLOSION AND POTENTIAL
FIRE. VERY RIGH FIRE
POTENTIAL WITN GENERATION
OFf PWOSGEN WITH SPILLS
INVOLVING CHLORO BENZENE.
POTENTIAL VORKER

FATALITY. (C:8;A:C)

FIRE SUPPRESSION AND
SCRUBBER SYSTEN,

MOVEMENT OVER STORED
VASTES, (2) VERIFY DRUN
contenfs a0 LAsELING At
UASTE GENERAIORS SITE,
(3) DEVELOP LAB VIDE
PROCEDURE (LAS ESEN
lmmu FOR UASTE




NAZARD ANALYSIS REPORT 8Y RISK

ACTIVITY NANE

CAMUSE /SCENARIO

PROIECTIVE FEATURES

ACYIONS

ORGANICS(4A) SUCH AS
CHLORO BENZENE, (S) COLD

IOENTIFICATION AND
LABELING OF WASTE

cv-4

CYANIDE(5A)) CONTAINERS .
2 A wﬂﬂm.ﬂlﬂﬂ GASES (GROUP 7A)  |SREACH OF CYLINDER RELEASE OF NIGHLY TOXIC [NEPA AND SCRABBING (1) TRANSPORT MO STORE
(NON-LEGACY) DUE T0 GASES (PNOSPRINE SYSTEN. CYLINDERS SECURELY, (2)

CONSIOER INSTALLATION OF
A FLARE AND/OR A SPECIAL
SCRUDSER FOR THIS

[
ACCIDENTAL CAUSES (E.G., [PROSGEN, ARSINE, MWD
CYLINDER DROPPED AND OINERS). VORKER
REGULATOR LINE SREAKS)  [FATALITY, POTENTIAL
UNICH RESILT 1N MASOR  |COLOCATED VORKER AND FACILITY, (3) INSTALL GAS
CYLINDER DAMAGE . PUBLIC EXPOSURE . DETECIONS AND ALARWS, (&)
(C;C;A;0) CONSIOER SECONDARY
CONTAINNENT FOR MOST
RAZARDOUS CYLINDERS, (3)
GAS CYLINDERS 1O BE
PROCESSED WLIN NIGH
PRIGRITY, (6) WORK 9
181s AREA 10 BE PERFORNMED
WITH PROTECFION (1.E.,
VEAR SCBA, OPERATE UMDER
TRE GUDOY SYSTEM), (7)
PROTECIGVE CAP FOR
CVLINMER REGULATORS
SWOULD BE 1N PLACE AT ML
TINES., (B) SIORE GAS
m:uéls IN AN ENCLOSED

2 111 A {MITA/WMMSE [MURSF GASES (GROUP TA) EXTERNAL FIRE CINITIATED [PRESSURIZATION AD (1) FIRE PROTECTION STORE GAS CVLINDERS (N AN
WITHIN THE MRRSF RUPTURE OF GAS CYLIWDERS. |SYSTEN, (2) WEPA AND ENCLOSED AREA WiTN FIRE

BUILDING). NIGHLY TOXIC GAS RELEASE SCRUBS NG SYSTEN, (3) O0OR AND FIRE WALL.

AND POTENTIAL CYLINDER FUSIBLE PRESSURE RELIEF.

[NISSILE CENERATION.

(A A:AA)
2 111 A |mG/mmse |MSF CLOBAL (INTERNAL MEDIUN INTENSITY SEISNIC [NINING OF INCONPATIBLE NONE €1) REVIEV SEISHIC DESICH
AND EXTERNAL) EVENTS EVENT WITR NORS20NTAL WASTES STORED 1IN ADJACENT CRITERIA, (2) ENSURE THAT

INCOPATIBLE WASTES ARE

ACCELERATION OF 0.17 G. |AREAS. VIOLENT REACTIONS,
II‘“ STORED IN ADJACENT

POTENTIAL FIRE, AND
RELEASE OF tomic rumes
(E.C., PHOSCENE OR WOM).

AREAS. SEE POTENTIAL

.G. MRS FLODRPLAN DEVELOPED
voienfiaL LOSS OF 8Y PRA TEAM, (3) MININIZE
SCRUBSER. NOTE: SWOCK SIORAGE TIME OF MOST
SENSITIVE MATERIAL NOT FLAABLE/ TORIC
CONSIDERED W TNIS Humms.

SCENARIO. (C;C;A;C)

2 111 A [WG/MMST (MRSE CLOBAL C(INTERNAL ACCIDENT DuRminG SPILL LEADING 10 1NE NONE
AND ERTERNAL) EVENIS TRANSPORIATION OF THE UM TIGATED RELEASE OF
MOST TOXIC WASTE DRUNS TONIC GASES. PUBLIC
(E.C., TOXIC GAS EXPOSURE. (A;A;A;A)

(1) CONSIOER ROAD CLOSURE
WUNILE TRANSPORTING INE
NOST NAZARDOUS MATERIALS
BETVEEN LAD AREAS,

CTLINDERS OR INCOMPATIBLE
MASTES) FROM MARSF 10 CAl
OR OTNER FACILITIES.

€2)
REVIEV PROCEDURES FOR
SECURING WASIE DRUNS
DURING TRANSPORIATION,
(3) DO WO [RANSPORT
INCOMPATISLE UASTE DRUNS
TOGE TNER.
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NAZARD ANALYSIS REPORT BY RISK

R---F---C| ACI/FAC ACTIVITY NAME CAUSE/SCENARIO CONSEQUENCES PROTECTIVE FEATURES ACTIONS
3 1 D |WG/MRSF [MRSF CLOBAL (INTERNAL  |LICHINING STRIKES STORAGE |WOT A MAZARD. (D;9:0:0) |musmf couires w1tk NONE
AND EXIERNAL) EVENTS SUILDING. ¢ LIGNINING gs |
3 1 0 |ms/mmst [mmse cLosaL CINTERMAL  |wicw wimos WO NAZARD. (D;D;0;0) ENCLOSED STORAGE [
'm EXTERNAL) EVENTS stmuutf'
3 11 C |MMA/MMSE [MURSE FLAMMABLES (CROUP [SPILL OF LOW FLASN POINT [WVORKER EXPOSED 10 TONIC |CARBON ASSORSTION BED I |INSTALL GAS ANALYZER WitN
“A) CNERICALS FURES. (D;D:C:D) WEPA FILTER, FINE ALARN,
CACETMALWEWTE(-38F), SUPPRESSION SYSTEN,
FURAN (-32F), ANNYDROUS
ETNTL (-49F)) DUE 1O
FORKLIFT ACCIDENT, CRANE
ACCIDENT OR CORROSION.
3 11 € |miasmmsr immse rLARABLES (GROUP |SPILL OF LOw FLASH POINT [IcHiTiON OF FLmewmsLE (1) FIRE SuPPRESSION (1) TREAT micmY
4A) CRERICALS VAPORS LEADS 1O CONTAINED[SYSTEN (2) CARBON FLASOABLE MATERIALS ON AN
(ACETHALNERYEC-38F), FIRE I INE STORAGE AREA.]|ABSORSIION BED 1w NEPA  |PRIORITY BASIS, DO NOT
FURAN (-32F), ANNYDROUS (D;0:C;0) FILIER, AND SCRUBSING AMLOW M:cuuuhus OF
EIAVL (-49F)) bue 1O SYSTEN, L8mce SwvERTORIES, (2)
FORKLIFT ACCIDENT, CRANE CONSIODER SPECIALLTY
ACCIOENT OR CORROSION. DESIGNED SIORAGE
FIRE SUPPRESSION SYSTEN CONF IGURATION FOR THE
CPERATIONAL . NOST RAZARDOUS (LOV FLASH
POINT) FLAMMABLE UASTES,
¢3) INSTALL CAS DETECIOR
AND ALARM, (L) CONSIDER
ADDING A FLARE 10 INE
SCRUBBER SYSTEM, (S5)
CoNSIDER INERT FIRE
SUPPRESSION STSIEN,
(E.G., INERT YNE ROOM
VITR 52 UMEN TNE GAS
ANALYZERS ALARM).
3 11 C |m2A/mMSE [WRSF REACTIVES (GROUP  |WALK SENIND FORKLIFT {vorxer exposume (1) ORY CREMICAL FIRE NONE
28) ACCIDENT OR OTRER EVENT |ContAmiNATION Of SIORAGE |SUPPRESSION SYSTEM, (2)
CAUSES SPILL OF VATER AREA. (D;0;C;:D) SCRUBBER SYSTEN, (3) THE
REACTIVE UASIE. SUWP CAPACITY 1§ TEN
PERCENT OF THE INVENTORY
IN TNE ROON, EQUIVALENT
70 TAREE SPRINKLER NEADS
DISCHARGING FOR 30
MINUTES.
3 11 C |mS/mmSF |WRSF NONREGULATED WMMSTES|SPILL OF ANMONIUN {PoTENTIAL WORKER nOwE CONSIDER RELOCATION OF
(GROUP 9) SIFLORIDE DUE 1O OVERNEAD |EXPOSURE. (D;D;C;D) ANNMONIUN SIFLORIDE 1O ONE
CRANE OR FORKLIFY OF INE REGIRATED AREAS,
ACCIDENT. SUCN AS CAUSTIC(IA).
3 e 7mmst'1mst SULKING ROOM MMAN ERROR DURING VORKER EXPOSURE 10 TONIC [(1) VASTE 1S OPENED AND |wOmME
DULKING OPERATION LEADS |CHEMICALS AND TOXIC REPACKAGED UNDER FUNE
10 VASTE SPILL. FUMES. (D;0:C;D) wOOD, (2) USE OF
RONSPARKING TOOLS, (3)
PROTECTIVE GEAR, E.C.
SUIT, FACE SKIELD.
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ACT/FAC

ACTIVITY NAMNE

CAUSE/SCENARIO

PROTECTIVE FEATURES

ACTIONS

111 8 IMSA/MmSF

{MMSF CYANIDES AND
SULFIDES (GROUP 5A)

3 111 8 |msazmmse [mmse cvanioes Ao

3

3

3

MI2A/MMSF

WIZA/MMSF

|mTANRSE

SULFIDES (CROUP 5A)

MMSF REACTIVES (GROUP
28)

MMSF REACTIVES (GROUP
/)

[MMSF GASES (GROUP 7A)

JERTERNAL FIRE CAUSES
CYARIDE CONPOUNDS
(CYANDGEN BROMIDE) 0
jOECOMPOSE .

WERCURY ONYCYANIDE
DETIWATES OUE TO WEATING,
FRON SROCK OR FRICTION
(E.C., FORKLIFT
acciofnt).

VALK DENIND FORXLIFT
ACCIDENT OR OTWER EVENT
CARUSES SPILL OF WATER
REACTIVE VASTE INTO TRE
SUMP WITN UATER PRESENT
N THE SUWP,

ACCIDENT CAUSES
SIMALTANEQUS SPILL OF
UATER REACTIVE WASTE AND

JNISLABELING. (E.G.
REACTIVE VASTE NI

vitH, SULFURIC ACID(1B),
NAON(TA), PERCHLORIC
ATIO(SA) OR TRICHLORA
ETHYLENECLR))

SREACH OF CYLINDER
(NON-LEGACY) DUE 10
ACCIDENTAL CAUSES (E.GC.,
CYLINOER DROPPED AWD
REGULATOR LINE BREAKS).

INCOMPATIBLE UASTE DUE TO|

{

THERNAL OECONPOSITION OF
CYANIOE LEADING 1O TORIC

AND CYANOGEN),
RADIOACTIVE CONTANINATION
IR FACILITY. (D;D;8;0)

SMALL EXPLOSION LEADING
10 "ORIC GAS RELEASE.
SEVERE WORKER 1HJARY DUE
10 TOXIC GAS EXPOSURE.
(;0;9:C)

WYDROGEN EVOLUTION,
POTENTIAL FIRE/EXPLOSION

1% SUWP. POSSISLE RELEASE
OF TOXIC METAL FUMES. LOW
LEVEL RADIORCTIVE
CONTAMENATION 1RROUGHOUT
TNE FACILITY. (D;D;8;0)

PRODUCTION OF WYOROGEN
GAS, POTENTIAL FIRE
AND/OR EXPLOSION AND
PRODUCT 10N OF TORIC
FUMES. SEVERE VORKER
INJURY, AND LOW LEVEL
RADIOAETIVE CONTAMINATION
TRROUGNOUT THE FACILITY.
(d;0;9;C)

RELEASE OF MODERATELY
TOXIC GASES (N2S, WO2,
AND OTNERS). WORKER
EXPOSURE. (C;C;8;0)

FIRE SUPPRESSION (AY FIRE
INITIATION LOCATION) AND
SCRUBBING SYSTEN.

SCRUBBING SYSTEN.

(1) DRY CRERICAL FIRE
SUPPRESSION STYSTEM, (2)
SCRUBBER SYSTEN, (3) TweE
SUW CAPACITY 1§ TEN
PERCENT OF TNE IWVENTORY
1N TNE ROON, EQUIVALEKT
10 THREE SPRINKLER WEADS
DISCRARGING FOR 30 -
NINITES, (4) SUNP SHOLD
9 MAINTAINED FREE OF
VATER, (S) RESTRICY USE
or uafer In TNIS STORAGE

FIRE FROTECTION SYSTEN,
SCRUBSER SYSTEN.

WEPA AND SCRUBEBING
SYSTEN.

rm& NCH ANALYZER AND

SEVELOP AND ENFORCE
POLICY NOT 10 STORE
EXPLOSIVE AND SNOCK
;ﬁl{;ﬂ“ MATERIALS AT

€9) INSTALL NYDROGEN
ANALYZER AND ALARN.

(1) TRANSPORT AND STORE
CYLINDERS SECURELY, (2)
coNsIoER InsTALLATow oF
A FLARE AND/OR A SPECIAL
SCRUBBER FOR NS
FACILITY, (3) INSTALL GAS
|oetectont awo atamws, ¢4)
CONSIDER SECONDARY
CONTAINNENT FOR MOST
BAZARDOUS CYLINDERS, (5)
GAS CYLINOERS 10 SE
PROCESSED ViIW WIGH
PRIORLIY, (6) VORK 1N
RIS AREA 10 B PERFORMED
VITH PROTECTION (I.E.,
VEAR SCBA, OPERATE UNOER
TWE BUDOY SYSTEM), (7)
PROTECTIVE CAP FOR
CYLINDER REGULATORS
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3

9 |MII1B/MMSE [IMSF ACIDS (GROUP 18)

8 |MO/MMSF

MURSF NONREGULATED WASTES
(GROUP 9)

] MKIMSFIMSF SULKING ROOM

VASIE ORUM DUE 10
CORROSION OR CRANE
ACCIDENTS. SRTUBBER WNOT
OPERATIONAL, BUT SLOWER
IS UORKING.

EXTERNAL FIRE

ACCIDENTAL SPILL OF
INCOMPAT IBLE WASTES
ROUTINELY STORED 1IN
NOUREGULATED AREA (E.G.,
|misiasteD, TEwPORARY
SIORAGE, OR DO NOT BELONG
IN OTNER DEFINED
REGULATED AREAS)

OPERATOR OPENS MISLABELED

R---F---t| act/eac ACTIVITY NANE CAUSE/SCENARIO CONSEQUENCES PROTECTIVE FEATURES ACTIONS
SHOWNS BE 1N PLACE AT ALL
TINES., (8) STORE GAS
CYLINDERS 1N AN ENCLOSED
AREA.
3 111 8 |[MU7A/MMSE [IMMSE GASES (CROUP 7A)  |EXTERWAL FIRE (INITIATED |PRESSURIZATION AN (1) FIRE PROTECTION STORE GAS CVLINDERS iN AN
WITNIN TRE MRSF RUPTURE OF GAS CYLINDERS. |SYSIEN, (2) WEPA AD ENCLOSED AREA.
BUILDING). NODERATELY TONIC GAS scrunsing Svsten, (3)
RELEASE AND POTENTIAL  [FUSIBLE PRESSURE RELIEF.
CYLINDER WISSILE
GENERATION. (C;C;8:C)
3 111 © [MIIA/MMSF [MRSE CAUSTICS (GROUP 1A) |SODIUM AZIDE EXPLODES DUE [EXPLOSION AND RELEASE OF |FIRE PROTECTION A 50 WOT ACCEPT/ALLOV
70 SEVERE SWOCK, WEAT OR |TOXIC GAS (NOK). SCRUBBER SYSTEN. SODIUM AZIDE 1IN THE
FRICTION. (0;0;8;C) WISRF .
3 111 8 |MITA/MMSF |MMSF CAUSTICS (GROUP 1A) |EXTERNAL FIRE RELEASE OF MODERATELY  [FIRE PROTECTION AN NONE
TOXIC GASES. WORKER SCRUBBER SYSTEM.
INSURY, ¢D;C;8;C)
3 111 8 |mte/mmse immsr acios ccroup 18)  |sPiLL o A SInGLE AciD  |toxic eas mELEASE (E.G., |(1) scauseEm systEm. ¢2) [(1) vemieY coustauction
VASTE DRUM DUE 10 WE). UORKER ENPOSURE AND [TWE SUNP CAPACITY 1S TEN |NATERIAL OF STORAGE
CORROSION OR CRANE IHRMY OUE 1O CONTACY PERCENT OF THE INVENTORY [CONTAIRER AND TNE SUWP
ACCIDENTS. VITH GAS/LIQUIDS. 1N VNE ROON, EQUIVALENT |SYSTEW, (2) FREQUENT
(0:0;8;0) 10 TNREE SPRINKLER WEADS [IwsPECiions, (3) INSTALL
DISCHARGING FOR 38 GAS DETECTORS, (&) DO WOI
RINUTES, PERTORN ANY UNWECESSARY
ACTIVITIES WRILE TRE
SCRUBDER 1S DOV, (5)
REVIEU/CONSIDER $TORING
WF 3N GAS CYLINDER AREA
(GROUP 7R).
3 s ﬁmnmsnust ACIDS (GROUP 18) |SPILL OF A SINGLE ACID  |1OMIC GAS RELEASE (E.C., |TWE SUWP CAPACITY IS TER (1) VERIFY CowSTRUCTION

HF OR NCL). -UORKER

[RELEASE OF WODERATELY
TONIC GASES. VUORKER
INJURY. (D:C:8:C)

FIRE AND RELEASE OF TONIC
GASES. (C:C;8;C)

POTENTIAL WORKER EXPOSURE

PERCENT OF INE INVENTORY
IN TNE ROON, ESUIVALEWT
10 THREE SPRINKLER WCADS
OISCRARGING FOR 30
NINUTES.

MATERIAL OF STORAGE
CONTAINER AND TWE SUWP
SYSIEN, (2) FREQUENT
tuseechions, (3) mstaL
GAS DETECTORS, (4) 0O WO!
PERFORM ANY UNNECESSARY
ACTIVITIES WILE THE
SCRUBSER 1S DOMVM.

FIRE FROTECTION A nowe
SCRUBBER SYSTEN.

(1) CONSIDER ELININATING
INIS AREA, (2) CLASSIFY
AND STORE ALL
[WGHREGULATED UASTES 1N
COMPATIBLE REGULATED
AREAS, (3) ENCLOSE INE
NONREGULATED AREA.

FIRE PROTECTION AND
SCRUBSER SYSTEMS.

(1) UASTE IS OPENED AND IM! SNOULD VEAR
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R---F---C| ACT/FAC ACTIVITY BAME

CAUSE/SCENARIO

PROTECTIVE FEATURES

ACTIONS

3 IV A [MISA/IRSE |[IRSE CYANIDES AND
SULFIDES (GROUP 5A)

MIB/MURSF [MUMSF PCS (GROUP 8)

3 1vaA LMIMS' |mmSF PCB (GROUP 8)

3 IV A |mG/amsE |MmSE CLOBAL (INTERWAL
AND EXTERNAL) EVENTS

MIG/MRSF 1MMSE GLOBAL {INTERNAL
AND EXTERHAL) EVENIS

3 VA

MMSF GLOBAL (INTERNAL

3 IV A |mG/mmSF
AND EXTERNAL) EVENTS

3 IV B |MI2A/MRSF ?RSF REACTIVES (GROUP
A)

3 1v 5 |mizasmmsr|mmss GASES (GROWP 7A)

FORKLIFT ACCIDENT CAUSES
SINULTANEGUS SPILL OF
CYANIDE AND OTMER
WONCOMPAT ISLE UASTE
(E.G., W2SOA(1B), OR
PERCRLORIC ACIDC8A)) DUE
10 MISLABELING, AND
FAILURE OF THE SCRUSSER
SYSTEM WITH THE VENT
SLOVER WORKING.

LARGE EIXTERNAL FIRE WITN
OREACK OF SUILDING OR THE
SCRUBBER SYSTEM.

SPILL OF PCS WASTE ORUN
OUE TO FORKLIFT ACCIDENT,
RELEASE T0 TRHE SUWP.

LOV INTENSITY SEISMIC
EVENT VITH NORIZOMTAL
ACCELERATION OF 0.1 G.

NIGN IHTENSITY SEISHIC
EVENT WITH NORIZONTAL
ACCELERATION OF 0.3 G OR
GREATER.

EXTERNAL FIRE

UATER INTRUSION INTO THE
STORAGE DRUN DUE TO WUMAN
ERROR.

SIMATANEOUS RUPTURE OF
TUO INCOMPATIBLE (E.G.,
FLORINE AND N2S) GAS
CYLINDERS (DUE 10

MISHANDL ING, FORKLEIFY

RELEASE OF TOXIC GASES
(E.G., WCW AND CYANOGEN)
AND POSSIDLE EXPLOSIION
AND FIRE. SEVERE VORKER
INJURY, AND LOV LEVEL
ﬂummévm CONTAMINATON
IN INE FACILITY.
(C;8;4;C)

POTERTIAL SPILL AD
SURNING OF PCO UASTE,
DISPERSION OF PCB URSTE
10 TRE ENVIRONMENT .

({ H H H.}]

POTENTIAL RELEASE T0 THE
ENVIROMMENT THROUGR TRE
SUNP SYSIEN.
JENVIRONNERTAL
CONTANINATION. (D:D;0;A)

lexprOSION OF SHOCX
SENSITIVE MATERIALS
(E.G., NITRO WETRARE
SODIUR AZIDE). STRUCTURAL
|onmace 10 sultoInG, FIRE
AND RELEASE OF TOXIC
GASES. (A;AAA)

STRUCTURAL COLLAPSE OF
BUILOING, SREACN OF

WA TIPLE DRUNS, MAJOR
FIRE, RELEASE OF TOMIC
cAs o ENvIROWmERT AND
RADIOACTIVE
CONTAMINATION. (A;A;A;A)

FINE PENCTRATES TRE
MMSF, MAJOR FINE
aELEASES TONIC GAS TO THE
ENVIRONNENT AND
RADIOACT I VE
CONIAMEINATION. CA:A;A:A)

RUPTURE OF DAUN DUE 10
WYDROGEN EVOLUTION
POTENTIAL FIRE/EXPLOSION.
POSSIBLE RELEASE OF TONIC
METAL FURES. (D;0;8;C)

FIRE IN STORAGE ARER OR
VENT SYSTEM DUE 10 MIXING
OF INCOMPATIBLE GASES.
TORIC GAS RELEASE. SEVERE
WORKER tNJURY. (C;C;8;C)

(1) USE OF SMALL "UMLK
llmn- FORKLIFTS, (2)
DRUNS ARE STORED OWLY OWE
LEVEL NiGN.

(1) FIRE PROTECTION
::g;!ﬂ (2) NEPA/STRUBDER

DETECT SUMP LEVELS, (2)
TEST SUNP CONTENTS BEFORE
DISCRARGE, (3) SUWP .
SYSTEN.

7“

(1) AREA SURROUIDING TRE
MRSF 1S CLEARED OF
COMUSTISLE MATERIAL, (2)
SUILDING IS DESIGNED 10
RETARD FIRE.

loar cwemicar rine
SUPPRESSION SYSTEM,
SCRUBBER SYSTEN.

(1) FIRE PROTECTION AND
(2) NEPA AND SCRUBBING
SYSTEN.

(1) INSTALL PROCEDURES TO]

(1) PROVIDE NCN ARALVZER
D AMARN, (2) DO WO!
PERFORN ARY UNNECESSARY
ACTIVITIES IF INE
SCAURBER 1S
NONOPERATIONAL, (4) ADD
ALARMS 1O MOW1 fOR
SCRUBSER OPERAT 10N,

CONSIDER STORING PCS
WASTE AIAY FaOM
FLAABLES.

(1) GEVELOP AND ENFORCE
POLICY NOT 10 STORE
EXPLOSIVE OR SNOCK
SENSITIVE MATERIAL IN
IS BMLDING, (2)
PROCESS SNOCK SENSITIVE
MATERIALS IMMEDIATELY.

(1) REVIEV SEISNIC DESICH
CRIVERIA, (2) MININIZE
STORAGE {IME OF MOST
FLAMABLE/ TOXIC
|maremiacs.

JoonE
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& 1o
4 11
& 1o

R---f---c| actsenc ACTIVITY RAME CAUSE/SCENARIO CONSEQUENCES PROTECTIVE FEATURES ACTions
ACCIDENT, E1C...)
3 IV B [MIIA/MARSE MRS CAUSTICS (GROUP 1A) |OVERNEAD CRANE ACCIDENT FIRE SUPPRESSION AND

3 v 5 [mne/mmsr

MMSF ACIDS (GROUP ?8)

& 1o ﬂmSFL"SF CYARIDES AND

MISA/IRSF

WIA/MRSF

MIB/MURSF

SULFIDES (GROUP 5A)

|MARSF OXIDIZERS (GROUP
6A)

JIRRSF CAUSTICS (GROUP 1A)

RSF PCB (CROUP B)

CAUSING SINNLTANEGUS
SPILL OF CAUSTC MATERIAL
AN 1NCOMPATIBLE
MATERIAL(E.G uzsoﬂm.
TETRANYORD FURAN(
NITRIC ACIO(6A), uuh
CYANIDE(SA), L1 TRIUN
NYDRIDE(2A)) DUE 10
NISLABEL ING.

OVERWEAD CRANE ACCIDENT
CAUSING SIMA TANEOUS
SPILL OF ACID MATERIAL
AND INCONPATISLE MATERIAL
(E.C., NAON(TA),
PYRIDINE(4A), WTOROGEW
PEROXIDE(6A), METAL
CYANIDE(SA), LITNILM
NYDRIDE(2A)) OUE TO
|mistaseLinG.

SPILL OF CYANIDE DUE TO

VALK BENIND FORKLEIFT
ACCIDENT OR CURROSION.

VALK SENIND FORKLIFT OR
OVERNEAD CRANE ACCIDENTS.
URSTE

SPILL OF PCB UASTE ORUN
OUE 7O FORKLEFT ACCIDENT.

SPILL OF CWIDIZERS DUE ropuu LEVEL TONIC SPILL.
mz.

SPILL OF A SINGLE l:ﬂ!!llchlm mn Em

JCONTAMINATION OF THE

POTENTIAL FIRE
EXPLOSION, WYDROGEN GA
PRODUCT 10N AND maw
METAL FUNE GENERATION,
VORKER IWJURY/EXPOSURE .
(D;0.;8:C)

POTENTIAL FIRE
EXPLOSION, WYDROGEW GAS
PRODUCT ION AND TOXIC GAS
GENERATIGN. SEVERE MORKER
INJURY/EXPOSURE .
(D;0;8;C)

CONTANINATION OF THE
STORAGE AREA, MINOR
VORKER EXPOSURC. WO TORIC
GAS RELEASED DUE 10 tOW
VOLATILITY. (D;D;D:D)

STORAGE AREA. (0:D;0:D)

SCRUBSER SYSTEN.

FIRE SUPPRESSION AND
SCRUBDER SYSTEN.

NEPA FILTER AND SCRUBSING |NOWE
SYSTEN.

|wone

SUNP SYSTEN.
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Fig. B-1. Floor plan of MWRSF.
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Fig. B-2. Proposed MWRSF layout.
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APPENDIX C
HWTF DRUM STORAGE BUILDING

FACILITY
Design Description

The Hazardous Waste Treatment Facility (HWTF) to be located at TA-63 will
include an independent drum storage building (DSB). The proposed DSB will
receive and store hazardous waste generated on-site at Los Alamos. The facility will
store waste from the existing storage facility at TA-54 and also receive future waste
from Laboratory waste generators. This appendix provides a brief description of the
storage facility. (Note: The PHA team has not seen a preconceptual design report or
any other reference material for this DSB).

The currently planned DSB is an open structure consisting of a concrete base
with a roof. For this hazards assessment, it was assumed that the construction of the
new DSB would be similar to that of the existing facility located in TA-54. The DSB
will be divided into nine segregated storage areas. Each of the nine areas will
correspond to one of the following waste classifications: Caustics, Acids, Reactives,
Flammables, Cyanides and Sulfides, Oxidizers, Gases, PCBs, and nonregulated
wastes. The storage areas will be separated by 4-ft-high divider walls, and each
storage area will have a sump system designed to hold at least 10% of the volume of
the materials in storage. The new facility will include an active fire suppression
system, but because it will be open to the atmosphere, there will be no active
ventilation or particulate filtration systems.

EPA Classification Methodology

The hazardous wastes expected to be received by the DSB are listed in the
tables and are classified according to the EPA classifications for potentially incompat-
ible waste. The EPA classification is used to avoid mixing hazardous waste with
other waste or material at a hazardous waste facility that could result in effects that
are harmful to human health and the environment. These effects could be (1) heat
or pressure; (2) fire or explosion; (3) violent reaction; (4) toxic dusts, mists, or fumes;
or (5) flammable fumes or gases.

Table C-1 lists examples of potentially incompatible wastes, waste compo-
nents, and materials, along with the harmful consequences that result from mixing
materials in one group with materials from another group. This list is intended to
be a guide for operators of treatment, storage, and disposal facilities and to indicate
the need for special precautions when managing these potentially incompatible
waste materials or components. Table C-2 lists the hazardous wastes, sorted accord-
ing to EPA classification, that potentially could be stored at the DSB.

C-1




Design Changes during the PHA

The PHA was performed based on the assumptions stated above with regard
to the facility design. Specifically, the new DSB at TA-63 would be similar in design
to the existing facility at TA-54. During the course of the PHA, a number of changes
were made to the baseline structural design and operational procedures. Some of
these were made as a result of the PHA analysis (e.g., concerns over the large
number of human interactions with potentially hazardous waste materials or
potential mixing of incompatible wastes) or during CST-7 attempts to improve the
process for efficiency, economy, or risk reduction. The design changes implemented
during the course of performing the PHA are listed below.

e Replace Motorized Forklift with Walk-Behind Forklift

To reduce the risk of puncturing a waste container during transportation,
a motorized forklift will not be used to transport the waste from the
loading dock to the storage area. The motorized forklift has been replaced
with a smal, walk-behind forklift (flat with wheels). Compared with the
larger, motorized forklift, the small forklift has less potential for accidents
because it will be moved (pushed) manually from one location to another.
There is better control, less momentum, and less or no motive force.

* Change Classification Procedure

The mixed waste will be by classified by EPA categories for potentially
incompatible waste (see Table C-1). The classification at the existing TA-54
storage site is based on a DOT system used and does not take into account
the compatibilities of mixed waste.

PHA RESULTS

The results of the PHA for the HWTFS are presented in Tables C-3 and C-4.
Each of the nine storage areas within the HWSF was treated as a separate activity.
The PHA team analyzed each activity, documenting any potentially risk-significant
scenario involving the corresponding storage area. Table C-3 presents the resulting
scenarios sorted by activity. One additional activity, namely, "HWG," was defined to
include all scenarios initiated by external or internal events that could have a global
or facility-wide effect, such as seismic events.

Scenarios are ranked by risk (the most risk significant scenarios to the least)

in Table C-4. The most significant risk ranking is "1," and the least significant rank
is II4‘|I

C-2




TABLE C-1

EXAMPLE OF POTENTIAL INCOMPATIBLE WASTE

Group 1-A

Acetylene sludge

Alkaline caustic liquids
Alkaline cleaner

Alkaline corrosive liquids
Alkaline corrosive battery fluid
Caustic wastewater

Lime sludge and other corrosive alkalies
Lime wastewater

Lime and water

Spent caustic

Group 1-B
Acid sludge
Acid and water
Battery acid
Chemical cleaners
Electrolyte, acid
Etching acid liquid or solvent
Pickling liquor and other corrosive acids
Spent acid
Spent mixed acid
Spent sulfuric acid
Potential consequences: Heat generation; violent reaction

Group 2-A

Aluminum

Beryllium

Calcium

Lithium

Magnesium

Potassium

Sodium

Zinc powder

Other reactive metals and metal hydrides

Group 2-B
Any waste in Group 1-A or 1-B

Potential consequences: Fire or explosion; generation
of hydrogen gas.

Group 3-A
Alcohols
Water

Group 3-B
Any concentrated waste in Group 1-A or 1-B
Calcium
Lithium
Metal hydrides
Potassium
$0;Cly, SOCl,, PCl3 CH3SICl;3
Other water-reactive wastes
Potential consequences: Fire, explosion, or heat generation;
generation of flammable or toxic gases.

C3

Group 4-A

Alcohols

Aldehydes

Halogenated hydrocarbons

Nitrated hydrocarbons

Unsaturated hydrocarbons

Other reactive organic compounds and solvents

Group 4-B
Concentrated Group 1-A or 1-B wastes
Group 2-A wastes

Potential consequences: Fire,
explosion, or violent reaction

Group 5-A
Spent cyanide and sulfide solutions

Group 5-B
Group 1-B wastes

Potential consequences: Generation of
toxic hydrogen cyanide or hydrogen
sulfide gas.

Group 6-A
Chlorates
Chlorine

Chlorites

Chromic acid
Hypochlorites
Nitrates

Nitric acid, fuming
Perchlorates
Permanganates
Peroxides

Other strong oxidizers

Group 6-B

Acetic acid and other organic acids

Concentrated mineral acids

Group 2-A wastes

Group 4-A wastes

Other flammable and combustible flammable
wastes
Potential consequences: Fire,

explosion, or violent reaction.




