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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 c,f the hazards associated with several
CST-7 facilities. Among these facilities are the Hazardous Waste Treatment Facility
(HWTF), 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 muItidisciplinary team of senior technical personnel
was assembled to conduct this study; the team included representatives from _ISA-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.

*"Guidelinesfor Hazard EvaluationProcedures," Second Editionwith Worked Examples, AIChE,1992.
**F.A. Lercari, "Guidancefor the Preparation of a Risk Managementand Prevention Program," Stateof

California,Officeof EmergencyServices unnumberedreport (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 frequency (e.g., the frequency is <l.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, 1 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 witb 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 olher 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 cond,_tions 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 a 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.
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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: Reacfives (metals, metal hydrides)

Group 4A: Flammables

Group 5A: Cyanides, Sulfides

1-3



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 CSI'-7 waste storage and treatment
facilities, requires that four tasks be completed.
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1. Ider_tification 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.
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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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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,
• arsiI_e,

• HCN,

• hydrogen sulfide,
• cyanogen, and
• phosphine.

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 concen_ed, 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 bre_ch 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.
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II

TABLE 3-1

SEISMIC SCENARIOS: CONSEQUENCE "A" FOR PUBI. IC
AND/OR CO.LOCATED WORKER EXPOSURE

DescTIptionof Risk............... Consequences ....
Node Scenario Rank Frequency Consequence of Scenario Recommendations

HWG High-intensity 3 IV 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; A; A)

M W'G High-intensity 3 "' IV ..... 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,
and radioactive
contamination.

(A;A;A;A)..............
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TABLE 3-2
FIRE/EXPLOSION SCENARIOS: CONSEQUENCE "A" FOR PUBLIC

AND/OR CO-LOCATED WORKER EXPOSURE

- Description of Risk - Consequences .........

Node Scenario Rank Frequency C,,,,onse_uence of Scenario Recommendations
I-IW7A Interna_ fire ..... 2 ' Ill A Pressurization (1) In'i'tia_tefire sup-

(initiated within and rupture of pression sprinklers
the building) gas cylinders given fire in adjacent

Highly toxic gas areas.
release and

potential (2) Enclose the HW
cylinder missile storage area and store
generation, gas cylinders in an
(A;A;A;A) enclosed area.

MW7A Internal fire ..... 2 III ..... A Pressurization Store gas cylinders in
(initiated within and rupture of an enclosed area with
the building) gas cylinders, fire door and fire wall.

Highly toxic gas
release and

potential
cylinder missile
generation.
(A;A',A_)

-I-IWG External fire (e.g., 3 IV .... A Fire penetrates None
forest or brush the HWTF,
fire) major fire

releases toxic

gas to the
environment.

.... (A;A;A;A)
l_ WG External fire (e.g., 3 IV "'A Fire penetrates None

forest or brush the MWRSF,
fire) major fire

releases toxic

gas to the
environment
and radioactive
contamination

........... (A;A;A;A) .....
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TABLE 3-3

SPILL SCENARIOS: CONSEQUENCE "A" FOR PUBLIC
AND/OR CO-LOCATED WORKER EXPOSURE

Description of Risk" Consequences

Node Scenario Rank Frequency C0nsequence ...... of scenario Recommendations
Hw7A Breach of legacy 1 II A Release of (1) Do not store

cylinder of doubt- highly toxic legacy cylinders in
ful integrit'" <luring 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;A;A;D) (4) Consider enclosing

the HWTF storage
and providing HVAC
and scrubber.

GC2 Truck accident on 2 ' III......... 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;A;D) 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.
HW4A Picric acid 2 Ill A Detonatio'n, Develop and enforce

dropped or jarred major fire in policy not to store
HWTF storage explosives or shock-
area, multiple sensitive materials in
toxic gases (e.g., this building.
phosgene,
HCN, etc.)
released directly
to environment,
worker fatality,
public exposure.
(A;A;A;A)
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TABLE 3-3 (CONT)

Description of Risk i Consequences
Node Scenario Rank Frequency, ' Consequence _ of Scenario Recommendations

HW6A Forklift accident 2 III A Release of toxic (i) 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;A;B) 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.

HW7A Breach o'f"cylinder 2 III 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_A;D)

(4)Work inthisarea

tobe performedwith
protection(i.e.,wear
SCBA, operateunder
thebuddy system).

(5)Protectivecapfor
cylinderregulators
shouldbeinplaceat
alltimes.

(6)Considerstoring
gascylindersin
enclosedroom inan

............. enclosedbuilding.
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TABLE 3-3 (CONT)

Description of Risk ' Consequences
Node Scenario Rank Frequency Consequence of Scenario Recommendations

HWG Accident during 2 III 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
CAI or other for securing waste
facility, drums during trans-

portation.

(3) Do not transport
incompatible waste
drums together.

M WG Accident during .... 2 III ' " 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;A;A;A) areas.
wastes) from
MWRSF to CAI or (2) Review procedures
other facilities, for securing waste

drums during trans-
portation.

(3) Do not transport
incompatible waste
drums to_ether.

GC4 Breacl_ of cylinder 3 ' iv ' A' rRelease of (1) Transport and
from accidental highly toxic store cylinders
causes (e.g., gases ,%_curely.
cylinder dropped (phosphine,
and regulator line phosgene, (2) Consider
breaks), arsine, and secondary contain-

others), worker ment for most haz-
fatality, ardous cylinders.
(A;A;A;D).

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

4-1

J
L



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.

4.1.3 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
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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.
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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 Tat_le 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

INITIAT|NG TOP ....... IS TOP EVE_ REFERENCE,IF
EVENT EVENTS QUANTIFIED? QUANTIFIED

-Seismic event CB -Collapse of Building '_es Applied .....
of 0.3g intensity Technology

Council Publication

13, Earthquake
Damage Evaluation
Data for California

- - ii,ll H,

'BL- Breach OfServi'ce Lines No ......

BC - Breach cffContainer Yes Expert Judgment
MX - Mixing oi_'incoml_atibles No ......
FB- Fire in'Building .... No ...........

"VT- M'aifuncti0n of .... _qo.............

Ventilation System
_Ev -Evacuation Procedures .... -N o ....

Disregarded
Fire/explosion ' BB- Breach of Building Yes Expert judgment
starting inside
facility .

BC- Breach of Container Yes Exl_ert judgment
MX- Mixing of Incompatibles No .........

' VT - M'alfunction of ' No .......

Ventilation System .......
....EV - Evacuation Procedures' No

Disregarded
Fire/explosion BB- Brea(:h 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 Syste m ..........
'EV - Evacuation Procedures .......No
Disregarded.......
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TABLE 4-2

INITIATING.EVENT FREQUENCIES FOR WORST-CASE SEQUENCES

INITIATII_'G iNiTIATING-EVENT .................................

EVENT FREQUENCY (YR"1) REFERENCE

Seismic event of 2.0 x 10-4 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.
ll,,i t! ii , e

Fire/explosion 2.0 x 10-2 Probabihstic Safety Anai ysis for
starting outside TA-63, HWTF," M. K. Sasser,

.facility 1992. ,i i i i | i _ -- __

I

TABLE 4-3

SPLIT FRACTION VALUES FOR WORST-CASE SEQUENCES

.............. TOP EVEI_ITS 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 011 ......... Expert Judgment --

Fire/explosion BB 0.01 Derived from .......
starting outside "Probabilistic Safety
facility Analysis for TA-63,

HWTF," M.K. Sasser,
1992.