TABLE C-2
LIST OF HAZARDOUS WASTE FOR POTENTIAL STORAGE

C4




Incompetibiiities Health Hazard Flammability
- [}
% £
- - .- o
gmimlééi':s 3 Jg | Tiveshons 2 |3le] 3 | g | veeertos combuston Fire Hazarde §
o 4 3 Other O fa Ofa ) O Additiona! information
§ (formula) £lol< ;‘: g E Elsvaueortdo] = (5121 S s or Decomposition information .3,
£ 5|8 5 3 BI'|® Products .
s z .
o
2 g
Thermeal
decomposition
products may include
LOSHA TWA toxic oxides of
311 |sodium azide Y 3}4]0.1ppm 111 3 3 _|Nitrogen JHighly toxic 1A
OSHA TWA Emits toxic fumes of [May ignite
12 |sodium hydroxide Y}IY 3] 3 |2mgim3 0ojo} 1 1 }Sodium Oxides combustibles Corrosive 1A
HOSWA Emits toxic fumes of
TWA Arsenic , Sodium L
288 |arsenic pentoxide Y Y 3§ 3 ]10ug/im3 0jo] © ¢ |Oxide and Arsine gas |Non-flammable Highly toxic 1A
@) Emits toxic fumes of
n MAN LD Arsenic Oxides under Carcinogen, highly
290 |arsenic trioxide yi{vly Y 3| 3 |29mg/kg 010] O | O jfie Jtoxic, mutegen 1A
OSHA TWA kEmits toxic fumes of
92 |arsenic metal Y Y 3]2]10 mg/m3 0]|0] O | O |Arsine gas and assenic Carcinogen, poison 1A
OSHA TWA Emits toxic fumes of 1&\' ignite
71 jsulfuric acid Y Y 3]3}|1 MGM3 0jo] 2 2 JSulfur Oxides combustibles Cotrosive 18
Mercury Oxide,
Methanesulfonic
Acid, Nitric Acid, |Do not store in glass.
Oleum, Organics, Can cause severe
Phosphorus Oxide, {May bum but bums which can be
Plastics, Potassium OSHA TWA doesnt not ignite |not immedistely
59 lhydrofiuoric acid YL1Y YiY Permanganate, light | 3 { 4 |3ppm ojo}] 1t 0 |Emits toxic fumes readily lpa'nful iB
UNR-MAN
58 [hydrochloric acid Y Yly 3 |LD 81mg/k 0 [ ‘HCL Emits toxic fumes 18




[

Incompatibliities Health Hezard Flammabllity
j . ] i
Z | Nema of chemical 2 E s 18 S 1< | Thweshod i Tl 3 | g | Hoaardous Combustion | o\ g
3 tformsla) . g i i Other g ; Vake or LD 2 ; 2 % or Decomposition information Additional information
$ § 8 o o 5 ] u Products @
s x
: ;
carbon LD 93 jPhosphene gas, CO,
201 |tetrachloride Y 3 |mg/kg 0 0 |CO2 18
287 larsenic acid 3]3]10ug/kg 010}] © 0_linclude srsine gas Non-flammable Highly toxic 18
1.1,2,2- Emits toxic fumes: Carcinogen, mutagen,
tetrachloroethylye |RAT LD Phosgene gas, HCL, extremely stable snd
219 ine wastes 2 |2629mg/kg | 250F 0 0 }]CO, CO2 {resists hydrolysis 18
, Emits toxic fumes:
»  |trichlorotrifluoreth OSHA TWA CO, CO2, HCL (gas), fnmw
243 jane Y 1000ppm Phosgene, HF gas carcinogen 18
OSHA TWA
0.025mg/m LComnivo, inhaistion
83 llithium hydride YlY Y 3)3 4 2 may be fatal 2A
OSHA TWA Enits toxic fumes
108 |Barium YlyYy Y 3] 4]0.5mg/m3 313] 2 2 of Barium Oxides |Carcinogen 2A




Incompatibllities Health Hazerd Flammability sotivity
j -, ] i
immm«mégggzg égmmgggggmmmm ?
Information
g {formule) § 9 |< s g E Other § $ | vaeor o E § $ § $ "MFI Information Additional é
o x
: g
Carbonates,
Chloroformamidinium
. Nitrate, Dinitrogen
Tetraoxide, Ethylene
Oxide, Fluorocarbon
a Polymers, Gold
1 Cyanide,
=3 Halocarbons,
Halogens or
interhalogens, HJ,
|H202, Mn, Metal
Cyanides, Metal
Haloganates, Metal
Oxides, Metal
85 Jmagncsium YlY Y Oxosalts, Methanol | 3| O ino 3i1 3 3 }Emits corrosive fumes hFhmncblﬂsolid 2A
IPR
89 |sodium YiY Y 3 ]40mg/kg 1 2 Flammable solid 2A
78 |Calcium Y|Y Y Ul1jno 3j11}] 2 2 |Emits toxic fumes {Fhmmahhaobd 2A




Incompatibiiities Health Hazerd Flammabliity activity
] | , ;
z a.o..mm g un?..-..otmuAquloaoiooa!saS Fire Hazarde w
Name of che
m \formula) : ls M M m .m Cther m W Vehworto| = m W m m or Decompoasition information Additional infermation &
2 M o~ & o _m ) o Products g
$ z
2 g
Cobbalt alloys,
|Diazomethane,
Diborane, Ethylens,
Ferrous Sulfide, .
Halocarbons,
Halogens, Hydrogen,
—.o&:o. lodoform,
Iron Alloys, Maleic
Q Anhydride,
& Manganese Alloys,
Mercury, metal
Oxides, Methy! May ignite itselv  |Water Hydrolyzes
Dichloride, Methyl! exposed to sir or L.:-:i-_ liberating
Diiodide, Imoisture . May acidic gas in contact
Molybdenium Lithium Hydride and  |reignite after fire isjwith metal can
84 _|Lithium in oil Y Y Trioxide 2} 1 |no data 3111 1 1 _|Hydrogen gas extinguished *n!!-.o Hydrgen 2A}
Nitromethane cen
detonate if sensitized
by amines amd high
tempersture. It can
detonate by adiabatic
dacompression. Dry
Alkali or Amine Salits
of Nitromethane era
{shock gensitive and
Sodium Sait burts into
OSHA TWA May explode when|flame upon contact
74 |picric acid Y YjY}LY 0.1mg/m3 41 4 4 |CO, CO2, NOx ?o!oa with water 4A




incompatibiiities Health Hazard Flammabliity ctivity
] | ; !
Neme of chemicel | £ | & ] S 1< | Theeshord 2 1Slcl § | « | Hazardous Combustion Fire Hazerd
4 ( ) - MMM 3 Other 0”<o!o-b 21t o & or Decomposition o) tion Additional Information
§ e 1% 12| 5|2 |2 | Ve o muumn Products forma &
2 x
; :
Very dangerous
fire hazard when
OSHA TWA exposed to heat, |May be fatel when
31 [nitromethane Y YylyjvYly 1 {1 00ppm S5F 3 3 jCO, CO2, NOx oxidizers or flame |inhaled 4A
Very dangerous
fire hazard when
—Om—..) TWA exposed to heat,
301 |methylisocysnate | Y | Y | Y 1 Y Y 2 ]0.02ppm 20F 3 3 |co, co2,, NOx, HCN |flame or oxidizers 4A
Q
>
Metals, Oxygen,
Phenols, Phosphorus
Cyanate, Plastic
Rubber, Coatings,
Silver Nitrate,
Sodium Hydroxide,
Sulturic Acid, Air, OSHA TWA Emits toxic fumes of Carcinogen,corrosive,
323 jacethathehyds Y Yiy Y_|light, heat 3] 2150 ppm (-38)F|3]4] 2 2 {Carbon Oxide toxic by inhalation 4A
ACGH TWA Flash back, emits
327 [acrylonitrile Y YlY}Y 4 |2ppm 32F 3 2 lco, 02, NOx, HCN [toxic fumes 4A
Dangerous fire
C0,C02, Nitogen hazard when
Oxides, Hydrogen exposed to heat |[toxic, corrosive,
11 ]Acetonitrile YyivYyjlyYylyYyly 4 42F 3 2 [Cysnide flame or oxidizers ksn..oozo 4A




2
L

Incompatibiiities Health Hazard Flammabiiity lﬁcncthlty
1A g :
Nmololmrhliii - g S le | vreshors | € Slcl S gauudomumm Fire Hozards
3 {formula) . § § i Othet C 1o Vakue or LD o1 g ot Decomposition infermation Additional information
§ 518 < ° A s 81 % |= Products &
S x
2 g
|metal catalyst, metal
oxides, Nickel, Nickel
Perchlorate, Nitric
Acid, Nitrous Oxide,
Organics, Pt, K,
|Potassium
Dichromate, Rubber,
Silver Chloride, Ne,
Tetryl, Ti
compounds,Zinc osha twe
367 lhydrazine Y Amide 3 10.1mg/im3 | 100F 3 2 }CO, NOx 4A
Very dangerous
when exposed to
heat, flame or
365 {furan Y Y 31 1 |no data (-32)F|]314} 1 1 |Carbon Oxides Oxidants 4A




incompatibilities Health Hazard FlammabWity ?ﬂg
[.]
3 3
2 il g m g g Hazardous Combustion w
Z | nameotchemical |2 |2 |2 |3 ]3| & | Thresnow < < Fire Hazerds
Other o la Ojlaf © e tion
m (formula) t g 2l m 3 the g8 |vemeoro]| < 5|2| 5 |2 or Decompesttion information | Additionsl Information | 2
s = I : & =
2 g
Nitrosyl Perchlorate,
Nitryl Hypofiuoride,
Nitril Parchlorate,
Oxygen Ozone, Peat
Soils, Perchloric
Acid, Permanganic
Acid,
Peroxodisulfuric
Acid, Potassium
Peroxide, Silver
mu Perchlorate, Sodium very dangerous
= Peroxide, Sulfonyl fire and explosion
Chloride, Lrouna when Corrosive, sensitizer,
anhydrous ethyl Thiotrithiazyl OSHA TWA Emits Carbon oxidas |exposed to heat or|carcinogen, highly
77 jether Y Perchlorate 2| 2 jA00ppm (-49)F|3]4] ! 1 |under fire condition fiame. toxic 4A
Combustible liquid
hhen exposed to
heat or flame. The
gas is more
dangerous fire Hydrochloric Acid
k....m..:» TWA hazard than forms highly toxic Bis
363 |formaldshyde YilYlY 3| 2j0.75ppm 185F {|3] 4] O 0 |Carbon Oxides vapors. {Chloromethyl} Ether | 4A
Toxic fumes may
inciude Phosgene, Flammabie when
OSHA TWA Oxides of Chioride andjexposed to heat or|lrritant, attacts central
332 |Benzyl Chloride Yly Y 3]13|jtppm 163F 2] 2] 1 1 |Carbon flame nervous system 4A
Combustible when
Toluene OSHA TWA exposed to heat or[Moderately toxic by
398 ldiisocyanate YlYly 3 [0.005mg/m| 260F 1 1 JHCN, CO, CO2, NOx _|fleme digestion 4A




incompatibilities Health Hazerd Flammability lﬂncﬂvhy
- - (.3
i $
- - - 0
2 | Marme of chomicat | £ | 2 ALK g S el vmeashors | & [S|e| § | g | Horordous combuston | g
a Other Qe ofaj O & or Decomposition Additionsl Information |
! {formula) slole 3 g E Els [veeorin]l = ISISIE IS s {nformation &
[ 2| o é (3] o Produ g
2 T
: g
Fite hazard when
exposed tc heat or
9 |2 Pentene Y Y 0 | 0 |[No data (-4F) |3]4}] O 0 ]co, co2 flame 4A
Dangsrous fire
Emits toxic fumec of |hazard when
chlorcbenzene OSHA TWA phosgene, Chilorides, jexposed to heat or
204 lanalytical solutions Y 212175 ppm 82F ]3]3] O 0 |Carbon Oxides flame Carcinogen 4A
LD 286 Phosphene gas, CO, lFive hazard, flash
208 {1,2-dichlorosthane Y 2 Img/kg 56F 3 0 ]CO2, HCL gas back Carcinogen, 4A
Dangerous fire
24 OSHA, Emits toxic fumes of [hazard when
dichlorophenoxysc TWA, Phosgene, Chlorides, |exposed to heat or|Carcinogen, lrritent,
A 48 jetic acid Y 314 |10mg/m3 11t1] o 0 |Carbon Oxides flame jneurological hazard 4A
W Emits toxic fumes
b LD 357 CO, CO2, HCL gas, |under fire
351 |dichioromethane | Y Y 2 img/kg Jno date 1 O _|Phosgene condition {leritant 4A
HCL(gas), Oxides of
1,1,2,2 more Carbon, Phosgene, Moderets fire Carcinogen Highly
389 [tetrachloroethane Y 3| 3 |no data 235F j111] © 0 |[Chloroacetylene hazard toxic 4A
Corrosive,
Emits toxic fumes: toxic,Poison, may be
OSHA TWA Chlorine, Chlorinated fatal when inhaled,
214 |pentachlorophenol Y 3 0.5mg/im3 |190F|0j0]| O 0 [Phenols flsmmable 4A
Termal decomposition
products may includs {in contact with
toxic and hazardous |acids releasses
mercury OSHA TWA fumes of Mercury, flammable
189 joxycyanide Y 31310.05mg/m3| O of 3 3 |Cyanides, NOx jpoisonous gas Corrosive carcinogen, |j5A




Incompatibiiitiss Health Hazard Flammabillity llhaethhy
[ ]
3 . . 3
3 e 13 £
Z | Name of chemical | £ | £ 3|8 § H Othe 35 Theeshod | & 35 3 H Hm“conb':::on Fre Hazerds | . sitionel information g
g {formula) £]lol< é a b4 ' SElElveecrn] = ISIS1I S 1 S or Decompos information g
H § 8 [ ) il° ) Products g
: g
HBromides, HCN,
Oxides of Nitrogen mdFMay bum but not
405 |cyanogen bromide Y Y 3 | 3 jno data 0 0] 2 2 ]Carbon ignite readily Poison SA
Thermal
decomposition may
yield very toxic fumes:
HCN, Cyanogen,
Gold cyanide OSHA TWA Carbon Oxides,
283 |stripper YlYlYyly 4] 4 |5mg/m3 0] O O |Nitrogen Oxides Poison 5A
smmonium RAT LD Easily ignited by
78 |perchlorate Y Y Y 2 |4200mg/kg 0 4 Ammonia friction BA
¢
’c:; Emits toxic fumes
under firs, contact
methy! sthyl LD with other materials
375 [ketone peroxide ]Y Y 2 |500mg/kg |125.6F 2 3 |may cause 3 fire 8A
68 - 72% cold
Perchioric Acid Acid
behaves as a strong
but non-oxidizing acid.
it becomes strong
oxident and powerful
dehydrator at elevated
temperatures. it may
|be fairly readily
dehydrated to the
RAT LD Anhydrous Acid,
1100 strong concentrated
65 |perchloric acid Yivyly Y 3 |mg/kg 0 3 |HCL acids 6A
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incompatibliities Health Hazard Flammabliity —IQ-S....?
mz!lo-%iﬂ_mmwu.w 3l | Tiveshon mw.nm m.ru!.e.unoa&i.!. Fire Hazerds §
4 (formula) zlols13 m 3 Other 218 vaeorin] = [EIE m & | or Decomposition information | Addtionel information | g
H ERE: © d [° Produce -
: g
arsine gas OSHA TWA Flammable when
94 |cylinders YIlY Y 3 | 4 ]0.05mg/m3 3|3] O 0 exposed to flame }Poison, Carcinogen
Dangerous fire
hazard when
exposed to heat, [Chronic exposure may
OSHA TWA Sulfur Oxides, Carbon [flame, spark, cause neurologic
325 |carbon disulfide Y Y 31{2|4ppm (-22F) 1313 O 0 ]Oxides friction or oxidi offocts
Q
i
=
Nitrogen Trichloride,
K. Potassium Sulfide,
Rubidium Carbide,
Phosphorus Hydride
Jz..zﬁo. Sodium
Monoxide, Sulfur, Mixture with fusl may
Trichlorosthane, , explods, container
Trichlorosthylene, may explode in heat of
'C_.!...c:r Uranium None reported other fire,
Dicarbide, Vinyl OSHA TWA than possible {poison, may be fats!
304 nitrogen oxide Y JChioride 4] 4 )ippm 0j0] 3 3 Junbumed vapors when inhasled.
—?OMP!..G Y Y 3]3]0.1ppm cjo} 1 1 jnon-flammabile
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TABLE C-3
HAZMAN RESULTS SORTED BY ACTIVITY FOR DSB

C-18



PRELININARY HAZARD/RISK ANALYSIS RECORD BY ACTIVITY FOR NAZARDOUS UASTE STORAGE
ACTIVITY MBRER: WITA
ACTIVITY RAME: W CAUSTICS (GROUP 1A)
ACTIVITY DESCRIPTION: STORAGE OF CAUSTICS I OPEN AREA (GROUP 1A)

61-0

K--F--C CAUSE/SCENARIO COMSEQUENCES PROTECTIVE FEATURES ACTIONS
3 111 8 [SODIUM R210F EXPLOSION AND FIRE PROTECTION DEVELOP AND ENFORCE
EXPLODES DUE 10 RELEASE OF TOMIC GAS|SYSIEM. SIRICT POLICY NOT 1O
SEVERE SMOCK, WEAT [(NOX). (C;C:8:C) STORE ENPLOSIVES OR
OR FRICTION. SHOCK SENSITIVE
MASERIALS 1N THIS
SUILDING.
3 111 8 [FORKLIFT ACCIDENT OR|POTENTIAL FIRE FIRE SUPPRESSION  [ENCLOSE THE WNF
FREE2ING CAUSING EXPLOSION, NYDROGEW |SYSTEM. STORAGE SUILDING TO
SIMU TANEOUS SPILL |GAS PRODUCTION AND PREVENT FREEZING.
OFf CRUSTC MATERIAL |NEAVY METAL FUME
AND INCOMPATIBLE GENERATION. WORKER
MATERIALCE.G., 1NJURY /EXPOSURE .
N2SD4(18), (c;c:s;0)
41 IROBENZENE(LA)
PERCHLORIC ACID(6A),
METAL
CYAMIDE(SA) LITRHIUN
HYDRIDE(2R)) DUE TO
MISLABEL ING.
3 111 8 [EXTERNAL FIRE RELEASE OF FIRE PROTECTION NONE
MODERATELY TORIC SYSTEN.
GASES. WORKER
INJURY. (C;C;0:0)
& 11 0 |SPILL OF A SINGLE NINOR VORKER NONE NONE
CAUSTIC UASTE DRUM JEXPOSURE. (D;D;D:D)
CAUSED 8V mmMAN
ERROR, FORKLIFT
ACCIDENT OR
FREEZING.




02-0

PRELININARY NAZARD/RISK ANALYSIS RECORD BV ACTIVISY 2o

ACTIVITY MPBER: WTS
ACTIVITY RAME: W ACIDS (GROUP 18)
ACTIVITY DESCRIPTION: STORAGE OF ACIDS 1N OPEN STORAGE AREA (GROUP 1w

R--f--C CAUSE/SCENARIO CONSEQUENCES | PROTECTIVE FEATURES ACTIONS
2 111 8 |FORKLIFT ACCIDENT OR|POTENTIAL FIRE FIRE SUPPRESSION  |(1) VERIFY DAUM
FREEZING CAUSING  |ENPLOSION, WYDROGEN |Svsiem. CONTENTS AND
SIMULTANEOUS SPILL [GAS proouétion awo LABELING AT WASTE
OF ACID MATERGAL AND|TOXIC GAS GENERATION GENERATORS SITE, (2)
INCONPAT 1BLE (E.G., NCN). VORKER DEVELOP LAS VIDE
[mareriat ce.c., 1NJURY /EXPOSURE . PROCEDURE (LAB ESEN
NAOR(CTA), (9;8;8;C) MANUAL) FOR UASTE
N1 TROBENZENE(GA), IDENTIFICATION AND
NYDROGEN LABELING OF WMSTE
PEROXIDE(6A), WETAL COMTAINERS, (3)
CYANIDECSA), LITNEUN SIORE uASTE I
NYDRIDE(2A)) DUE 10 ENCLOSED BUILOING 1O
MISUABEL ING. PREVENT FREEZING.
3 1118 [SPILL OF A SINGLE  |TOXIC GAS RELEASE  |wowe (1) VERIFY
ACID WASTE DRUM DUE [(E.G., WF OR WCL). CORSIRUCT 10N
10 CORROSION, VORKER EXPOSURE AMD WATERIAL OF STORAGE
FREEZING OR CRANE  |INJURY. (C;C;B;D) CONTAINER AND TNE
ACCIDENTS. SUWP SYSTEM, (2)
FREQUENT
INSPECTIONS, (3)
ENCLOSE TRE WJTF
STORAGE BUILDING.
3 111 8 [EXTERNAL FIRE RELEASE OF FIRE PROTECTION STORE WASTE I
INIYTIATED MITHIN  [MODERATELY ToNIC  [Sysiem. ENCLOSED BUILDING TO
THE SUILDING. GASES (E.G.,WF). PROVIDE SCRUSSING OF

VORKER INJMY,
(C;C;8;C)

RELEASE AND MININIZE
PUBLIC AND COLOCATED
WORKER EXPOSURE.

A S ARasw a0
L]

[t

Sitanss



PRELININARY NAZARD/RISK AMALYSIS RECORD 8Y ACTIVITY FOR NAZARDOUS WASTE STORAGE
ACTIVITY WUMBER: WRI2A
ACTIVITY NANE: WM REACTIVES (GROUP 2A)
ACTIVITY DESCRIPTION: STORAGE OF REACTIVES IN AN OPEN STORAGE AREA (GROIP 2A)

12-0

R--F--C CAUSE /SCENARIO COMSEQUENCES | PROTECTIVE FEATURES ACTIONS

2 11 8 [FORKLIFT ACCIDENT OR|NYOROGEN EVOLUTION, |NONE (1) RESINICT USE OF
EREEZING OF WASTE  |POTENTIAL UATER 1N THE
CAUSES SPILL OF FIRE/EXPLOSION. REACTIVES STORAGE
WATER REACTIVE WASTE |POSSIBLE RELEASE OF AREA, (2) ENCLOSE
VITH UATER PRESENT |TOXIC METAL FUMES. 1HE BULLDING FOR
IN THE AREA. SEVERE VORKER WATER CONTROL AND

INJURY. (C;8;8;C) FIRE SUPPRESSION
EFFICIENCY, (3)
INSTALL WVAC AND
SCRUBSER. .

2 111 8 |ACCIDENT DUE TO PRODUCTION OF NONE (1) VERIFY DRUM
WUMAN ERROR CAUSES |WYDROGEW GAS CONTENTS AND
SINULTANEQUS SPILL |POTENTIAL FIRE LABELING AT MASTE
OF UATER REACTIVE |AND/OR EXPLOSION AND GENERATORS SITE, (2>
VASTE AWD PRODUCT ION OF TOXIC DEVELOP LAB wiDé
INCOMPATIBLE UASTE FUMES (E.G., NCN). PROCEDURE (LAB ESEN
OUE TO MISLABELING. |SEVERE UORKER Lmu FOR UASTE
(E.G., REACTIVE INJURY, (8;8;8;0) IDENTIFICATION AND
VASTE WINED WITH, LABELING OF WASTE
SULFURIC ACIO(1B), CONTAINERS .
NAON(1A), PERCHLORIC
ACID(6A) OR
TRICHLORA
ETHYLENECSA))

3 111 8 [VATER INTRUSION INTO|RUPTURE OF DRUN DUE |wowe (1) RESTRICT USE OF
INE STORAGE DRUM |10 NYOROGEN UATER IN THE
(TNROUGH EXISTING  |EVOLUTION, POTENTIAL REACTIVES STORAGE
SREACH 1N DRUN) DUE |FIRE/EXPLOSION. AREA, (2) ENCLOSE
10 WURAM ERROR OR  (POSSIBLE RELEASE OF INE BUILOING FOR
RUPTURE OF UATER TORIC METAL FUMES. VATER CONTROL AND
LINE IN THIS AREA. |(C;C;8;D) FIRE SUPPRESSION

EFFICIENCY.




PRELININARY NAZARD/RISK ANALYSIS RECORD BY ACTIVITY FOR NAZARDOUS WASTE STORAGE
ACTIVITY MBBER: WMNA
ACTIVITY NAME: WU FLAMMABLE STORAGE (GROUP 4A)
ACTIVITY DESCRIPTION: STORAGE OF FLAMMABLES IN AN OPEN STORAGE FACILITY

250

R--F--C CAUSE/SCENARIO CONSEQUENCES | PROTECTIVE FEATURES ACTIONS

2 111 A [PICRIC ACID DROPPED [DETONATION, MAJOR | NONE DEVELOP AND ENFORCE
OR JARRED. FIRE In W" STORAGE POLICY NOT 1O STORE

AREA, WA TIPLE TOXIC EXPLOSIVES OR SWOCK
Gast$ (€.G., SENSITIVE MATERIALS
PNOSGENE, WCW, 1N THIS BUILDING.
E1C...) RELEASED

IDIRECTLY TO

ENVIRONNENT, VORKER

FATALITY, PUBLIC

EXPOSURE. (A;A;A:R)

2 110 A |sPite of Low FLase [1emition of FIRE SUPPRESSION  |¢1) TREAT miGmY
POINT CNEMICALS FLAWWBLE VAPORS  |SYSTER. FLAMMASLE MATERIALS
(ACETRALNENTE(- 38F), [LEADS TO A MAJOR ON AN PRIORITY
FURAN (-32F), FIRE AND EXPLOSION BASIS, DO NOT ALLOW
ANNYDROUS ETHYL (E.G., NITRONETNANE) ACCUNMNLATIONS OF
ETHER(-49F)) DUE YO |IN 'd STORAGE AREA. LARGE INVENTORIES,
FORKLIFT ACCIDEWY, |RELEASE OF MULTIPLE (2) CONSIDER
OR CORROSION. FIRE |TOMIC GASES (E.G., SPECIMALY DESIGNED
SUPPRESSION SYSTEM |PNOSGENE) T0 STORAGE
INADEQUATE . ATMOSPRERE. CONFIGURATION FOR

(8;8:4;A) TNE MOST
(LOV FLASH POINT)
FLANMABLE WASTES,
(3) CONSIOER
ENCLOSING THE
SUILDING TO INCREASE|
INE EFFICIENCY OF
INE FIRE SUPPRESSION
SYSTEN AND INSTALL
GAS DETECTOR AND
ALARN.

2 111 A |roRKuLIFT acCIDENT  |RELEASE OF Toric  [wowe (1) CONSIDER
CAUSING DUAL SPILL |GASES (E.G., ENCLOSING THE
OF INCOWPATIBLE PWOSGENE) AND SUILDING TO REDUCE
FLANMABLE MATERIALS [POTENTIAL FIRE. 0XIC GAS EXPOSURE
ROUTINELY STORED IN |POTENTIAL VORKER 10 TNE PUBLIC AND
TNE SAME AREA. FATALITY. (B;8;A;8) COLOCATED MORKER,
(E.G., NITROMETNANE (2) STORE
V11N ACETONE) INCONPAT IBLE

FLAMMABLE MATERIALS
IN SEPARATE
LOCATIONS VITHIN THE
FLAXMABLE STORAGE
AREA, (3) INSTALL
SCRUSBING SYSTEM.

2 11 A |roRKLIFT AcciDENT  [RELEASE OF TOMIC  |wowe (1) CONSIDER
CAUSING DUAL SPILL GASES AND POTENTIAL ENCLOSING THE




PRELININARY NAZARD/RISK ANALVSIS RECORD BY ACTIVITY FOR BAZARDOUS WASTE STOR.AGE
ACTIVITY MMBER: MMXA
ACTIVITY NANE: W FLAMNABLE STORAGE (CROUP 4R)
ACTIVITY DESCRIPTION: STORAGE OF FLAMMABLES IN AN OPEN STORAGE FACILITY

£€e-0

R--F--C CAUSE/SCENARIO COMSEQUENCES | PROTECTIVE FEATURES ACTIONS
OF INCOMPATIBLE FIRE AND GENERATION SUILDING TO REDUCE
MATERJALS DUE TO  |OF TOXIC GASES TOXIC GAS EXPOSURE
[MISLABELING OF WASTE|(E.G., PHOSGENE). 10 TNE PUSLIC AND
DRUN. (E.G. POTENT IAL VORKER AND COLOCATED MORKER,
FLAKMABLE WASTE COLOCATED VORKER (2) INSTALL
MIXED WITH; (1) FATALITY. (B;0;A;8) SCRUBSING SYSTEW,
HAON(1A), (2) (3) VERIFY DRUM
#2504 18), (3) COMTENTS AND
LITNIUN RYDRIDE(2A), LABELING AT UASTE
(&) MITRIC ACID(6A), GENERATORS SITE, (4)
(5) CHLOROBENZENE . ) DEVELOP \AS wiDf

PROCEDURE (LAD ESEN
MANUAL) FOR VASTE
JIDENTIFICATION AND
LABELING OF VUASTE

CONTAINERS.

3 11 C |[FREEZING WORKER EXPOSED TO  [WONE NONE
TENPERATURES CAUSES | TOXIC FUMES.

RUPTURE OF DRUN AND |(D;D;C;D)
SPIilL OF FLAMMABLE
MATERIALS.

3 11 C |SPILL OF LOW FLASH |ICNITION OF FIRE SUPPRESSION NONE
POINT CNENICALS FLANNABLE VAPORS SYSTEN.
(ACETNALNERYE(-38F), |[LEADS TO CONTALNED
FURAN (-32F), FIRE 1N TNE STORAGE
ANNYOROUS ETHYL AREA. (0;D;C;0D)

ETNER (-49F)) DUE 10!
FORKLIFY ACCIDENT OR
CORROSION. FIRE
SUPPRESSION SYSTER
OPERATIONAL .

3 11 C {SPILL OF LOM FLASH |WORKER EXPOSED 1O  INONE jwone
POINT CMEMICALS CHENICAL FUNES.

(ACETHALRENYE(-38F), [€(D;D;C;D)
FURAN (-32F),

ANNYDROUS ETNTL
ETKER (-49F)) OUE 10
FORKLIFT ACCIDENT OR
CORROSION.




PRELININARY RAZARD/RISK ANALYSIS RECORD BY ACTIVITY FOR NAZARDOUS UASTE STORAGE
ACTIVITY MPBER: WSA
ACTIVITY BANE: WITF CYANIDES AND SULFIDES STORAGE
ACTIVITY DESCRIPTION: STORAGE OF CYANIDES AND SULFIDES IN TNE IWTF STORAGE BUILDING

¥2-0

R--F--C CAUSE/SCENARIO CONSEQUENCES | PROTECTIVE FEATURES ACTIONS
2 11 B |MISLABZLED CYANIDE |RELEASE OF TONIC  |wowe (1) CoNsIDER
ORUM IS PLACED IN  [GASES (E.G., WCN AND ENCLOSING §NE OMTF
TRE OPEN STORAGE CYANOGEN) ARG SIORAGE SUILDING AND
AREA. FREEZES POSSIBLE EXPLOSION PROVIDING WVAC, (2)
CAUSING SIMULTANEOUS[AND FIRE. SEVERE INSTALL A SCRUSBER
SPILL OF CYANIDES |WORKER INJURY. SYSTER, (3) PROVIDE
AND NHONCONPATISLE (C;5;:8;C) NCH ANALYZER AND
VASTE, SUCH AS ALARN,
ACIDS.
2 111 8 |ACCIDENT CAUSES RELEASE OF TONIC SEPARATE STORAGE (1) CONSIDER
SIMULTANEOUS SPILL |GASES (E.G., WCN AND|BUILDING FOR EKCLOSING TNE WTF
OF CYANIDE AND OTWER|CYANOGEN) AND NAZARDOUS CYANIDE  |STORAGE BUILDING AND
NONCOMPAT IBLE WASTE |POSSIBLE EXPLOSION |UASTE. PROVIDING WVAC, (2)
(E.G., N2SOR(1B), OR[AND FIRE. SEVERE INSIALL A Sm.
PERCTHLORIC ACID(6A)) JUORKER 1NJURY. SYSTEN, (3) PROVIDE
DUE TO MISLABELING. |(B:B;8;C) WCN ANALYZER AND
ALARN, (4) VERIFY
DAUR CONTENTS AND
LABELING AT WASTE
GENERATORS SITE, (5)
DEVELOP LAS WIDE
PROCEDURE (LAS ESSN
MANUAL) FOR WASTE
IDENTIF ICATION AND
LABELING OF WASTE
COMTAINERS.
2 111 8 [MERCURY OXYCYARIDE [SmALL EXPLOSION HONE DEVELOP AND ENFORCE
[oEToNATES DUE TO  [LEADING TO TOXIC GAS PCLICY WOT 10 STORE
NEATING, FROM SWOCK |(E.G., MERCURY EXPLOSIVES OR SWOCK
OR FRICTION (E.G., [FUNES, CYANIDE AND SENSITIVE MATERIALS
FORKLIFT ACCIDENT). |NOX) RELEASE. SEVERE 1" RIS BUILDING.
VORKER INJURY DUE 10
TOXIC GAS EXPOSURE.
(8;8;8;0)
3 11t o [exvennat Fine causes|rmeanat wOwE PROVIOE WCN ANALYZER
CYANIDE COMPOUNDS  |DECOP™SITION OF AND ALARN.
(E.G., CYANOGEN CYANGWE “EADING 10
BROMIDE) 10 TOXIC GAS RELEASE
DECOMPOSE . (E.G., NCW AND
CYANOGEN). (D;0;8;C)
& 11D |SPILL OF CYANIDE DUE [CONTARINATION OF THE |NONE NOWE
10 YARD FORKLIFT STORAGE RREA, MINOR
ACCIDENT OR VORXER EXPOSURE. NO
CORROS IO, 10XIC GAS RELEASED
10 LOM VOLATILITY.
(D;D;D:D)




PRELININARY NAZARD/RISK ANALYSIS RECORD BY ACTIVIIY FOR NAZARDOUS UASTE STORAGE
ACTIVITY MUNBER: MSA
ACTIVITY BAME: WUTF CYANIDES AND SULFIDES STORAGE
ACTIVITY DESCRIPTION: STORAGE OF CYANIDES AND SULFIDES IR THE WIIF STORAGE GUILDING

R--f--C CAUSE /SCENARIO CONSEQUENCES PROTECTIVE FEATURES ACTIONS

62-0



PRELININARY NAZARD/RISK ANALYSIS RECORD 8Y ACTIVITY FOR NAZARDCUS UASTE STORACE
ACTIVITY MUMBER: WMMSA
ACTIVITY NANE: W OXIDIZERS (GROUP 6A)
ACVIVITY DESCRIPTION: STORAGE OF OXIDIZERS 1N OPEN STORAGE AREA

9¢-0

R--F--C CAUSE/SCENARIO CONSEQUENCES PROIECTIVE FEATURES ACTiONS
2 11 B |AMMONIUN PERCHLORATE [EXPLOSION OR FIRE 1m](1) AwONIUM (1) DEVELOP AND
OR METAYL ETHYL STCRAGE AREA PERCHLORATE IS ONLY |ENFORCE STRICT
KETONE PEROXIDE RELEASE OF TONIC ACCEPTED IN AN OXIDE |ACCEPTANCE CRITERIA
(MEKP), DRIED OVER |GASES, WORKER (LIGUID) FORM, (2) |FOR SENSITIVE
TINE, SUBJECTED TO |INAMT. (C;C;8;0) |FIRe suppression  |oxiDizERs (E.G.,
SNOCK, FRICTION OR SYSTEM. lostureo romm
SUNLIGNT . FREQUENT INSPECTION,
VEITED MATERIAL)
(2) CONSIDER STORAGE
OF WIGNLY SEWSITIVE
OXIDIZERS 1N A
SEPARATE SUILDING 1IN
A REWOTE LOCATION.
2 111 A |FORKLIFT ACCIDENT OR|RELEASE OF TOXIC FIRE SUPPRESSION (1) VERIFY DRUM
FREEZING CAUSING  |GASES, POTENTIAL SYSTEM. CONTENTS AND
DUAL SPILL OF EXPLOSION AWD LABELING AT WASTE
INCOMPAT IBLE POTENTIAL FIRE. FIRE GENERATORS SilE, (2)
HATERIALS OUE TO INVOLVING CRLORA DEVELOP LAS WIDE
MISLABELING OF WASTE |BENZENE COULD PROCEDURE (LAD ESEN
DRUM. (E.G. GEWERATE PNOSGENE MANUAL) FOR WASTE
OX1D12ER VASTE MINED|GAS. POTENTIAL IDENTIFICATION AND
- Jwite; (1) maomgia), [VORKER FATALITY. LABELING OF WASTE
(2) ACETIC ACID(18), |(8;A;A;8) CONTAINERS, (3)
(3) SODIURC(2R), (&) ENCLOSE TNE WITF
ORGANICS SUCH AS STORAGE BUILDING AMD
CHLORD BENZENE(GA), INSTALL SCRUBBER
(5) GoLD SYSTEN.
CYANIDE(SA))
& 11D |[SPILL OF OXIDIZERS |LOM LEVEL TOMIC nOwE woNe
DUE 1O FREEZING SPILL. WORKER
YARD FORKLIFT Ok  |EXPOSURE. (D;D;0;0)
OVERNEAD CRANE
ACCIDENTS.
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PRELININARY NAZARD/RISK ANALYSIS RECORD 8Y ACTIVITY FOR NAZARDOUS WASTE STORACE

ACTIVITY DESCRIPTION: GASES STORED IN OPEN STORAGE AREA (GROUP 7A)

ACTIVITY NUMBER: WI7A
ACTIVITY NAME: WM GASES (GROUP TA)

R--F--C

CAUSE/SCENARIO

PROTECTIVE FEATURES

ACTIONS

T 1A

2 i1 a

2 111 A

3 1te

BREACNH OF LEGACY
CYLINDER OFf DOUSTFUL
INTEGRITY DURING
STORAGE .

OREACK OF CYLINDER
(NON-LEGACY) DUE TO
ACCIDENTAL CAUSES
(E.G., CYLINDER
DROPPED AND
REGULATOR LINE
BREAKS).

EXTERNAL FIRE
(INITIATED WITHIN
THE SUILDING).

BREACH OF CYLINDER

RELEASE OF NIGNLY
TOXIC GASES
(PROSPRINE, PNOSCEN,
ARSINE, AND GINERS).
VORKER FATALITY
POTENT 1AL COLOCATED
WORKER AND PUBLIC
EXPOSURE. (A;A;A;D)

RELEASE OF NIGWLY
TONIC GASES
(PROSPRINE, PROSGEN,
ARSINE, AWD OTRERS).
VORKER FATALITY,
POTENTIAL COLOCATED
VORKER AND PUBLIC
EXPOSURE. (A;A;A;D)

PRESSURIZATION AND
RUPIURE OF GAS
CYLINDERS. NIGWLY
TOXIC GAS RELEASE
AND POTENTIAL
CYLINDER NISSILE
GENERATION.
(A;A;A:R)

RELEASE OF

FIRE PROTECTION
SYSTEM, FUSIBLE
PRESSURE RELIEF.

(1) DO ¥OT SIORE
LEGACY CYLINDERS IN
WIF ARER, (2)
PROCESS 1EGACY
CYLINDERS M1 TNOUT
INTERNEDIATE
STORAGE, (3) PROVIDE
SECONDARY
CONTAINMENT FOR THE
CYLINDERS, (&)
CONSIDER ENCLOSING
INE WUTF STORAGE AND
PROVIDING NVAC AND
SCRUBBER.

(1) TRAUSPORT AND
STORE CYLINDERS

CONTAINMENT FOR MOST
NAZARDOUS CYLINDERS,
(3) GAS CYLINDERS 10
BE PROCESSED WITH
NIGK PRIORITY, (4)
WORK 1N THIS AREA TO
BE PERFORNED VI TN
PROTECTION (I.E.
WEAR SCBA, OPERATE
UNDER TNE SUDDY
SYSTEN), (5)
PrO1ECTIVE CAP FOR
CYLINDER REGULATORS
SWOLD SE 1IN PLACE
AT ALL TINES, (6)
CONSIDER STORING GAS
CYLINDERS In
ENCLOSED ROON IN AN
INCLOSED BUILDING.

(1) INIVIATE FIRE
SUPPRESS 10N
SPRINKLERS GIVEN
FIRE IN ADJACENT
AREAS, (2) ENCLOSE
THE M STORAGE AREA
AND STORE GAS
CYLINDERS IN AN
ENCLOSED AREA.

(1) TRANSPORT AND
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PRELININARY WAZARD/RISK ANALYSIS RECORD SY ACTIVITY FOR NAZARDOUS WMSTE STORAGE

ACTIVITY DESCRIPTION: GASES STORED IN OPEN STORAGE AREA (GROUP 7A)

ACTIVITY NUMBER: NUTA

ACTIVITY RAME:

W/ GASES (GROUP TR)

R--F--C

CAUSE/SCENARIO

PROTECTIVE FEATURES

ACTIONS

(NON-LEGACY) DUE TO
ACCIDENTAL CAUSES
(€.G., CYLIMDER
DROPPED AND
REGULATOR LINE
BREAKS).

ENTERNAL FIRE.

MODERATELY TOXIC
GASES (W2S, W02, AND
OTMERS). UORKER
EXPOSURE. (C;C;9:0)

PRESSURIZATION AND
RUPTURE OF GAS

CYL INDERS.
NODERATELY TOMIC GAS
RELEASE AND
POTENTIAL CYLINDER
NISSILE GENERATION,
(C;C;8;C)

FIRE PROTECTION
SYSTEN, FUSIBLE
PRESSURE RELIEF.

STORE CYLINDERS
SECURELY, (2)
CONSICER SECONDARY
CONTAINMENT FOR MOST
NAZARDQUS CYLINDERS,
(3) GAS CYLINDERS 10
SE PROCESSED WiTH
NIGH PRIORITY, (&)
UORK IN TKIS AREA TO
SE PERFORMED WITH
PROTECTION (1.E.,
VEAR SCBA, OPERATE
UNDER THE BUDDY
SYSTEM), (5)
PROTECTIVE CAP FOR
CYLINDER REGULATORS
SNOULD BE IN PLACE
AT ALL TINES, (6)
CONSIDER STORING GAS
CYLINDERS IN
ENCLOSED ROON IN AN
INCLOSED BUILDING.

C1) INITIATE FIRE
SUPPRESS 108
SPRINKLERS GIVEN
FIRE IN ADJACENT -
AREAS, (2)STORE GAS
CYLINDERS 1N AN
ENCLOSED AREA.
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PRELININARY NAZARD/RISK ANALYSIS RECORD SY ACTIVITY FOR RAZARDCUS UASTE STORAGE

ACTIVITY DESCRIPTION: STORAGE OF PCB UASTES IN AN OPEN AREA (GROUP 8)

ACTIVITY MMBER: W8
ACTIVITY NAME: W PCB (GROUP 8)

ACCIDENT.

(D;D;0;0)

R--F--C CAUSE/SCERARIO CONSEQUENCES PROTECTIVE FEATURES ACTIONS
2 111 8 [WISLABELED DRUM SURNING OF PCS FIRE PROTECTION (1) VERIFY DRUR
RESULTS 1N PCB DRUN [UASTE. DISPERSION OF |SVSTEN, CONTENTS AND
BEING STORED NEAR PCB WASTE TO THE LABELING AT URSTE
FLAMMABLE UASTE. EUVIROWMENT . GCENERATORS S1TE, (2)
ACCIDENTAL BREACH OF | (8:8;0:8). 'ocvnu» LA wiDE
INE CONTAINERS LEADS PROCEDURE (LAD ESEN
10 FIRE AND BURNING WANUAL) FOR UASTE
OF PCB UASTE. IDENTIFICATION AND
LABELING OF UASTE
CONTAINERS.
2 1 S'Ill OF PCB VUASTE Lmzmu IEI.EASE TO{SUNP SYSTEM. (1) INSTALL
ORUM DUE TO FORKLIFT|INE ENVIRONMENT PROCEDURES TO DETECT
ACCIDENT, RELEASE TO)TNROUGH TNE SUWP SUNP LEVELS, (2)
THE Slﬁ’. SYSTEN, ONSITE TEST SUMP CONIENTS
CORTANINATION. BEFORE DISCHARGE.
D;0;0:8)
3 IV A [LARGE EXTERRAL FIRE.|POTENTIAL SPILL AND [FIRE PROTECTION CONSIDER STORING PCB
BURNING OF PCB SYSTEN. UASTE AUVAY FROM
WUASTE. DISPERSION OF FLAMMABLES.
PCB VASTE T0 TRE
ENVIRONKENT .
(8:8:0;A)
& 11 D |SPILL OF PCB UASTE |CONTANINATION OF THE [SUMP SYSTEN, NONE
DRUM DUE TO FORKLIFT |STORAGE AREA.




PREL ININARY NAZARD/RISK ANALYSIS RECORD BY ACTIVITY FOR NAZARDOUS WASTE STORAGE
ACTIVITY WUMBER: M9
ACTIVITY BANE: IR/ NONREGULATED UASTES (GROLP 9)
ACTIVITY DESCRIPTION: STORAGE OF NOWREGULATED WASTES IN AN OPEN STORAGE AREA (GROLP 9)

0€-0

R--F--C CAUSE/SCENARSO CONSEQUENCES | PROTECTIVE FEATURES ACTIONS

2 111 A [sPiLL couvE to FIRE AND RELEASE OF |rime PrOTECTION (1) CONSIDER
FREEZING OR FORKLIFT|TONIC GASES (E.G., |SYSTEM. ELININATING THIS
ACCIDENT) OF NF). (8;8;A;8) AREA, (2) CLASYIFY
INCOMPATIBLE WASTES AND STORE ALL
ROUTEINELY STORED IN NONREGULATED VASTES
NONREGULATED AREA 1N COMPAT IBLE
(E.G., MISLABLED, REGULATED AREAS, (3)
TEMPORARY STORAGE ENCLOSE INE
GR DO WOT BELOWG N WAZARDOUS VASTE
OTRER DEFINED STORAGE BUILDING.
REGULATED AREAS)

3 11 € [SPILL OF AMMONIUN hmtlflll WORKER MNONE CONSIDER RELOCATION
SIFLORIOE DUE T0  |EXPOSURE. (D;C;C;D) OF ANNONIUN
FORKLIFT ACCIDENT OR SISLORIDE 10 ONE OF
FREEZING. TNE REGULATED AREAS,

SUCH AS CAUSTIC(IA).




PRELININARY RAZARD/RISK ANALYSIS RECORD 8V ACTIVITY FOR NAZARDOUS MASTE STORAGE
ACTIVITY MMBER: WS
ACTIVITY NANE: W GLOBAL (INTERNAL AND EXTERNAL) EVENTS
ACTIVITY DESCRIPTION: W GLOBAL (INTERNAL AND EXTERWAL) EVENTS

1£-0

R--F--C CAUSE /SCEWARIO CONSEQUENCES | PROTECTIVE FEATURES ACTIONS

111 A [Lov InTERSITY EXPLOSION OF SWOCK |NOwE (1) DEVELOP AND
SEISMIC EVENT WITH |SEWSITIVE MATERIALS ENFORCE STRICT
MOR ] 20N TRL (E.G., PICRIC ACID, POLICY NOT 1D SIORE
ACCELERATION OF 0.1 |n1TRO WETHANE, EXPLOSIVES OR SWOCK
G. SODIUM AZIDE). SENSITIVE MATERIALS

STRUCTURAL DAMAGE 10 1IN INE BUILOING, (2)

SUILDING, FIRE AND CONSIDER STORAGE OF

RELEASE OF TOXIC SROCK SERSITIVE Ih A

GASES. (A;A;A;A) SEPARATE SUILDING IN
A REMOTE LOCATION.

2 t c |wiea vinos WASTE oRums 119 over |wone ENCLOSE THE W

CAUSING SPILL AWD STORAGE SUILDING.

RELEASE OF TOXIC

GASES. (C:C;C:C)

2 118 |ceacks 1w STORAGE  |RupTURE OF waste  |wowe ENCLOSE TRE W
CORTAINERS CONTAINER, SPILL STORAGE SUILDING.
PROPAGATED BY RAIN |witm RetEASE Of
OR SNOW (BLOWM ONTO |TORIC GASES.

ORUMS) FREEZES OVER.|(C;C;9;C)

2 11 e |accioests oumine  [seiLL of FumewsLEs, [none (1) ENCLOSE THE W
TRANSPORTATION OF  |REACTIVES, OR JSIM AREA, (2)
WASTE WITNIN TNE W/ |INCOMPATIBLE WASTES MAINTAIN PRYSICAL
STORAGE AREA LEADING 10 TOXIC GAS SEPARATION OF
(FORKLIFTS OR RELEASE/ FIRE. IRCONPAT IDLE UASTES
MANUAL). woRKER :uuuv. omive .

(C;8;8;8) RANSPOR
' LINET SIMA TANEQUS
OPERATION OF
|mnTiPLE roRRLIFTS.

2 111 A |meotum wtemsity  |wixine of NONE 1) seview sersmic
SEISMIC EVENT WITH |INCOWPATISLE WRSTES DESICH CRITERIA, (2)
WORI ZONTAL STORED IN ADJACENT ENSURE TRAT
ACCELERATION OF 0.17|AREAS. VIOLEWT IRCONPATIBLE WASTES
G. REACTIONS, POTENTIAL ARE NOT STORED IN

FIRE, AND RELEASE OF ADJACENT AREAS. SEE

TonIC FUMES (E.G., POTENTIAL MMSF

PNOSGENE, NCN). FLOORPLAN DEVELOPED

WOTE: SNOCK 8T PRA TEMR, (3)

SENSITIVE MATERIAL WININIZE STORAGE

NOT COMSIDERED 1N TINE OF MOST

THIS SCENARIO. FLNBABLE/ 10XIC

(8;8;A;8) MATERIALS, (&)
ENCLOSE THE W
SIORAGE AREA.

2 111 A |accioEnt puminG SPILL LEADING TO TNE {nowe (1) CONSIDER ROAD




PRELIMINARY NAZARD/RISK ANALYSIS RECORD 8Y ACTIVITY FOR BAZARDOUS UASTE STORAGE
ACTIVITY NUMBER: MG
ACTIVITY NAME: M) GLOBAL (INTERNAL AND EXTERNAL) EVENTS
ACTIVITY OESCRIPTION: WU GLOBAL (INTERMAL AND EXTERNAL) EVENTS

¢¢-0

R--F--C CAUSE /SCENARIO CONSEQUENCES | PROTECTIVE FEATURES ACTIONS
TRANSPORTATION OF  |UMMITIGATED RELEASE CLOSURE WILE
VASTE (TOXIC GAS  [OF TOXIC GASES. TRANSPORTING THE
CTLINDERS OR PUBLIC EXPOSURE. MOST WAZARDOUS
INCONPATIBLE WRSTE  |(A;A;A;A) NATERIALS BETMEEN
ORUMS) F LAB AREAS, (2)
STORAGE. 10 CAT on REVIEV PROCEDURES
OINER FACILITY. FOR SECURING WASTE

DRUNS DURING
IRANSPORTATION, (3)
DO NOT TRANSPORT
INCONPATIBLE WASTE
DRUMS TOGETHER.

3 1 0 [LIGNTNING STRIKES  |wOT A mAZARD. EQUIPPED VITH nowE
STORAGE BUILDING.  |(D;D;0;0) LIGKTNING RODS.

3 11 ¢ |inaovertent VATER INTRUSION 1n70]woNE (1) INSTALL Suwp
OPERATION OF TNE  |REACTIVE WASIE wIGK LEVEL Aums
FIRE SPRINKLERS OR |STORAGE Dauses, €2) PERIODIC
RUPTURE OF UATER  |GEWERATION OF MALKDOMM OF THE
PIPING DUE 10 NYDROGEN GAS. FACILITY.

CORROS 10N OR (0;0:0;C)
FREEZING (INCLUDING

MATER FROM EXTERAL

SOURCES).

3 1v A |mien mrensity STRUCTURAL COLLAPSE |NOWE (1) REVIEW SEISWIC
SEISWIC EVENT VITH [OF BUILDING, BREACH DESIGH CRITERIA, (2)
HOR1ZONTAL OF WULTIPLE DRUMS, WININIZE STORAGE
ACCELERATION OF 0.3 [MAJOR FINE, RELEASE TIME OF MOST
G OR GREATER. OF TORIC GAS T0 FLAMMABLE/ TORIC

ENVIRONMENT RATERIALS.
({LHHHY]
3 Iv A [EXTERNAL FIRE FIRE PENETRATES TNE [(1) AREA SURROUNDING |mone
MURSF, MAJOR FINE  |TWE MMRSF 1S CLEARED
RELEASES TOXIC GAS |OF CONUSTISLE
TO TNE ENVIROWMENT. |WATERIAL, (2)
(A;A;A;R) ILDING IS DESIGNED
T0 RETARD FIRE.




TABLE C4
HAZMAN RESULTS SORTED BY RISK RANK FOR DSB
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MAZARD ANALYSIS REPORT BY RISK

EXTERMAL) EVENTS

STORAGE
CONTAINERS PROPAGATED BY

CONTAINER, SPILL VITH

R---F---C] ACI/EAC ACTIVITY WAME CAUSE /SCERARIO CONSEQUENCES PROTECTIVE FEAMMES ACTIONS
1 11 A WA /WISFIMI GASES (GROUP TA) BREACH OF LEGACY TYLINDER|RELEASE OF lluu 1oxic  |nowe 1) 90 NOY SIORE LECACY
OF DOUBTFUL INTEGRITY GASES (PNOSPRINE én’_gms 15 WTF AREA,
DURING STORAGE . PHOSGEN, ARSINE, a- (2) PROCESS LEGACY
OIIERS). MI CYLINDERS WY
FATALITY, POTENTIAL INTERNEBIATE STORAGE, (3)
COLOCATED WORNER AND PROVIDE SE
PUBLIC EXPOSURE. CONTAIINENT FOR THE
(A;A;A;D) CYLINDERS, (4) CONSIDER
ENCLOSING TNE WMTF
SIORACE AND PROVIDING
L WVAC AND SCRUDBER.
111 A |mc smese |mu crosaL cruTERmAL AND  jLOM INTENSITY SEISNIC ENPLOSION OF m wone (1) SEVELOP AND ENFORCE
EXTERNAL) EVENTS EVENT UITR NOREZONTAL SENSITIVE MATERIAL SIRICT POLICY NOT 1O
ACCELERATION OF 0.1 G. (E.c.. PICRIC mt "o SIORE EXPLOSIVES OR SNOCK
NETNARE, SOPIUM ulcu. SENSITIVE MIERIALS N
STRUCTURAL BAUAGE E SUILDING, (2)
WILDING, nas Aln CONSIDER STORAGE OF SNOCK
RELEASE OF TOXIC GASES. SENSITIVE 1N A SEPARATE
(A;A;A;A) ILOING I3 A RENDIE
LOCAT $08.
2 1 C |mc /muSE [mi GLOBAL (INTERNAL AND [HIGN WINDS Hmtlusnvm 1m ENCLOSE TNE W) STORAGE
EXTERNAL) EVENTS CAUSING SPILL AND RELEASE BUILDING,
OF TOXIC GASES. (C:C:C:C)
2 11 8 |mSA /misE]mITF CYANIDES AND Jmuuaa CYARIDE DM |RELEASE OF ToMIC Gases  [wowe (1) CONSIDER ENCLOSING
SULFIDES STORAGE IS PLACED 1IN TNE OPEN (€.G., TN AND CYANOGEN THE INTF STORAGE SUILDING
STORAGE AREA. FREEZES AND POSSIBLE ENPLOSION AND PROVIDING WWAC, €2)
CAUSING SRR TANEOUS AND FIRE. SEVERE VORKER umn A SCRUBRER
SPILL OF CYANIDES AND INRmMY. (C;3;8;C) 3 mmu ucn
NONCGNPATIBLE UASTE, SUCH nh
AS ACIDS.
2 118 |m2a snusE|me REACTIVES (GROUP 2A) |FORKLIFT ACCIOENT OR NYOROGEN EVOLUTION, WORE 1) RESTRICT USE OF MATER
FREEZING OF MASTE CAUSES IPOTENTIAL FIRE/EXPLOSION. Il T9E REACTIVES STORAGE
SPILL OF VATER REACTIVE |POSSIBLE MELEASE OF TOMIC €2) ENCLOSE THE
|WASTE u1TH VATER PRESENT [METAL FUNES. SEVERE lm‘llb‘ FOR VATER
IN TNE AREA. VORKER INJURY. (C;8:0;C) CONTROL MWD FiRE
SUPPRESSION EFFICIENCY,
(3) INSTALL WVAC AND
SCRURRER. .
2 11 8 [m6A /musE M OXIDIZERS (GROUP 6A) [AMNORIUN PERCHLORATE OR ‘mnsm OR FIRE 10 (1] AMORIUN PERCELORATE 1(1) SEVELOP ANS ENFORCE
d WETNYL ETHYL KETONE STORAGE AREA, RELEASE OF J“ OWLY ACCEPTED 1B A ISTRICT ACTEPTANCE
PERONIDE (WEKP), DRIED  [IONIC GASES, WORKER ONIDE (LIOUID) FORN, (2) ICRITERIA FOR SENSITIVE
OVER TIME, SUBJECTED 10 [imaumy. (C:C;8:0) FIRE SUPPRESSION SYSTEN. [ORIDIZERS (£.C., DILUTED
swock, Fricrion on 'w
sunLiénT. 1 108, METIED
TERSAL) m mm
STORAGE OF I
SENSITIVE nmms ma
SEPARATE SUILDING IN A
REMDTE LOCATION.
2 11 e [mc /mSE [ GLOBAL CINTERNAL AND CRACKS 18 PUPTURE OF WASTE L3 ﬁg’&" W STORAGE
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HAZARD ANALYSIS REPOR? 8Y RISK

ACT/FAC

ACTIVITY RAME

CAUSE/SCENARLIO

PROTECTIVE FEATURES

ACTIONS

2

2

2

2

1T A

WG /WSF

WMKA /WuSF

MUKA /NUSF

MKA /IISE

MMA JHuSE

W GLOBAL (INTERNAL AND
EXTERNAL) EVENTS

W FLMOWSLE STORAGE
(GROUP &R)

W FLAMMABLE STORAGE
(GROUP &A)

W FLAMMABLE STORAGE
(GROUP 4A)

W FLAMNABLE STORAGE
(GROUP 4A)

RAIN OR SNOV (SLOVN ONTO
ORUNS) FREEZES OVER.

ACCIOENTS DURING
TRANSPORTATION OF UASTE
VITNIN THE M STORAGE
AREA (FORKLIFTS OR
MANUAL ) .

PICRIC ACID OROPPED OR
JARRED

SPILL OF LOM FLASH POINT
CRERICALS
(ACETHALNENYE(-38F),
FURAN (-32F), ARNYOROUS
ETHYL ETNERC-49F)) OUE 10
FORKLIFY ACCIDENT, OR
CORROSION. FIRE
SUPPRESSION SYSTEN
INADEGUATE.

FORKLIFT ACCIDENT CAUSING
DUAL SPILL OF

INCONPAT IBLE FLANMABLE
MATERIALS ROUTINELY
STORED IN TNE SAME AREA.
(E.S., NITRONETHANE WITH
ACETONE)

mem ATCIDENT CAUSING
DUAL SPILL OF
INCONPAT IBLE MATERIALS
DUE 10 WISLASELING OF
WVASTE DRUM. (E.G.
FLAMMABLE UASTE MiXED

RELEASE OF TOMIC GASES.
€C;C;8:C)

SPILL OF FLANMASLES,
REACTIVES, OR
INCOWPATISLE UMSTES
LEADING TO TOXIC GAS
RELEASE/ FIRE. VORKER
ARy, (C;0:8:83)

WITF STORACE
MLTIPLE YORIC Gases
(E.G.. PROSGENE, WCW
£1C...) RELEASED pimfCrLy
10 CRVIRONNENY

FATALITY, PumtLic
#Em. (R;R:A:R)

ICHITION OF FLANMBLE
VAPORS LEADS 1O A MAJOR
FIRE AND EXPLOSION (E.G.,
NITROMETRANE) IW TRE
STORAGE AREA. RELEASE OF
Jrating o sess
(E.G. ) 10
ATHOSPNERE. (8:8;A;A)

RELEASE OF FONIC GASES
(E.G., PHOSGENE) AND
POIENTIAL FIRE. POTENTIAL
VORKER FATALITY.
(8;8;A:8)

RELEASE OF TORIC GASES
AND POTENTIAL FIRE AND
GENERATION OF TONIC GASES
(E.G., PHNOSGENE).
POTENTIAL VORKER AND

DETONAT ION, Q..?. FIRE II‘I‘

COLOCATED UORKER

FIRE SUPPRESSION SYSTEN.

f“

(1) ENCLOSE THE W
STORAGE AREA, (2)
NIAIN PAYSICAL

ALLOW ACCUMRLATONS OF
LARGE 1NVENTORIES, (2)
CONSIDER SPECIALLY

AND JNSTALL GAS OETECTIOR
L]

(1) CONSIDER ENCLOSING
THE SUILDING 10 REDUCE
TORIC GAS EXPOSURE 10 TRE
PUBLIC AND COLOCATED

(2) Siome

VORKER
ISCOPATINE FLADMBLE
TERIALS 10 SEPARATE

FLAWMBLE STORAGE AREA,
(3) INSTALL SCRUBSING
STSIEN.

(1) CONSIDER ENCLOSING
INE SUILDING 10 REDUCE
TORIC GAS EXPOSURE 10 TNE
PUBLIC AND COLOCATED
ORKER, (2) INSTALL
scaussing Svstem, (3)
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RAZARD ANALYSIS REPORT 8Y RISK

ACt/FAC

ACTIVITY nAME

CAUSE/SCENARIO CORSEQUENCES

PROTECTIVE FEATURES

ACTions

2

2

2

2

1A

WITA /MISF

W9 /ISF

WIEA /WUSF [ CGXIDIZERS (GRCUP 6A)

WITA /WUSF |¥M GASES (GROUP 7A)

W GASES (GROUP 7A)

M NONREGULATED WASTES
(GROWP 9)

UITN: (1) BAOW(IA), (2)
(18), (3) LiTRIW
NYDRIDE(2A), (4) WITRIC
ACI0(6a), (5)
CHLOROSENZENE . )

FATALITY. (B;B;A;8)

RELEASE OF TONIC GASES,
POTENTIAL EXPLOSION AND
POTENTIAL FIRE. FIRE

FORKLIFT ACCIDENT OR
FREEZING CAUSING OUAL
SPILL OF INCOMPATIBLE

MATERIALS DUE 1O
MISLABELING OF WASTE
DRUM. (E.G., OXIDIZER
WASTE MIXED WITN; (1)
NAON(1A), €2) ACETIC
ACID(18), (3) SODIUNC2A),
(4) ORGANICS SUCH AS
CNLORD BENZEWE(4A), (S5)
GOLD CYANIDE(SA))

SREACR OF CYLINDER RELEASE OF NIGMLY TOXIC
(NOW-LEGACY) DUE 10 GASES (PROTPMINE,
ACCIDENTAL CAUSES (E.G., Lmn. ARSINE, AND
CYLINDER DROPPED AND OINERS). WORKER
REGULATOR LINE BREAKS). |FATALITY, POTENTIAL
COLOCATED WORKER AND
PUBLIC EXPOSURE.
C(A;A;A;D)

GAS. POIENTIAL VORKER
FATALITY. (3:A:A;8)

EXTERNAL FERE (INITIATED |PRESSURIZATION AND
UITHIN TNE BUILDING). RUPTURE OF GAS CYLINDERS.
NIGHLY TOXIC GAS RELEASE
AND POTENTIAL CYLINDER
MISSILE GENERATION.

(LHH HLY)

SPILL (DUE TO FREEZING ORIFIRE AND RELEASE OF TOXIC
FORKLIFT ACCIDENT) OF GASES (E.G., NF).
SNCOMPATISLE WASTES (8:8;A;8)

ROUTINELY STORED N

WNONREGULATED ARER (E.G.,
lmst”ltb, TEMPORARY

FIRE SUPPRESSION SYSTEN.

FIRE PROTECTION SYSTEW
FUSIBLE PRESSURE RELIEF.

FIRE PROTECTION SYSTEN.

VERIFY ORUM CONTENTS AND
RABELING AT WMMSTE

CONTAINERS, (3) ENCLOSE
TRE Wit7 STORAGE SUILDING
AND INSTALL SCRUBSER
SYSTEN,

€1) TRANSPORT AND STORE
CYLIMMERS SEQURELY, (2)
CONSIDER SECONDARY

AR SCBA, OPERATE
THE BUDDY SYSTEN), (5)
PROTECIIVE CAP FOR
CYLINDER REGULATORS
SHRALD 8€ 1N PLACE AT ALL
TINES, (6) CONSIDER
STORING GAS CYLINDERS IN
ENCLOSED ROOM IN AN
INCLOSED SUILDING.

(1) INITIATE FIRE
SUPPRESSION SPRINKLERS
GIVEN FIRE IN ADJACENT

(2) EWCLOSE THE W)
STORACE AREA AND STORE
GAS CYLINDERS IN AR
ENCLOSED AREA.

(1) CONSIDER ELININATING

TRIS AREA, (2) CLASSIFY
AD SIORE ALL

AREAS, (3) ENCLOSE THE
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R---F---C| ACT/EAC ACTIVITY BANE CAUSE /STENARIO CONSEGUENCES PROTECTIVE FEATURES ACTIONS
STORAGE, OR DO NOT BELONG ARDOUS UASTE STORAGE
IX OTNER DEFINED lmumm. €S
REGULATED AREAS)
2 111 A [WG JWISF | GLOBAL CINTERWAL AND |MEDIUN INTENSSTY SEISNIC [RIXING OF INCOMPATIOLE  |wowE (1) REVIEW SEISMIC DESIGH
EXTERMAL) EVENTS EVENT VITH NORIZONTAL WASTES STORED 18 ADJACERT CRITERIA, (2) ENSURE THAY
ACCELERATION OF 0.17 G. |[AREAS. VIOLERT REACTIONS, INCONPAT{BLE WASTES ARE
POTENTIAL FIRE, AND NOU SIORED 1M ADJIACENT
RELEASE OF Toxic Fumes AREAS. SEE POTENTIAL
(E.G., PHOSGENE, WCW). MMSE FLOORPLAN DEVELOPED
WOTE: SHOCK SENSITIVE BY PHA TEAN, (3) MINIMIZE
|matERIAL wOT comsiDERED STORASE TINE OF MOST
IN INIS SCENARIO. FLANMABLE/ TONIC
(8;8;A;0) MATERIALS, (4) EWCLOSE
THE W2 STORAGE ARNEA.
2 100 A |G /RUSF [ M GLOBAL C(INTERNAL AND [ACCIDENT DURING SPILL LEADING TO THE Hm (1) CONSIDER ROAD CLOSURE
EXTERNAL) EVENTS TRANSPORTATION OF WASTE JUNNITIGATED RELEASE OF WRILE TRANSPORTING TWE
(TORIC GAS CYLINDERS OR | TOXIC GASES. PUBLIC MOST NAZARDOUS MATERIALS
INCOMPATIBLE WASTE DRUMS) [EXPOSURE. (A;A;A;A) GETVEER LAB ARERS, (2)
FROM W) STORAGE 10 CAl OR REVIEW PROCEDURES FOR
OTMER FACILITY. SECURING VASTE DRUMS
OURING TRANSPORTATION,
(3) DO NOT IRANSPORT
INCOMPAT ISLE UASTE DRUMS
TOGETRER.
2 111 0 [WSA /MISE|miTE CYANIDES AND ACCIDENY CAUSES RELEASE OF TOMIC GASES |SEPARATE STORAGE SUILOING|(1) CONSIDER ENCLOSING
SULFIDES STORAGE SINULTANEOUS SPILL OF (E.G., NCN AND CYANOGEN) |FOR NAZARDOUS CTANIDE THE WMTF STORAGE BUILDING
CYANIDE AND OTNER AND POSSIGLE ENPLOSION  [WASTE. AND PROVIDING WYAC, (2)
NONCOMPAT IBLE MASTE AND FIRE. SEVERE VORKER INSIALL A SCRUBSBER
(E.C., N2SDAL(18), OR INJURY. (8:8:8;C) SYSTEN, (3) PROVIDE WCW
PERCALORIC ACID(SA)) DUE ANALYZER AND ALARW, (&)
T0 NISLABELING. VERTFY DRUN CONTENTS AND
LABELING AT WASTE
GENERATORS SITE, (5)
OEVELOP LAS wiDé
PROCEDURE (LAD ESEN
MANUAL) FOR WASTE
IDENTIFICATION AND
LABELING OF WASTE
CONTAINERS.
2 110 8 |WSA /WISF |WUTF CYANIDES AND WERCURY OXVCYANIDE SMALL EXPLOSION LEADING |wOKE DEVELOP AND ENFORCE
SULFIDES STORAGE DEVONATES DUE TO WEATING, |TO TONIC GAS (E.G. POLICY %OT 10 SIORE
FRON SWOCK OR FRICTION ~ |WERCURY FUMES, CYARIDE ENPLOSIVES OR SNOCK
(E.G., FORKLIFY AND WOX) RELEASE. SEVERE SENSITIVE MATERIALS 1N
ACCIDENT). JORKER INJURY DUE 10 TNIS BUILDING.
TOXIC GAS EXFOSURE.
(5;8;0;0)
2 U110 |[m2a swusEime REACTIVES (GROUP 2a) [ACCIDENT DUE tO MmN PRODUCTION OF NYDROGEM | NOWE (1) VERIFV DRUN CONTENTS

ERROR CAUSES SIMUL TANEQUS
SPILL OF WATER REACIIVE
UASTE AND INCOMPATISLE
Ilﬂﬂ( DUE 10 MISLABELING.