.... .' BC 0.1 ......... Exper t ,:_ludgment
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TABLE 4.4

RELEASE FREQUENCIES FOR WORST.CASE SEQUENCES

_- RELEASE QUALITATIVE ............. RANGE OF.....
FREQUENCY RELEASE FREQUENCY QUALITATIVE

INITIATING (YR"1) FROM CATEGORY MEASURE FROM
EVENT PRA FROM PHA PHA (YR-1)

....Seismic e'vent of .....2.0 x i0 -6............. IV 10-6 to 10-4

0.3-g intensity i .... lllll ll| i

Fire/explosion 3.3 x 10"4 III..... 10 '4 to 10'-''2
starting inside

facili.t,y _ , _ ,,i - ill

Fire / explosion 2.0 x 10.5 I V 10"6 to'l 0_4
starting outside
facility ..........................
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Fig. 4-1. Event tree for seismic event initiator.
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Fig. 4-2. Event tree for internal fire/explosion initiator.
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F_re/Explosion B8 - Breach of BC - Breach of MX - Mixk_ of VT - Ventilation EV - Evacuation Sequence
System Procedures #

Initiating Event Building Container Incompst_ioe Malfunctions Disregarded

(per yearl
' 2.00E'02 1

|0.01 2

I O.1 NA NA NA , 3 Wo_t-Catm Sequence

NA - Not Applicable for Worst-Case Release Frequency Computations

Fig. 4-3. Event tree for external fire/explosion initiator.
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Fig. 4-4. Fault trees for seismic initiator event tree (cont).
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Fig. 4-4. Fault trees for seismic initiator event tree (cont).
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Fig. 4-5. Fault trees for internal fire initiator event tree.
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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

• Hydrogen sulfide

• Arsine

• Phosgene

• Phosphine

• Cyanogen

Expected toxic gas quantities were estimated using hLstoricaldata. 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):

5-1



Pa_ P2 P2
PV =nRT _----- =---_ V2 =-----xVatm ,

Vatm V2 Patm

where

Patm = 14.7psi,

V(HF)atm - 1.91m3,

P2 = 500psi,

p(HR) = 0.8g/_ ,

mass (I-IF)= 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 (m 3) DENSITY (g/l) 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
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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.
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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 ERP(3-3 values at locations near TA-63.
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TABLE 6-1
ERPG VALUES

Gas ERPG-2 Concentration iPFM) ERPG-3 Concentration (PPM)

Hydrogen Fluoride' . ....' .'. 20.0 .................. 50 ' '
Phosgene ..... 0.2 .. 1
Arsine 1.'0 ............ 5'

Hycirogen Sulfide ..... 30,..0 !00 ,,

TABLE 6-2
NORMALIZED METEORLOGICAL DATA FOR LANL, STABILITY F (7/90--12/92)

.......................... ii,., ,i.,, , ,,,

Stability F

Sector From ' Top Wind Speed in meters per Sec_)nd
Number Direction ' 1.75 ' " 3.25 5.5 8.5 il.5 ....200 Total

1 N ..... 0.00651 0.00120 0,00000 0.00000 0.00000 0.00000 0.00771
'"2 " NNE 0.00380 0.6'0060 0.00000 '0.00000 0.00000 0.00000 0.00441

3 NE" 0.00'240 0.000'10 0.00000 0.00000.... 0.00000 0.00000 0.00250
'4 " ENE " 0.00070 0.00000 0.00006 0.00000 0.60000 0.00000 0.00070

.... 5 E 0.00O900.60000 0.00000 0.0O000 0.0000O0.00000 0.0O090
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

i ii ii i ii

'9 S 6.00240 "0.00020 0.00000 0.00000 0.00000 0.00000 0.00260
i0 'ssw " (J.00'36'0 "'0.00040 0.00010 ' 0.00000 0.00000 0.00000 0.00410
11 SW 0.00651 0.00140 0.00000 0.00000 0.0000010.00000 0,00791

i

12 W S W 0.00841 0.00761 0.00000 0.00000 0.00000 0.00000 0.01602
13 W 0.01061 0.03184 0.00270 0.00000 0.000130.... 0.00000 0.04515
14 W N W 0.01081 0.03374 0.00400 0100000 0.00000 0.00000 0.04856

,,i , ii i

15 N W 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.SE-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 lsopleths. 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.

7.2.4.2. 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

7-5



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

..... INI_ATING EVENT ......... RELEASE FREQUENCY (YR "1)

Seismic event of 0.3'-g intensity ......................... 2.0 x 1'0"6

Fire/eXplosion starting inside'faciliiy ............. 3.3 x 10-4 ..... .....

Fire/exp]_0sion starting o u!side faci]'ity " 2.0X !0 -5- '.....

TOTAL ................................. 3.5 X 10a ...........
i i,i i ,., , l,,, ii i ,, , ii ii i , i l ,.i.i,ll . ii i

TABLE 7-2
WORST CASE EXCEEDANCE DISTANCES

................ ' ' ' EI(I'G-2 ...... ERI;G-3

Chemical ..... Worst Case Exceedance Worst Case-Exceedance
Distance (m) Distance (m)

Hydrogen Fluoride ,, 3100, , 2000
1000 110phosgene .....

Arsine 500 150

Hydr0_enSulfide .... 40().... ,",',,,i, , '.... , 1"_t0 "
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Chemical: Hydrogen Fluoride (HF)
Quantity: 58.42 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: 50ppm
ERPG-2: 20ppm

,,,,1
6_

Fig. 7-1. Hydrogen fluoride 10-min snapshot with 10-min averaging and stability f.



Chemical: Hydrogen Fluoride (HF)
Quantity: 58.42 KG

Averaging Time: 10 Min.
Stability Class: F

Snapshot: 20 Min.
Wiad Speed @ 10m: 0.875 m/s
Wind Direction(From): West

Temperature: 15C
Release Height: 10m
ERPG-3: 50ppm
ERPG-2: 20ppm

",4
!

Fig. 7-2. Hydrogen fluoride 20-min snapshot with 10-min averaging and stability f.



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

",,,l
!

Q

Fig. 7-3. Hydrogen fluoride 30-min snapshot with 10-min averaging and stability f.



Chemical: Hydrogen Fluoride (HF)
Quantity: 58.42 KG

z

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.



Chemical:HydrogenFluoride(HF) s C0 FICEFITRAT I 0FI US. 13[ STflFICE
Quantity: ,$0.42 KG 1, .

Averaging Time: 10 Min.
Stability Class: F

Wind Speed @ 10m: 0.875 m/s
Wind Direction(From): West I e 4

Temperature: 15(:
Release Height: lore
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.



LANL Umited Scope QRA
Best Estimate Fluoride Releose

Absolute Frequencies of 10.000 Minute Averoge of ot Leost 1.000 times the ERPG-2 Level
Contour Levels Given in Terns of Return Time in Yeors

Outer Contour Hos o Return Time of 1000000. Yeors

1 0 2 miles
; ; | i ii | i ] ; I

Fig. 7-6. Hydrogen flow in QCRR risk contours, ERPG-2, 10-min average.
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LANLUmited 5cope QRA
Best Estimate Fluoride Release

Absolute Frequenciesof 10.000 Minute Average of at Least 1.000 times the ERPG-3 Level
Contour Levels Givenin Terms of Return Time in Years
Outer Contour Has a Return Time of 1000000. Years

1 0 2 miles

li

Fig. 7-7. Hydrogen flow in QCRR risk contours, ERPG-3, 10-min average.
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Chemical: Phosgene (COC12)

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: lppm
ERPG-2: 0.2ppm

"4
!

O_

Fig. 7-8. Phosgene 10-min snapshot with 10-rain averaging and stability f.



Chemical: Phosgene (COC12)
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: lppm
ERPG-2: 0.2ppm

Fig. 7-9. Phosgene 20-min snapshot with 10-min averaging and stability f.
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Chemical: Phosgene (COCI2)
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: lppm
ERPG-2: 0.2ppm

",,1
!

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



Chemical: Phoagene (COC12)
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: lppm
ERPG-2: 0.2ppm

!
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Fig. 7-11. Phosgene 40-min snapshot with 10-min averaging and stability f.



Chemical: Phosgene (COC12)
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: lppm
ERPG-2: 0.2ppm

!
I--a
kO

Fig. 7-12. Phosgene 60-min snapshot with 10-min averaging and stability f.
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Chemical: Phosgene (COCI2) s C0 HCErlTRfiT I 0 H OS. D [S TAHCE
Quantity: S.07KG t e

Averaging Time: 10 Min. 4
Stability Class: F In

Wind Speed @ lOrn: 0.875 m/s
Wind Direction(From): West we _
Temperature: 15(:
Release Height: 10m
ERPG-3: lppm
ERPG-2: 0.2ppm _. _e
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Fig. 7-13. Phosgene concentration vs distance plot with lO-min averaging and stability f.



LANLLimitedScope QP,A
Best Estimote PhosgeneReleose

Absolute Frequenciesof 10.000 Minute Averogeof ot Leost 1.000 times the ERPG-2 LevelContour LevelsGiven in Ter_s of Return Time in Yeors
Outer Contour Hos o Return Time of 1000000. Yeor$
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Fig. 7-14. Phosgene QCRR risk contours, ERPG-2, 10-min average.
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LANL L.J_ited Scope QRA
Best [stimote Phosgene Releose

Absolute Frequencies of 10.000 Minute Averoge of ot Leost 1.000 times the (RPG-3 Level
Contour Levels Given in Terms of Return Time in Yeors
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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: lppm

-,,1
!

to

Fig. 7-16. Arsine 10-min snapshot with 10-min averaging and stability f.



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: 5ppm
ERPG-2: lppm

",,,1

_o

Fig. 7-17. Arsine 20-rain snapshot with 10-min averaging and stability f.



Chemical: Arsine (ASH3)

Quantity: 6.68 KG

Averaging Time: 10 Min.
Stability Class: F

Snapshot: 30 Min.
Wind Speed @ _.0m: 0.875 m/s
Wind Direction(From): West

Temperature: 15C
Release Height: 10m
ERPG-3: 5ppm
ERPG-2: lppm

!
to

Fig. 7-18. Arsine 30-min snapshot with 10-min averaging and stability f.
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Fig. 7-19. Arsine concentration vs distance plot with 10-min averaging and stability f.
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LANLUmited Scope (;IRA
Best EstimoteArsine Releose

Absolute Frequenciesof 10.000 Minute Averogeof ot Leost 1.000 times the ERPG-2 Level
Contour Levels Givenin Terms of Return Time in Years
Outer Contour Has a Return Time of 1000000. Yeors
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Fig. 7-20. Arsine QCRR risk contours, ERPG-2, 10-min averaging.
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LANL UmitedScope QRA
Best Estimate ArsJneRelease

Absolute Frequencies of 10.000 Minute Average of at Least 1.000 times the ERPG-3 Level
Contour Levels Given in Terms of Return Time in Years
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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

veraging 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
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Fig. 7-22. Hydrogen sulfide 10-min snapshot with 10-min averaging and stability f.
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Fig. 7-23. Hydrogen sulfide concentration vs distance plot with 10-min averaging and stability f.
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Fig. 7-24. Hydrogen sulfide QCRR risk contours, ERPG-2, 10-min averaging.
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Fig. 7-25. Hydrogen sulfide QCRR risk contours, ERPG-3, 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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MID.aS can be supplied on existing hardware or as a complete hardware/software
package. The system is available in basic configurations.

• 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.

• 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
_lpdated 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.
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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. QCP,.Roperates 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 tu_tory 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 blard<et 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

B-2
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PRELIMINARY HAZARDS ANALYSIS (PHA) OF PROPOSED CST-7
WAS_ 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 wereconceptual 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, 1 the California Risk
Management Prevention Program (RMPP), 2 and the Process Safety Management

(PSM) rule. 3 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 I or 2 were considered to be unacceptable. In these cases, actions 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



1
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 I 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 i 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 I 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

*ProbabilisticSafety 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.

4. 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, wi_ad
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.

5. Potential for Misrouting of Waste Solutions Increases Risks. An impor-
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.

6. 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.

7. 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
i|l •

' Facility ....Number of Risk Number ot Risk

or Activity Rank I Scenarios Rank 2 Scenarios
-StOrage

Mixed Waste Storage 1 (25%) 11 (2.2%)
Hazardous Waste Storage 2 (50%) 22 (45%)

Mixed Waste Bulking .... -- 2 (4%)
.... 3 (75%) 35 (71%)Subtotal

Treatment (HWTF) ' ..... 1'(_5O/o)' 9 (18%)
Transvortation* _. -7 5 (10%)

*Includestransportation 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
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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.
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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.

• 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.
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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.

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

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

• Mobile hoods are used and are connected to the exhaust air treatment

systems.

• 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 rebulldng 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.

• 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 (PCBs)

• Group 9: Unregulated
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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.

• Acids such as HCe, HNO3, and H2SO4.

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

• 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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• Neutralization of acids, if any, with a base; e.g., sodium hydroxide.

• Oxidation of the cyanides (and ammonia) to produce innocuous gases.
The most common oxidizing agent is sodium hypochlorite (bleach), with
the resulting formation of CO2 and N2.

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

• Precipitation of metals with a base to precipitate hydroxides or with H2S
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.
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TABLE 2-1

HAZARDOUS WASTES

"' Inc0mpa!ibilities _ _Flammability, Reactivity

of)

O

Chemical Name :_ _.

i iii '_'

 diUm  e .... 2 , Y , 1 1 3 3i

sodium hydroxide ,, 2 Y Y .... o o 1 1 1A
arsenic pentoxide 2 Y Y , J 0 0 0 0 1A
arsenic trioxide 1,.2 Y Y Y Y 0 0 0 0 1A

arsenic metal 2 Y Y 0 0 0 0 1A
suffuricaci d ........ ,, " Y Y ' 0,,, 0 2 2 1B
hydrofluoric acid , 2 Y Y Y Y 0 0 1 0 1B
hydr.0chloricacid ............ i',',i', " Y Y Y .... 0 0 !B
carbo,n tetrachloride ...... 1 Y Y .... 0 0 1B
arsenic acid 2 0 0 0 0 1B