(E.G., REACTIVE WASIE

GAS, POTENTIAL FIRE
AND/OR EXPLOSION AND
PRODUCTION OF TORIC FUNES
(E.G., WCW). SEVERE
VORKER [NJURY. (8;8;8;D)

anur LAB VIDE

AND LABELING AT WMSTE
GEWERATORS SUTE, (2)

PROCEDURE (LAS ESEN
MANUAL) FOR WASTE
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R---f---c| AcI/Fac ACTIVITY NAME CAUSE/STENARIO CONSEQUENCES PROTECTIVE FEATIMES ACTions
NENED WITH, SULFURIC IDENTIFICAYION AND
ACID(18) M('I) LABELING OF WASTE
rercmonic aciccea) om CONTAINERS,
TRICNLORA ETNYVLENEC4A))
2 111 0 {mie smuse | acios ccrowe 18) FORKLIFT ACCIDENT OR POTENTIAL FIRE FIRE SUPPRESSION SYSTEM. (1) VERIFY SRUW CONTENTS
FREEZING CAUSING EXPLOSION, WYDROGEN GAS AND LADELING AT WMSTE
SIMATANEGUS SPILL OF  [PRODUCTION AND TOXIC GAS GENERATORS SITE, (2)
ACID NATERIAL AND GENERAT ION (E.G., nCW). SEVELOP LAS "lﬂ‘
|mnut mmn VORKER INJURY/EXPOSURE . PROCEDURE (LAS ESBN
(8;8;8;C) MANUAL) FOR UASTE
mndtmumai IDENTIFICATION AND
NYDROGEN PEROXIDE(SA), LABELING OF WASTE
meTAL CF CYANIOE(5A) CONTAINERS, (3) STGRE
LITRIUN NYDRIDE(2A)) DUE WASTE [N ENCLOSED
10 MISLABEL ING. SUILBING TO PREVENT
FREE2ING.
2 111 8 [mB /e |w pee (crowe 8) RISLABELED DRUN RESULTS |GURNING OF PCD WASTE.  [FIRE PROTECTION SYSTEN. |(1) VERIFY Dmuw cowvenTs
1N TS ORUN BEING STORED [DISPERSION OF PCO WASTE AND LABELING AT WMSIE
WEAR FLANMABLE WASTE. TO TNE ENVIROMMENT, GENERATORS SITE, (2)
ACCIDENTAL BREACN OF THE |(8;8;8;®). DEVELOP LAS ViDé
CONTAINERS LEADS 10 FIRE PROCEDURE (LA ESEN
AND BURNING OF PCB WMASTE. NANUAL) FOR VASTE
IDENTIFICATION AND
LABELING OF WASTE
CONTAINERS,
2 111 8 |ms sousk | pee conowe 8 SPILL OF PCO WASTE DRUN [POTENTIAL RELEASE TO TRE |suwe svsTEm. €13 INSTALL PROCEDURES
DUE 1O FORKLIFT ACCIDENT, [ENVIRONNENT TNROUGH TRE DETECT SUNP LEVELS, m
RELEASE 10 THNE SUMWP. SUNP SYSTEW. OWSITE 1E31 suw umms BEFORE
CONTANINATION. (D;D;D;8) 01 SCRARGE
3 1 0 mc/misk [ GLOBAL (INTERWAL AND |LIGHTRING STRIXES STORAGE[NOT A NAZARD. (D;0;9;0) |EGUIPPED WITH LIGNTNING |wOME
EXTERNAL) EVENTS SUILDING. L RODS.
311 c {mma snust | rLeMBLE STORAGE FREEZING TENPERATURES  |WORKER EXPOSED TO TOKIC |NOWE Lm
(CROUP 4A) CAUSES RUPTURE OF ORUN  |FUMES. (D:D;C;D)
D SPILL OF FLAWBLE
|mareriacs.
3 11 C |MMA /WISE Wi FLAMWMBLE STORAGE SPILL OF LOV FLASN POINT |IGNITION OF FLAWMBLE  [FIRE SUPPRESSION SYSTEN. |NOWE
(GROUP 4A) CRENICALS VAPORS LEADS TO CONTAINGD
C(ACETRALNENYE( - 38F) FIRE IN TWE STORAGE ARCA.
FURAR (-32F), amavokous |(0;0;C;D)
ETAYL ETNER l-«m OUE
70 FORKLIET ACCIDENT OR
CORRUSION. FIRE
SUPPRESSION SYSTEM
OPERAT IORAL.
3 11 C [mKA /ivSF i FLANWMBLE STORAGE sPILL OF LOV FLASH POINT |VORKER EXPOSED TO wONE WONE
(GROUP 4A) CRENICA CHEMICAL FUMES. (D;D;C;D)
msmutm« 38F)
FURAN (-32F), ANNTDROUS
ETATL ETNER (-49F)) OUE
T0 FORKLIFT ACCIDENT OR
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R---F---C| AcI/ZFAC ACTIVITY WM CAUSE/SCENARIO CONSECUENCES PROVECTIVE FEATURES ACTIONS
CORROS 10K,
3 11C |mo /musE M) NONREGULATED WASTES  [SPILL OF AMNONIUN POTENTIAL VDRKER NONE CONSIBER RELOCATION OF
(GROUP 9) SIFLORIOE DUE 10 FORKLIFTJEXPOSURE. (D;C;C;D) AMNONIUN SIFLORIDE 10 ONE
ACCIDENT OR FREEZING. |oF TME REGIRATED AREAS,
SUCH AS CAUSTIC(TA).
3 11 C |[mG /mISE | GLOBAL CINTERNAL AND | INADVERTENT OPERATION OF |WATER INTRUSION INTO none €19 INSTALL SUNP NIGH
EXTERNAL) EVENTS THE FIRE SPRINKLERS OR  |REACTIVE UASTE STORAGE LEVEL ALARMS, (2)
RUPTURE OF VATER PIPING |DRUNS, GENERATION OF IPERIODIC VALKDOWN OF THE
|ove 10 CoRROSION OR WYDROGEN GAS. (D;D;D;C) SACILITY,
FREEZING (INCLUDING WATER
FROM ENTERNAL SOURCES).
3 111 8 |MSA /mesE [muTE CYANSDES AND EXTERNAL FIRE CAUSES THERMAL DECONPOSITION OF |NONE PROVIDE NCH ANALYZER AND
SULFIDES STORAGE CYANIDE COMPOUNDS (E.C., |CYANIDE LEADING TO TOXIC ALARN.
CYANUGEN BROMIDE) 10 GAS RELEASE (E.G., WCW
DECONPUSE . AND CYANOGEN). (0:D;9;C)
3 111 8 |mRa /msse|me REACTIVES (GROUP 2A) [VATER INTRUSION INTO THE [RUPTURE OF DRUN OUE 10  [wOwE (1) RESIRICT USE OF WATER
STORAGE DRUM (THROUGNH NYDROGEN EVOLUTION, 10 TNE REACTIVES STORAGE
EXISTING BREACR IN DRUM) [POTENTIAL FIRE/EXPLOSION. Lun (2) ENCLOSE e
DUE TO WURAN ERROR OR POSSIBLE RELEASE OF TOXIC SUILDING FOR WATER
RUPTURE OF WATER LINE 1N |METAL FUMES. (C;C;8;0) CONTROL A FIRE
TNIS AREA. SUPPRESSION EFFICIENCY.
3 111 8 [WuTA /WISF{m GASES (GROUP 7A) BREATN OF CYLINDER RELEASE OF MODERATELY NOWE (1) TRANSPORT AND STORE
(%OM-LEGACY) DIE TO TONIC GASES (W2S, NO2, CVLINDERS SECURELY, (2)
ACCIDENTAL CAUSES (E.G., |AWD OTNERS). WORNER CONSIDER SECONDARY
CYLINDER DROPPED AND EXPOSURE. (C;C;B;D) CONTALIMENT FOR NOST
REGULATOR LINE BREAKS). WAZARDOUS CYLINDERS, (3)
GAS CYLINDERS 1O BE
PROCESSED WITN NIGN
PRIGRETY, (&) VORK N
101S AREA TO BE PERFORNED
W1TN PROTECTION €1.E.,
WEAR SCBA, OPERATE UMDER
TNE BUDOY SYSTEM), (5)
PROTECTIVE CAP FOR
CYLINDER RECULATORS
SNOULD BE 1N PLACE AT ALL
TINES, (6) CONSIDER
SIORING GAS CYLINDERS (N
ENCLOSED ROOM 1N AN
INCLOSED BUILDING.
WI7A /WUSF | GASES (GROUP 7A ENTERMAL FIRE. PRESSURIZATION AND FIRE PROTECTION SYSTEM, 1(V) INITIATE FIRE
3 ms / ) RUPTURE OF GAS CYLINDERS. [FUSIBLE PRESSURE RELIEF. |SUPPRESSION SPRINKLERS
MODERATELY TOXIC GAS GIVEN FIRE IR ADJACENT
RELEASE AND POTENTIAL AREAS, (2)STORE GAS
CYLINOER MISSILE CYLINDERS 1N AN ENCLOSED
GENERATION. (C;C;8;C) AREA.
EXPLOSION RELEASE OF |FIRE PROTECTION SYSTEM. |DEVELOP AND ENFORCE
3 111 8 |mIA /wuSE]mi CAUSTICS (GROUP TA)  |SCDIUM A2IDE EXPLODES DUE AND RE Wsmcv o 1CE T t0

10 SEVERE SWOCK, WEAT OR
FRICTION.

TOXIC GAS (WOX).
(C;C;8;C)

STORE EXPLOSIVES OR SNOCK
SENSITIVE MATERIALS IN
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WAZARD ANALYSIS REPORT SY RISK
R---f--oC ACTIVITY WAME CAUSE/SCENARIO CONSEQUENCES PROTECTIVE FEATURES ACTIONS
IS BUILOING,
3 111 8 [miA /misF|m CAUSTICS (GROUP 1A)  |FORKLIFT ACCIDENT OR POTENTIAL FIRE FIRE SUPPRESSION SYSTEN. [ENCLOSE TWE WUTF STORAGE
FREEZING CAUSING EXPLOSION, NYDROGEW GAS SUILDING TO PREVENT
SINULTANEQUS SPILL OF PRODUCTION AND WEAVY EREEZING.
CAUSTC MATERIAL AND METAL FUNE GEWERATION.
INCOMPAT IBLE VORKER I1NJURY/EXPOSURE .
[mATERIAL(E.G., W2s04(18), |(c;C;8;C)
n 1 TROBENZENE ({A)
PERCNLORIC ACID(8A)
METAL CYANIDE(SA),LiTHIUN
NYORIDE(2A)) DUE 10
NISLABEL ING. L
3 101 8 [WIA /WISF M CAUSTICS (GROUP 1A)  |ExteEmmaL Fine RELEASE OF WODERATELY  |FIRE PROTECTION SVSTEN. jwowE
TOXIC GASES. WORKER
tNmY, (C;C;8;C)
3 111 8 [mie smise|w aciDs (croup 18) SPILL OF A SINGLE ACID  [VOXIC GAS RELEASE (E.C., |wowE ¢1) VERIFY CONSTRUCTION
WASTE DRUM DUE TO NF OR WCL). VORKER MATERIAL OF STORAGE
CORROSION, FREEZING OR  |EXPOSURE AND INJURY. CONTAINER AND TRE SUNP
CRARE ACCIDENTS. (C;C;8;0) SYSIEN, (2) FREQUENT
INSPECTIONS, (3) ENCLOSE
TNE WIF STORAGE
SUILDING.
3 111 8 |mite smuse|me acios ccrowe 18) ENTERNAL FIRE INIVTIATED [RELEASE OF MODERATELY  |FIRE PROTECTION SYSTEN. |STORE WASTE IN ENCLOSED
VITWIN THE BUILDING. TOXIC GASES (£.G.,WF). SUILDING 10 PROVISE
VORKER INJURY. (C;C;8;C) SCRUBBING OF RELEASE AND
MININIZE PUBLIC AND
COLOCATED VORKER
EXPOSURE .
3 1va [me /mse [ ecs (crowe 8) LARGE EXTERNAL FIRE. POTENTIAL SPILL AND FIRE PROTECTION SYSTEN. {CONSIDER STORING PCO
SURNING OF PCB WASTE. VASTE ALY FROM
DISPERSION OF PCB WASTE FLMSWASLES . .
10 TNE ENVIRONMENT.
(8;8;8;A)
3 IV A |G /WSF | GLOBAL CINTERNAL AND |NIGH INTENSITY SEISNIC  |STRUCTURAL COLLAPSE OF Lm (1) REVIEV SEISMIC DESICH
EXTERNAL) EVENTS EVENT ¥1TH NORIZONTAL BUILOING, BREACH OF CRITERIA, (2) MININIZE
ACCELERATION OF 0.3 G OR |WULTIPLE DRUNS, MAJOR STORAGE fINE OF MOST
GREATER. FIRE, RELEASE OF TOXIC FLNMASLE/ TOXIC
GAS {0 ENVIROWNENT. MATERIALS.
(A;A;A;A)
3 IV A |G /MSF |WJ GLOSAL (INTERNAL AND [EXTERNAL FIRE FIRE PENETRATES TNE (1) ARER SURRCLUNDING TNE |NOWE
EXTERNAL) EVENTS MMSF, MAJOR FIRE MRSF IS CLEARED OF
RELEASES TOXIC GAS 1O TRE|COMBUSTIBLE MATERIAL, (2)
ENVIRONMENT. (A;A;A;A)  |SUILDING IS DESIGNED 10
RETARD FIRE.
¢ 11D [msa smeseimite cyanioes am SPILL OF CYANIOE DUE TO |CONTAMINATION OF TNE NOWE wowe
SULFIDES STORAGE YARD FORKLIFT ACCIDENT OR|STORAGE AREA, MINOR
CORROS10M., WORKER EXPOSURE. MO TOXIC
GAS RELEASED 10 LOW
VOLATILITY. (D;D;D;0)




1¥-0

NAZARD ANALYSIS REPORT BY RISK

R---6---C| ACT/EAC ACTIVITY NAME CAUSE /SCENARIO CONSEGUENCES PROTECTIVE FEATURES ActiOns

4 11 D {M6A /WUSF | OXIDIZERS (GROUP GA) [SPILL OF OXIDIZERS DUE TO|LOW LEVEL TORIC SPILL.  |wowe [ wome
FREEZING, VARD FORKLIFT |VORKER EXPOSURE.
OR OVERNEAD CRANE (D:0;D;D)
ACCIDENTS,

4 110 |mita smsFim CAUSTICS (CROUP TA)  [SPILL OF A SINGLE cuusnchllm WORKER EXPOSURE.  |NOWE WONE
WASTE DRUW CAUSED § (D;0;0;D) _
WUMAN ERROR, rmun
ACCIDENT OR FREEZING.

¢ 110 |m@ smse [m pCs (GROUP 8) SPILL OF PCB UASTE DRUM {CONTANIMATION OF TNE SUWP SYSTEN, {wome
DUE TO FORKLIFT ACCIDENT.|STORAGE AREA. (D;0;0;D)




APPENDIXD
CST-7 PRELIMINARY HAZARDS ANALYSIS OVERALL RESULTS

Table D-1 presents the all the scenarios generated as part of the CST-7 PHA.
This includes scenarios for the HWTF and the four process skids analyzed, the
MWRSF, and the DSB. The scenarios are ranked by risk, with the most risk
significant scenarios listed first.

D-1



TABLE D-1
COMPILED HAZMAN RESULTS SORTED BY RISK RANK FOR CST-7
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RAZARD ANALYS!S REPORT 8Y RISK

ACY/FAC

ACTIVIIY RAME

CAUSE /SCENARTIO

PROTECTIVE FEATURES

R---F---C
t 1A
LR
1 11A
1 11 A
2 ¢

WTA / W

WTA 7 W

cvi2 /
MUTF

wG / we

meK /s wme

MURSF GASES (GROUP 7A)

W GASES (GROUP TA)

INSTALL PUMPING ASSEMBLY
10 INE TOP OF INE CYANIDE
UASTE DRUM

W GLOBAL (INTERNAL AND
EXTERNAL) EVENTS

MRSF BULKING ROOR

MAJOR BREACH OF LEGACY
CYLINDER Of DOUBTIFUL
INTEGRITY DURING STORAGE.

SREACH OF LEGACY CYLINDER
OF DOUBTFUL INTEGRITY
OURING STORAGE.

CYANIDE PLATING VASTE
PUNPED 10 URONG LOCAT ION
AND NIRED UITH
NONCOMPATISLE MATERIAL
(1.E., VASIE DRUN, WASTE
VATER SYSTEW, CREMICAL
MIX AND FEED TANK,
CNENICAL FEED DRUM OR TKRE
DRY CHEMICAL FEEDER.)
PLATING WASTE PROCESS.

LOV INTENSITY SEISNIC
EVENT WITR NORIZOWIAL
ACCELERATIEION OF 0.1 G.

INADEQUATE GUIDELINES OR
PROCEDURES FOR MIXING AND
REBULKING WASTES.

RELEASE OF MIGNLY TOXIC
GASES (PNOSPHINE,
PNOSGEN, ARSINE, AND
OTNERS). VORKER
FATALITY, POTENTIAL
COLOCATED VUORKER AND
PUBLIC EXPOSURE.
(C;8;A;D)

RELEASE OF NIGRLY TOXIC
GASES (PNOSPUINE,
PROSGEN, ARSING, AND
OINERS). VORKER
FATALITY, POTENTIAL
COLOCATED WORKER AND
PUBLIC EXPOSURE.
(A;A;AD)

WCH, W2S, WN3 OR OTNER
10XiC GAS PRODUCED AND
RELEASED 1N TNE TREATMENT
ROOM. WORKER EXPOSURE
AND INJURY. (D;D;A;0)

EXPLOSION OF SNOCK
SENSITIVE MATERIALS
(€.G., PICRIC ACID, NITRO
METHANE, SODIUM A21DE).
STRUCTURAL DAMAGE 10
BUILDEING, FIRE AND
RELEASE OF TOXNIC GASES.
(R;AZAR)

VIOLENT REACTION, RELEASE
Of TOXIC GAS WITN WORKER
EXPOSURE AND FACILITY

CONTAMINATION. (D;D;C;D)

NEPA AND SCRUBBING
SYSTEN,

(1) FUNE NOOD AND FIRE
SUPPRESSION SYSTEM, (2)
FULL PROTECTIVE GEAR,
£.G. SUITS, FACE
SMIELDS).

L
l

(1) 50 WOt STORE LEGACY
CYLINDERS IN INE WISHF,
€2) PROCESS LEGACY
CYLINDERS VITROUY
INTERMEDIATE SIORAGE, (3)
PROVIDE SECONDARY
CONTAIINENT UNEN
TRANSPOR! ING LEGACY
CYLIDERS.

€1) 90 NOT STORE LEGACY
CYLINDERS 1N WUTE AREA,
(2) PROCESS LEGACY
CYLINDERS UL TROUT
INTERNEDIATE STORAGE, (3)
PROVIDE SECONDARY
CONTAINNENT FOR TNE
CYLINDERS, (4) COMSIDER
ENCLOSING TRNE WMITF
STORAGE AND PROVIDING
NVAL AND SCRUBBER.

(1) INSTALL CWECK VALVES
ON OUTLET LINES OF TNE
CNENICAL NIX TEED TANK,
CHENECAL FEED DRUN AND
CWENICAL PLATING WMSTE
ORUN (2) FOLLOV VALVE

AL IGNMNENT CNECKHLISY
PROCEDURE (3) VALVES
SHOULD NAVE POS)EION
INDICATORS (4) OPERATORS
SNOULD OE EQUIPED WITN
PROIECTIVE CLOTNING AND
RESPIRATOR (5) WAVE TWO
OPERATORS CNECK VALVE
POSITIONING (6) INSIALL
INTERLOCK WNICH ALLOVS
I"'E‘IIIG OF ONE VALVE AT A

(1) DEVELOP AND ENFORCE
SIRICT POLICY NO? 1O
STORE EXPLOSIVES OR SNOCK
SENSITIVE MATERIALS In
TNE BUILDING, (2)
CONSIOER STORAGE OF SNOCK
SENSITIVE 1IN A SEPARATE
SUILOING IN A REMOTE
LUCATION.

(1) SUIDELINES
(PROCEDURES) FOR MIXING
AND BULKING SWOULD BE
DEVELOPED AND REVIEVED,
(2) VORKER SNOULD WEAR
RESPIRATOR UNMIIL
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HAZARD ANALYSIS REPORT BY RISK

R---F---c| ACIZFAC ACTIVITY NAME CAUSE/SCENARIO CONSEQUENCES PROTECTIVE FEATURES ACtTIONS
DETERNINAIION OF POSSIBLE
REACTIONS,
2 1 C |wG /7 me | GLOBAL (INTERWAL AND [NIGN UINDS UASTE DRUNS T1P OVER Joone ENCLOSE TNE W STORAGE
EXTERNAL) EVENTS CAUSING SPILL AND RELEASE SUILDING.
OF TOXIC GASES. (C;C.C;C)
2 1 C |GC6 7 MITF|CYLINDER SREACNED SAU JANS OR OTMER RELEASE OF RESIDUAL TOXIC|OWLINE GAS DETECTORS. 1) VERIFY ATMOSPHERE
MECHANICAL FAILURES GAS, MINOR WORKER PRIOR 1O OPENING VESSEL.
DURING CUTSING AND GAS IS|EXPOSURE. (D;D;C:D) €(2) VEAR PROTECTIVE GEAR
RELEASED IN10 PRESSURE (SCBA) UMEN OPENING
VESSEL, MORKER OPENS VESSEL .
YESSEL AFTER PURGING 10
INSPECT.
2 118 [MSA 7 me|RUTF CYANIDES AND MISLABELED CYANIDE DRUM [RELEASE OF TONIC GASES  |wowe (1) CONSIBER ENCIOSING
SULFIDES STORAGE IS PLACED 1M THE OPEN (E.G., WCW AND CYANOGEN) INE WITF STORAGE BUILDING
STORAGE AREA. FREEZES AND POSSIBLE EXPLOSION AND PROVIDING WVAC, (2)
CAUSING SIMULTANEOUS AND FIRE. SEVERE VORKER INSTALL A SCRUSBER
SPILL OF CYANIDES AND MY, (C;8;8:0) SYSIEM, (3) PROVIDE WCN
RONCOMPAT IBLE MASTE, SUCH ANALYZER AND ALARM.
AS ACIDS.
2 118 |m2A 7/ we|Nu REACTIVES (GROUP 2A) |FORKLIFT ACCIOENT OR NYDROGEN EVOLUTION NONE (1) RESTRICT USE OF MATER
FREEZING OF UASTE CAUSES |POTENTIAL FIRE/ZEXP{OSION. 1% TNE REACTIVES STORAGE
SPILL OF WATER REACTIVE |POSSIBLE RELEASE OF TOXIC AREA, (2) ENCLOSE THE
VASTE UITH WATER PRESENT [METAL FUMES. SEVERE SUILOING FOR UATER
1N INE AREA. VORKER INJURY. (C;8;8;C) CONTROL AND FIRE
SUPPRESSION EFFICIENCY,
(3) INSTALL WVAC AND
SCRUBRER. .
2 118 |muba 7 me[MmSE OXIDIZERS (GROUP  |ANNMONIUN PERCNLORATE OR [EXPLOSION OR FIRE W (1) ASIONIUN PERCILORATE [(1) OEVELOP AND ENFORCE
6A) MEINYL ETNYL KETOME WURSF, RELEASE OF TOMIC ]IS OMLY ACCEPTED 1N AN |STRICT ACCEPTANCE
PEROXIDE (ORIED OVER GASES, WORKER (StJURY. ONIDE (LIOUID) FORM, ¢2) JCRITERIA FOR SENSITIVE
TINE) SUBJECIED TO SWOCK, |(D;0;8;C) FIRE SUPPRESSION AND ONIBIZERS (£.G., DILUTED
FRICTION OR SCRUBDER SYSTEM. FORN, FREQUENT
SUNL 1GNT (MEKP). tnspécrion, WETTED
jmatERIAL), (2) CONSIDER
SIORAGE OF MIGMLY
SENSITIVE OXIDIZERS IN A
SEPARATE BUILDING IN A
|REMOTE LOCATION.
2 118 |misa 7 molmi OXIDIZERS (GROUP 6A) |AMMONIUNM PERCNLORATE OR |EXPLOSION OR FIRE IN (1) ASORIUN PERCINORATE |(1) DEVELOP AND ENFORCE

s / m-iusr BULKING ROOM

1

WETNYL ETHYL KETONE
PEROXIDE (WEKP), DRIED
OVER TINE, SUBJECTED 1O
SHOCK, FRICTION OR
SUNLICNT.

INADEQUATE GUIDELINES OR

STORAGE AREA, RELEASE Of
TORIC GASES, VORKER
IRJuRy. (C;C;8;0)

VIOLENT REACTION, RELEASE

IS CNLY ACCEPTED IR AN
OXIDE (LIGUID) FORM, (2)
FIRE SUPPRESSION SYSTEM.

(1) FIRE SUPPRESSION

STRICT ACCEPTANCE
CRITERIA FOR SENSITIVE
ONIDIZERS (E.C., BILUTED
FORN, FREQUERT
insefCTion, VETIED
anm) (2) CONSIDER
STORAGE OF MiGWLY
SENSITIVE OXIDGIZERS IW A
SEPARATE BUILDING IN A
REMOTE LOCATION.

(1) GUIDELINES
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BAZARD ANALYSIS REPORT BY RISK

ACT/FAC

ACTIVITY NAME

CAUSE/SCENARIO

PROTECTIVE FEATURES

R---F--
2 ns
2 s
2 ns
2 us
2 ne
2 s

mc /) e

we / we

G / we

GC6 / WITF

GC& / WMITE

LIntG 7
WITF

WMMSF GLOBAL C(INTERNAL
AND EXTERNAL) EVENTS

M GLOBAL (INTERNAL AND
EXTERNAL) EVENTS

W GLOBAL {INTERNAL AND
EXTERNAL) EVENTS

CYLINDER BREACNED

CYLINDER BREACNED

LITHIUN OXIDE REMOVED
FROM THE MUMIDIFIER AND
PLACED 1N -TNE REACTOR

PROCEDURES FOR NIXING AND
REBULKENG UASTES LEADS 1O
VIOLENT REACTION, AND
FUME MOOD FAILURE.

- |ACCIDENTS URING

TRANSPORTATION OF WASTE
WITHIN TNE MMMSF
(FORKLIFIS, CRANES, OR
#mu.

CRACKS 1M STORAGE
CONTAINERS PROPAGATED. BY
RAIN OR SHOW (BLOWM ONTO
DRUMS) FREEZES OVER.

ACCIDENTS DURING
TRANSPORTATION OF WASTE
VITNIN THE W STORAGE
AREA (FORKLIFIS OR
MANUAL ).

SAV JARS OR OTNER
NECRANICAL FAILURES
DURING CUTTING, VORKER
OPENS VESSEL 10 INSPECT,
CAUSING UNEXPECTED
RELEASE.

IREATMENT SKID (VALVES
FOR CONTAINMENT VESSEL)
|MISALIGHED SEFORE OR
AFTER CYLINDER BREACH.

1NCOMPLETE REACTION OF
INE LITHIUN NYORIDE IN
TRE WUMIDIFIER

OF TORIC GAS WITN WORKER
EXPOSURE AND FACILITY
CONTAMINATION. (D;D;8;C)

SPILL OF FLAMMABLES,
REACTIVES, OR
INCOMPAT IBLE WASTES
LEADING 1O TOXIC GAS
RELEASE/ FIRE. LORKER
InAmY, {0;C;8:C)

RUPTURE OF WASTE
CONTAINER, SPILL WITH
RELEASE OF TOXIC GASES.
(C;C;8:C)

SPILL OF FLAMMABLES,
REACIIVES, OR
INCOMPATIBLE VMSTES
LEADING 10 TOXIC GAS
RELEASE/ FIRE. VORKER
INJURY, (C:8:0:8)

RELEASE OF TOXIC GAS,
VORKER ENPOSURE AND
SERIOUS INJURY. (D:D;8:0)

RELEASE OF MODERATELY
TORIC GASES (E.G., W02,
N2s, ETC...) 0
ATMOSPRERE AND/OR
BUILDING. VORKER
EXPOSURE. (C;C:8:0)

POTENTIAL FOR LITHIUN
HYDRIDE FIRE AND WORKER
EXPOSURE 1O LIN/DEPLETED
URANIUM UNILE DISPOSING
OF PARTIALLY REACTED
MASIE. (D;D;8;0)

SYSTEN, (2) FLL
rrotect ive cEaR, €.6.
SUITS, FACE SHIELDS).

| wone

OMLINE GAS DETECTORS.

NEPA AND SCRUBSING
SYSTENM.

(PROCEDURES) FOR RIRING
D GULKING SROULD SE
OEVELOPED AND REVIEWED,
(2) VORKER SWOULD VEAR
REPIRATOR UNTIL TRE
POSSIBILITY OF VIOLENY
REACTIONS 1S PASSED..

(1) PAINTAIR PRYSICAL
SEPARATION OF

INCOMPATIBLE MASTES
DURING TRANSPORTAT 10N
(E.G., DO NOT IRANSPORT
DRUM OVER INCOMPATISLE
WASTES W1TH THNE CRANE),
€2) LINIT SIMATANEOUS
OPERATION OF MULTIPLE
FORKLEFTS.

ENCLOSE TNE WU STORAGE
SUILDING.

(1) ENCLOSE ThE W4
SIORAGE AREAR, (2)

MAINTALN PNYSEICAL
SEPARATION OF
INCONPATIBLE UASTES
OURING TRANSPORTATION,
(3) LINIT SIMATANEOUS
OPERATION OF MATIPLE
FORKLIFTS.

(1) VERIFY ATNOSPRERE
PRIOR 10 OPENING VESSEL.
(2) VEAR PROTECTIVE GEAR
(SCBA) WNEN OPENING
VESSEL.

(1) IWDEPENDENT .
VERIFICATION OF STSTEM
ALICHNENT BEFORE CUTTEING.
(2) USE PROCEDURE VIR
CHECKLIST, (3) PROVIDE
VALVE POSITION
INDICATION.

USE DIVERSE WEIWNODS FOR
VERJFICATION THAY TNE
REACTION IS COMPLETE.
COMTINUE VEARING
PROTECTIVE
CLOTRING/SREATRING
APPARATUS WHILE
PROCESSING REACTION
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NAZARD AKALYSIS REPORT BY RiISK

ACI/FAC

ACTIVIIY NAME

CAUSE/SCENARIO

PROTECTIVE FEATURES

2

2

2

2

1A

111 A

MEA /7 W

MKA /W

KA 7 W

KA /

MIGA / WU [MRSE FLARMABLES (GROUP

&A)

‘HISF FLAMMABLES (CROUP
A)

MMSF FLAMMABLES (GROUP
4A)

" FLAMMABLE STORAGE
(GROUP 4A)

W FLAMMABLE STORAGE
(GROUP &A)

SPILL CF LOM FLASR POINT
CHEMICALS
(ACETMALNENTE(-30F),
FURAN (-32F),

EINYLE (-49F)) DUE 10
FORKLIFT ACCIOENT, CRANE
ACCIDENT OR CORROSION.
FIRE SUPPRESSION SYSTEM
INADEGUATE.

OVERNEAD CRANE DROPS DRUM
CAUSING DUAL SPILL OF
INCOMPATISLE WATERIALS
DUE 10 MISLABELING OF
WVASTE DRuM. (E.G.,
FLAMMABLE UASTE NINED
VITH: (1) NAONCTA), (2)
n2sol(18), (3) LITNIUM
NYDRIDE(2A), (&) NIIRIC
ACID(6A), (5)
CHLOROBENZENE.)

OVERWEAD CRANE OROPS DRUM
CAUSING DUAL SPILL OF
INCOMPATIBLE FLAMMABLE
MATERIALS ROUTINELY
STORED IN TNE SAME AREA.
(E.G., NITROMETHANE VIIN
ACETONE)

PIZRIC ACID DROPPED OR
JARRED .

SPILL OF LOM FLASR POINT
CRENICALS
(ACETHALNENYE(-33F),
FURAN (-32F), AMHYDROUS

IGNITION OF FLANNARLE
VAPORS LEADS 10 A MAJOR
FIRE AND EXPLOSION (E.GC.,
NITROMETHANE) 1 TRE
STORAGE AREA. RELEASE OF
MAVIPLE TOXIC GASES
(£.G., PNOSGENE) 10
ATMOSPNERE. (8:B8;A;A)

RELEASE OF TORIC GASES
AND POTENTIAL FIRE VITN
GENERATION OF PNOSGENE
AND WORKER FATALITY.
(C;C;A;C)

RELEASE OF TONIC GASES
(E.G., PNOSGENE) AHD
POTENTIAL FIRE. VORKER
INJURY. (C:C;A;C)

CETONATION, MAJOR FIRE IN
WITF STORAGE AREA
WATIPLE TOXIC GASES
(E.G., PNOSGENE, WCW,
ET1C...) RELEASED DIRECTLY
70 ENVIRONMENT, MORKER
FATALITY, PUBLIC
EXPOSURE. (A;A;A;A)

IGNITION OF FLAMABLE
VAPORS LEADS 10 A MAJOR
FIRE AND EXPLOSION (E.G.,
NITROMETNANE) 1IN THE

CROMDING OF ELECTRICAL
EQUIPNENT AND DRUNS
DURING TRANSPORTATION.
NONSPARK TOOLS ARE USED.

IN THE MEPA FILIER, (2)
FIRE SUPPRESSION SYSTEX.

CARBON ABSORS!ION SED iN
INE WEPA FILTER.

FIRE SUPPRESSION SYSTEN,

|PRODUCTS.

(1) TREAT RIGMLY
FLANABLE MATERIALS OR AN

(3) INSTALL GAS DEIECIOR
AND ALARN, (4) CONSIOER
ADDING A FLARE 1O TNE
SCRUBSER SYSTEM, (5)
CORSIDER INERT FIRE
SUPPRESSION SYSIEN,
(€.C., INERT? TRE ROOM
VITH 82 UNER THE GAS
AMALYZERS ALARN).

(1) DEVELOP PROCEDIMES 10
PREVENT OR NININIZE CRANE
NOVENENTS OVER SIORED

MiS BUILDING.

1) TREAT mIGMY
FLADIABLE MATERIALS O AN
PRICRITY BASIS, DO wOT
ALLOM ACCUMRATIONS OF

SEVELOP PROCEDARES 10

|
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WAZARD ANALYSIS REPORT BY RISK

ACI/FAC

ACTIVITY  NAME

CAUSE /SCERARIO

PROTECTIVE FEATURES

ACTIONS

2

2

2

It A

1A

MGA 7 W

MIKA /

MISA / Wt

W FLAMNABLE STORAGE
{GROUP 4A)

W FLAMMABLE STORAGE
(GROUP &A)

MRSF CYANIDES AND
SULFIDES (GROUP SA)

2 111 A [WGA / N‘LMSF ORIDIZERS (GROUP

6a)

EINYL ETNER(-49F)) DUE 10
FORKLIFT ACCIDENT, OR
CORROSION. FIRE
SUPPRESSION SYSTER
INADEOUATE.

FORKLIFT ACCIDENT CAUSING
OUAL SPILL OF
INCONPATIBLE FLAMNASLE
MATERIALS ROUTINELY
STORED 1N TNE SAME AREA.
(E.G., WITROMETHANE UiTH
ACETONE)

FORKLIFT ACCIDENT CAUSING
DuAL SPILL OF
INCOMPATIBLE MATERIALS
DUE 10 NISLABELING OF
UASTE DRUM. (E.G.
FLAMMABLE MASTE MiXED
WITN; (1) RAOWCIA), (2)
nzsob(19), (3) LITNIUN
NYDRIDE(2R), (&) WITRIC
acio(en), (5)
CHLOROBENZENE . )

FORKLEFT ACCIDENT CAUSES
SIMATANEOUS SPILL OF
CYANIDE AND OTNER
NONCOWPATIBLE UASTE
(E.G., N2SO4(18), OR
PERCWLORIC ACID(SA)) OUE
10 MISLABELING.

OVERNEAD CRANE OROPS ORUM
CAUSING OUAL SFILL OF
INCOMPATIBLE MATERIALS
OUE 7O MISLABELING OF

F

STORAGE AREA. RELEASE OF
MRTIPLE TONIC CASES
ATHOSPRERE. (8;8;A;A)

RELEASE OF TORIC GASES
(E.G., PHOSGENE) AND
POTENTIAL FIRE. POTENTIAL
VORKER FATALITY.
(8;8:A;8)

RELEASE OF TONIC GASES
AND POTENTIAL FIRE AND
GENERATION OF TOXIC GASES
(E.G., PNOSGENE).
potentiaL vORKER AND
COLOCATED VORKER
FATALITY. (B;8;A;8)

RELEASE OF TONIC GASES
(E.G., WCN AND CYANOGEN)
AND POSSISLE EXPLOSIION
AND FIRE. SEVERE MORKER
INJURY, AND LOVW LEVEL
RADIOACTIVE CONTAMINATION
IN TRE FACILITY.
(0;0:4;C)

RELEASE OF NIGNLY TOXIC
GASES, POTENTIAL
EXPLOS1ON AND POTENTIAL
TIRE. VERY WIGH FIRE

1

1

(1) USE OF SMALL “MALK
SENIND™ FORRLIFTS, (2)
ORUNS ARE STORED ONLY ONE
LEVEL MIGR, (3) STRUBSER
SYSIEN, (&) FIRE
SUPPRESSION SYSTEM.

(1) CARGON ASSORSTION BED
in TNE WEPA FILTER, (2)
FIRE SUPPRESSION AND
SCRUBSER SYSTEN.

LARGE INVENIORIES, (2)
CONSIDER SPECIALLY
BESIGNED STORAGE

POINT) FLAWRABLE UASTES,
(3) CONSIDER ENTLOSING
INE BUILDING TO INCREASE
INE EFFICIENCY OF TNE
FIRE SUPPRESSION SYSIEN
AND INSTALL GAS OETECTOR
AND ALARN.

(1) CONSIOER ENCLOSING
INE BUILOING 1G REOUCE
I0RIC GAS EXPOSURE 1O TNE
T

) S
s TIBLE FL.
MATERIALS 3W SEPARATE
LOCATIONS UITHIN THE
FLMDMELE STORAGE AREA,
€3) INSIALL STRUBSING
SYSTEN.

(1) CONSIDER ENCLOSING
THE SUILDING 1O REDUCE
TONIC GAS EXPOSURE 10 THE
PUSLIC AND COLOCATED
VORKER, (2) INSTALL
scaussing svsiem, (3)
VERIFY DRUN CONTENTS AsD
LABELING AT WASTE
GENERATORS SITE, (4)

ELOP LAD WiDf
PRUCEDURE (LAS ESSN
RAUMAL) FOR WASTE
IOENTIFICATION AND
LABELING OF VASTE
jcomtainens.

(1) PROVIDE NCH ANALYZER
AND ALARW, (2) VERIFY
oaum Couténts amp
LABELING AT VASTE
CENERATORS SIIE, (3)
SEVELOP LAS WIDE
PROCEDURE (LAB ESEN
ML) FOR MASTE
IDENTIFICATION AWD
LABCLING OF VUASTE
CONTAINERS.

(1) CEVELOP PROCEDURES 10
PREVENT OR WININIZE CRANE
WENT OVER STORED
UASTES, (2) VERIFY DRUN
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RAZARD ANALYSIS REPORT OY RISK

ACT/EAC

ACTIVIIY  NAME

CAUSE/SCERARIO

PROTECTIVE FEATURES

ACTIONS

2

2

2

2

m6A /

11 A [mi7a 7w

WA /7 W

M OXIDIZERS (GROUP 6A)

WURSF GCASES (GROUP 7A)

WUTA /7 WI® IIRSF GASES (GROUP 7A)

WV GASES (GROUP 7A)

WASTE DRUM. (E.G.,
OKIDIZER WASTE MIKED
i, (1) NADH(IA), (2)
ACETIC ACID(1B), (D)
SODIUM(2R), (4)
ORGANICS(4R) SUCH AS
CHLORD BENZENE, (5) GOLD
CYANIDE(SA))

SORKLIFT ACCIDENT OR
FREEZING CAUSING DUAL
SPILL OF INCOMPATISLE
MATERIALS DUE 10
MISLASELING OF UASTE
DRUM. (E.G., OKIDIZER
VASTE WINED WITH; (1)
NADRCIA), €2) ACETIC
ACID(18), (3) SIDIUN(2A),
(4) ORGANICS SUCH AS
CNLORD BENZENE(LA), (5)
GOLD CYANIDE(SA))

SREACH OF CYLINDER
C(NON-LEGACY) DAE 10
ACCIDENIAL CAUSES (E.G.,
CYLINDER DROPPED AND
REGULATOR LINE BREAKS)
UNICH RESULT 1N MAJOR
CYLINDER DAMAGE.