,1,1.2.2-tetrachloroethylyen'; wastes i.,' " Y ,i'i','250F O, 0 I B
trichlorotrifluorethane , 1, Y Y 1B I

lithium hydride , 1 Y Y Y .... 4 2 2Ai
Barium 2 Y Y[.. Y 3 3 2 2 2A

magnesium ,, Y Y Y , 3. 1 3 3 2A
.sodium ......... 1 _Y y y , 1 2 2A
C=_!_um , 2 Y Y Y .. 3 1 2 2 2A
Lithium in oil .......... Y Y .... 3 1 1 1 2A
picr!.cacid 2 Y Y Y Y 4 4 4 4 i4_ai ,l| HI I I • I,,,H

nitromethane , , 1 Y Y Y Y Y , 95'F 3 3 4A
methyl isocyanate ....... 1 Y Y Y Y Y 20F 3 3 4A

,,acethalhehyde ...... 2 Y , Y Y Y (-38)F 3 4 2 2 4A
..acrylonitrile ........... 1, Y Y Y Y 32F 3 2 4A,
Acetonitrile Y Y Y Y Y .......42F , 3 2 4Ai i i ,,i _ Hll

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 1 1 • 4A
formaldehyde ....... 2 Y Y Y 185F 3 4 0 0 4A
BenzylChloride .. 2 Y Y Y .,, 153F 2 2 1 1 4A
To!uenediisocyanate , , Y Y Y ...... 260F 1 1 4A

2 Pentene 2 Y Y (-4F) 3 4 0 0 4A
,m _ ill

chlorobenzene analytical solutions , 2 Y _, 82F,, 3 3, 0 0 4A
1,2-dichloroethan e ,,! ,, Y 56F 3 0 4A
2,4 dichlorophenoxyacetic acid 2 Y 1 1 0 0 4A
dichloromethane 1 Y Y no data 1 0 4Ai,

..1,1,_2,2 tetrachloroethane' ...2 Y ,more 235F 1 1 0 0 4A
pentachloroPhenol ...... 2 , Y ..... 190 F 0 0 0 0 4A
mercury, oxycyantde .... 2 Y 0 0 3 ....3 •5A
cyanogen bromide 2 Y Y , 0 0 2 2 5A
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TABLE 2-1 (CONT)

Gold cyanlidestril_r ....... 1,2 Y Y Y Y _ 0 0 0 5 A
ammoniumperchlorate .... 1 Y_ , Y Y 0 4....6A
methylethyl keton.eper.oxide' CT.X, Y Y !25.6F _ 2 3 6A!
_De_rchlortc',acid , 1 Y Y Y Y _ _ 0 3 6A!
Hydrogenpyroxide....... ¥ ....... 0 0 3 I3 6A
calciumhYP0chlor!,te .......... 1 Y Y 0 2 6A
nitricacid Y Y Y Y Y 0 0 0 0 6A
Ammoniu'_Persuifate ...... 1 Y ,, Y , _ 3 O16A
AluminumNitrate ........... 1,2 Y Y Y 0 0 0 1 6A
icyanogen i.... ,2, Y Y Y _; 3 4 2 2 7A

DPM Y 4 1 7Aiphosphin_e...... _
ihydrogensulfide 2 3 4 0 0 7A
!aminegas cylinders 2 Y! Y Y 3 3 0 0 7A
!carbondisulfide 1,2 Y Y (-22F) , 3 3 0 0 7A
nitrogen_xide ....... ...... 2 Y ....... • 0 3 3 7A
phosgene......... 2 Y Y ........ 0 0 1 1 7A
fluorine DPM Y Y ...... 0 3 7A

2-7



TABLE 2-2
MIXED WASTES

.............. incompatibilities _ Flammabilit,y.........Reactivity

- ii

chromium, .... .... 3 2 1A
selenium 1 Y Y 3 0 1A
chromium 2 Y ........... 3 3 0 0 :3 1A
t i i i .i l= ,-.

chromium 2 Y 3 3 0 _ 0 3 1A,.,,

'sl-lver 1 Y Y Y 3 3 0 0 3 1 A
;arse'nic..... 3 Y .... _' 0 0 0 O 3 1A- , =l ,. ii - i i

lead 5 Y 0 0 0 0 3 1A,. . i i i i, =l

6 Y Y 0 0 0 0 3 1Aimercury .................
arsenic 1 Y Y Y 0 0 0 0 0 1A

i| i i ,i i

lead 5 Y 0 0 0 0 3 1A.| ,ll --

mercury .... 6 Y Y ., 0 0 0 0 .3, 1A
thalliumchloride 1 Y Y 0 0 0 0 3 1A,,.,, ,,i i , ii

thioacetarnide 1 ..... Y Y Y 0 0 0 0 . 0 . 1 A
thiourea 1 Y Y 0 0 0 0 0 1A.... . ..... i j ,.i,

cadmium 4 Y Y 0 0 1Ai i.i ii. i im i i i i i i.,,, i

cadmium 4 Y 0 0 1A
vanadiumoxide ...... 1 0 0 0 0 3 1 A
lead'acetaie 'l Y Y ....... o o o o iA
selenium d')oxide ' 1 Y 'Y ...... 0 0 0 0 3 1A

Y Y 0 0 0 0 3 1Amercury .........
lead 0 0 0 0 3 1A
lead...... 0 0 0 0 3 1A
arsenic'oxide 1 Y Y Y Y [ = 1A

=.l ii i _ ,, ,,, ,,,.

ihaii'ium oxide 1 Y _ 1A

hydroxide salts
solutions _ 1 Ai ,,-

1Amercury ..........

nitricacid; hydro
sulfuricacid; sulfuric
acid;HF, HP304; acetic
acid 1 0 Y Y Y Y 3 3 1 0 3 1B

hydrofluoricacid ....- 2 Y Y Y Y 0 0 1 0 0 19
hydrogen,fluoride ....... __i Y Y 0 0 1 0 0 1B
PhOsphoricacid .... Y 0 0 1 0 0 ....1B
acetic acid j i Y Y Y _ 104F 1 1 0 0 0 _IBi .=l i ,i H .,,. .

!hYdrosulfuricacid., __ i _ 1B
isulfurlcacid ,, 1 Y Y ....... 1B
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TABLE 2-2 (CONT)

....................... ., Incompatibilities Flammability Reactivity

........... - _ _,,,, , i ,,==

lithium(hydride),
potassium& sodium ,., Y Y Y 3 4 2 2 0 2A_
lithiumhydride 1 Y Y Y , 4 2 _ 2A
"'barium ",, , 2 Y Y ,, , 3, 3' 2" 2 2A
_bariu.m .. 2 Y ,,,Y .... 3 3 2 2 2A
barium ..... 3 3 2 2 _ 2A
sodium........... 1 .... Y Y , Y , _.1 .... 2 _ 2A
_s0_d!.Um.... 1 y Y ..Y...... 1 2 _ 2A_
_Lpom__-Qsium............. 2 .. Y Y. 3 1 2 2 0 2A
!ethyl-ether ,, 1 ,,y Y 4 1 4A
f0rmalde_hyde........ 2 Y Y Y 185F 3 4 0 0_ 0 4A_
chl0ro-m._ethane..... 1 y ..... Y 4 0 .... 4A

1,2-dich!oroethane 1,, Y 3 2 4 A
hydrazine ..... 1 .... Y ...3 2 _ f4A

1,1,1, trichloroethane;
trichloroehtylene;
methylenechloride;
chlorinated

flourocarbons;to,!.uene,, Y Y Y . 3 3 0 1 1_ 4A

;chromium,1,1,1;
trichloroethane;
Ltrichloroethylene;
methylenechloride;
tolue_ne.,, Y Y Y y ....... 3 3,,, 0 1 3 4A
tetrahyclrofuran 1 Y Y Y .. 3 1 4A

1,1,1 trichloroethane;
trichloroethylene;
methylenechloride;
toluene; f-solv/dioxin 2 Y 3 3 0 1 1 4A
ethyl acetate 1 Y Y Y Y Y 3 0 4A
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TABLE 2.2 (CONT)

...... . inc0mpatibilities' Flammability Reactivity

O

.
_yddinew_'_ite 2 Y Y Y 68F 3 3 0 0 1 4A
methanol ..... 7 y" Y 3 3 0 0 4A.....

_cetone ..... 7 y 3 0 4A
_flene .... 8 y .... 3 0 4A
benzene 1 Y Y 3 0 4A
A_cetone 7 Y 3 0 4_
toluene 2 Y 40 F .... 3 3 0 0 1 4A

methylethyl ketone
peroxide 1 Y y y Y 3 0 4 A

acetone; methanol;
xylene . y y 3 3 0 0 4,a
methanol 3 0 4A

3 0 4A
xylene .
aniline'....... 1 y y y 2 0 4 A
creasol 2 y y Y 178 F 2 0 4 A.....

phenol 1 y y y 2 0 4,_

fo_¢,icacid. 1 y y y 2 0 4A
cyc!ohexanone 1 Y Y 116 F 2 o 4A
napthalene 1 y 2 0 4A

1,1,1 trichloroethane;
trichl0roethylene y y y 1 1 ..... 4A

1 Y y y 1 1 4A1,1,1 trichloroethane

1,1,1 trichlorethane;
trichloroethylene;
methylenechloride;
chlorinated

y 1 1 0 1 1 4A
fluorocarbons

1,1,2, tric.hloroethane 1 Y y y y 1 1 0 0 3 4,a
phthalicanhydride 1 y y y y y 1 0 4.A

m_thvlAnA chloride 1 y 1 1 0 0 1 4P

2-10



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?

• 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.

• 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.

**Theterm "process" is used here to generically represent a structure, system, or process.
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• 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 succes_ 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
scene.rios. 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
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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.

• 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.

• 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.

• 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.
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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

2. Schedule for the PHA

3. Processes within CST-7 to be evaluated

4. 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 fo_' 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

• Cause/scenario, the cause of the hazard scenario
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• 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
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TABLE 3-1
PHA ATTENDANCE

..... Name/ LANL I'IX3 LANL PI_ Pi_

Orsanization 8/2 '8/16 9/27 ..... 1"0/11 11/8
sul_odh R. Medhekar, PLG nxXkn nnXXX nXXXX naXXX nx)(Xn

Thomas J. Mikschl, PLG .... nXXXn nnxxx rLxxxx nXXXX nXXXn
M. Kent Sasser, TSA-6, LANL " n'XXXn nnxXX nXXaa nxxXx nX)(xn
M0hsen Sharirli, TSA-6, LANL nxxXn nnxxx nxxxx nxxx)( nXXan

....Guy Lussi'ez, CST-7, L'ANL . nXXXn nnaaa naaPP-' naaaa naaan
Krystyna Dziewinska, CST-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 S10an, CST-7, LANL naaaa nnaaa naaaP naaaa ''_ naaan

Corey McDaniel, 'TSA'-6, LANL naaaa nnaaa 'naaaa nxXxa nXXan
. John P: K!,ndin_er, PEG ......... naaaa nnxXx 'naaaa nXPPP nxxXn

Notes: P = Part Time
X= Full Time
a = Absent

n = NoMeeting ........

3-7



TABLE 3.2
PHA PARTICIPANTS AND SUMMARY OF EXPERTISE

Attendees Organization" Function/Expertise'
Subodh R. Medhekar PLG PHA Facilitator

Thomas J. M'iksc_ PLG 'PHA ReCorder ......
M. Kent Sasser TSA-6 LANL LANL Principal Investigator,

PH A Participant .......
M0hsen sharirii TSA-6 LANL PHA Participant

Guy Lussiez ....... (_ST-7 LANL 'PHA Participant
Krystyna Dziewinska CST-7 LANL ....PHA Particip.an t
Jacek Dziewinski CST-7 LANL PHA Participant ...... ....
James Stanton ...... CST-7 LANL PHA Participant
Tim Sloan .... CST-7 LANI_ PHA Participant .......

Corey McDaniel ......... TSA-6 LANL PHA Participant ....
John P. Kindinger PLG ...... r PLG Project Manager,

PHA Participant ......, ....
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J
i

I IDENTIFY PROCESSI

F._IPMENT TO
BE ANALYZED

ii _11

CONSTRUCT FLOW CHARTS

DEPICTING SEQUENCE OF
ACTIVITmS

!

EXAMINE EACH ACTIVITY

FOR HAZARDS AND ASSESS
IMPACT

EXAMINE DIFFERENT

ACCIDENT SCENA.RJOS FOR
EACH ACTIVFrY

NO FUgTHER
SC_ENAIUO ACTION REQUIRED
PROBABLE?

YES

ASSIGN SEVERITY,

FREQUENCY, AND RISK
RANKING TO ACCIDENT

SCENARIO

RISK

RANK

NO FURTHER

REVIEW RISK RANKINGS ACTION REQUIRED

RISK RANK I OR 2

RECOMMEND POSSIBLE
MITIGATION I CONTROL

_T FOR ACTIONS
EACH

SCENARIO
NO

ALL ACTIVITIES ANALYZED
REPEAT FOR EACH ACTIVITY

Fig. 3-1. PHA review sequence.
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._ , __ iii i i i i , iiiii ., ,,,-, i, i i ii i ,,i

Hazard Sources Examples
-Electri'cSources.... Hig'h-Voltage'and'Curr'entSourceS'

Transformers
Batteries
Static Electricity

-Motion Sources ...... .... Sl_ears, Sharp Edges, Pinc'h Points,
Machinery
Vehicles/Forklifts and Trucks
Mass in Motion

-Gravity-Mass Sources ' Fa-lling .........
Falling Objects
Lifting
Tripping, Slipping
Earthquakes

-Pressure Sources" chemical Reactions ....
Noise
Confined Gases
Extreme Wind

Chemical Sources Corrosive Materia|s
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 Matei:ials .........

Ionizing Radiation
RF Fields
Infrared Sources
Ultraviolet
Plasma Beam
Chemical Reactions

i iii i, ii i _ i,ii i i

Fig. 3-2. Potential hazard sources.
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L_

"¢ategory ................. ,........_[axi mum Possible Conseq u,_nCes.........................ii r J mu i i lJ linlnnn n n nllnn i n i n n nln nnlll nn _ lll|ll

Public Co-Located Worker Environment

III AI immediate ...... Significant offsite .....

he aI t h hea I th contamination.
effects effects

' B......... Long-'terrn _ Long-term...... Severeinjury or Moderate-to'-'significant '
heaI t h hea i th disabil i ty. onsite-onlycontamination
effects effects Radiation > MPBB and/or minor offsite

uptake, contamination.
C ' Irritation or Irriiation or Lost-iime injury but 'Significant contamination 0f

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
hea Ith hea Ith rary radiation contamination.
effects effects worker restriction.

D No signifi- No silgnifi- Minor or no iniury Minor or ao C0n_rnination oilI[
cant offsite cant offsite and no disability, originating facility/activ-
effect effect ity; no onsite contamination.