EXTERNAL FIRE (INITIATED
VITRIN THE MMSF
MIILOING).

SREACR Of CYLINDER
(nOM-LEGACY) DUE T0
ACCIDENTAL CAUSES (E.G.,
CYLINDER DROPPED AND

jrotENTIAL VITN CEMERATION
OF PHOSGEN WITW SPILLS
Jlmvllﬁ CHLORD SENZENE.
POTENTIAL VORKER
FATALETY. (C;B;A;C)

RELEASE OF TORIC GASES,
POTENTIAL EXNPLOSION AND
POTENTIAL FIRE. FIRE
INVOLVING CILORA DENZENE
COULD GENERATE PROSGENE
GAS. POTERTIAL UORKER
FATALITY. (B;4;A:8)

RELEASE OF NIGMLY TOMIC
GASES (PHOSPRINE,
PROSGEN, ARSINE, MD
OTRERS).
FATALITY, POTENTIAL
COLOCATED VORKER AND
PUBLIC EXPOSURE.
(C;C;Az0)

PRESSURIZATION AND
RUPTURE OF GAS CVLINDERS.
NIGNLY TONIC GAS RELEASE
AND POTENTIAL CYLINDER
pussne GENERATION.
CAAAR)

RELEASE OF MIGNLY TOXIC
GASES (PROSPRINE,
PHOSGEN, ARSINE, AND
OINERS). VORKER

FIRE SUPPRESSION SYSTEN.

NEPA AND SCRUBBING
SYSTEN.

{1) FIRE PROTECTION
SYSTEM, (2) NEPA AND
SCRUSSING SYSTEN, (3)
FUSISLE PRESSURE RELIEF.

CONTENTS AND LABELING AT
UASTE CENERATORS SIIE,
(3) DEVELOP LAS WIOE
PROCESURE (LAD ESEN
AL ) FOR VASTE
IDENTIFICATION AND
LABELING OF UMSTE
CONTAINERS .

(1) VERIFY DRUN CONTENTS
2D LABELING AT UASTE
GENERATORS SITE, (2)
SEVELOP LAS ViDE

IDERTIFICATION AND
LADELING OF WASTE
CONTAINERS, (3) ENCLOSE
THE IMTF STORAGE BUILDING
AMID INSTALL SCRUBBER
SYSTEN

(1) TRANSPORT AND STORE
CYLINDERS SECWRELY, (2)
consioen 1nsTaLLATfon OF
A FLARE AND/OR A SPECIAL
SCRUBSER FOR TNIS
FACILITY, (3) INSTALL GAS
sEteciont AND ALARMS, (4)
CONSIOER SECOMDARY
CONTRINNENT FOR MOST
RAZARDOUS CVLINDERS, (S)
©\S CYLINDERS 10 OF
PROCESSED Wilh NIGH
PRIORITY, (6) VORK N
INIS AREA 1O BE PERFORNED
uiITe PROTECTION (1.E.,
WEAR SCSA, GPERATE WVDER
INE MOOY SYSTEW), (7)
PROTECTIVE CAP Fok
CYLINDER REGULATORS
SNOULD BE IN PLACE AT ALL
[spves.. (@) stome cas
%a&s In AN ENCLOSED

SIORE GAS CYLIMDERS IR AN
Imm ASEA WITR FIRE
DOOR AND FIRE UALL.

(1) TRANSPORT AND STORE
CYLINDERS SECHRELY, (2)
CONSIDER SECONDARY
CONTAINNENT FOR NOST
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WAZARD ANALYSIS REPORT BY RISK

ACT/FAC

ACTIVITY NANE

CAUSE/SCENARIO

PROTECTIVE FEATURES

ACTIONS

2 LA

2 1A

2 1A

2 1L A

W7A 7 W

"o ;7w

mG / W

wG / me

W GASES (GROUP 7A)

W NOKREGULATED UASTES
(GROUP 9)

|mmsr crosaL ¢inTERNAL
AND ENTERNAL) EVENTS

MURSF GLOBAL (INTERMAL
AMD EXTERNAL) EVENTS

REGULATOR LINE BREAKS).

EXTERNAL FIRE (INIVIATED
VITNIN THE BUILDING).

SPILL (DUE TO FREEZING OR
FORKLIFT ACCIDENT) OF
INCOMPATIBLE WASTES
ROUTINELY STORED N
NONREGULATED AREA (E.G.,
NISLABLED, VENPORARY
STORAGE, OR DO NOT BELONG
1% oTneR DEFINED
REGULATED AREAS)

EVENT WITR NORIZONTAL
ACCELERATION OF 0.17 G.

ACCIDENT DURING
TRANSPORTATION OF THE
MOST TOXIC VASIE DRUMS
(E.G., TOXIC GAS
CYLINDERS OR 1NCOMPATIBLE
VASTES) FROM MURSF 10 CAl
OR OTMER TACILITIES.

FATALITY, POTENTIAL
COLOCATED WORKER AND
PUBLIC EXPOSURE.
(A;A;A;0)

PRESSURIZATION AND
RUPTURE Of GAS CYLIWDERS.
MIGHLY TONIC GAS RELEASE
AND POTENTIAL CYLINDER
HISSILE GENERATION,
(A;RCACR)

FIRE AND RELEASE OF TOMIC
GASES (E.G., NF).
(8;8;A;8)

WEOIUM INTENSITY SEISNIC [MINING OF SNCOMPATIOLE

UASTES STORED 1N ADJACENT
AREAS. VIOLENT REACSIONS,
POTENTIAL FIRE, AND
RELEASE OF tomic Fumes
(E.C., PROSGENE OR NCN).
poienfIAL LOSS OF
SCRUBSER. NOTE: SNOCK
SENSITIVE MATERTAL WOT
CONSIDERED N INIS
SCENARIO. (C;C;A;C)

SPILL LEADING TO TRE
UNMITIGATED RELEASE OF
TOXIC GASES. PUBLIC
EXPOSURE. (A;A;A;R)

FIRE PROTECTION SYSTEN
FUSIBLE PRESSURE RELIEF.

FIRE PROTECYION SYSTENM.

WAZAROGUS CYLINDERS, (3)
GAS CYLINDERS 10 BE
PROCESSED WITH WIGH
PRIORITY, (&) WORK 19
18IS AREA 1O BE PERFORWED
witn PROSECTION (0.E.,
VEAR SCBA, OPERATE UWDER
TNE QUDDY' STSTEM), (5)
PROTECTIVE CAP FOR
CYLINDER REGULATORS
SNOULD SE IN PLACE AT ALL
TINES, (6) CONSIDER
SIORING GAS CYLINDERS 1N
WE'CIOSE’ ®ROOM 1N AN

INCLOSED BUILDING.

1) INSTIATE FIRE
SUPPRESSION SPRINKLERS
GIVEN FIRE IN ADJACENT
AREAS, (2) ENCLOSE InE WY
STORAGE AREA AWD STORE
GAS CYLINDERS IN AN
ENCLOSED AREA.

(1) CONSIDER ELIMINATING
RIS AREA, (2) CLASSIFY
AND SIORE ALL
NORREGULASED UASTES IN
CONPAT IBLE REGULATED
AREAS, (3) ENCLOSE TNE
NAZARGOUS WASTE SIORAGE
Joutioing.

(1) REVIEW SEISHIC DESICH
CRITERIA, (2) ENSURE TWAT
inconPat IBLE wASTES ARE
NOT STCRED §W ADJACENT
AREAS. SEE POTENTIAL
WUMSF FLOORPLAN DEVELOPED
ST PHA TEAR, (3) SINIMIZE
SIORAGE TIME OF MOST
FLAMSABLE/ TOXIC
MATERIALS.

(1) CONSIDER ROAD CLOSURE
WNILE TRANSPORTING INE
MOST WAZARDOUS MATERIALS
SETUEEN LAB AREAS, (2)
REVIEV PROCEDUMES FOR
SECURING YASIE ORUMS
DURING TRANSPORTATION,
13) DO NOT TRANSPORT
INCOMPATIBLE WASTE DRUNS
TOGE THER.




01-d

WAZARD ANALYSIS REPORT BY RISK

--F---C

ACT/FAC

ACTIVITY NAME

CAUSE/SCENARTOD

CONSEQUENCES

PROTECTIVE FEATURES

ACTIONS

2

2

1A

1A

1t A

WG / W

WG / W

Gel /
MURSF

GC2 /
MRSF

GC6 7 wutt

WU GLOBAL (INTERNAL AND
EXTERNAL) EVENIS

"M GLOBAL (INTERNAL AWD
EXTERNAL) EVENTS

LOAD CYLINDER FROM TA-5&
ONTO TRANSPORT VENICLE
AND MOVE 10 TA-63

TRANSPORT OF GAS CYLINDER
10 TA-63 MMSF

CYLINDER BREACHED

MEDIUM INTENSITY SEISNIC
EVENT WITH NORIZONTAL
ACCELERATION OF 0.17 G.

ACCIDENT DURING
TRANSPORTATION OF UASTE
(T0XIC GAS CYLINDERS OR
INCOMPAT IBLE UASIE DRUMS)
FROM WU STORAGE 10 CAl1 OR
OINER FACILITY.

WANDLING ACCIDENT \MILE
REMOVING CYLINDER FROW
STORAGE, (E.G., CYLINDER
FALLS BREAKING VALVE OR
CONNECTIONS OR RUPTURE OF
A CORRODED CYLINDER).

TRUCK ACCIDERT ON PUBLIC
ROAD BETVEEN TA-54 AND
TA-63 UITH BREACH OF GAS
CYLINDER(S).

TREATMENT SKID (VALVES

NIXING OF INCONPATIBLE
VASTES STORED [N ADJACENT
AREAS. VIOLENT REACTIONS,
POTENTIAL FIRE, AND
RELEASE OF TOXIC FUMES
(E.G., PHOSGENE, WCH).
NOTE: SHOCK SENSITIVE
MATERIAL NOT CONSIDERED
IN TNIS SCENARIO.
(B;8;A;8)

SPILL LEADING 7O TNE
UMMITIGATED RELEASE OF
TOXIC GASES. PUBLIC
EXPOSURE. (A;A;A;R)

RELEASE OF TOXIC GAS FROM

A SINGLE CYLINDER (E.G.,
CYANOGEN, ARSENIC
PENTAFLORIDE, Wf,
PHOSGENE). POSSIBLE
WORKER FATALITY,
(C;D;A;0)

POTENTIAL RELEASE OF
TOXIC GASES WITR PUBLIC
AND VORKER EXPOSURE.
(A;C;A;0)

RELEASE OF WIGHLY TOXIC

HEPA AND SCRUBBING

©1) REVIEV SEISNIC DESIGN
CRITERIA, (2) ENSURE TMAT
INCOMPATIBLE WMSTES ARE

AREAS. SEE POTERTIAL
MURSF FLOORPLAN DEVELOPED
BY PHA TEAN, (3) WININIZE
Of Most
FLAMMABLE/ TOXIC
MATERIALS, (&) ENCLOSE
THE W STORAGE AREA.

(1) CONSIOER ROAD CLOSURE
WHILE TRANSPORTING TNE
NOST BAZARDOUS MATERIALS
BEVVEEN LAB AREARS, (2)

OURING TRANSPORIATION,
(3) 0O XO1 IRANSPORT
INCOMPATIBLE UASTE DRUMS
TOGETNER.

(1) CONSIDER SECONDARY
CONTAINMENT FOR XNOUN
NIGHLY TOMIC GAS

GAS CYLINDERS,
COVERS SWOULD BE N PLACE
oN ALL CYLINDERS, (3)

TRAIR VORKERS 10 EVACUATE
16 UPVIND DIRECTION, AND

CONTINUOUS WiND DIRECTION
INDICATION, (5) CONSIDER
PROVECTIVE CLOINING FOR
MINED WASTE GAS RELEASE.

(1) PROVIOE ESCORI FOR
INE TRANSPORT VENICLE AWD
CONSIDER ROAD CLOSURE
DURING TRANSPORT, (2)
DRIVER IRAINING, (3)
RESIRICT WIGHI OR POOR
VEATNER DELIVERIES, (&)
CONSIDER SECOMDARY
CONTAIMWENT FOR CYLINDERS
OF QUESTIONASLE
INTEGRITY, UNKNOWN
CONTENTS, OR TWOSE
CONTAIRING MOST HICHLY
TOIC MATERIALS.

(1) (WDEPEWDENT
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NAZARD ANALYSIS REPORT BY RISK

ACT/FAC

ACTIVITY  NAME

CAUSE/SCERARIO

CONSEQUENCES

PROTECTIVE FEATURES

2

2

2

2

2

LA

11 A

GC6 /7 WTF

GC6 /7 WTF

cvt /
WWRSF

DUL /7 WITF

put /
MURSF

CYLINOER GREACNED

CYLIMDER BREACNED

TRUCK ENTERS FACILITY AND
DRIVES 10 DOCK (PLATING
WASTES).

YARD FORKLIFV DELIVERS
DEPLETED URANIUM WASTE
DRUM 10 TREATMENT ROOM
DCOR

TRUCK ENTERS AND DRIVES
10 DOCK

FOR CONTAINMENT VESSEL)
MISALIGNED BEFORE OR
AFTER CYLINDER BREACN.

INADVERTANT CUTTING OF
CYLINDER PRIOR 10 SEALING
VESSEL.

PRESSURE VESSEL
INCORRECILY SEALED (SuUCH
AS DOOR SEAL) OR SEAL
FAILS CAUSING LEAKAGE.

TRUCK ACCIDENT UITH
SREACH OF MULTIPLE UASTE
CONTAINERS LEADING 10
MIXING OF INCOMPATIOLE
VASTES. DUE 10 (1) NORMAL
TRANSPORT OF
INCOMPATIBLES, (2)
MISLABELED DRUMS.

FORKLIFT ACCIDENT DURING
TRANSPORT BETVEEM
BUILDINGS.

TRUCK ACCIDENT VITH FIRE
AND BREACN OF DEPLETED
URANIUM WASTE CONTAINER.

GASES (PWOSPINE, PROSGEN,
ARSINE, AND OTWERS) 10
ATMOSPHERE AND/OR
BUILDING. WORKER
FATALITY, POTENTIAL
COLOCATED WORKER AND
PUBLIC EXPOSURE.
(C;8;A;0)

RELEASE OF TONIC GAS §%10
ROOM, VORKER EXPOSURE AND
POSSIBLE FATALITY.
(D;0;A;D)

MINOR LEAK OF NIGWLY
TOXIC GAS (PWOSPMINE,
PHOSGEN, ARSINE) FROH
LEAKY SEALS, POTENTIAL
WORKER FATALITY.
(D:D:A;D)

POSSISLE PRODUCTION OF
HCN. WORKER(S) ENPOSED 1O
NCN GAS WITH POSSIBLE
FATALITIES, AND INARY TO
COLOCATED WORKERS. MINOR
ONSITE CONTAMINATION.
(8;8;R;C)

SPILL OF DRUN CONTENTS
VITH FIRE AND CRASH
INFLICIED INJURY 10
DRIVER. DRIVER EXPOSED 10
FIRE, FUMES AND DEPLETED
umaniuN. CONTARINATION OF
FACILITY (TA) VITH MINOR
OFFSITE COMTAMINATION.
(C;C;8;8)

RADIOACTIVE RELEASE 10
ATHOSPNERE DUE 10 BURKING
OF DEPLETED URANIUM.
TRUCK DRIVER
INCAPACITATED DUE 10
ACCIDENT, IS EXPOSED 1O
FUMES AND DEPLETED

SYSTEN.

VERIFICATION OF SYSIEN
ALIGIENT BEFORE CUTTING.
{€) USE PROCEDURE WITH
CRECKLIST, (3) PROVIDE
VALVE POSITION
1NDICATION.

€%) INSTALL INTERLOCKS TO
PREVERT SAW OPERATION
SEFORE SEALING AND
INERTING PRESSURE VESSEL.
(2) VERIFY DOOR CLOSURE
PRIOR 10 STARTING SAV.

(1) PERFORM CNECK OF
PRESSURE VESSEL SEAL
SEFORE CUTTING OPERATION.
(2) NININIZE TINE SETUEEN
CUTTING AND DISPOSAL OR
fltﬂﬂ'llltllll"lﬂ. 3
LOCZ.(E CONTROL PANEL AVAY
FRON SKID.

ADMINISTRATIVE CONTROLS;
(1) ANNOURCENENT OF
DELIVERY, (2) ORIVER
TRAINING, (3) RESIRICT
OTNER IMAFFIC DURING
DELIVERY. CONSIDER
REVIEW OF IRANSPORTATION
PROCEOURES, E.G.. (1)
RESTRICT THE
IRANSPORIATION OF
INCOMPATIBLE VASTES IN
SINGLE TRUCK, (2)
CONSIDER TRANSPORT OF ONE
DRUW AT A TIME.

MOVE ONLY ONE PALLET OR
ORUN AT A TIME, RESIRICT
OTHER VENICLE DURING
TRANSPORY .,

ADRINISTRATIVE CONTROLS
SUCH AS (1) ANNOUNCEMENT
OF DELIVERY, (2) ORIVER
aining, (8) mesimict
OTHER TRAFFIC DURING
DELIVERY.
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NAZARD ANALYSIS REPORT BY RISK

ACT/FAC

ACTIVITY NAME

CAUSE/SCENARIO

PROVECTIVE FEAVURES

ACTiONS

2

2

2

2

2

WSA /7 m*

WSA / m*

W2A / W

nis / we

s /7 W

MUTF CYANIDES AND
SULFIDES STORAGE

WUTF CYARIDES AND
SULFIDES STORAGE

W REACTIVES (GRCUP 2A)

WU ACIDS (GROUP 18)

W PCB (GROUP B)

|

F

ACCIDENT CAUSES
SIMULTANEOUS SPILL OF
CYANIDE AMD OTHER
NONCOMPAT IBLE UASTE
(E.G., N2SDA(18), OR
PERCHLORIC ACID(6A)) DUE
10 WISLABELING.

MERCURY OXYCYANIDE
DEVONATES DUE T WEATING,
FROM SNOCK OR FRICTION
(E.G., FORKLIFT
acciofnt).

ACCIDENT DUE TO MSAN
ERROR CAUSES SIMULTANEQUS
SPILL OF WATER REACIIVE
VASTE AND INCONPAT IBLE
VASTE DUE TO WISLABELING.
(E.G., REACTIVE WASIE
MIXEG WITH, SULFURIC
ACID(18), NAON(1A),
PERCHLORIC ACID(6A) OR
TRICHLORA ETNYLENE(SA))

FORKLIFT ACCIOENT OR
FREEZING CAUSING
SINULTANEOUS SPILL OF
ACID MATERIAL AND
INCONPATIBLE MATERTAL
(E.G., NAON(IA),

1 TROBENZENE (4A)
NYOROGEN PEROKIDE(6A),
METAL CYANIDE(SA),
LITHIUM KYDRIDE(2A)) DUE
10 MISLASELING.

MISLAGELED DRUM RESULTS
1% PCB ORUN BEING STORED
NEAR FLAMMABLE UASTE.

ACCIDENTAL BREACH OF THE

URANIUN. CONTAMINATION OF
FACILITY (TA) AND MiNOR
OFFSITE CONTAMINATION,
(C;C;8;0).

RELEASE OF TORIC GASES
(E.G., NCW AND CYANGu.H)
AND POSSIBLE EXPLOSION
AND FIRE. SEVERE VORKER
INARY. (B;8;8:C)

SMALL ENPLOSION LEADING
10 TONIC GAS (E.G.,
lmercumy rumes, CrARIDE
AND NOX} RELEASE. SEVERE
VORKER {NJURY DUE 1O
TOXIC GAS EXPOSURE.
(8;:8;9;C)

PRODUCTION OF NYOROGEN
GAS, POTERTIAL FIRE
AND/OR EXPLOSION AND
PRODUCTION OF TORIC FUMES
(E.G., WCN). SEVERE
WORKER INJURY. (8:9;8;0)

|POTENTIAL FIRE
EXPLOSION, NYDROGEN GAS
PRODUCTIOR AND TOXIC GAS
GENERATION (E.G., NCN).
VORKER | NJURY/EXPOSURE .
(8;8;8;C)

SURNING OF PCB UASTE.
OISPERSION OF PCB WASTE
10 THE ENVIRONMENT.
(8;8:8;8).

SEPARATE STORAGE BUILDING
FOR NAZARDOUS CYARIDE
UASTE.

FIRE SUPPRESSION SVYSTEN.

FIRE PROTECTION SYSTEW.

(1) CONSIDER ENCLOSING
INE WITF STORAGE BUILDING
AND PROVIDING WVAC, (2)
INSTALL A SCRUSBER
SYSTEW, (3) PROVIDE WCN
ANALYZER AND ALARM, (4)
VERIFY DRUM CONTENTS AND
LABELING AT VASTE
GENERATORS SITE, (S)
DEVELOP LAS VIOE
PROCEDURE (LAS ESEN
MANUAL) FOR WASTE
IDENTIFICATION AND
LABELING OF WASIE
CONTAIRERS.

DEVELOP AND ENFORCE
POLICY NOT 10 STORE
EXPLOSIVES OR SKOCK
SENSITIVE MATERIALS IN
THES BUILDING.

€1) VERIFY DRUN CONTENTS
AND LABELING AT WASTE
GENERATORS SITE, (2)
|oeveLor Lae viof
PROCEDURE (LAB €S2N
MANUAL) FOR VASTE
10ENTIFICATION AND
LABELING OF VASIE
COMTAINERS.

(1) VERIFY DRUN CONTENTS
AND LASELING AT UASTE
CENERATORS SITE, (2)
{oEveLoP LA winé
PROCEDURE (LAS £SENM
NANUAL) FOR WMSTE
IDENTIFICATION AND
LABELING OF VASTE
CONTAINERS, (3) STORE
WASTE 1IN ENCLOSED
SUILDING 10 PREVENT
FREEZING.

(1) VERIFY DRUM COMTEHTS
AND LABELING AT WASTE
GENERATORS SITE, (2)

IDEVII.W LAB VIOt
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WAZARD ANALYSIS REPORT BY RISK

ACT/FAC

ACTIVITY NAME

CAUSE/SCENARIO

CONSEQUENCES

PROTECTIVE FEATURES

ACTIONS

R---F---C
2 1ms
2 1118
2 e
3 1
31 10
3 10
3 10
3 10
3 10
3 10
1 nece

w8 7 W

GCT /7 WIIF

GCB 7 WUTF

oUs /7 miTF

nwG / wmse
we / W
G /7 me
Utz /

WTF

out? /
WUTF

LIng /
KT

LING /
HATF

W PCB (GROUP 8)

SAWPLE, ANALYZE, AWD
DISPOSE PRESSURE VESSEL
CONTENTS

SCRUBBING AND DISPOSING
OF CYLINDERS

VERMICULITE REMOVED ANO
BAGGED

WMMSF GLOBAL (INTERMAL
AND EXTERNAL) EVENTS

MMSF GLOBAL CINTERWAL
AMD EXTERNAL) EVENTS

M GLOBAL (INTERNAL AND
EXTERNAL) EVENTS

REDUCTION OF URANIUN
NYDRORIDE BY STDIUM
TRIOSULFATE TO URANIUM
DIOXIDE (DEPLETED URANIUM
PROCESS)

REDUCTION OF URANIUM
NYOROXIDE BY SODIUM
TNIOSULFATE TO URANIUM
DIOXIDE (DEPLETED URANIUM
PROCESS)

PRIMARY UASTE ORUM IS
GROUNDED AND OPENED USING
NON-SPARK TOOLS

YARD FORKLIFT DELIVERS
LITNIUM HYDRIDE TO
TREATMENT ROOM DOOR.

CONTAINERS LEADS TO FIRE
AND BURNING OF PCB UASTE.

SPILL OF PCB WASTE DRUM
DUE TO FORKLIFT ACCIDENT,
RELEASE 1O THE SUNP.

MISROUTING OF TONIC GAS
(E.G., GAS SENT 10
ATMOSPNERE) DUE TO MUMAN
ERROR, SCRUSBER FAILED OR
INEFFECTIVE.

RADIOACTIVE CORTALNER
NISLABELED AS WAZARDOUS
AND SENT OFF-SITE FOR
TREATNENT.

LEAK FROM TNE INNER DRUM
(DEPLETED URANIUM 1R OIL)
10 THE VERRICULITE.

LICHTNING STRIKES STORAGE
SUILDING.

LIGNTNING STRIKES STORAGE
BUILDING.

SPILLS DURING REDUCTION,
DECANTING, OR TRANSFER OF
LIOUIDS OR SEDIMENT.

SLURRY SPILLED DURING
CEMENTATION PROCESS
(1.€., OVERFiLL, TIPPED
OVER, ETC...)

LITRIUN NYORIDE
ENTRAIRMENT 1N THE VENT
SYSTEM WHEN PRIMARY DRUM
OPENED.

FORKLIFT ACCIDENT DURING
TRANSPORY BETUEEN
BUILDINGS.

POTENTIAL RELEASE 10 TWE
ENVIRONNENT TRROUGH TNE
SUMP SYSTEN. ONSITE

CONTARINATION. (D;D;0;8)

>

SUMP SYSTEN.

TOXIC GASES INADVERTENTLY |NONE

VENTED TO ATNOSPWERE,
EXPOSURE 10 PUBLIC
COLOCATED VORKERS AND
VORKERS CUTSIOE THE
BUILDING. (8;8:8;D)

VIOLATION OF REGULATIONS,

LOCALIZED MINOR OFFSITE
CORTAMINATION. (D;D;0;8)

POTENTIAL MINOR
COMTANINATION PROBLENS.
LEAK CONTAINED IN
OVERPACK. (D;0;D;0)

NOT A NAZARD. (D;D;D;D)
NO HAZARD. (D;D;D;0)

NOT A MAZARD. (D:;D;0:D)

ONLINE SAMPLING.

WSRF EQUIPED WITH
LIGNTRING RCDS.

ENCLOSED STORAGE
STRUCTURE .

EOUIPPED VITRH LIGNTINING
RODS.

MINOR WORKER EXPOSURE AND | NOME

FACILITY CONTAMINATION.
(0;0;0;0)

MINOR COMTAMINATION IN

TREATMENT ROOM. (D;0;0;0)

NEPA/SCRUBBER
CONTAMINATION UITR LIN
AND DEPLETED URANIUM.
(0;0;0:0)

SPILL OF DRUM CONTENTS,
VORKER COMTAMINATION (LIN
AND DEPLETED URANIUM).

PANUAL ) FOR WASTE

IDERTIFICATION AND
LABELING Of UASIE

CONTAINERS.

(1) INSTALL PROCEOURES 10
Iﬁﬂlﬂ SUMP LEVELS, (2)

: *mm (LAD ESRH

T€ST SUMP CONTENTS BEFORE
D1SCRARGE .

(1) PROVIDE SANPLING
ﬁnottm:s it
INDEPENDENT VERIFICATION,
(2) VERIFY SYSTEM LING-UP
PRIOR 10 ROUTING PRESSURE
VESSEL CONTENIS.

INDEPENDENTLY VERIFY
CORRECT LABELING.

If TRERE ARE INDICATIONS
OF A LEAK WNEN REMOVING
TNE .”JER DRUM, DONOL
REMOVE INE VERMICULITE.

DESIGH/OPERATE WOOD VENT
SUCH TNAT LIN ENTRATHNENT
NOT POSSIBLE.

(1) MOVE ONLY ONE PALLET
AT A TiNE, (2) RESIRICT
OINER VEMICLE DURING
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HAZARD ANALYSIS REPORT 8Y RISK

ACTIVITY  NAME

CAUSE/SCENARIO

PROTECTIVE FEATURES

ACTIONS

R---F---C] ACT/FAC

3 11 C [MMA 7 W
3 11 C |mKA 7 e
3 11 C [MKA 7 W
3 11 C |mKA 7 W
311 C |WA 7 W

WRSF FLAMMABLES (GROUP
4A)

T‘RSF FLANMASLES (GROUP
)

M FLAMMABLE STORAGE
(GROUP 4A)

M FLAMMABLE STORAGE
(GROUP &A)

W FLAMMASLE STORAGE
(GROUP &A)

SPILL OF LOM FLASH POINT
CHERICALS
(ACETHALWENYEC-38F),
FURAN (-32F), ANNTDROUS
ETNYL (-49F)) DUE 10
FORKLIFT ACCIDENT, CRANE
ACCIOENT OR CORROSION.

SPILL OF LOW FLASH POINT
CWERICALS
(ACETNALNENYE(-38F),
FURAN (-32F), ANNTOROUS
EINYL (-49F)) DUE TO
FORKLIFT ACCIOENT, CRANE
ACCIDENT OR CORROSION.
FIRE SUPPRESSION SYSTEM
OPERATIONAL .

FREEZING TEMPERATURES
CAUSES RUPTURE OF DRUW
AND SPILL OF FLAMMABLE
MATERIALS.

SPILL OF LOM FLASH POINT
CHEMICALS

(ACETHALWENYVE( -38F),
FURAN (-32F), ANNYDROUS
ETHYL ETNER (-49F)) DUE
10 FORKLIFT ACCIDEWT OR
CORROSION. FIRE
SUPPRESSION SYSTEM
OPERAT 1ONAL .

SPILL OF LOM FLASH POINT
CHEMICALS
(ACETMALNENYE(-38F),
FURAN (-32F), ARNVOROUS
ETATL ETWER (-49F)) DUE
TO FORKLIFT ACCIDENT OR
CORROSION.

ALSO FACILITY (TA}
CONTARIEATION. (D;D;C;C)

WORKER EXPOSED 10 TOXIC
FUMES. (D;0;C;0)

IGNITION OF FLAMMABLE

VAPORS LEADS 10 CONTAINED|SYSTEW CARSON
.|nssonstion sED 1N WEPA

FIRE 1N TNE STORAGE AREA
(D;0;C;D)

VORKER EXPOSED 10 TOXIC
FUMES. (D;D;C;D)

1GRITION OF FL

NOMBLE
VAPORS LEADS 10 CONTAINED

FIRE IR THE STORAGE AREA
(0;0;C;0)

WORKER EXPOSED 10

CHEMICAL FUMES. (D;D;C;D)

CARBON ABSORETION DED (N
NEPA FILIER, FIRE
SUPPRESSION SYSTEN.

(1) FIRE SUPPRESSION
@)

FILIER, AND SCRUBBING
SYSTEN.

FIRE SUPPRESSION SYSTEW.

TRANSPORT, (3)BREATNING
APPARATUS AVAILABLE 10
ORIVER, WITHIN REACH, (&)
NO TRANSPORIS DURING WET
WEATNER CONDITIONS.

INSTALL GAS ANALVZER WITH
ALARN.

(1) TREAT mIGMLY
FLAABLE MATERIALS ON AN
PRIORIIY BASIS, DO WOI
aLLow acoumurafions of
LARGE INVENTORIES, (2)
CONSIDER SPECIALLY
DESIGNED STORAGE
CONFIGURATION FOR TWE
MOST NAZARDOUS (LOW FLASH
POINT) FLAMMABLE UASTES
(3) INSTALL GAS DETECIOR
AND ALARN, (4) CONSIDER
ADDING A FLARE TO T%€
SCRUBBER STSIEW, (5)
CONSIDER IWERT FIRE
SUPPRESSION SYSTEM,
(€.G., INERT INE ROOW
VITR §2 UHEN THE GAS
ANALYZERS ALARM).
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ACI/FAC

ACTIVITY NANE

CAUSE/SCENARIO

PROTECTIVE FEATURES

RCTIONS

R---F---C
3 e
3 e
3 nec
3 ne
3 nec
3 e
3 ne
3 ¢

MI2A / W

L A

L

mex / w*

outé /

NUTF

WG /7w

GC6 / WITF

GCT 7 WITF

WMMSF REACTIVES (GROUP
2h)

MRSF NOWREGULATED UASTES
(GROUP 9)

W NONREGULATED WASTES
(GROUP 9)

MRSF DUALKING ROOM

REACTION COMPLETE.
SLURRY TRANSFERRED TO
REDUCTION/SETTLING TANK
(DEPLETED URANIUM
PROCESS )

W GLOBAL (INTERNAL AND
EXTERNAL) EVENIS

CYLINDER BREACNHED

SAMPLE, ANALYZE, AND
pisposE PRESSURE VESSEL
CONTENTS

VALK BENIND FORKLIFY
ACCIDENT OR OTMER EVENT
CAUSES SPILL OF WATER
REACTIVE WASTE.

SPILL OF AMNONIUN

SIFLORIDE DUE 1O OVERNEAD
CRANE OR FORKLIFY
ACCIDENT .

SPILL OF AMMONIUR
SIFLORIDE DUE 10 FORKLIFY
ACCIDENT OR FREEZING.

MMAN ERROR OURING
BULKING OPERATION LEADS
10 UASTE SPILL.

WAN ERROR (DEPLETED
URANIUN PROCESS).
MISALIGKMENT OF VALVES
DURING TRANSFER OF
URANIUN SLURRY tO
REDUCTION/SESTLING TANK.

INADVERTENT OPERATION OF
1%€ FIRE SPRINKLERS OR
RUPTURE OF WATER PIPING
DUE 10 CORROSION OR
FREEZ2ING (INCLUDING VATER
FROM EXTERNAL SOURCES).

PRESSURE VESSEL
INCORRECTLY SEALED (SUCH
AS DCOR SEAL) OR SEAL
FAILS CAUSING LEAKAGE.

MISROUTING OF TOXIC GAS
(€.G., GAS SEWI 10

ATMOSPHERE) DUE 10 MUMAN
ERROR OR
MISINTERPRETATION OF
SAMPL ING RESULTS.

F

VORKER EXPOSURE
CONTAMINATION Of STORASE
AREA. (D;D;C;D)

POTENTIAL VORKER
EXPOSURE. (D;D;C;0)

POTENTIAL VORKER
EXPOSURE. (D;T;C;D)

WYORKER EXPOSURE 10 TOXIC
CNEMICALS AND TOXIC
FUNES. (D;D;C;0)

SLURRY ROUTED 10 VASTE
VATER TANK, CEMENTATION
ORUM OR OIHER FACILITY
CONTAMINATION, WNINOR
WORKER Elmi.
(0;0;0;C)

MATER INTRUSION INTO
REACTIVE UASTE STORAGE
DRUNS, GENERATION OF
HYDROGEM GAS. (0;0;0;C)

LEAK OF MODERATELY TOXRIC
GAS FROM LEAKY SEALS.
(D;0;C;0)

TONIC GASES INADVERTENTLY
VENTED 1O ATWOSPRERE
THROUGH SCRUBBER SYSTEM,
MINOR EXPOSURE. (C;C;C;0)

(1) DRY CNEMICAL FIRE
SUPPRESSION SYSTEN, (2)
SCRUSBER SYSTEM, (§) VHE
SUWP CAPACITY 1§ TEW
PERCENT OF TWE INVENTORY
1N TWE ROOM, EQUIVALENT
10 TNREE SPRINKLER WEADS
DISCHARGING FOR 30
NINITES.

(1) URSTE IS OPENED AND
REPACKAGED mu FUME
WOOD, (2) USE OF
NOWSPARKING POOLS m
PROTECTIVE GEAR, £.G
SUIT, FACE SWIELD.

WEPA AND SCRUSSER SYSTEM.

CONSIOER RELOCATION OF
AIGHIUR BIFLORIDE D ONE
OF TNE REGULAIED AREAS,
SUCH AS CAUSTIC(IA).

CONSIOER RELOCATION OF
AMMONIUN BIFLORIDE TO ONE
OF THE REGIRATED AREAS,
SUCK AS CAUSTIC(TA).

(1) INSTALL SUWP NIGH
LEVEL ALARNS, (2)
PERIODIC VALKDOMWM OF TNE
FACILITY,

(1) PERFORN CNECK OF
PRESSURE VESSEL SEAL
BEFORE CUTTING OPERATION.
(2) MININIZE TIME BETUEEN
CUTTING AND DISPOSAL OR
RECORTAINERIZATION. (3)
LOCATE CONTROL PANEL AVAY
FROM SKID.