No offsite contamination.
.......... i ......... L i i

Notes:

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

i _: Laboratory property but not necessarily the originating technical area.

Facility: Originating technical area of the Laboratory.

Temporary Radiation Worker Restriction: 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 rein

e..p=._ear). This restriction ensures that the worker does not exceed the dose limits.

Fig. 3-3. Consequence severity categories.
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...... I ...... NOrmaloperations: Frequency as often as once in 10 operat- .....
(1 to 0.1) ing years or at least once in 10 similar facilities operated for

1 yr.
II Anticipated Events: Frequency be_veen I in 100 yr and 1 in

(0.1 to .01) 10 operating years or at least once in 100 similar facilities
operated for I yr.

III Unlikely: FreqUency between 1 in-loo yr and 1 in 10,000 oper-
(10-2 to 10"4) ating years or at least once in 10,000 similar facilities operated

for 1 yr.
IV Very Unlikely: i_requency between 1 in 10,000 yr and 0ncein

(10-4 to 10"6) 1 million years or at least once in a million similar facilities
operated for I yr.

V improbable: Frequency of less than once in a fiaiiii0n years.i ....

Fig. 3-4. Consequence likelihood categories.
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................................ Risk,fRanking 'M'atrix ...........
severity 0f ...... Likelihood of Conseci'uence ......... -. : i ii i i, i ,, , , l llli i ii, ,i i i ,,llll --

I - II m IV VConsequence ...............
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'riskrankof 3 if severitycategory rank of B'isbased on worker injury'andoffsite '
consequenceseverity is less than.B. . ................... _

Risk Rank ............ Recommendation ..... - -

1 Unacceptable: Sho-uld be mitigated tO risk rank 3 or lower as -

.......... soonas possib!e. ......
2 Undesirable: Should be mitigate'd to risk rank 3 or lower

within a reasonable time period.

- Accept'able with Controls: Verify that procedures, controls_

and safeguard s are .in plac e. . ..... _
....... 4.... Acceptable As.Is: No action necessary. ........

Fig. 3-5. Risk ranking matrix.
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PRELIMINARYHAZARD/RISKANALYSISRECOREDBY ACTIVITYFOR MWRSF
ACTIVITYNUMBER: DU3

ACTIVITY NAME: WALK BEHINDFORKLIFTMOVESDRUMOF DEPLETEDURANIUMWASTE TO DOCK
ACTIVITY DESCRIPTION: WALK BEHINDFORKLIFTMOVESWASTEDRUM FROM STORAGEROOMTO

LOADINGDOCK.

......................... PROTECTIVE .....
R--F--C CAUSE/SCENARIO CONSEQUENCE FEATURES ACTIONS

3 IIi C; DRUMPUNCI'UREDBY' CONTAINERBREACH,MINOR NONE NoNE
FORKLIFT. WORK EXPOSURE. (D;D;C;D)

3 III C FORKLIFTDRIVES OFF CONTAINERBREACHIGNITION NONE CONSIDER
DOCKWHILE OF URANIUMCHIPS INDOCK ISTALLATION
TRANSPORTINGDURM, AREA. MINOR FIRE,WORKER OF A CURBTO
WITH SPRINKLER INJURYAND EXPOSURETO PREVENT
SYSTEM OPERABLE. DEPLETEDURANIUM. (D;D;C;D) DRIVINGTHE

FORKLIFT
OFF DOCK.

3 IV B FORKLIFTDRIVES OFF CONTAINER BREACH,IGNITION NONE CONSIDER
DOCKWHILE OF URANIUMCHIPS IN DOCK INSTALLATIO
TRANSPORTINGDURN, AREA. SIGNIFICANT FIRE, N OF A CURB
WITH FAILUREOF WORK INJURIESAND TO PREVENT
SPRINKLERSYSTEM. EXPOSURETO DEPLETED DRIVING THE

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

4 IV D DRUMPUSHEDOFFDOCK CONTAINERBREACH,URANIUM NONE NONE
BY FORKLIFT. CHIP SPILL IN DOCKAREA,NO

WORK EXPOSUREDUE TO
DISTANCEFROM SPILL.
(D;D;D;D)

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
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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 I or 2
are the focus of the remainder of this section. A risk rank of I 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-
really 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 vecause of the minimal effect and/or less severe consequences posed by those
scenarios.

The Risk Rank I 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 I 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 I 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 I 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 I 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
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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 areof 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 serious 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 I 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.
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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 surf!dent 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 I 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 I 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 I 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 I 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.
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TABLE 4-1
SUMMARY OF RISK RANKS 1 AND 2 SCENARIOS BY FACILITY OR ACTIVITY

"Facili'ty Number of Risk .......Number of Risk .....

or,Activity , , Ran k I Scenario s , Rank 2 Scenarios
Storage "

Mixed Waste Storage I (25%) 11 (22%)
Hazardous Waste 2 (50%) 22 (45%)

Storage

Mixed Waste Bulkin_ , , m 2 (4%) "
Subtotal 3 (75%) 35 (71%)

Treatment (HWT.F) ......... 1 (256/,',0')"......... '. 9"i18°/o)
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

Impacton -,. .
Typesof Impact Co-Located Impacton

Scenario Incidents on Public Worker Worker Consequences
Storage 0f'MW Breacla ......... No 'Yes' Yes "Highly Toxic
Gases Gas Release

Storage of HW " Breach Yes .....Yes" Yes Highly Toxic
Gases Gas Release

Inadvertent ' Mixingof ........ NO No Yes ' Cyanide Release
Transferof 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

.......
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TABLE 4-3
RISK RANK 2 SCENARIOS CATEGORIZED BY CAUSE

.... General ........ Types 0f ' Number of Risk ....

Category '....... Incidents Rank 2 Scenarios
Transportation Forklift Accidents ......... 14...........

Crane Accidents 5

l"ruck Transport Accidents ' , 8
, Manua! Transport Accidents 2 ,

Mislabelin_ ' ....... 13
Guidelines Inadequate Guidelines 6r 11

Procedures

External Events ........ Seis'mic Events, Fire Events, ....... 6

Strong Winds ............
Freezin 8 , 6

Mechani'cal/Design Mechanical Failure ..... 3

Des!_n Failure 2
Chemical Reaction Incomplete chemical Reaction " "1

Corrosion 2

General Breach of Gas Cylinder Drop and Breach ' ' 2
Containment

Breach 3
ii, i i i . i i i .... ,,. i .....