(1) VERIFY SYSTEM LINE-UP
PRIOR TO ROUTING PRESSURE
VESSEL COMTENIS.
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ACT/EAC

ACTIVITY NAME

CAUSE/SCENARIO

CONSEQUENCES

PROTECTIVE FEATURES

ACTioNS

R---F---C
T
3 e
L ENT
LT
3 e
3 I
3 me
3 e

GC7 j WIF

ouis /
NUTF

Lintg s
WJTF

LIN3 ¢/
HUTF

Limis 7
WJTF

LIN /
MTF

LInS /
HuTF

LINIS /
L1

SANPLE, ANALYZE, AWD
DISPOSE PRESSURE VESSEL
COMTENTS

OPEN REACTOR AND WASTE
ORUM AND CHECK RESIDUAL
CONTENTS

LITNIUM NYDRIDE REACTED
WITH VATER IN TRE
NUMIDIFIER

LITHIUN NYDRIDE REACTED
VITH VATER IN THE
WUMIDIFIER

SULFURIC ACID ADDED YO
LITHIUN NYDROXIDE

YARD FORKLIFT DELIVERS
LITHIUX WYDRIDE 10
TREATMENT ROCH DOOR.

MITE OVERNEAD CRANE
DELIVERS LITNIUM NYDRIDE
DRUM TO SANPLE ROOM.

SULFURIC ACID ADDED TO
LITRIUM NYDRORIDE

INCONPLETE VENTING OR
SCRUBBING OF TNE PRESSURE
VESSEL DUE 10 WMAN
ERROR.

UKREACTED URANIUM FINES
IGNITE 1N PRESENCE OF
OXYGEN UHER INNER DRUM
LID OPENED TO CHECK
COMTENTS (DEPLETED
URANIUM PROCESS).

EXNCESS MOISTURE
INTRODUCED DUE YO
MUMIDIFIER MALFUNCTION OR
CONTROL FAILURES (E.G.,
THE INLET VALVE 1O THE
PATK COLUMN FAILS OPEN).

Ul OF CONTROL REACTION
DUE 10 THE USE OF AlR
INSTEAD OF {WMERT GAS IN
THE REACTION PROCESS (LiIW
PROCESS).

NUMAN ERROR LEADS 10
H2S06 SPILL.

FORKLIFT ACCIDENT DURING
TRANSPORT SETVEEN
BUILDINGS.

LITRIUM NYDRIDE WASTE
DRUM DROPPED WMILE MOVIHG
INTO SAMPLE ROONM.

NINING OF ACID (N2S04)
VITH PARTUALLY REACTED
LIN (UNREACTED).

VORKER EXPOSURE 10
RESIDUAL TONIC GASES UPON
OPENNING TNE PRESSURE
VESSEL. (B;B;C;D)

FIRE 1N ORUM, POSSISLE
WORKER INNALATION,
(0;D;C;0)

TEMPERATURE EXCURSION IN
TNE REACIOR SED. VERY
MIGR GENERATION RATE OF
HYDROGEN EXCEEDS DILUTION
CAPABILITY OF THE
EQUIPMENT. FORMATION OF
EXPLOSIVE OR FLAMMABLE
MIRTURE (M2 & Ml;sll me

HMIDIFIER,
EXPLOSION/FIRE, WORKER
insumy awo faclLiTy
|oAMAGE /CONTARINAT 10N
(0;0;C;C)

LITRIUM NYDRIDE
EVAPORATES AND
CONIAMINATES TNE
SCRUBBING SYSTEN.
(D;0;D;:C)

WORKER INJURY DUE 10 ACID
SURN. (0;0;C;0)

SPILL OF ORUM CONTENTS
POSSIBLE FIRE AND L1TMiUM
WYDRIDE FUMES INMALED SY
INE DRIVER. POSSIBLE
DRIVER [#JURY AND
CONTAMINATION WITH
DEPLETED URANIUN WASTE.
(P;0;8;C)

COMTAINER SREACH WITR
‘Sgll OF LiN POUDER.

KER
ENPOSURE/ INNALATION OF
LIN POUDER AND DEPLETED
URANIUM. (0;D;8:D).

GENERATION OF NYOROGEN,
POSSIBLE FIRE/EXPLOSION
VTN VORKER INJURY AND
FACILITY CONTAMINATEION,

(1) VORKER 10 VEAR
PROVECTIVE EQUIPNENT
(INCLUDING SCBA) WNEN
OPENNING PRESSURE VESSEL.

WORKER SNOULD BE EQUIPED
VITH RESPIRATORY
PROTECT ION.

(1) INCREASE DESIGH
WUNIDIFIER SAFELIY (2)
INSTALL WUMIDETY
ANALVZER, 1EMPERATURE
ANALYZER, AND NYDROGEN
ANALYZER

(1) PROCESS SAFETY

[MEASRMES ANS

ADMINISTRATIVE CONTROLS

(2) PROVIOE SPECIAL

“mcvms FOR N1 TROGEN
S

(1) WOVE ONLY ONE PALLE!
AT A TINE, (2) RESIRICT
otver venicLe ouring
TRANSPORT, (3)BREATNING
APPARATUS AVAILABLE 10
me, VITHIN REACN, (4)
N0 TRANSPORTS OUMING WET
VEATHER CONDITIONS.

WORKER 1O VEAR PROTECTIVE
CLOTNING AND SREATNING
APPARATUS DURING MOVEMENT
OF DRUM WITH WOIST.

NIX UNDER WITROGEN
ATROSPHERE
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R---F---C] ACI/FAC ACTIVITY NAME CAUSE/SCENARIO CONSEQUENCES PROTECTIVE FEATURES ACTIONS
(0;0:8;C)
3 111 B [MSA 7 mrt [MmSE CYANIDES AND EXTERNAL FIRE CAUSES TNERMAL DECOMPOSITION OF |FIRE SUPPRESSION (AT FIRE|PROVIDE NCN ANALYZER AND
SULFIDES (GROUP SA) CYANIDE COMPOUNDS CYANIDE LEADING TO YORIC |INITIATION LOCATION) AND [ALARM.
(CYANOGEN BROMIDE) 10 GAS RELEASE (E.G., WCN  |SCRUBBING SYSTEN.
DECOMPOSE. AND CYANOGEN), LOM LEVEL
RADIOACTIVE COMTAMINATION
19 FACILITY. (D;D;8;C)
3 111 B |MSA 7 M [MMSF CYARIDES AND MERCURY ORYCYANIDE SMALL EXPLOSION LEADING |SCRUBBIKG SYSTEM. DEVELOP AND ENFORCE
SULFIDES (GROUP SA) OETOMATES DUE 1O WEATING, [10 TOXIC GAS RELEASE. POLICY NOT 10 STORE
FROM SNOCK OR FRICTION |SEVERE WORKER 1NJURY DUE EXPLOSIVE AND SWOCK
(E.G., FORKLIF1 10 TONIC GAS EXPOSURE. SENSITIVE MATERIALS AT
ACCIDENT). (0;0;8;0) TA-63.
3 111 B |WSA 7 WI*|MITE CYANIDES AND EXTERNAL FIRE CAUSES INERMAL DECOMPOSITION OF |NONE PROVIDE NCM ANALYZER AND
SULFIDES STORAGE CYANIDE CONPOUWDS (E.G., |CTANIDE LEADING 10 TOXNIC ALARM.
CYANOGEN BROMIDE) 10 GAS RELEASE (E.C., WCW
DECOMPOSE . AND CYANGGEN). (D;D;8;C)
3 111 8 |me2A 7 e JURSF REACTIVES (GROLP VALK BENIND FORKLIFTY NYDROGEN EVOLUTION, (1) DRY CNEMICAL FIRE (1) INSTALL WYDROGEN
28) ACCIDENT OR OTWER EVENT |POTENTIAL FIRE/ENPLOSION |SUPPRESSION SYSTEN, (2) |ANALYZER AND ALARM.
CAUSES SPILL OF WATER IN SUMP. POSSISLE RELEASE [SCRUBBER SYSIEN (i) m™me
REACTIVE UASTE INTO THE |OF TOXIC METAL FUMES. LOU]SUMP CAPACITY 1 1En
SUMP WiTH WATER PRESENT |[LEVEL RADIOACTIVE PERCENT OF INE INVENIORY
1IN INE SUMP., CONTARINATION TWROUGNOUT [N TWE ROON, EOUIVALENT
THE FACILITY. (D;D;B;C) |10 THREE SPRINKLER WEADS
DISCRARGENG FOR 30
RINUTES, (&) SUNP SHGIRD
st MAINIAINED FREE OF
WATER, (5) RESTRICT USE
Of WATER IN THIS STORAGE
AREA.
3 111 8 |MU28 7 WU |MRSF REACTIVES (GROUP  |ACCIDENT CAUSES PRODUCTION OF NVOROGEN |FIRE PROTECTION SYSTEM, (HONE
28) SIMULTANEOUS SPILL OF GAS, POTENTIAL FIRE SCRUBSER SYSTEM.
WATER REACTIVE VASTE AND [AND/OR EXPLOSION AND
INCOMPAT ISLE VASIE DUE TO|PRODUCTION OF TOXIC
WISLABELING. (E.G. FUMES. SEVERE MORKER
REACTIVE VASTE RIXED INJURY, AND LOW LEVEL
VITH, SULFURIC ACID(18), |RADIOACTIVE COMTAMINATION
NAON(1A), PERCRLORIC TNROUGHOUT TNE FACILITY,
ACID(SA) OR TRICHLORA (D;D;8;C)
ETRYLENECLA))
3 1118 [WZA 7 e |M REACTIVES (GROUP 2A) |WATER INTRUSION INTO TNE [RUPTURE OF DRUM DUE 10 |wome (1) RESTRICT USE OF WATER
STORAGE DRUM (TRROUGH NYDROGES EVOLUTION, IN TWE REACTIVES STORAGE
EXISTING BREACH 1M DRUM) |POTEWTIAL F’RE/EXPLOSION. AREA, (2) ENCLOSE INE
DUE TO NUMAN ERROR OR POSSIBLE RELEASE OF TOXIC BUILDING FOR VATTR
RUPTURE OF VATER LINE IN |METAL FUMES. (C:C;8;0) CONIRGL AND FIRE
1NES AREA. SUPPRESSION EFFICIENCY.
3 111 8 |WTA 7 W {MMSF GASES (GROUP 7A)  |SREACH OF CTLINDER RELEASE OF MODERATELY WEPA AND SCRUSSING (1) TRANSPORI AND STORE
! (NOW-LEGACY) DUE 10 TOXIC GASES (M2S, W02,  |SYSIEM. CYLINDERS SECURELY, (2)
ACCIDENTAL CAUSES (E.G., |AND OTHERS). \ORKER COWSIDER INSTALLATION OF
CYLINDER OROPPED AND EXPOSURE. (C;C;8;0) A FLARE AND/OR A SPECIAL
REGULATOR LINE BREAKS). SCRUBBER FOR WIS
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r---¢  r| act/eac ACTIVITY MAME CAUSE/SCENARID CONSEQUENCES PROTECTIVE FEATURES ACTIONS

FACILITY, (3) INSTALL GAS
loeteciond A ALamms, (&)
CONSIDER SECONDARY
CONTAINMENT FOR MOST
WAZARDOUS CVLINDERS, (5)
GAS CYLINDERS 10 SE
PROCESSED VITN NIGM
PRIORITY, (6) VORK 1N
1HIS AREA 10 BE PERFORMED
MITH PROTECTION (1.E.,
VEAR SCBA, OPERATE UWDER
INE BUDDY SYSTEM), (7)
PROTECTIVE CAP FOR
CYLINDER REGULATORS
SWOULD BE IN PLACE AT ALL
T1IMES., (B) SIORE GAS
crLiméns In AN ENCLOSED

AREA.
3 L1 8 |MUTA 7 Wt [MURSF GASES (GROUP 7A) EXTERNAL FIRE C(INITIATED [PRESSURIZATION AND (1) FIRE PROTECYION STORE GAS CYLINDERS N AN
VITNIN THE MURSF RUPTURE OF GAS CYLINDERS.ISYSTEN, (2) WEPA AW ENCLOSED AREA.
BUILDING). MODERATELY TONIC GAS SCIIIG'IG SYSTEM, (3)
RELEASE AND POTENTIAL FUSIBLE PRESSURE RELIEF.
CYLINDER MISSILE
GENERATION. (C;C;8:C)
3 151 8 [MI7A /7 Wu* MW GASES (GROUP 7A) SREACNH OF CYLINDER RELEASE OF MODERATELY NONE (1) TRANSPORY AND STORE
(WON-LEGACY) DUE 10 TOXIC GASES (W2S, KO2, CYLINBERS SECURELY, (2)
ACCIDENTAL CAUSES (E.G., JAND OTHERS). VORKER CONSIDER SECOWDARY
CYLINDER DROPPED AND EXPOSURE. (C;C;8;0) COMTAINWMENT FOR NOST
REGULATOR LINE BREAKS). BAZARDOUS CYLINDERS, (3)

GAS CYLINDERS 10 BE
PROCESSED V1IN NIGN
PRIORITY, (&) VORK N
RIS ARER 10 BE PERFORNED
WITH PROTECTION (I.E.,
VEAR SCBA, OPERATE UNDER
INE BUDDY SYSIEM), (5)
PROTECTIVE CAP FOR
CYLINDER REGULATORS
SWOULD BE IN PLACE AT ALL
TINES, (6) COMSIOER
SIORING GAS CYLINDERS IN
ENCLOSED RGN IN AN
INCLOSED SUILDING.

3 tit 8 |Wu7A 7 WUt |M GASES (GROUP 7A) EXTERNAL FIRE. PRESSURIZATION AND FIRE PROTECTION SYSTEM (1) INIVIATE FIRE
RUPIURE OF GAS CYLINDERS.|FUSIBLE PRESSURE lEllE‘. SUPPRESSION SPRINKLERS
MODERATELY TOXIC GAS GIVEN FIRE N ADJACENT
RELEASE AND POTENTVIAL AREAS, (2)STORE GAS
CYLINDER MISSILE CYLINDERS iN AN ENCLOSED
GENERATION. (C;C;8;C) AREA.
3 111 8 |mItA 7 Wi [MMSF CAUSTICS (GROUP 1A)|SODIUM AZIDE EXPLODES DUE [EXPLOSION AND RELEASE OF |FIRE PROTECTION AND BO WOV ACCEPT/ALLOM
10 SEVERE SWOCK, WEAT OR [TOXIC GAS (NOX). SCRUBBER SYSTEN. SODIUM AZIDE IW THE

FRICTION. (D;0;8;C) WISRE .
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R---F---c| ACI/FAC ACTIVITIY NAME CAUSE /SCENARIOD CONSEQUENCES PROTECTIVE FEATURES ACTiONS
3 111 8 [mia 7 mut{mursE CAUSTICS (GROUP 1R} ERTERNAL FIRE RELEASE OF MODERATELY FIRE PROTECTION AND NONE
TONIC GASES. VORKER SCRUBSBER SYSTEN.
INURY. (0;C;8;C)
3 1118 |MIA 7 me | CAUSTICS (GROUP 1A)  [SODIUM AZIDE EXPLODES DUE |EXPLOSION AND RELEASE OF |FIRE PROTECTION SYSTEM. [DEVELOP AND ENFORCE
10 SEVERE SWOCK, WEAT OR [TONIC GAS (NOX). STIRICT POLICY NOT 10
FRICTION, (C;C;9;C) STORE EXPLOSIVES OR SHOCX
SENSITIVE MATERIALS IN
IS BUILDING.
3 111 8 [wmita 7 mue|ms causTICS (GROUP 1R) FORKLIFT ACCIDENT OR POTENTIAL FINE, FIRE SUPPRESSION SYSTEM. [ENCLOSE TWE MJTF STORAGE
FREEZING CAUSING expPLOSION, GAS SUILDING 10 PREVENT
SIMULTANEOUS SPILL OF PRODUCT 1OR AND WEAVY FREEZING.
CAUSTC MATERIAL AND NETAL FUNE GENESATION.
INCOMPAT IBLE VORKER INJURY/ENPOSURE .
MATERIAL(E.G., W2s04(18), }(c;C 80>
w1 snosenzene(da)
PERCNLORIC ACID(8A),
|wETAL CYANIDE(SA) LITHIUN
WYDRIDE(2A)) DUE 10
MISLABELING.
3 111 8 |muta 7 st |me CAUSTICS (GROUP 1A)  JERTERNAL FIRE RELEASE OF WODERATELY FIRE PROTECTION SYSTEM. [NONE
TOXIC GASES. WORKER
inumy. (C;C:;8;C)
3 111 8 [mits 7 mue|mmss ACIDS (GROUP 18)  [SPILL OF A SINGLE ACID TONIC GAS RELEASE (E.C., (1) SCRUBBER SYSTEM. (2) |(1) VERIFY CONSTRUCTION
VASTE DRUM DUE 10 WE). VORKER EXPOSIME b |INE SUIw CAPACITY 1S TEN [MATERIAL OF STORAGE
CORROSION OR CRANE INJURY DUE TO CONTACT PERCENT OF TRE INVENTORY [CONTAINER AND INE SUWP
ACCIDENSS. VITH GAS/LIOUIDS. 1N THE ROOM, EQUIVALENT |[SYSTEW, (2) FRECUENT
(D;0;8;D) 10 TNREE SPRINXLER NEADS tsPeciions, (5) INSTALL
DISCHARGING fOR 30 GAS DETECTORS, (4) DO WO?
NINUTES. anm ARY UMNECESSARY
ACTIVITIES WMILE TWE
SCRUBSER 1S DOMMY. (5)
REVIEU/CONSIDER STORING
RE 1IN GAS CYLINDER AREA
(GROUP 7A).
3 111 8 |mi1B 7 e |mmsE ACIDS (GROUP 18)  [SPILL OF A SINGLE ACID  |TOXIC GAS RELEASE (E.G., |INE SUNP CAPACITY IS TEN €1) VERIFY CONSTRUCTION
VUASTE ORUM DUE 70 NF OR NCL). VORKER PERCENT OF TNE INVENTORY rnlnm OF SIORAGE
CORROSION OR CRANE EXPOSURE AND ENJURY. 1N THE ROON, EQUIVALENT [CONTAINER AND THE SUW
ACCIDEWIS. SRCUSSER %OT |(C;C;8:D) 10 IMMEE SPRINKLER NEADS |SYSTIEM, (2) FREGUEAT
OPERATIONAL, BUT BLOVER DISCHARGING FOR 30 wuseections, (3) instaLL
IS VORKING. NINUTES. ca3 pEIECIORS, (4) DO wO?
PERFORN ANY LAWECESSARY
ACTIVITIES WMILE TNE
SCRUBBER 1S DOWNM.
3 111 8 |miIe 7 Wue|MMSF ACIDS (GROUP 18)  EXTERKAL FIRE RELEASE OF MODERATELY FIRE PROTECTION AND wone
1OXIC GASES. WORKER SCRUBBER SYSTEN.
INJURY. (D;C;8;C)
3 111 8 |wute 7 mut i ACIDS (GROUP 1) SPILL OF A SINGLE ACID TOXIC GAS RELEASE (E.G., [NOWE €1) VERIFY CONSTRUCTION
VASTE ORUM DUE 10 MF OR NCL). VORKER MATERIAL OF STORAGE
CORROSION, FREEZING OR EXPOSURE AND INJURY. CONTAINER AND THE SUMP
CRANE ACCIDENTS. (C;C;8:D) SYSIEM, (2) FREQUENT
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R---F---C

ACT/FAC

ACTIVITY NAME

CAUSE/SCENARIO

PROTECTIVE FEATURES

ACTiONS

w7 W

|mmx 7

LA

nG 7w

Linio /
L

Linte 7
L 114

Lini2 /
L 112

WV ACIDS (GROUP 18)

JM /7 W* 1MMSF NONREGULATED WASTES

(GROUP ©)

|WRSF BULKING ROOM

MMSF QULKING ROON

MMSE GLOBAL (INTERNAL
AND EXTERNAL) EVENTS

CONTENTS OF LIN WMSTE
|oRUM VISUALLY INSPECTED
AND SAWPLED

KANUALLY LOAD MMIDIFIER
TRAYS WITH LITHIUM
NYDRIDE

|mAMUALLY LOAD WUMIDIFIER
TRAYS WITR LITHIUM
NYDRIDE

EXTERNAL FIRE INIYVIATED
WITNIN FNE BUILDING.

ACCIDENTAL SPILL OF
INCOMPATSBLE WASTES
ROUTINELY STORED IN
WONREGULATED AREA (E.G.,
MISLABLED, TENPORARY
SIORAGE, OR DO NOT BELONG
IN OTWER DEFINED
KREGULATED AREAS)

OPERATOR OPENS WMISLABELED
VASTE CONTAIRER.

INCONPATIBLE UASTE ARE
MINED DURING REPACKAGING
PROCESS OUE 10
MISLABELING OR OPERATOR
ERROR.

INADVERTENT CPERATION OF
INE FIRE SPRINKLERS OR
RUPTURE OF UATER PIPING
DUE 10 CORROSION, IN TNE
SULKING ROOM DURING
BULKING OPERATION.

LIN PRINARY DRUM OPENED
AWD LEFT OPEN FOR AN
EXTENDED PERIOD OF TINE.

SPILL OF LITNIUN WYDRIDE
\:::%: LOADING MUMIDIFIER

EXCESS LITHIUN NYDRIDE
(AFTER MMIDIFIER TRAYS
FILLED) MOV RESEALED IN
THE PARTIALLY FILLED

RELEASE OF MUDERRYELY
10XIC GASES (E.G.,0F).
WORKER INJURY. (C:C;:8;C)

FIRE AND RELEASE OF TOMIC
GASES. (C;C:8;C)

POTENTIAL UORKER EXPOSURE
70 NIGHLY TORIC CRENICALS
ANO TOXIC FUMES,

POTENTIAL FIRE. (D;0;8;C)

VIOLENT REACTION, RELEASE
OF TOXIC CAS VITH VORKER
EXPOSURE AND FACSLITY

CONIAMINATION. (B:D;8;C)

VATER NIXING VITR UATER
REACTIVES OR ACIDS CORD
CAUSE WORXER INJURY.
(D;0;8;0)

FIRE WITR SAWPLE ROOW
CONTANINATION AND WORKER
INNAL NTION. (D;0;8;C)

pm:mt ll:lll.l NYDRIDE
EXPOSURE / INRALATION.
(D;D;8;0)

PUSSIBLE LiTR:UN WYDRIDE
FIRE, YORXIR
EXPOSURE 7 IKRATAT 0N,
(0;D;8,;03

FIRE PROTECTION SYSIEN.

FIRE PROTECTION AND
SCRUBBER SVSTENS.

(1) VASTE 1S OPENED AND
REPACKAGED WMDER FUNE
WOOD, (2) USE OF
NONSPARKING TOOLS, (3)
PROTECTIVE GEAR, £.6.
SUIT, SACE SHIELS.

(1) FURE NOOD AND FIRE
supsasecion SYSTEN, (2)
FULL PROIECTIVE GEAR,
E.G. SUIIS, FACE
SHIELDS).

POTENTIAL LITHILM NYDRIDE |NONE

INSPECTIONS, (3) EWCLOSE
INE WUTE STORAGE
SUILOING.

STORE WASTE 0N ENCLOSED
SUILOING TO PROVIDE
SCRUSDING OF RELEASE AWD
NIKINIZE PUBLIC AWD
COLOCATED WORKER
ENPOSURE

.

(1) CONSIDER ELININATING
LS AREA, (2) CLASSIFY
AND STORE ALL
NONREGUALATED WASTES IN
CONPATIBLE REGULATED
AREAS, (3) ENCLOSE INE
WONREGURATED AREA.

VORKER SNOLD VEAR
PROVECTIVE EQUIPMENT.

lmn SNOURD VEAR
PROTECTIVE COUIPMENT.

(1) OO NOT LEAVE OPEN
VASTE CONTAINERS IR
GUALXING RODM, (2)
CONSIDER USE OF DRY
CHEMICAL FIRE SUPPRESSION
SYSICH tN THE SULKING
ROON.

|minimeze voe vimE twat
INE LETAIUM NYDRIDE MAY
9F EXPOSED 10 AIR. QOOM
WMIOITY SNORD BE

{MOW | TORED/CONTROLLED..

(1) VORKER SNOLD WVEAR
PROTECTIVE CLOTNIRG AND
SREATNING APPARATUS (2)
ENCLOSE VORKER AREA (3)
PROVIDE VERTILLATION

(1) VORKER SROULD EAR

PROTECTIVE CLOINING AND
SREATHING APPARAIUS (2)
ENCLOSE LOADING AREA (3)
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ACE/FAC

ACTIVITY WNAME

CAUSE/SCENARIO

PROTECTIVE FEATURES

ACTIONS

3 1 c

LINt /
MURSF

LIint 7
MURSF

LING /

L

LING /
WITEF

Lintt /
nTE
cvir /

WITF

Lin2 /
MURSF

TRUCK ENTERS FACILITY AND]TRUCK ACCIODENT WITN FIRE
DRIVES TO MMSF DOCK (LIH]AND BREACK Of LITnIun

PROCESS)

HYDRIDE UASTE CONTAINER.

TRUCK ENTERS FACILITY AND|TRUCK ACCIDENT AND BREACH

DRIVES TO MUMSF DOCK (LIN|OF MUALTIPLE CONTAINERS O'ﬁ

PROCESS)

OVERPACK DRUN 1S OPENED
AND [NWER LIN ORUM 1S
LIFTED WITH CRANE

PRIMARY UASTE DRUM IS

INCOMPAT IBLE WASTES.

DRUN CONTENTS SPILLED DUE
10: (1) CLAXP COMES
LOOSE, OR (2) LID FALLS
OFF; ANG IGNITION OF LIN
POUDER.

OPERATOR FAILS TO FOLLOU

GROUWDED AND OPENED USING|PROCEDURE WMILE OPENING

NON-SPARK T1ODLS

PRINARY LITHIUN RYDRIDE
DRUN TRANSFERED 10 SKXID
WITH CRARE.

PLATING URSTE CONTAINER
TRANSFERED 0 SKID WiITH
CRANE OR MANUALLY.

VALK CENIND FORKLIFT

LIN INNER UASTE DRUM
(1.€., USES WRONG TODLS,
DRUN #O1 GROUNDED,
NISPOSITIONING OF TNE
VENT WOOD, EIC...).

DRUN CONTENTS SPILLED OUE
10: (1) CLAWP COMES
LOOSE, (2) L1D FALLS OFF,
(3) CRANE ACCIDENT.

COMTAINER CONTERTS
SPILLED DUE 10: (1) CLAW
COMES LOOSE, (2) CAP
FALLS OFF, OR (3)
CONTAINER 1S DROPPED.
(PLATING UWASTES)

LITRHIUM NYDRIDE WASTE

TRANSFERS L1THIUN NYDRIDE [ORUM PUSHED OFF OOCK oR

VASTE DRUM TO ENCLOSED
STORAGE ROOM.

TRUCK 8Y FORKLIFT.

LITHIUR NYDRIDE RELEASE
10 AIMOSPRERE DUE 10
SURNING OF LIN POUDER.
TRUCK DRIVER EXPOSURE 10
LIN/OU AND WINOR DEPLETED
URANIUN COMTAMINATION
VITHIN TNE FACILITY,
(0;0;8.0).

N2 GAS RELEASED AW
DISPERSED. POSSISLE
FIRE, DRIVER EXPOSED 10
LIN/OU AND MINOR DEPLESED
URANIUR CONTAMINATION
VITHIN TNE FACILITY.
(0;0;8;D).

SPILL OF DRUN CONTENTS
WITH FIRE. VORKER
EXPOSURE 10 LIN AND
DEPLETED URANIUM POUDER
AND INNALATION OF FUMES.
(D;0:8:0)

SNORT DURATION NYDROGEW
FIRE UPON OPENING TWE
PRINARY UASTE ORUW,
POSSIBLE LiN 1GKITION.
VORKER EXPOSURE 1O LIN
AND DEPLETED URANIUM,
INNALATION OF FUMES.
(0;0:8;C)

WORKER
EXPOSURE/INNALATION OF
LETHIUM RYORIDE POMDER
AND DEPLETED URANIUM.
(0;D;8;C)

SPILL OF UASTE CONTAINER
COMTENTS. POTENTIAL
VORKER EXPOSURE AND
INJURY. (D;D;C;D)

CONTAINER BREACH, LIN/DV
SPILL IN DOCK AREA,
COMTACY UITH UATER,
POSSIBLE FIRE AND WORKER
INJURY (D;0;C;C).

|owe

PROVIDE VENTILATION
ADNINISTRATIVE CONTROL

s
SUCH AS (1) ANNOUNCEMENT
OF DELIVERY, (2) DRIVER
maininG, (3) RESIRICT
OTNER TRAFFIC DURING
DELIVERY, (&) NO VET
VEATHER DELIVERIES.

ADNINISTRATIVE CONTROLS
SUCH AS (1) ANWCUNCENENT
OF DELIVERY, (2) DRIVER
maInInG, (3) RESTRICY
OTRER IRAFFIC DURING
DELIVERY, (&) WO VET
VEATHER DELIVERIES, (5)
DO NOT (RANSPORT
INCOMPATISLE VASTES

. |10cETHER (6) TRANSPORY

ONHE ORU AT A TINE

OPERATORS SWOULD USE SELF
CONTAIRED BREATHING
APPARATUS.

VORKERS SWOULD VEAR
PROTECTIVE CLOINING, ANO
USE SELF CONTAINED
SREATHING APPARATUS.

WORKER T0 VEAR PROTECTIVE
CLOTRING AND SREATRING
APPARATUS DURING NOVEMENT
Of DRUN ViTH NOIST.

ENSURE THAT TNE

LOAD ING/UNLOAD ING ARER,
INCLUDING THE SUWP S ORY
PRIOR 10 DELIVERY.
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R---F---C| ACI/ZFAC ACTIVITY MANE CAUSE/SCENARIO CONSEOUENCES PROTECTIVE FEATURES ACIIONS
3 e fLm g VALK SENIND FORKLIFT FCRKLIFY DRIVES OFF DOCK |CONTAINER OREACH ﬂm %20 SPRINKLER SYSTEM IS
MASF TRANSFERS L1THIUM WYDRIDE{OR TRUCK WWILE 1GNITION OF LIN/SY |wor REcoewoED.
WASTE DRUM 7O ENCLOSED TRANSPORTING LETHNIUN SPILLED 1M DOCK AREA DUE
STORAGE ROOM. WYDRIDE WASIE DRUM. 10 COMTACT VITK WATER OR
INCOMPATIBLE VASTES,
POSSIBLE FIRE AND UORKER
1nJuRY (0:0;C;C).
3 118 ¢ jLms g VALK SENIND FORKLIFT LITHIUN RYDRIDE WASTE CONTAINER BREACE, LIN NONE ENSURE THAT TNE
mmSSE MOVES LITNIUM HYDRIDE DRUM PUSHED OFf DOCK BY |SPILL IN DOCK AREA, LOADING/UNLOADING AREA,
DRUM 10 DOCK FROM FORKLIFT, CONTACT MITH WUATER, INCLUDING TNE SUMP IS DRY
ENCLOSED STORAGE ROOM POSSISLE FIRE AND VORKER PRIOR O DELIVERY.
INJURY (D;D;C;C).
3 e jumdy VALK SERIND FORKLIFT FORKLIFT DRIVES OFF DOCK |COMTAINER SREACH jwowe %20 SPRINKLER SYSTEM IS
MmSF WOVES LITHIUN WYDRIDE WHILE TRANSPORTING IGHITION OF LIN SPILLED [NOT RECOMMENDED.
DRUM 10 DOCK FROM LETHIUM NYDRIDE UASTE IN DOCK AREA DUE 10
ENCLOSED STORAGE ROOM Wom. CONTACT WITH WATER OR
INCONPATIBLE WMSIES,
POSSIBLE FIRE AND UORKER
INJURY (D;D;C;C).
3 111 c Juims y YARD FORKLIFT DELIVERS  |FORKLIFY ACCIOENT WEAR  [SPILL OF LIN IN TNE DOCX |NOME (1) MOVE ONLY ONE PALLEY
WITF LITHIUM NYDRIDE TO DOCK AREA. AREA MINED WITN UATER IN AT A TINE, (2) RESIRICT
TREATMENT ROOM DOOR. INE SUMP, POSSIBLE FiRE oImER VERICLE DURING
AND WORKER [NJURY. TRANSPORT, (S)BREATHING
(D;0;:C;C) APPARATUS AVAILABLE 10
|oRIVER, WITHIN REACH, (4)
WO TRAKSPORTS DURING MET
VEATNER CONDITIONS, (5)
ENSURE TNE SUWP AND DOCK
AREA ARE DRY PRIOR 1O
NOVING WASTE DRUMS.
3 q11 ¢ fou2 /7 VALK OENIND FORKLIFT FORKLIFT DRIVES OFF COCK [CONTAINER BREACH NONE NONE
MURSF TRANSFERS ORUM 10 WHILE TRANSPORTING IGNITION OF URANTUN CNIPS
ENCLOSED STORAGE ROOM DEPLETED URANIUMW WASTE |10 DOCK AREA. MINOR FIRE,
DRUM. SPRINKLER SYSTEN |POSSIBLE WORKER INRMY
1S OPERABLE. AND EXPOSURE 1O DEPLETED
URANIUM. (D;0;C;D)
3 i1 c |oul / VALK SERIND FORKLIFT DRUN PUNCTURED BY COMTAINER BREACH, MINOR |NONE onE
mmSE MOVES DRUM OF DEPLETED  |FORKLIFT. VORKER ENPOSURE.
URANIUM VASTE 10 DOCK (9;0;C;0)
3 11 c jous s VALK BERIND FORKLIFT FORKLIFT DRIVES OFF DOCK |CONTAINER BREACH KONE CONSIDER (NSTALLATION OF
MMSF {mOvES DRUW OF OEPLETED  JWWILE TRANSPORTING DRUM, |IGNITION OF URANTUR CHIPS A CURS 10 PREVERT DRIVING
URANIUA VASTE 10 DOCK MITH SPRINKLER SYSIEM 1N DOCK AREA. WINOR FIRE, INE FORKLIFT OFF DOCK.
OPERABLE. WORKER INJURY AWND
EXPOSURE 10 DEPLETED
URAKIUM. (D;D;C;D)
3 111 € |m2a 7 mie|FAMSF REACTIVES (GROUP  |WALK BENIND FORKLIFY BURNING OF TRE DEPLETED (DRY CRENICAL FIRE NONE

2R)

ACCIDENT OR OTNER EVENT
CAUSES SPILL OF DEPLETED
URANIUM VASTE.

URANIUM DUE 1O PROLONGED
EXPOSURE TO AIR, RELEASE
OF TOKIC FUMES AND

SUPPRESSION SYSTEW,
SCRUBBER SYSTEM,
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R---F---C

ACT/FAC

ACTIVITY NAME

CAUSE/SCENARIO

PROTECTIVE FEATURES

ACTIONS

mIe /7 M

cre /
MRSF

cvy /7
MRS

cvé /7 WMTF

cYS / maTF

cYé /7 WTF

cYé / mitF

outs /
MUTF

outs /
T

MMSF ACIDS (GROUP 18)

VALK BENIND FORKLIFT
TRANSFERS WASTE DRUN 1O
STORAGE AREA (PLATING
WASTES)

VALK BEMIND FORKLIFY
MOVES CYANIDE MASTE DRUM
10 DOCK

YARD FORKLIFT TRANSPORTS
CTANIDE PLATING WASTE 10
TREATMENT ROOM DOOR

WTF CRANE DELIVERS
CYANIDE PLATING VASTE
DRUM 1O SAMPLE ROOM

OVERPACK DRUM (S OPENED
AND INNER CYANIDE DRUM (S
LIFTED WITH CRANE

OVERPACK DRUN (S OPENED
AKD INNER CYARIDE ORUM IS
LIFTED UITH CRANE

BLEACN [S ADOED 10
CIRCULATING VATER

BLEACH S ADDED TO
CIRCULATING WATER

SPILL OF A SINGLE ACID
VASTE DRUM DUE 10
CORROSION OR CRANE
ACCIDENTS.

FORKLIFT DRIVES OFF DOCK
WHILE TRANSPORT ING
CYARIDE PLATING WASTE
COMTAINER (CARBOY,
POLYPACK OR OTHER).

FORKLIFT DRIVES OFF DOCK
UNILE TRANSPORTING
CYARIDE PLATING UASTE
CONTAINER (CARBOY,
POLYPACK OR OTNER).

FORKLIFT ACCIDENT WITH
TRE SPILL OF A SINGLE
DRUK OF PLATING WASTE.
RELEASE OF 55 GALLONS.

PLATING UASTE DRUN
OROPPED WUNILE MOVING TO
WUTF SAMPLE ROOM USING
CRANE.

OPERATOR FAILS TO FOLLOW
PROCEDURE WNILE OPENING
TNE CYANIDE OVERPACK
(1.E., USES WRONG TOOLS,
DOES #O1 GROUND DRUM,
MISPOSITIONING OF TNE
VENT NOOD, EIC...).

ORUN CONTENTS SPILLED DUE

10: (1) CLAWP COMES

'I.”(USE, OR (2) LID FALLS
F.

CAUSTIC LINE LEAK DUE 10
CORROSION.

CIRCULATING LINE RUPTURE
DUE TO CORROSION, PUMP

RADIOACTIVIIY. UORKER
EXPOSURE AND LOV LEVEL
RADIOACTIVE COMTARINAYION
INROUGNOUT THE FACILITY.
(b;0;C:C)

RELEASE OF ACID FUMES
(E.G., WCL). VORKER
EXPOSURE AND [NJURY DUE
10 CONTACT WIiNW
GAS/LIOUIDS. (D;D;C;D)

CARBOY, POLYPACK OR OTHER
CONTAINER BREACH 3N DOCK
AREA, WORKER EXPOSURE 10
CYANIDE. (0;0:C;0).

CARBOY, POLYPACK OR OTHER
CONTAINER SREACH IN DOCK
AREA, VORKER EXPOSURE.
(0;0:C;C)

VORKER EXPOSURE TO
CYANIDE, POSSISLE INJURY,
MINOR FACILETY
COMTAMINATION. {D;8;:C;D)

CARBOY, POLYPACK OR OTWER
couuénu SREACH ::u
VORKER ENPOSURE.

(;0;C;0)

SWORT DURATION NYDROGEN
FIRE UPON GPENING INE
OVERPACK. POSSIBLE
WORKER INJURY. (D;D:C;D)

SPILL OF DRUM CONTENTS.
WORKER EXPOSURE 10
CYANIDE WASIE. (D;D;C;D)

POSSIBLE WORKER THJURY.
(D;0;C;0)

URANIUM SLURRY RELEASED
IN THE TREATMENT ROOM.

(1) STRUBBER SYSTEM. (2)
INE SUMP CAPACITY IS TEN
[PERCENT OF TNE INVENTORY
1N TNE ROOM, EQUIVALENT
10 THREE SPRINKLER NEADS
DISCHARGING FOR 30
MINUTES.

(1) VERGFY CONSTRUCTION
MATERIAL OF STORAGE
COMTAINER AND INE SUWP
SYSTEN, (2) FREOUENT
inspecisons, (3) INSTALL
GAS DEVECIORS, (&) DO WOT
PERFORM ANY UNNECESSARY
ACTIVITIES UNILE THE
SCRUSSER §S DOWM.

OPERATORS SWOULD USE SELF
CONTAINED SREATHING
APPARRTUS

OPERATORS SWOULD USE SELF
CONTAINED BREATRING
APPARATUS.
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R---F---C| ACI/FAC ACTIVITY NAME CAUSE/STENARIO CONSEQUENCES PROTECTIVE FEATURES ACIIONS
DIAPHRAN LEAK OR RPOSSIIIE VORKER CONTAC?
CONNECTIONS. BY SPRAY AND ROOM
CONTANIBATION. (D;D;C;C)
3 1nc MISLABELED ORUM RESULTS [BURNING OF PCB \ﬂSlE FIRE PROTECTION AND jmone

NG /e

oulzy /
WUTF

ou9 7 WITF

cvis /
L 114

cvil 7
wtF

cYw ¢/
WTF

J

MIN’FMSFPCI(WU)

MMRSF GLOBAL (INTERBAL
AND EKTERNAL) EVENTS

XEDUCTION OF URANIUM
HYDROXIDE BY SODIUM
THIOSULFATE 10 URANIUN
DIOXIDE (DEPLETED URANIUM
PROCESS)

1MER DRUN 1S GROUNDED
AND OPENED USING
NOM-SPARK TOOLS

INTRODUCTION OF REAGENTS
10 THE REACTOR

INTRODUCTION OF REAGENTS
10 THE REACTOR

LIGUIDS PACKAGED AND SENT
10 TA-50-1

1N PCO DRUN BEING STORED
NEAR FLAMMABLE VASTE.

ACCIDENTAL BREACN OF ITRE
CONTAINERS LEADS 10 FIRE
AND GURNIG OF PCS UASTE.

INADVERTENT OPERATION OF
INE FIRE SPRINKLERS OR
RUPTURE OF UAIER PIPING
OUE TO CORROSEON.

LINE RUPTURE IN TNE
CIRCURATING SLURRY LOCP
DUE 10 CORROSION.

OPERATOR FAILS TO FOLLOM
PROCEDURE \MILE OPENING
DEPLETED URANIUM INNER
WASTE ORUW (1.E., USES
WRONG T00LS
nispositioning oF e
VENT WOOD, EIC...).
REAGENTS ADDED 10 TWE
PROCESS IN THE WMONG

SEQUENCE (PLATING VASTE
PROCESS).

INSTRUMENTATION FAILURE
LEADS 1O INCORRECT
REAGENT/AMOAMTS OF
REAGENYS ADDED 1O REACTOR
(PLATING UASTE PROCESS).

THE REACTION iS
INCOMPLETE OUE TO
JNSTRUNENTATION FAILURE
OR WUMAN ERROR (PLATING
UASTE PROCESS).

FILTER TRROUGH T
BUILDING SCIIMEI SYSTEN.
(C;C;C;0)

IF FLOOD SOURCE WOT
ﬁnmnmo COND CAUSE
WATER INTRUSION INTO
REACTIVE WASTE AREA,
GENERATION OF WYDROGEW
GAS AND RADIOACTIVE
CONTAMINATION 1N TKE
FACILITY. (D;0;0;C)

CONTAMIBATION OF TNE
TREATRENT ROON AND
POSSIBLE WORKER
CONTAMINATION/INRRY.
(0;0;C;C)

SWORT DURATION NYDROCEN
FIRE UPON OPENING THE
OVERPACK. POSSIBLE
VORKER TMJURY. (D;0:C;D)

UNPLANNED REACTIONS LEAD
10 EXCESSIVE GENERATION
OF GASES. CAN OVERLOAD
SKID SCRUBBER BUT WILL
VERT 10 R00M SCRUBSER.

10 ROUM TRROUGH LEAKS IN
PIPING AND DUCTVORK.
POTENTIAL FOR MINOR
MORKER INJURY. {(D;D;C;D)

UNPLANNED REACTIONS LEAD
10 RELEASE OF TOXIC GAS
10 THE SCRUBBER.
(0;0;C;D)

UNTREATED KINED WASTE
SENMT 10 TA-50-1,
(D;0;0;C)

WINOR LEAK OF TOXIC GASES

SCRUSSER SYSTENWS.

(1) ORY CNENICAL FIRE
SUPPRESSION STSIEN (%
VATER REACTIVE(GROUP 2A)
SIORAGE AREA, (2)

FACILITY ARE PERFORMED,
(3) OPERATION OF
SPRINKLERS WILL INQVIATE
A 911 ALARN,

PHYSICALLY SAMPLE LIGUID
PRIOR 10 TRANSPORIATION
10 1A-50-1.

PERIODIC VALKDOWNS OF TNE

(1) INSTALL S\MP NIGN
LEVEL ALARNS, (2) DESIGN
STORAGE AREA 1O PREVEN!
Junusun Of WATER TO INE
WATER REACTIVE UASTE
AREA.
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ACI/FAC

ACTIVITY WAME

CAUSE/SCENARIO

PROTECTIVE FEATURES

ACTiONS

R---F---C
3 I1mnece
3 uice
3 lllc_
3 e
3 WA
3 IvaA
3 VA
3 1IVA

LinG /
NUTF

Ling /
HIF

DUs /7 WMITEF

cYy /
WURSF

cY® / WTF

Lin2 /
MRSF

LN 7
MRSF

LINS /
MRSF

OVERPACK DRUM 1S OPENED
AND INNER LIN DRUM IS
LIFTED WITH CRANE

OVERPACK DRUN IS OPENED
AND INNER LIK DRUN IS
LIFTED WITH CRANE

OVERPACK DRUM IS OPENED
A%D DRUM LIFTEC UITH
CRANE

TRUCK ENTERS FACILITY AWD
DRIVES 10 DOCK (PLATING
VUASTES).

PRIMARY UASTE DRI IS
GROUNDED AND OPENED USING
NON-SPARK TOOLS (PLATING
VASTES).

VALK SENIND FORKLIFT
TRANSFERS LITHIUN NYORIDE
WASTE DRUM 1O ENCLOSED
STORAGE ROOM,

VALK SENIND FORKLIFT
TRANSFERS LITNIUN RYDRIDE
WASTE DRUR 10 ENCLOSED
STORAGE ROOM.

VALK BERIND FORKLIFY
MOVES LITHIUM NYDRIDE
ORUM 10 DOCK FROM
ENCLOSED STORAGE ROOM

OPERATOR FAILS 7O FOLLOV
PROCEDURE WIILE OPENING
THE LIN OVERPACK (I.E.,
USES URONG TOOLS, DOES
NOT GROUWD DRUM,
|wisposiTioning or e
VENT 800D, EVC...).

ORUM CONTENYS SPILLED DUE
10: (1) CLANP COMES
W. OR (2) LID FALLS

OPERATOR FAILS 10 FOLLOW
PROCEDURE WILE OPENING
TNE DEPLETED URAMIUM
OVERPACK (§.E., USES
\ROWG 100LS
WISPOSITIONING OF THE
VENT nOUD, EIC...).

TRUCK ACCIBENT WITH TRE
SPILL OF A SINGLE DRUM OF
PLATING UASTE. RELEASE
OF 55 GALLOWS.

RELEASE OF TOXIC GAS DUE
10 UNERPECTED MATERIALS
1N CYANIDE UASTE DRUM
(PMOSGEN, WYDROGEN
SULFIDE, CHLORINE,
€1C...).

LITRIUK NYDRIDE UASTE
DRUM PUSNED OFF DOCK OR
TRUCK BY FORKLIFT.

FORKLIFT DRIVES OFF DOCK
OR TRUCK WMILE
TRANSPORTING LITAIUN
WYORIDE VASIE DRUM.

LITRIUN RYDRIDE UASTE
ORUM PUSHED OFF DOCK BY
FORKLIFT,

SNORT DURATION WYDROGEN
FIRE UPON OPENING TNE
OVERPACK. POSSISLE
VORKER INJURY. ¢D;D;C;D)

WORKER EXPOSURE 10
LITRIUR NYDRIDE AND
DEPLETED URANIUN.
(0;0;C;0)

SHNORT DURATION NYDROGEN
FIRE UPON OPENING INE
OVERPACK. POSSISLE
WORKER 1MJURY. (D:D;C:D;

VORKER EXPOSURE 10
CYANIDE AND POSSIBLE
INJURY, RADIATION
contanination, minon
ONSITE CONTAMINATION.
(D;0;C;C)

WORKER INJURY, POSSIBLE
FATALITY, (D;D;A;0)

CONTAINER BREACH, SPILL
OF LIN/OU AND CONTACT
VITE VATER IN SUWP,
EXPLOSION OUE 10
EXPLOSIVE RINTURE
POSSIBLE WORKER FATALITY.
(D:0;A;C)

CONTAINER BREACN, SPILL
OF LIN/OU AND CONTACY
VITH VATER IN SUW,
EXPLOSION OUE 10
EXPLOSIVE MIXTURE
POSSISLE WORKER FATALITY.
(D;D;A;C)

CONTAINER SREACH, SPILL
OF LI AWD CONTACT UITH
WATER IN SUMP EXPLOSION
DUE 10 EXPLOSIVE MIRTURE,
POSSIBLE VORKER FATALITV.

OPERATORS SWOULD USE SELF
CONTAINED BREATNING
APPARATUS

Hwtumns SHOUND USE SELF
CONTAINED BREATNING
APPARAIUS .

Fm

AORINISTRATIVE CONIROLS;
(1) ANNOUNCEREN! OF
DELIVERY, (2) DRIVER
TRAINING, (3) RESTRICY
OTNER TRAFFIC DURING
DELIVERY.

OPERATGRS SNOULD USE SELF
COUTAINED BREATMING
APPARATUS .

ENSURE . AT INE
LOADING/UNLOADING AREA,
INCLUDING IWE SUWP 1S DRY
PRIOR 10 DELIVERY,

ENSURE TNAT INE
LOADING/UNLOAD ING AREA,
INCLUDING THE SUwP (S DRY

“|PRIOR 1O DELIVERY.

ENSURE THAT THE
LOADING/UNLOADING AREA,
INCLUDING THE SUMP IS DRY
PRIOR 10 DELIVERY,
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R---f---C| Actzeac ACTIVITY WAME CAUSE/SCENARID CONSEQUENCES PROTECTIVE FEATURES ACTIONS
(D;D;A;C)
3 IVA|LINY/ WALK SENIND FORKLIFY FORKLIFT DRIVES OFF DOCK |COMTAINER BREACH, SPILL |wOwE ENSURE THAT THE
MRSE |woves LiTHIUN NYDRIDE WVHILE TRANSPORT ING OF LIN AND CONTACT VITN LOADING/UNLOADING AREA,
ORUN TO DOCK FROM LITHIUN NYDRIDE WASTE VATER 1N SUMP, EXPLOSION INCLUDING THE SUMP IS DRY
ENCLOSED STORAGE ROOM DRUM, |ove 10 exprosive mixiume, PRIOR 10 DELIVERY.
POSSIBLE WORKER FATALITY.
(D;0;K;C)
3 IVA JLIN Y/ YARD FORKLIFY DELIVERS  |FORKLIFT ACCIDENT NEAR  [SPILL OF LIN INTO TNE NONE (1) MOVE ONLY ONE PALLET
HJTF LITHIUM BYDRIDE 10 DOCK AREA. SUMP. EXPLOSION/FIRE DUE M A TINE, (2) RESIRICT
TREATMENT ROOM DOOR. 10 EXPLOSIVE MINIURE, OINER VERICLE DURING
POSSIBLE FATALITY. TRANSPORT, (3)DREATNING
(D;D;R;0) APPARATUS AVAILABLE 10
ORIVER, WIININ REACH, (&)
NO TRANSPORIS OURING VET
VEATNER CONDITIONS, (3)
ENSURE TRE SUMP AND DOCK
AREA ARE ORY PRIOR TO
MOVING VASTE DRUMS.
3 IV A |WISA / W®|MMSF CYANIDES AND FORKLIFT ACCIDENT CAUSES [RELEASE OF TONIC GASES [(1) USE OF SWALL UMLK  [(1) PROVIDE WCH ANALYZER
SULFIDES (GROUP 5A) SIMULTANEQUS SPILL OF (E.G., WCW AND CYANOGEN) |BENINO™ FORKLIFTS, (2) |AND ALARM, (2) DO NOY
CYANIDE AND OVHER AND POSSISLE EXPLGSIION |[DRUMS ARE STORED ONLY ONE|PERFORM ANY UNNECESSARY
WONCOMPAT 1SLE uusts AND FIRE. SEVERE WORKER |[LEVEL WiCM. ACTIVITIES IF INE
(E.G., N2SOA(1B) INJURY, AND LOV LEVEL SCRUBSER IS
PERCHLORIC aclo(&m OUE [RADIOACTIVE CONTAMINATION NOWOPERATIONAL, (&) ADD
TO WISLABELING, AND 1IN THE FACILITY. ALARRS 10 MOW1 fOR
FAILURE OF THE SCRUBBER [(C;8;A;C) SCRUBBER OPERATION.,
SYSTEN WITN TNE VENT
BLOVER VORKING.
3 vAjcvey VALK BERIND FORKLIFY FORKLIFT ACCIDENTY CYANIDE AND ACID WASTES [ORUNS NOT STORED 1IN DOTK |NONE
MRSF TRANSFERS WASTE DRUM TO |BREACNES ORUMS OF CAUSE LETMAL WCH MIXTURE. |AREA. ONLY WATEREAL AV
STORAGE AREA (PLATING INCOMPATIBLE WASTES ON  |POSSISLE WORKER FATALITY. |RISK IS ON THE TRUCK.
VASTES) TNE TRUCK OR 18 TNE DOCK |[MINOR ONSITE
AREA. CONTAMINATION. (D;D;A;C)
3 Ivalcy3/ hnu SENIND FORKLIFT FORKLIFT ACCIDENT CYANIDE AND ACID WASTES [ORUMS NGT STORED 1IN DOCK |NONE
MMSF MOVES CYANIDE WASTE ORUM |SREACRES DRUMS OF CAUSE LETHAL WCN MINTURE. [AREA. OWLY MATERIAL AT
10 DOCK INCOMPATIBLE WASTES ON  |POSSIBLE WORKER FATALITY.[RISK IS ON TWE TRUCK.
INE TRUCK OR IN INE DOCK |(D;D;A;C)
ARER.
3 1v A |cvs 7 wute|YARD FORKLIFT TRANSPORTS [FORKLIFT ACCIOENT WITH  [POSSIBLE PRODUCTION OF NONE (1) WOVE ONLY OWE PALLET
CYANIDE PLATING VASTE 10 |BREACK Of MULTIPLE UASTE [WCH. UORKER(S) EXPOSED AT A TINE, (2) CONSIDER
TREAIMENT ROOM DOOR CONTAINERS LEADING YO 10 WCW GAS WITH POSSISLE IMOVING ONLY ONE DRUM AT A
RINING OF NONCOMPATIBLE [FATALITIES, AND SEVERE TimE.
MASTE MATERIALS. INSURY 10 COLOCATED
MISLABELED uasts RESULTS |VORKERS. FACILITY AND
IN MOVEMENT O ONSITE CONTAMINATIION.
INCOMPATIBLE Acws VUITH  [(C;B;A;C)
CYANIDE WASTES.
NONE OPERATORS SNOULD USE SELF
3 gv A |CY6 7 WUTF|OVERPACK DRUN 1S OPENED |RELEASE OF TOXIC GAS DUE |WORKER INJURY, POSSISLE A INTD SeEAIRING

AND INNER TYANIDE ORUM IS
LIFTED ViTH CRANE

10 UNEXPECTED MATERIALS
IN CYANIDE WASTE DRUM

FATALITY, (D;D;A;D)

APPARATUS.
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ACT/FAC

ACTIVELY  NANE

CAUSE/SCENARIO

PROTECTIVE FEATURES

ACTIONS

R---F---C
3 Iva
3 IVA
3 IvVA
3 VA
3 VA
3 VA
3 VA
3 VA

we 7 me

we / W

"we / we

L

we / e

me / me*

ws / owe

WG /7

WMRSE PCB (GROUP 8)

WMRSF PCE (GROUP B)

W PCS (GROUP 8)

PRMSF GLOBAL C(INTERNAL
AND EXTERNAL) EVENTS

MMSF GLOBAL (INTERNAL
AND EXTERNAL) EVENTS

MURSF GLOBAL (INTERNAL
AND EXTERNAL) EVENIS

W GLOBAL (INTERNAL AND
EXTERNAL) EVENTS

W CLOBAL (INTERNAL AND
EXTERNAL) EVENIS

(PROSGEN, NYDROGEN
SULFIDE, CHLORINE,
E1C...).

LARGE EXTERNAL FIRE WiTH
BREACHN OF BUILDING OR THE
SCRUBBER SYSTEM.

SPILL OF PCB VASTE DRUM
DUE 10 FORKLIFT ACCIDENT,
RELEASE 10 INE SUMP.

LARGE EXTERNAL FIRE.

LOV INTENSITY SEISRIC
EVENT HITH NORIZONTAL
ACCELERATION OF 0.% G.

WIGN INTENSITY SEISRMIC
EVENT WITH NORIZONTAL
ACCELERATION OF 0.3 G OR
GREATER.

EXTERNAL FIRE

NIGH INTENSITY SEISMIC
EVENT UITN MORIZONTAL
ACCELERATION OF 0.3 G OR
GREATER.

EXTERNAL FIRE

POTENTIAL SPILL AND
BURNING OF PCB UASTE.
DISPERSION Of PCB VASTE
10 THE ENVIROWMENT.
(8;8;8;R)

POTENTIAL RELEASE 10 IRE
ENVIRONWENT TRROUGH TNE
SUNP SYSTEN.
ENVIROHNENTAL
CONTANINATION, (D;D;D;A)

POTENTIAL SPILL AND
BURNING OF PCB UASTE.
DISPERSIUN OF PCB VWASTE
10 THE ENVIRONMENT.
(8;8;8;R)

ENPLOSION OF SHOCK
SENSITIVE MATERIALS
(E.G., WITRO WETMANE
SODIUN AZIDE). STRUCTURAL
DAMAGE 10 BUILDING, FIRE
AND RELEASE OF TORIC
GASES. (A;A:A;A)

STRUCTURAL COLLAPSE OF
SUILDING, BREACN OF
WULTIPLE DRUMS, MAJOR
FIRE, RELEASE OF TOXIC
GAS TO ENVIRONMERT AND
RAD 1OACT | VE
CONTAMINATION. (A;A;A;A)

FIRE PENETRATES THE
MMSF, MAJOR FINE
AELEASES TONIC GAS 10 THE
ENVIRONMENT AND
RADICACTIVE
CONTAMINATION. CA;A;A:A)

STRUCTURAL COLLAPSE OF
BUILDING, BREACH OF
WULTIPLE DRUMS, MAJOR
FIRE, RELEASE OF 10XIC
GAS 7O ENVIRONMENT.
(A;A:A;A)

FIRE PENETRATES TNE
[mmSF, MAJOR FIRE
RELEASES TOXIC GAS 10 TNE
ENVIRONMENT . (A;A;AA)

(1) FIRE PROTECTION
SYSTEN, (2) NEPA/SCRUBBER
WITH CARBONSED.

(1) INSTALL PROCEDURES 10
DEVECT SUMWP LEVELS, (2)
TEST SUNP CONTENTS DEFORE
DISCHARGE, (3) SUWP
SYSTEM.

FIRE PROTECTION SYSTEW.

(1) AREA SURROLADING TNE
MMSF 1S CLEARED OF
COMBUSTIBLE MATERIAL, (2)
SUILDING 1S DESICHED TO
REIARD FIRE.

(1) AREA SURRCUWDING THE
MMSF IS CLEARED Of
COMBUSTIBLE MATERIAL, (2)
SUILDING 1S DESIGNED 10

REIARD FIRE.

CONSIDER STORING PCB
UASTE ANAY FROM
FLAMMABLES.

CONSIDER STORING PCO
VASTE AVAY FROM
FLAMNABLES.

¢1) OEVELCP AND ENFORCE
POLICY WO? 10 STORE
ENPLOSIVE OR SNOCK
SENSITIVE MATERIAL 1IN
INIS BUILDING, (2)
PROCESS SNOCK SENSITIVE
MATERIALS IMMEDIATELY.

(1) REVIEV SEISHIC DESIGH
CRITERIA, (2) MININIZE
STORAGE {INE OF MOSt
FLAWAABLE/ TOXIC
MATERIALS.

(1) REVIEW SEISMIC DESIGN
CRITERIA, (2) RININIZE
STORAGE 1IME OF MOST
FLAMNASLE/ TOXIC
MATERIALS.
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R---F---C| ACI/EAC ACTIVITY NAME CAUSE/SCENARIO CONSEGUENCES PROTECTIVE FEATURES ACtionS
3 (va Gl y CAS CYLINDER TRANSPORTED |BREACE OF CYLINDER DUE TO|RELEASE OF RIGMLY TONIC |NEPA AND SCRUBSING (1) TRANSPORT AND STORE
MRS FRO® MUASF DOCK STORAGE |ACCIDEWTAL CAUSES (E.G., [GASES (PNOSPRINE, SYSTEM. CYLINDERS SECURELY, (2)
AREA CYLINDER DROPPED AND PHOSGEN, ARSINE, MDD INSTALL GAS DETECIORS AND
REGULATOR LINE BREAKS). [OTNERS), VORKER FAIALITY. ALARMS, (3) CONSIDER
(C;C;A;0) SECONDARY CONTAINMENT FOR
JMOST RAZARDOUS CYLINDERS,
(4) PROIECTIVE CAP FOR
CYLINDER REGULAIORS
-[seap B 1w PLACE AT ALL
TINES.
3 IVA {GCh / TRANSPORT GAS CYLINDER  |SREACH OF CYLINDER DUE TO[RELEASE OF MIGHLY TOXIC [wOwE C1) TRANSPORT AND STORE
MMSF FROM MURSF STORAGE 1O THE |ACCIDENTAL CAUSES (E.G., |GASES (PROSPRINE, CYLIUDERS SECURELY, (2)
MUTF TREATMENT ROOM CYLINDER DROPPED AND PHOSGEN, ARSINE, AND CONSIDER SECONDARY
REGULATOR LINE BREAKS). |[UTHERS), WORKER FATALITY. CONTALNMENT FOR NOST
(A;A;A;D) RAZARDOUS CYLINDERS, (&)
PROTECTIVE CAP FOR
CYLINDER REGULATORS
SHOWAD SE 1N PLATE AT ALL
TIMES.
3 iv A |cCS 7 wutr| TRAMSFER CYLIMDER INTO  |CYLINDER DROPPED DURING |POTENTIAL RELEASE OF CYLINDER IS 0T (1) VORKER SWOLD VEAR
SKID PRESSURE VESSEL TRANSFER INTO PRESSURE TOXIC GAS, WORKER IRANFERRED USING OVERNEAD [PROTECTIVE EQUIPMENT,
VESSEL. EXPOSURE AMD FATALITY.  [CRANE. INCLUDING RESPIRAION.
(D;D;A;D)
3 1v A |pus 7 mTF|OVERPACK DRUM 1S OPENED |RELEASE OF TOXIC GAS DUE |VORKER INJURY, POSSIBLE |NONE OPERATORS SWOULD USE SELF
AWD DRUM LIFTED MITH T0 UNERPECTED MATERIALS |FATALITY. (D;D:A;0) CONTASNED BREATNING
CRANE 10 DEPLETED URANIUW UASTE APPARATUS, LEAVE ROON (F
DRUM (PNOSGEN, MYDROGEM ANTINING OUT OF INE
SULFIDE, CHLORINE, ORDINARY §S CESERVED.
€1C...).
3 1v A |ou9 7 W] INMER ORUN IS CROUMDED  |RELEASE OF TOXIC GAS DUE [VORKER iNJURY, POSSIBLE [WOWE |orEnatORS SHOIRD USE SELF
AND OPENED USING 70 UNEXPECTED MATERIALS |FATALITY. (D;D:A;0) CONTALWED SREATHING
NON-SPARK T00LS 14 DEPLETED URANIUM INNER APPARATUS, LEAVE ROOM (f
WASTE DRUM (PNOSGEM, ANYINING OUT OF TNE
NYDROGEN SURLFIDE, ORDINARY IS OBSERVED.
CWLORINE, ETC...).
3 Iva [Liné/ OVERPACK DRUM IS OPENED |RELEASE OF TOXIC CAS DUE [UORKER [NJURY, POSSIBLE NONE |orematons sworo USE SELF
nWITE AND IWNER LIN ORUM IS 10 UNEXPECTED MATERIALS [FATALITY. (D;0;A;D) CONTAINED BREATHING
LIFTED WITH CRANE 1N LIN WUASTE DRUM APPARATUS .
(PMOSGEN, WNYDROGEN
SULFIDE, CRLORINE,
EIC...).
3 VA JLiNe/ PRIMARY WASTE DRUM IS RELEASE OF TOXIC GAS DUE |VORKER INJURY, POSSIBLE |NONE VORKERS SNOUND WEAR
WITF CROUWDED AND OPENED USING|10 UNEXPECTED MATERIALS |FATALITY. (D;D;A;C) PROTECTIVE CLOINING, AND
NON- SPARK 1OOLS IN LIN PRINARY WASTE DRUM USE SELF CONTAINED
(PNOSGEN, WYDROGEN BREATHING APPARAIUS.
SULFIDE, CMLORINE,
e1C...).
3 ive |pu2/ VALK SENIND FORKLIFT FORKLIFT ORIVES OFF DOCK [CONTAINER BREACH WONE
mmsF IRANSFERS DRUM 10 WMILE TRANSPORTING 1Gu1Tio0 of umanium caips
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ACTIVITY nasg

CAUSE/STENARIO

PROTECIIVE FEATURES

ACtions

R---F---C] ACT/EAC

3 ivs jou3y
MMSF

3 Ive |wm2er /s W

3 IV B |WTA 7 m

3 IvSe [MIA /7 m

3 Ive jms /7

3 tve jcCY/
mmSF

ENCLOSED STORAGE ROOM

VALK SENIND FORKLIFT
MOVES DRUM OF DEPLETED
URANTUN UASTE 10 DOCK

MMSF REACTIVES (GROUP

2h)

MMSF GASES (GROUP 7A)

MMSF CAUSTICS (GROUP 1A)

MRSF ACIDS (GROUP 18)

LGAD CYLIMDER FROM TA-S54
ONTO TRAKSPORY VEWICLE
AND MOVE 'O TA-63

OEPLETED URANIUM UASTE
ORUN. SPRINKLER SYSTEM
FAILS TO OPERARIE.

FORKLIFT DRIVES OFF DOCK

UNILE TRANSPORTING DRUM,

UITH FAILURE OF SPRINKLER
SYSIEN.

STORAGE DRUM DUE TO WUMAN
ERROR.

SIMA TANEQUS RUPTURE Of
WO INCOMPATISLE (E.G.,
FLORINE AND N2S) GAS
CYLINDERS (DUE 10
MISRANDLING, FORKLIFT
ACCIDENTY, EIC...)

OVERWEAD CRANE ACCIDENT
CAUSING STV TAREQUS
SPILL OF CAUSTC MATERIAL
AND INCOMPATIBLE
RATERIAL(E.C., W2SOA(1N),
TETRANYORO FURAN(GA),
NITRIC ACID(6A), META
CYANIDE(SA), LITHILAN
NYDRIDE(2A)) DUE 10
MISLABELING.

OVERNEAD CRANE ACCIDENT
CAUSING SINULTANEOUS
SPILL OF ACID MATERJIAL
AND INCOMPATIBLE MATERIAL
(E.G., NAON(1A),
PYRIDINE(LA), NYDROGEN
PEROXIDE(6A), METAL
CYANIDE(SA), LITHIUM
WYDRIDE(2A)) OUE O
MISLABELING.

RUPTURE OFf FLAMMABLE GAS
CYLINGER DURING HANDL ING
NEAR OTHER GAS CYLINDERS.

i% DOCK AREA. SIGNIFICANT
FIRE AND POSSIBLE UDRKER
INJURLES, EXPOSIRE 10

[DEPLETED URANIUM AND

FACILITY CONTARINATION.
(D;0;8:C)

CONTAINER BREACK
icuitTion of unanium caips
18 DOCK AREA. SIGNIFICANT
FIRE, VORKER INJUMIES AWO

URANIUN, AND FACILITY
CONTARINATION. (D;0:9:C)

fll’oﬂlﬁ 10 DEPLETED

VATER INTRUSION INTO THE HI\P"IG OF ORUN DUE 1O

AYDROGEN EvVOLUTION,
POTENTIAL FIRE/EXPLOSION.
POSSIBLE RELEASE OF YOXIC
METAL FUMES. (0;0:0:0)

FIRE IN STORAGE AREA OR
VENT SYSTEN DUE 10 MIXING
OF INCOMPATIBLE GASES.
TONIC GAS RELEASE. SEVERE
WORKER INJURY. (C.;C;8:C)

POTESTIAL FINE
EXPLOSION, BYDROGEN GAS
PRODUCTION AND WEAYY
METAL FUNE GENERATION.
VORKER 1MJURY/EXPOSURE .
(D;0;9;:C)

POTENTIAL FIRE
EXPLOSION, "ﬁ‘”l GAS
PRODUCTION AND 10XIC GAS
GEMERATION. SEVERE WORKER
INJURYJERPOSURE .
(0;0;8;C)

FLAMMABLE GAS IGKITES AND
EXPOSES MATIPLE
CYLINDERS 1O NIGH
TEMPERATURE RESULTING 1R
RELEASE OF MULTIPLE GAS
CYLINDERS. (C;C;8;C)

jorv cuemicaL Fine
SUPPRESSION SYSTEN,
SCRUBBER SYSTEN.

(1) FINE PROTECTION AMD
(2) NEPA AND SCRURSING
SYSTEN,

FIRE SUPPRESSION AND
SCRUBBER SYSIEN.

FIRE SUPPRESSION AND |
SCRUBBER SYSTENW.

RESPOND 10 INE FIRE PRIOR

(1) VORKER NAS TINE 1O H
10 RUPTURE OF OTNER

CONSIDER INSTALLATION OF
A CURB 1O PREVENT DRIVING
INE FORKLIFT OFF DOCK.

(1) VALVE COVERS SWOULD
OE IN PLACE ON ALL
CYLINDERS, (2) TRAlN

CYLINOERS, (2) STORAGE
FACILITY IS LOCATED AT A
REMOTE SITE.

WORKERS 1O EVACUATE IN
UPMIND DIRECIION, AND
LOCATE GAS MASKS N

UPUIND DIRECTION, (3)
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R---F---C| ACtT/78AC ACTIVITY NAME CAUSE /SCENARIO CONSEQUENCES PROIECTIVE FEATUMES ACTIONS
1NSTALL A WIND SOCK FOR
CONT HRIOUS VIND OIRECTION
INDICATION. .
3 Ive |ccl GAS CYLINDER TRANSPORTED [SREACHN OF CYLINDER DUE TO|RELEASE OF MODERATELY REPA AND SCRUBBING 1) TRANSPOR  {
MRSE FROM MJMSF DOCK STORAGE |ACCIDENTAL CAUSES (E.G., [IOKIC GASES (u2S, W02, [svstem. ::ufl'-us stt':u:t.:vf l(.25
AREA CYLINDER OROPPED AND AND OTHERS). UORKER usmu CAS DETECIORS AWD
REGULATOR LINE BREAKS). [EXPOSURE. (C;C;8;D) (3) CONSIDER
m:n-hv COMTAINMENT FOR
1 1 NAZARDOUS CYLINDERS,
(4) PROIECTIVE CAP FOR
CYLINDER REGULATORS
SHOULD BE IN PLACE AT ALL
TINES.
3 Ive [6ck ¢/ ITRANSPORT GAS CYLINDER  [SREACN OF CYLINDER DUE TO|RELEASE OF MODERATELY NONE (1) TRANSPORT AND STORE
WMRSF FROM WURSF STORAGE 1O TNE|ACCIDEMIAL CAUSES (E.G., [TOXIC GASES (W2S, 802, CYLINDERS SECURELY, (2)
NUTF TREATMEN! ROOM CYLINDER DROPPED AND AND OTMERS). WORKER CONSIDER SECONDARY
REGULATOR LINE BREAKS). |exrosume. (cC;C;8;0) COMTAINMENT FOR MOST
WAZARDOUS CYLINDERS, (&)
PROIECTIVE CAP F
CYLINDER REGULATORS
SNOULD BE IN PLACE AT ALL
TINES.
3 IV B |GC6 7 MITF[CYLINDER SREACHED FLAMABLE CYLINDER FIRE OR EXPLOSION, VESSEL DESIGNED 10 VERIFY PRESSURE VESSEL
BREACHED WITOUT INERTING |POTENTIAL PRESSURE YESSEL [CONTAIN FIRE AND ATHOSPRERE BEFORE CUTTING
PRESSURE VESSEL DAMAGE . RELEASE OF GASES |EXPLOSION. CYLINDER.
ATMOSPNERE . 10 ATMOSPERE, VORKER
1NRY. (D;D:8;:C)
3 v juwey PRINARY MASTE DRUN 1S OPERATOR FAILS 10 FOLLOVW Jn:mm OF LIN/DEPLETED [NONE VORKERS SWOUNLD WEAR
e GROUNDED AND OPENED USING|PROCEDURE (CAUSES SPARK) {URANIUM POMDER OUE 10 PROTECTIVE CLOTHING, AND
NON- SPARK 10003 AND 1CHMITES WYDROGEN IN |EXPLOSION/FIRE. SEVERE USE SELF CONTAINED
LIN WASTE DRUM. VORKER (NJMY. (D;D;8;C) BREATRING APPARATUS.
3 1ve |ty PRINARY LITNIUN NYORIDE |ORUM CONTENTS SPILLED DUELIN SPILLED AND tlllltls JNONE WORKER 10 WEAR PROTECTIVE
Wit DRUN TRANSFERED 10 SKID ur m CLAKP COMES VATER 1N SUWP, POSSISL CLOTRING AND SREAINING
jmm CRANE . €2) L0 nu.s OFF, | FIRE, VORKER EXPOSURE m APPARATUS DURING MOVENENT
(l) dus ACCIDENT INNALATION OF FUMES AND OF DRUM WITH NOIST.
DEPLETED URANIUNM. ENSURE THAT TNE SUWP N
(D;0;8;C) TNE TREATNENT ROOM IS
PBPED DRY IF POSSIBLE.
3 v Ajcny PLATING WASTE CONTAINER |CRANE ACCIDENT SPILLS MINING OF INCONPATIBLE  NOWE NONE
WTF TRANSFERED 10 SKID VITK [CYANIOE VASTE ORUN WASTES RESULTS 1N LETRAL
CRANE OR MANUALLY. CONTENTS Wiin NCM GAS. (D;0;A;D)
INCOMPALIBLE
VASTE(ACIOS). BOTN DRUNS
BREACNED.
N
4 110 |oue 7 wiTe|OVERPACK DRUR 1S OPENED [DRUM CONTENTS SPILLED DUE |LIMITED SPILL OF DEPLETED|NOME NONE

AND DRUM LIFTED WITH
CRANE

10: (1) CLAWP COMES
LOOSE, (2) CORROSION OF
INNER W, (3) LID FALLS
OFF.