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

_ Frequency Consequence Consequences of Scenario RecommendationsNode Description of Scenario [tank _

H-"-'_'_ Breach of Legacy Cylinder'-"'---__ I1 A Release of highly toxic gases (l) Do not store legacy cylinders in HWTF area, (2) Pmcess
Doubtful Integrity during (phosphine, phosgene, arsine, and legacy cylinders without intermediate storageothers). Worker fatality, potential (3) Provide secondary containment for the cylinders
Storage co-located worker, and public (4) Consider enclosing the _ storage and providing

e . A;A;A;D i-IVAC and

Low-lntensi_ _ !1 A Explosion of shock-sensitive
with Horizontal Acceleration materials; e.g., picric acid, mtro or shock-sensitive materials in the building

methane, sodium azide. Structural (2) Consider storage of sL-axic-sensitivematerial in a
of 0.1g damage to _ fire, and release separate building in a remote location.

of toxic A',A;A;A

GC--"--2"--Truck Accident on Publi-'---'_ _ !!1 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,_;A;D) road closure during transport(2)Drivertraining
Cylinder(s) O) Restrictnight or poor weather deliveries

(4) Consider secondary containment for cylinders of
questionable integrity or unknown contents or those
_oxic materials

_ )icric Acid Dropped or 2 III A _ major fire in HWTF Develop and enforce policy not to store explosivesorstorage area,multiple toxic gases shock-sensitive materials in this building.
_O arred (e.g., phosgene, HCN, etc.) released

directly to environment, worker
fatalit , blic e ure. A;A;A;A --.----.--

HW7A Breach of Cylind_---"--- _ !I1 A Release of highly toxic gases (l) Transport and store cylinders secm'ely
(Nordegacy) 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) Gascylinders to be processed with high priority
Breaks exposure. (A;A;A;D) li4.).?ork in this area is to be performed with protectionwear SCBA, operate under the buddy system)

(5) Protective cap for cylinder regulatorsshouldbeinplace
at all times
(6)Consider storing gas cylinders in enclosedroom in an
enclosed bulldin..8. .__.._--.--

H""'_-_ External Fire(Initiat_ _ 111 A Pressurization and rupture_ (1) Initiate fire suppression sprinklers given fire in adjacent
cylinders. Higtdy toxic gasrelease iareas

Within theBuilding) and potentialcylinder missile (2) Enclosethe hazardouswastestoragearea andstoregas
g_tion. _ cylinders in an endosed area. ___.__

Accidentduring--'-'-'--'------'_ III A Spillleadingtotheunmitigated (I)Considerroadclosurewhiletransportingthemost
TransportationofWaste releaseoftoxicgases.Public hazardousmaterialsbetweenLabareasexposure.(A;A;A;A) (2)Reviewproceduresforsecuringwastedrumsduring
I(ToxicGasCylindersor transportation
IncompatibleWas_teDnm_) (3)Do nottransportincompatiblewastedrums together.
fromHazardousWaste

Storage to CAI or Other
-----



TABLE 4-6 (CONY)
_mmmmm,_,mm_mmm_

Node Description of Scenario _ Consequence Consequences of Scenario Reeommendatioml

cylinders. Highly toxic gas release fire wall
the MWRSF Building) and potential cyiind_ missile

_.ccident during -"-'-'--'-- _ _ _ _unmitigated
transportation of the Most release of toxic gases. Public hazardous materials between Laboratory m'eas _ .
Toxic Waste Drums (e.g., Toxic exposure. (A;A;A',A) (2) Review procedtmes for securing waste drums dm'ing
Gas Cylindersor Incompatible ('3)Do nottransporti_ wastedrums together
Wastes) from MWRSF to CAI ..--.-------
or Other Facilities _ _ __ securely
_ylindm" fro_ T _ A _ghly toxic gases{vhosvhine, phosgene, arsine, and (2) Consider secondm7 conlaimnent for most hazardous
_cddental Causes; e.g., others). W"" orker fatality. (A-,A;A;D) cylinders
Cylinder Dropped and (3) Protective cap for cylinder regulators should be in place
Regulator Line Breaks at all times

,_.xternalFire "--"----" _ I'"--"_ _ _--"_-'_penetratestheMWRSF,_-_--" Nonefire releasestoxic8as to the

envirorunent. A;A;A-,A.... O')Review seismic design criteria,
._ HWG High-IntensitySeismicEven_ _ 1_ _ Structuralcollapseof building,breach of multiple drums, major (2) Minimize storage lime of most Pmmmabte/toxi¢
, with Horizontal Acceleration of nateria__., fire, releaseof toxicgasto

O 0.3g or Greater environment._

Low-lntensitySeismicEven_ _ 1_ _ Explosionof shock-seqnsitive (1) Developand e_iorcepolicynot to storeexpiosiveor
withHorizontalAccelerationof materials (e.g.,nitro methane, shock_tive materialinthisbuildingsodium azide). Structural damage (2) Processshock sensitive materials inunediately
0.1 g to building, fu-e,and releaseof toxic

. A-,A-,A',A......

MWG HTgh-lntensitySei_ _ _ _ Sh.ucturalcollapseof building, (l) Reviewseismicdesigncriteriabreach of multiple drams, major (2) Minimize storage _rne of most flammable/toxic
with Horizontal Acceleration of fire, release of toxic gas to xmterials

Greater environment,and radioactive
. .-----

MWG _ "-"--'-- _ l--'-"-_ _ RrepeneU-atestheMWRSF, major _ i

Extemal fire releases toxic gas to the

environment, and radioactive

contamina_ .__.._,_
ms_,mmmmm



TABLE 4-7

SUMMARY OF RISK RANK 1 SCENARIOS

' Risk Reused Revimd Revised
Node Description of Scenario Rank Frequency Consequence gecommendatmns Risk Rank Frequency Conoequence
CYi2 Cyanide Plating Waste Pumped to I ' l[ ' A (1) install check valves on ma/et lines of the 3 II! B (w)

Wrong Location and Mixed with chemical mix feedtank, chemicalfeeddrum,
Noncompafible Material (i.e., Waste and chemical plating waste drum
Drum, Waste Water System, (2) Followvalve alignme_
Chemical Mix and Feed Tank, procedure
ChemicalFeedDrumortheDry. (3)Valvesshouldhavepositionindicators
ChemicalFeeder); MatingWaste (4) Ope_tm, s should be equipped with
Process protectivedobbins andm_rator

(5)Havetwoopera_ checkvalve
Fosi_8
(6)Installin_edockthatallowsopeningof
one valve at a time

H_A Breach of Legacy Cylinder of 1 ii " A (li Do not st_re _y cylinders in HWi It. N/A N/A N/A
Doubtful Integrity during Storage area

(2)Proces _Sacycylinderswithout

O) Providesecondarycon___inmentforthe
a:_ cylinders
' (4) ConsiderendosingtheHWTF storagei..-t

andl.o_d_ _AC ..a _b_.
'HWG Low-h_ensitySeismicEventwith ' 1 II ..... A (1) Devetop and _ strict policy not to NIA' N/A NIA

HorizontalAccelerationof0.1g storeexplosivesorshock-ser_tivematerials
inthebuilding
(2)Considerstorageofshock-sensitive
materialsinaseparatebuildinginaremote
location.

MW7A Major'BreachofLegacyCylhnderor 1 II A (I)Do notstore'legacycylindersinthe N/A NIA NIA '
DoubtfulIntegrityduringStorage MWSRF

(2)Processlegacycy'anderswithout
intermediatestorase

iO )Provide secondary containment when
.... transporUng_acy cylinders. .....