URRNIUM UASTE DRUM
COMIENTS, MINOR
CONTAMINATION. (D;0:0:D)
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R---F---C| ACI/FAC ACTIVITY  NAME CAUSE/SCENARID CONSEQUENCES PROTECTIVE FEATURES ACTIONS
& 11D jcv0y CONTENTS OF PLATING WASTE [SPILL OF CYANIDE LIGUID |MINOR WORKER NONE 1¢ UNEXPECIED CONTENIS
wWIF DRUM INSPECTED VISUALLY [DURING SAMPLING AND 1INJURY/EXPOSURE . FaUND, CONTACT
VISUAL INSPECTION. (0;0;0;0) SUPERVISOR .
& 110 [uImé 7 [LISOL SOLUTIONS FILTERED [LEAK OF SOLUTIONS MiNOR VORKER ENPOSURE.  |WOME WONE
wiF C(LITHIUM NYDRIDE PROCESS)|FILTERED FROM LIN (0;0;D;D) 1
PROCESS .
6 11 0 DUk 7 mITF]VYARD FORKLIFT DELIVERS  |FORKLIFT ACCIDENT DURING |SPILL OF DRUM CONTENTS  |NONE WOVE ONLY ONE PALLET OR
|DEPLETED URANIUM UASTE | TRANSPORT SETVEEN VITHOUT FIRE. (D;0;D:0) ORUM AT A TINE, RESTRICT
DRUM 10 TREATMENT ROON SUILDINGS. OINER VEKICLE VURING
oooR TRANSPORT .
¢ 1D joutty DEPLETED URANIUR UASTE {m CONTENTS SPILLED DUE |LINITED SPILL OF DEPLETED |NONE ﬂm
wTE DRUM TRANSFERED 10 10: (1) CLANWP COMES URANIUN VASIE DRUM
IREATMENT SKID WITH LOOSE, (2) CORROSION OF |COMTENIS, MINOR
OVERNEAD CRANE 'l’::tl DR, (3) LID FALLS|CONTANINATION. (0:D;D;0)
& 11 D [MUSA /7 Mu®|MURSF CYANIDES AND SPILL OF CYANIDE DUE TO |CONTAMINATION OF TNE NONE NONE
SULF IDES (GROUP SA) VALK BENIND FORKLIFT SIORAGE AREA, NINOR
ACCIDENT OR CORROSION. |UORKER ENPOSURE. WO TOXIC
GAS RELEASED DUE 70 LOW
VOLATILITY. (D;D;:0;D)
& 11D [MSA/ W TF CYANIDES AND SPILL OF CYANIDE DUE 10 [CONTARINATION OF TNE NONE NONE
SULFIDES STORAGE VARD FORKLIFT ACCIDEMT OR|SVORAGE AREA, MENOR
CORROSION . VORKER ENPOSURE. MO TOMIC
GAS RELEASED 10 LOW
VOLATILLITY, ¢(D;D;0;D)
& 11D jounk /s OIL DRAINS TO WASTE OIL [OVERFILL OF OIL DRUN MINOR CONTARINATION NONE NONE
wiF lomum (DEPLETED URANIUM  |[CAUSED 8Y OPERATOR ERROR |PROBLEN. (D;D;D;D)
PROCESS) (1.E., INSUFFICIENT :
VOLUNE OR DRUM NOT 1IN
POSITION).
& 11 D |MIGA 7 W {WRSF OXIDIZERS (GROUP SPILL OF OXIDIZERS DUE TOJLOM LEVEL TOXRIC SPILL. WEPA FILVER AND SCRUBSING|NOME
6A) UALK SENIND FORKLIFT OR UORKER EXPOSURE. SYSIEN.
OVERNEAD CRANE ACCIDEMTS. {(D;0;0;0)
6 110 lmsa 7 mee}me OXID12ERS (GROUP 6A) [SPILL OF OXIDIZERS DUE TOILOW LEVEL TOXIC SPILL.  [NONE NONE
FREEZING, YARD FORKLIFT |WORKER ENPOSURE.
OR OVERWEAD CRANE {D;D;0;:0)
ACCIDENTS.
& 11D |[mIA/ /e [MRSF CAUSTICS (GROUP 1A)|SPILL OF A SINGLE CAUSTIC|MINGR VORKER EXPOSURE.  |NOME NORE
WASTE ORUM. (D;0,0;D)
& 11D [MIA 7 melm CAUSTICS (GROUP TA)  |SPILL OF A SINGLE CAUSTIC|MINOR VORKER EXPOSURE.  |MONE NONE
VASTE ORUM CAUSED BY (D;0;0;0)
NUMAN ERROR, FORKLIFT
ACCIDENT OR FREEZING.
¢ 1ojev2y VALK BENIND FORKLIFT CARBOY, POLYPACK OR OTNER |CONTAINER BREACN, PLATING|NONE WONE
MMSF TRANSEERS UASTE DRUN TO [PLATING UASTE CONTAINER |UASTE SPILL 1N DOCK AREA.
STORAGE AREA (PLATING PUSHED OFF DOCK OR TRUCK [MINOR WORKER EXPOSURE AND
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R---F---C| ACI/ZFAC ACTIVITY NANE CAUSE/SCENARIO CONSEQUENCES PROTECTIVE FEATURES ACTIONS
VASTES) 8Y FORKLIFY. FACILITY CONTAMINATION,
(0;D:D;D}
¢ 1nolesy VALK SEMIND FORKLIFT CARBOY, POLYPACK OR OTNER|COMTAINER BREACN, PLATING|wONE NONE
MMSF MOVES CYANIDE WASTE DRUM |PLATING WASTE CONTAINER |WASIE SPILL IN DOCK AREA.
10 DOCK PUSNED OFF OOCK BY (D;0;0;0)
FORKLIFT.
¢ 1o lezy INSTALL PUNPING ASSEWSLY [RESIDUAL PLATING wCH, 725 OR WN3 GAS wowe ENSURE SCRUBSER OPERATION
WITF 10 INE T0P OF TNE CYAWIDE |MASTE/REAGENTS LEFT In  |GENERATED AND RELEASED 10 DURING ALL PRASES OF
VASTE DRUM PROCESS LINES OUE 10 SCRUBSER. (D;D;0;0) TREATIENT.
INPROPER PURGE AFTER
LOADING OF PREVIOUS UASTE
CONTAINER. PLATING UASTE
PROCESS.
¢ 110 lcvs 7 mite|vERNICULITE RENOVED AND |VERMICULITE CONTANINATED [POSSIBLE CONTAMINATION  |wONE IF TRERE ARE INDICATIONS
BAGGED (PLATING WASTE  |WITN CYANIDE PLATING WITR CYANIDE PLATING OF A LEAX UNEN RENOVING
PROCESS) VASTE FROM LEAKY INNER UASTE, NINOR WORKER TNE SHNER DRUM, DO NOT
PACK. EXPOSURE. (©;D;0;D) REMOVE TNE VERRICULITE.
& 110 [ms 7 me |mmse pca (crowr 8) SPILL OF PCB WASTE ORUM |CONTAKINATION OF TNE SUNP SYSTEN. nome
DUE TO FORKLIFT ACCIDENT.|STORAGE AREA. (9;D;0;0)
¢ 110 |[mm /7 me [mpce (crOUP 8) SPILL OF PCS UASTE DRUM [CONTAMINATION OF TNE MNP SYSTEN. NONE
DUE TO FORKLIFT ACCIDENT.|STORAGE AREA. (D;0;5;D)
4 110 {outs /s OPEN REACTOR AND UASTE  |LOSS OF INERT GAS COVER |POSSIBLE RELEASE OF NOXE INSPECT DRUN FOR RESIDUAL
WITF ORUM AND CHECK RESICUAL [LEADS 1O SLOV BURN OF URANIUM OXIDE 10 SCRUBSER URANEUN AFTER OXIDATION
CONTENTS RESIDUAL URANIUM [N DRUM [SYSTEM. (D;0;0;0) PROCESS BEFORE END OF
(DEPLETED URANIUN SWIFT.
PROCESS).
& 110 Junsy/ VERNICULITE REMOVED AND |VERWICULITE CONTAMINATED |POSSIBLE CONTAMINATION  |NOWE IF TRERE ARE INDICATIONS
WTF BAGGED (LIN PROCESS) MITH LIN AWD DEPLETED  [WITH LIN/DU, AND MINOR OF A LEAK WWEN REMOVING
URANIUM FROM LEAKY INNER |VORKER INRALATION. TNE TNER DRUM, DONOT
PACK. (0;0:0;0) *m THE VERNICULITE.
6 11D jou2 s VALK BENIWD FORKLIFY DEPLETED URANIUM DRUM  |CONTAINER BREACH, URANIUM wowE
mRSF TRANSFERS DRUM 10 PUSNED OFF DOCK BY CHIP SPILL 1N DOCK AREA.
ENCLOSED STORAGE ROOM  [FORKLIFT. (0;0;0;0)
¢ 1110 |ous2 7 NYDRAULIC PUNCTURE OF FAILURE T0 INERT TNE COMTAINED FIRE IN THE  |wOwE INTERLOCK THE OXVGEN
WITF DRUM USING MOLLOM SPIKES |REACTOR WiTm WITROGEN. [REACTOR. WO RELEASE |oEtECTION wiTe e
SEYOWD FILTERS AND NTDRAULIC PRESS, SO DRUM
SCRUBBER. (D;0;D;0) IS NOT PUNCIURED IF
OXYGEN 1S PRESENT.
¢ 1110 |outs y CLOSED LOOP CIRCULATION [UATER REACTIVE MATERIAL |2 GAS PRODUCTION AND  [WOWE NONE
n1F OF UATER THROUGN REACTOR |(1.E., LIN) PRESENT DUE |RELEASE 10 SCRUSBER. NO
10 MISLABELING NOT FIRE SINCE REACTIOR 1S
DETECTED 8Y VISUAL INERTED VITH NITROGEN.
INSPECTION. (D;D;0;0)
& 1o feva s VALK SENIND FORKLIFT CARDBOY, POLYPACK OR OTNER|COMTAINER BREACH, PLATING|MOWE WOWE
MMSF IRANSFERS WASTE DRUM TO |[PLATING WASTE CONTAINER [WASTE SPILL 1N DOCX AREA.
STORAGE AREA (PLATING PUNCTURED BY FORKLIFT. (0;0;0;0)
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NAZARD ANALYSIS REPORT BY RISK

ACTIONS

DRUN 10 DOCK FROM
ENCLOSED STORAGE ROOM

FORKLIFT.

JOOCK AREA.

POTENTIAL
WORKER EXPOSURE (LIN AND

ou). (0;0;C;0)

R---F---T| ACT/FAC ACTIVITY NANE CAUSE /SCENARIO CONSEQUENCES PROTECTIVE FEATURES
VASTES)
& 111 o jevsy VALK BERIND FORKLIFY CARSOY, POLYPACK OR OTHER|COMTATNER BREACH, PLATING|NONE NONE
MMSF MOVES CYANIDE VASTE DRUM |PLATIHG UASTE CONTAINER |UASTE SPILL IN DOCK AREA.
10 DOCK PUNCTURED BY FORKLIFT. (0;0;0;D)
& 111D jouts 7 BLEACK iS ADDED 1O LOSS OF COOLING WATER (DU]INCREASE IN TEMPERATURE |NONE Jm
WITE CIRCULATING VATER PROCESS). AND INCREASED ANOUNT OF
CHLORINE GAS DUE 10
DECOMPOSITION OF BLEACN.
(0:;0;0:0)
& 1110 [oUts 7 SLEACN IS ADDED 10 LOSS NEPA/SCRUBDING SMALL CRLORINE GAS NONE NONE
wIte CIRCULATING UATER SYSTEM (DU PROCESS). RELEASE MEAR STACK M
SCRUBBING SYSIEM.
{0;0;0;0)
& 111 0 {DUS 7 WITF|CRANE DELIVERS DRUM TO  [DRUM DROPPED WNILE MOVING|CONTAINER BREACH U1TN NONE WONE
SANPLE ROOM 10 WITF SAMPLE ROOM USING{SPILL OF URARIUN CWIPS
NOIST. SPRINKLER SYSTEM |AND POTENTIAL FIRE. WINOR
OPERASLE . VORKER ENPOSURE .
(9;0;0:0)
& 1vc lous 7 miTF|OVERPACK DRUM IS OPENED |OPERATOR FAILS 1O FOLLOM |EXPLOSION OF SMALL NONE e
AND DRUM LIFTED WITH PROCEDURE (CAUSES SPARK) [GUANIITY OF NYDROGEN
CRANE AND IGMITES WYDROGEN IN |[RESTRICIED TO SPACE UNDER
THE DEPLETED URANIUM VENTILATION NOOD.
VASTE DRUM. (0;0;C;0)
& IV C {oUs 7 WiTF |OVERPACK ORUM 1S CPENED {DRUM CONTENTS SPILLED DUE[SPILL OF ORUM CONTENTS rm RONE
AND DRUM LIFTED VITH 10: (1) CLAWP CONES VITH URANIUN FIRE.
CRANE LOOSE, 42) CORROSION OF |(D:D;C;D)
InwER ORUM, (3) LID FALLS
OFF; AND IGNIYION OF
URANIUM CHIPS.
& 1v C lcYo 7 muTF[PRIMARY usrz omum 1S OPERATOR FAILS 10 FOLLOW [SNORT OURATION FIRE UPON |NONE | wome
CROUNDED AND OPENED USING|PROCEDURE UNILE OPENING |OPENING THE UASTE
NON-SPARK TOOLS (PLATING |CYANIDE PRIMARY UASTE CONTAINER. POSSIBLE
UASTES). DRUM (1.E., USES WMONG |WORKER INJURY AND MINOR
T00LS, NISPOSITIONING OF [CONTAMINATION. (D;0;C;0)
e viur mooo, EIC...).
. RELEASE Of ninuus GAS
DUE T0 UNENPECIED
Wcumns.
¢ ive jum/f VALK RENIND FORKLIFT LITHIUN NYDRIDE VASTE POTENTIAL RELEASE/SPILL |WONE DRIVER SROULD WAVE
MRSF TRANSFERS LITNIUN NYDRIDE [DRUM PUNCTURED BY OF LIN/DU IN THE LOADING SREATRING APPARATUS
VASTE DRUM 10 ENCLOSED FORKLIFT. DOCKX AREA. POTENTIAL AVAILABLE (M1THIN REACK),
STORAGE ROUM, VORKER EXPOSURE (LIW AND BREATRING Of LI POMDER
oU). (D;D;C;D) 1S RAZARDOUS .
¢ 1ve luus s VALK BENIND FORKLIFT LITHIUN NYDRIDE WASTE POTENTIAL RELEASE/SPILL |wONE DRIVER SNOULD NAVE
mmSF MOVES LITNIUN NYDRIDE ORUM PURCTURED 8Y OF LIN IN THE LOADING BREATHING APPARAIUS

AVAILABLE (VITHMIN REACH),
BREATNING Of LIN POMDER
1S WAZAROOUS.
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WAZARD ANALYSIS REPORT BY RISK

R---F---C| ACI/ZEAC PCTIVITY WANE CAUSE/SCENARIO CONSEGUENCES PROTECTIVE FEATURES ACTIONS
4 Ive oy WALK BENIND FORKLIFY JOEPLETED URANIUN DRUN JCONTAINER BREACH, NINOR NONE
MMSF TRANSFERS DRUM 10 PUNCTURED BY FORKLIFT, VORKER EXPOSURE.
ENCLOSED STORAGE ROOM (0;D;C;0)
& v joult /s iotnnso URANIUN WASTE ORUM CONTENTS SPILLED DUEISPILL OF DEPLETED URANIUM|NONE |nOonE
HTF ORUN TRANSFERED 10 10: (1) CLAWP COMES UASTE DRUMN CONTENTS WitN
IREATMENT SKID VITN LOOSE, (2) CORROSION OF [URANIUM FIRE. VORKER
OVERNEAD CRANE INNER DRUN, (3) LID FALLS]EXPOSURE 1O DEPLETED
OFF; AND ICNITION OF URARIUN. (D;D;C;0)
JURANIUM CHIPS.
& vc sy CLOSED LOOP CIRCULATION [ADOITION OF UATER OR LINITED ENPLOSION 1IN NOWE MDD VATER YERY SLOWRLY AT
wIF OF UATER TWROUGN REACTOR [BLEACH TO UATER REACTIVE [REACIOR AND DUCT WORK OF TNE BEGINNEING TO DETECT
MATERIAL (1.E., LIN) SCRUBBER. LINITED ANHY N2 FORMATION.
PRESENT DUE 1O POTENTIAL FOR UORKER
MISLABELING NOT OETECTED |INJURY. FACILITY
BY VISUAL INSPECTION. CONTANINATION AND SOME
"IREACTOR NO! INERTED WITN |RELEASE 10 OTRER
W1 TROGEN. TECHNICAL AREAS ONSITE.
(0;0,C;C)
¢ Ivc jousy SLEACH IS ADDED 0 LO3SS OF CODLING VATER INCREASED ANMOINT OF NONE NONE
WITF CIRCULATING VATER VITH LOSS OF SUCTION TO |CHLORINE GAS LEAKED fRTO
THE SCRUBRER (DU THE TREATMENT ROCN DUE 10
PROCESS). INCREASE IN VEWPERATURE.
WORKER EXPOSURE 10
CHLORINE AND OEPLETED
juRaNiun. (D;D;C;D)
¢ v C lcve 7 miTF|OVERPACK DRUN (S OPENED JOPERATOR FAILS TO FOLLOV [EXPLOSION OF SMALL none OPERATORS SHOULD USE SELF
AND INNER CYANIDE DRUM 1S]PROCEDURE (CAUSES SPARK) JOUANTITY OF AVAILABLE CONTRINED SREATNING
LIFTED WITH CRANE AND IGNITES WYDROGEN IN [WYDROGEN RESTRICTED 10O APPARATUS .
THE CYANIDE VUASTE DRUN. |SPACE UNDER VENTILATION
WOOD. (D;0:C;0)
¢ v lous 7 mTF|CRANE OELIVERS DRUN TO  |ORUN DROPPED UNILE MOVING |CONTARNER SREACH, SPILL |NOWE HoNE
SAMPLE ROOM 1G WUTF SANPLE ROOM USING|OF URANIUN CHIPS WITN
ROIST. SPRINKLER SYSTEM |POTENTIAL FIRE LINITED 10
NOT OPERABLE. COMTENTS OF ONE DRUM.
WORKER [NJURY AND
EXPOSURE 1O DEPLETED
URANIUN, (D;0;C;D)
& IV C |ou9 7 WMITF|INNER DRUR IS GROUNDED OPERATCR FAILS TO FOLLOW (EXPLOSION OF SMALL NONE NONE
AND OPENED USING PROCEDURE (CAUSES SPARK) JQUANTITY OF NYDROGEN
NON-SPARK TOOLS AND IGNITES NYDROGEN IN [RESTRICTED TQ SPACE UNDER
DEPLETED URANIUN UASTE VENTILATION WOOD.
ORUM, (0;0;C;0)
& v jLims ;s OVERPACK DRUM IS OPENED |[OPERATOR FAILS 10 FOLLOMW Hnnoslu Of SMALL NONE OPERATORS SWOWLD USE SELF
WITF AND INWER LIN DRUN IS PROCEDURE (CAUSES SPARK) [GUANTITY OF AVAILABLE CONTAINED BREATNING
LIFTED WITH CRANE AND IGMITES NYDROGEN IN |#YDROGEW RESIRICIED 10 APPARATUS.
THE LIN UASTE DRUM. SPACE UWDER VENTILATION
MO0D. (D;D;C;D)
& Ivo jous/ VALK BERIND FORKLIFY ORUM PUSNED OFF DOCK BY |CONTAINER SREACH, URANIUM)NONE noweE
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WAZARD ANALYSIS REPORT BY RISK

R---F---Cc| Acr/EAC ACTIVITY NAME CAUSE/SCENARIO CONSEQUENCES PROTECTIVE FEATURES ACTIONS
MmSF MOVES DRUN OF DEPLETED  |FORKLIFT. CHIP SPELL 1N DOCK AREA
URANIUS UASTE 10 DOCK %O VORKER EXPOSURE DUE 10
ﬁmsm«:e RoM SPILL.
(0;D;0:0)
4 ivo |outs /s CLOSED LOOP CIRCAATION |MUMAN ERROR; BLEACR CNLORINE GAS RELEASE fwone |vome
M OF UATER TRROUGH REACTOR |INTRODUCED WITROUT THROUGH STACK. (D;D;D;D)
CIRCULATION OF VATER
(DEPLETED. SCRUBBER
FAILURE.
9 oUTo / CONTENTS OF DRUN CONTENTS OF DEPLETED Jmmum WAZARGS COVERED |wome IF UNENPECTED COMTENTS
Tl INSPECTED VISUALLY URANIUM UASTE INWER DRUM [UNDER ACTIVITIES UNERE FOUND, CONTACH
VISUALLY INSPECUED. OVERPACK AND INNER DRUM SUPERVISOR.
ARE OPENED.
° cY? 7 wITF |OVERPACK DRUM IS TRANSPORT OF EXPTY NONE | womz NONE
‘mscno:n 70 CRUSWER OR  |OVERPACK DRUM (PLATING
USED FOR CEMENTATION WASTE PROCESS) 10 CRUSWER
(PLATING VASTE PROCESS). |OR CEMENTATION FACILITY.
9 loute 7 REACTION COMPLETE. PLUGGING O CIRCULATION |OPERATIONAL PROBLEN. WOT |NONE {ome
WTE SLURRY TRANSFERRED 10 LINE DUE TO ACCUMIATION |A WAZARD. .
REOUCTION/SETTLING TANK |OF SMALL UWREACIED
(DEPLETED URANIUN |URANT CHIPS (DEPLETED
PROCESS) URANIUM PROCESS). MAY BE
DUE 10 BREACH OF TRE
PACTICLE SCREEN.
9 DU7 / WTF |OVERPACK DRUW IS TRANSPORT OF EWP VERMICULITE IS RENOVED, |wowe Jm
DISCARDED 10 CRUSWER OVERPACK DRUN (otnnm DRUN 1S TESTED FOR
Husso FOR CEMENTATION. URANIUM PROCESS) 10 CONTAMINATION PRIOR 10
CRUSKER OF CEMENTATION  |DISPOSAL.
FACILITY,
9 L7 OVERPACK DRUM 1S TRANSPORT OF EWPTY NONE | wome |wone
WUTF DISCARDED 7O CRUSWER OR |OVERPACK DRUM (LITHIUW
USED FOR CEMENTATION (LIN|NYDRIDE PROCESS) 10
PROCESS) . t:tgﬁ: OR CEMENTATION
f Y.
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M. KENT SASSER

Staff Member, Engineering & Safety Analysis Group, (505) 665-2540
Los Alamos National Laboratory, MS-K557

Skills

Management

Nuclear Oversight and Inspection

Reactor Systems & Safety

Probabilistic Risk Assessment

Nuclear Operations, Maintenance, & Testing
Nuclear Power Plant Procedures

Health Physics

Professional Experience

Eighteen years experience, summarized as follows:

* Manager, nuclear safety oversight staff at a commercial PWR (>15 staff)
Manager, procedures upgrade at a commercial PWR (>60 staff)
NRC resident inspector, 3 unit Babcock & Wilcox commercial PWR
Senior Reactor Operator (SRO) certification, Westinghouse PWR
Pre-operational test director, commercial reactor
Nuclear safety analyst, probabilistic risk assessment, human factors
DOE project manager, spent fuel storage and waste management projects
Health physics inspector, DOE Savannah River Site

Employment History

Los Alamos National Laboratory
Staff Member, N-6, Engineering & Safety Analysis Group, April 1990 to present.
Technical staff member. Analytical studies and assessments of reactor and non-
reactor facilities. Nuclear safety, human factors, probabilistic risk analysis.
Project Leader for DOE K Reactor and TA-55 Plutonium Laboratory PRAs.

Tennessee Valley Authority (TVA), Watts Bar Nuclear Plant
Manager, Procedures Upgrade Program, 1989-1990.
Manager of program to upgrade plant procedures, technically and to meet
NRC/INPO requirements. Staff 60+

SRO Certification for Managers, 1988
Nine month program for senior reactor operator certification per ANS 3.1.

Rigorous study of reactor theory, systems, accident analysis, and operating skills
on a plant simulator.

Manager, Plant Operations Review Staff, 1986-1988
Organized and staffed multi-disciplinary nuclear safety oversight organization.
Staff responsible for (1) assessment of programs against industry /regulatory
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requirements, (2) investigation and reporting of abnormal events, and

(3) preparation Licensee Event Reports. Plant interface with external Nuclear
Safety Review Board (NSRB) and Plant Operations Review Committee (PORC).
Technical support for Sequoyah Nuclear plant restart. Staff of >15.

Pre-operational Test Director, 1982-1984
Testing of reactor nuclear systems following completion of construction but prior
to operations. Responsible for integrated Hot Functional Testing as well as tests
of various reactor safety systems.

Nuclear Regulatory Commission, Region II, Atlanta, Georgia
Resident Inspector (Operations), Oconee Nuclear Power Station, 1984- 1986
Certified resident inspector for all aspects of operations, maintenance, testing,
and health physics at a three unit commercial reactor. Interfaced with utility
personnel (operators, technicians, plant managers and VPs), NRC
Administrators, Division Directors, and Headquarters staff.

Department of Energy, Savannah River Operations Office
Project Manager, Spent Fuel Project Office, 1979-1982.
Managed technical program to implement DOE spent fuel storage program.
Forerunner of Monitored Retrievable Storage (MRS) program. Developed and
supported technologies for spent fuel storage such as on-site cask storage and
transportation of spent fuel.

Health Physicist, Safety & Environment Division, 1975-1978
Inspected HP program in all Savannah River production reactors, chemical
separations, tritium facilities, laboratory, and waste management operations.

Education

M.S., Public Health, Environmental Sciences & Engineering Department, Health
Physics Program, UNC-Chapel Hill, 1975
B.S., Nuclear Engineering, North Carolina State University, 1973

Other Training (Partial Listing)

Pathway Analysis/Risk Assessment for Environmental Compliance and Dose
Reconstruction, March 1992

Safety and Risk Assessment Methods for Nonreactor Nuclear Facilities,
September 1991

Supervisory Development Training, Tennessee Valley Authority, June 1987

Management Oversight and Risk Tree (MORT), Accident/Incident Investigation
Workshop, 1987

Active Q Clearance
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COREY K. MCDANIEL
Summary

Graduate Research Assistant with Los Alamos National Laboratory with more than
4 yr of experience in the nuclear industry. Three years with Safety Systems &
Analysis Section and 1 yr with Probabilistic Safety Assessment Section specializing
in Probabilistic Risk Assessment. Performed safety analysis using Transient Reactor
Analysis Code (TRAC) on SRL K-reactor and developed database of federal codes
and regulations for meeting DOE requirements for future site development. Areas
of expertise include reactor safety analysis, human factors engineering, hazardous
and mixed waste management, software development, risk assessment, and
engineering systems and design.

Education

M.S., Nuclear Engineering, University of New Mexico, 1994
B.S., Nuclear Engineering, Purdue University, 1993
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MOHSEN SHARIRLI
Background

Fifteen years of experience in various areas of Reliability, Availability, and
Maintainability (RAM) studies, Probabilistic Risk Assessment (PRA), and Safety
Technology. This involved areas of safety, system analysis, PRA, reliability studies,
availability analysis, maintainability analysis, unavailability studies, reliability
centered maintenance (RCM) programs, failure modes and effects analysis, criticality
studies, hazard analysis, system unavailability monitoring programs, surveillance
and monitoring studies, trend analysis, condition monitoring programs, risk
management, economic feasibility, cost benefit analysis, design analysis, safety
analysis reports, various requirements, orders, and standards. This includes
development, applications, methodologies, and studies and their implementations
to commercial nuclear plants, commercial power plants, space programs, processing
plants, accelerators, storage facilities, and other commercial and defense facilities
and installations.

Education

B.S., Nuclear Engineering, University of Arizona, Tucson, Arizona, 1978

B.S., Physics, Texas Southern University, Houston, Texas, 1979

MS., Nuclear Engineering, University of Maryland, College Park, Maryland, 1983
Ph.D., Nuclear Engineering, University of Maryland, College Park, Maryland, 1985



JOHN P. KINDINGER
Summary

Senior Consultant with PLG specializing in safety analysis, risk assessment, and
management consulting for the nuclear and process industries. Experience includes
both participation in and the management of risk assessments as well as the design
and construction of nuclear and fossil fueled power plants.

Experience

Project manager and key technical contributor for the DOE-sponsored probabilistic
risk assessment (PRA) of the high level waste storage tanks at Hanford,
Washington. Key technical contributor to the independent review of PRAs of the
DOE N Reactor and Savannah River K Reactor. Principal technical contributor to
risk assessment of the new Secondarily Contained Tritium Handling and Process
System at the Lawrence Livermore National Laboratory to satisfy Safety Analysis
Report requirements per DOE Order 5481.1 B. Manager of the Pilgrim and
Bellefonte PRAs and participant in the Pilgrim safety enhancement program,
including evaluations of operating procedures and their improvements. Key
contributor to the “Seabrook Project Management Prudence Audit” and the
innovative cost model used in that study. With Consumers Power Company, was
senior /staff engineer, Midland Project Engineering Department. Project manager of
Midland Nuclear Power Plant PRA project. Administered and directed consultant
activities and directed the architect-engineer and nuclear steam supply system
supplier team performing this study. Senior engineer, Midland Nuclear Safety Task
Force, responsible for identifying and evaluating safety concerns arising from the
Three Mile Island Unit 2 accident and recommending resolutions to senior
management. Additional responsibilities included preparation of the Midland
Final Safety Analysis Report and participation in the design verification program.
Designed mechanical and energy conversion systems for the Midland nuclear plant,
the J. H. Campbell Unit 3 coal-fired plant, and the D. E. Karn Units 3 and 4 oil-fired
plants. Also designed transmission substations ranging from 46-kV to 345-kV, and
coordinated substation projects engineered by consultants.

Education

M.S., Management of Technology, Massachusetts Institute of Technology, 1985 0.5.,
Mechanical Engineering, Michigan State University, 1971

Memberships. Licenses, and Honors

Registered Professional Engineer, Michigan
American Nuclear Society

American Society of Mechanical Engineers
Society for Risk Analysis




SUBODH R. MEDHEKAR

Summary

Consultant and chemical engineer with more than 5 yr of industry and consulting
experience in the design, operation, risk, and hazards analysis of various chemical,
petrochemical, and refinery facilities. :

Experience

Currently involved in safety and risk assessment of chemical, petrochemical, and
U.S. Department of Energy facilities. Lead technical contributor for more than five
Risk Management and Prevention Programs IRMPP). Responsible for preparation of
the RMPP technical documents including hazard analysis and offsite consequence
analysis sections. Led hazard and operability (HAZOP) studies for various chemical
processes and units including hydrotreater, sulfur recovery, penex plus, ammonia
handling system, reformate splitter, and liquid sulfur dioxide handling and storage
facility. Led preliminary hazards analysis (PHA) for hazardous waste treatment
facility, ash immobilization facility, and mixed waste storage facility. Primary
author of PLG's HAZMAN software to support the performance of HAZOP and
PHA.

Served as an expert witness providing deposition pertaining to a risk assessment of
a HF alkylation facility in the South Coast Basin. Recently involved as a lead
technical contributor in establishing risk-based financial liability and premiums for
self insurance funds for an Alaskan Oil Company. Served as a lead technical
contributor to provide a basis for the selection of a risk-based cost-effective
alternative to minimize financial exposure. Developed a risk model to prioritize
various pipelines for a major oil company enabling the allocation of improvement
funds in accordance with the risk reduction gains. Developed application of
Thomas models for assessing failure frcquency of pipelines and storage vessels for
hydrofluoric acid handling and storage systems. Key technical contributor for a
sulfuric acid plant risk assessment and petrochemical plant demolition project.

Prior to joining PLG, had 5 yr of extensive research experience. During graduate
tenure at University of California, Santa Barbara, worked concurrently at Center for
Risk Studies and Safety on safety-related thermal-hydraulic problems. Analyzed the
potential for and dynamics of steam explosions using complex multiphase fluid
flow simulations on CRAY-XMP along with high pressure shock tube experiments.
Also aided in the instruction of undergraduate “Chemical Processes/Plant Safety”
course.

Prior to graduate work, had 2 yr of industrial experience working as a process
engineer at an oil refinery and as a project engineer at a Union Carbide plant.



Education

Ph.D., Chemical Engineering, University of California, Santa Barbara, 1991
M.S., Chemical Engineering, University of California, Santa Barbara, 1988
B. Tech, Chemical Engineering, Indian Institute of Technology, New Delhi, 1984

Memberships, Licenses, and Honors

American Institute of Chemical Engineers

Society for Risk Analysis

Principal Investigator of Computational Project, NSF Supercomputer, San Diego,
1988

Administrative Vice President, Graduate Student Association, UCSB, 1988

President Chemical Engineering Society, IIT, New Delhi, India, 1983-1984

J. N. Tata Endowment Scholarship, 1985

Aryabhatta Science Talent Award, 1977

Ramanujam Math Talent Award, 1977
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THOMAS J. MIKSCHL
Summary

Consultant with PLG, with more than 8 yr of experience in safety analysis
probabilistic risk assessment (PRA). Primary analysis experience in the areas of
model quantification, systems analysis, and the integration of seismic, fire, and
other external events into internal events PRA models for evaluation of total plant
risk. Expert in the use of PRA-related software.

Experience

Has participated in PRAs for more than 18 plants. Performed systems analyses for
the Diablo Canyon, Beznau, Bellefonte, Browns Ferry, Sequoyah, and Watts Bar
PRAs. Model quantification task leader on the South Texas Project, Seabrook
Station, Diablo Canyon, and Beznau PRAs. Principal analyst in the update of the
Beznau PRA and in the conversion of the complete Beznau PRA to the state-of-the-
art PLG PRA software. Participated in the modeling and quantification of seismic
events for a number of PRAs. Has participated in the development and
quantification of containment response models for several Level 2 PRAs. Key
technical contributor to the probablhstxc risk assessment of the newly constructed,
secondarily-contained tritium processing system at Lawrence Livermore National
Laboratory. Performed systems analyses and was a key contributor to the PRA of a
Modular High Temperature Gas-Cooled Reactor designed by CEGA Corporation.
Involved in the programming and development of PLG's PRA software, including
event tree quantification and linking, seismic fragility quantification, and room
heatup calculation codes.

Education

B.S., Environmental Engineering, Humboldt State University, 1982
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