TABLE 4-8
SUMMARY OF RISK RANK 2 SCENARIOS

" ' Risk ........ Revised Rt.vim_ Rt_im_l
Node Deacription of Scenario Rank Frequency Cmmequence Rtcemm_datimm _ lgaak _geqtttaey _u_mce

cc6 s_wJ_m_orOth_M_:h_ 2 l C O)V_y,_b__,;_ 4 n D
FailuresduringCutting,andGasis (2)Wearprotectivegear(SC'BA)when
Released Into Pressure Vessel. open/_ vessel
IWorker Opens Vessel after Purging
ToInspect

HWG iHigh Winds ' 2 ! C _ndose thehazardotmwaste stmge N/A N/A N/A

MWBK inadecluateCuidelinesor .... 2 I C (])_(lxocedures)focmixing'and ' 4 il D
Procedures for Mixing and bulking should be devek_ and reviewed
Rebulking Wastes (2) Worker should wear respirator until

....... d_t_c__i=, or_e _
GC6 Saw lamsorOtherMechanical 2 II B (I)Verifya_befo_openinsvessel 4 m D

Failures during Cutting. Worker (2) wear protective gear (SCBA) when
Opensves_JTo_t, Causing ope._ vessel
Unexpected Release ,

GC6 Treatment Skid (Valves for 2 !! ' B " (1) Independent verificatkm of system 3 Iil B
Containment Vessel) Misaligned aligrunent before cutting
BeforeorAfterCylinder Breach (2)Useprocedurewith

p) ProvidevalvelX_ition
l,O HW2A ForkliftAccidentorFreez.bngof ......2 II B (I)Restrictuseofwaterm thet_K'fives 3 ....._ ili B

Waste CausesSpill of Water storage area
Reactive Waste with Water Pre:--nt (2) Enclose the building for water control and
in the Area fire suppression efficiency

(3) Install HVAC and scrubber

....HWSA MisiabeledCyanideDrt_isPlac_i' 2 11 B " (l)Com_derendosingtheHWiFstorage N/A N/A .... M/A
in the Open StorageArea; Drum building and providingHVAC
Freezes, Causing Simultaneous Spill (2) Install a scrubt_
of Cyanidesand Noncompatible (3) ProvideHCN analyzerand alarm
Waste,Suchas Adds

HW6A Ammonium Percldora'te or Methyl 2 11 B (1) Develop and enforce strict acceptance 3 ...... HI B '
Ethyl Ketone Peroxide (MEKP), criteriafor sensitive oxidizers (e.g., diluted
Dried Over Tune, 5ubjeded to form, frequent inspection, wetted material)
Shock,Friction,or Sunlight (2) Consider storage of highly sensitive

oxidizers in aseparatebuildingina remote
location

HWG Cracksin Storage(_ontainers 2 il " B Enclosethehazardouswastestorage ' ' N/A N/A N/A'
PropagatedbyRainorSnow (Blown building.
Onto:Drums)F-r_z,_Over ,,

HWG Accidents during Transportation of 2 !1 B (l) Enclose the hazardous waste storage area 3 Ill B
Waste Within the Hazardous Waste (2) Maintain physical separation of

StorageArea(FoAliflsorManual) incompatiblewastes during _msportation
(3)Limitsimultaneousoperaticmofmultiple
forklifts

i ii ii ii ii i , i ii,
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2 i

_rate or Methyl 2
Ethyl Ketone Peroxide (Dried Over criteria for sensitive oxidizers (e.g., diluted_rm,frequentir,spectkm._ material)
Time) ,Sul_ected to Shock, Friction, (2) Consider storage of highly sensitive
!orSunlight(MEKP) oxidizersinaselmmlebuiklinginaremote

location

HWB"-"_InadequateGuidelinesor""-"-" -'_ II B (I)Guidelines_ures} 4 II O
Procedures for Mixing a_ttci bulking should be developed and reviewed

(2) Worker should were"repirator until the
RebulkingWastesLeadstoViolent

--...--- Reaction,and Fume Flood Failure _ of violent
MWG _cddentsduringTransportationo'--'--"_"T'- II B (1)Maintainphysicalselmrationof . 3 III S

Waste Within the MWRSF (Forklifts, incompatible wastes during
Cranes, or Manual) (e.g.;donottramspm_drum over

incompatiblewasteswiththectm_)
(2) Limit simullaneousolxs'ationofmultiple

._ C-"_- Truck Acddent with Breach"-"_ _ III A _dministrative cootrolsc (1) _t 3 IV A
Multiple W_,te Containers Leading of delivery(2)Drivertraining

_'_ To Mixing of Incompatible Wastes
asaResult of(1)NormalTransport (3)Restrict othertrafficduring delivery
of Incompatibles and (2) Mislabeled Consider review of

procedures;e.g.,
Drums (I)Restrict the transportation of b_-ompatible

wastes in single truck
(2) Consider tra_ns_Grtof onedrum at atime

GC---"T-Handling Accident while Removin-'-""__ ill A (I) Consider secondary containmer.t for 3 IV A
CylinderfromStorage;e.g., known highly toxic gas cylinders and all
Cylinder Falls Breaking Valve or unknown gas cylinders, (2) valve coversishould be in placeon all cylinders,0) tr-:.in
Connections or Rupture of a workers to evacuate in upwind direction,
Corroded Cylinder and locate gasmaskshnupwind direction,

(4) install a wind sock Forcontk'tJ:_ wind
direction indication, (5) considerprotective

for mixed waste ;release
....... --'-" Administrative controls: (I) 3 IV A
GC2 TruckAccidentonPublicRoad 2 A

BetweenTA-54and TA-68with Mrthetransportvehicleandconsiderroad
BreachofGasCylinder(s) [(>sureduringtransport,

Restrictnightorpoorweatherdeliveries
(4)Considersecondarycontainmentft_r
cylindersofquestionableintegrity,mmnown
contents,orthosecontainingmosthighly

toxicmaterim
=mm..mm.,mm
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----3Node Description of Scenario _Lank

_ A i IV A

cc6 2
Containment Vessel) Misaligned
Before or After Cylinder Breach

................ -F'--'-'iii-'- A § l'"V""GC6 Inadvertent Cutting of Cylinder
Before Sealing Vessel

cc'-'T"_eV__ 7" m ^ O)performcheckofpressurevessetsea 3 _beforecuttingoperation
(SuchasDoorSeal)orSealFails
CausingLeakage (2)Minimizetimebetweencuttingandorrecontaineazation

.from.skid _

HW_ _pillof Low-Flash-PointChemica'-'-"-"__ ill A (1)Treat highly flammable mataCalson an 3 IV A
Acethalhehye(-38°1:),Furan(-32°F), priority basis;do not allow accumulationsoflargeinventories
emhydrousEthylEther (-49cF)Iasa
Resultof Forklift Accidentor (2) Consider speciallydesignedstorage

Corrosion.Rre SuppressionSystem configurationforthemosthazardous(lowflashpoint)flammablewastes
Inadequate (3) Consider enclosing the building to

increase the eff_ency of the tim suppression
¢_ and install , and ala.,m _, 3 IV A--.-.-- _ _ A _Jo_g
¢_ HW4A ForkliftAccidentCausingDual Spil toxicgasexposuoreto the publicar_ co-

of IncompatibleFlammable locatedworker
Materials RoutinelyStoredin the (2) Storeincompatibleflammable materialsin
SameArea;e.g.,Nitromethanewith _separatelocationswithin the flammable
Acetone

-- _ _ nl A (I)Consider enclosing the buildingto reduce 3 IV AHW4A Forklift Accident Causing Du Spill
ofIncompatibleMaterialsBecauseof toxic gas exposure tothepublic and co-locatedworker

Mislabeling of Waste Drtun; e.g., (2) Install scrubbing system
Flammable Waste Mixed with: (3) Verify drum contents and labeling at
(1) NAOH(1A), (2) H2504 (1B), wastegeneratorsite
(3) Lithium Hydride (2A), (4) Nitric (4) DevelopLaboratory-wideprocedure (Lab
Acid(6A),(5)Chlorobenzene ES&Hmaraud)forwasteidentificationand

of waste containe_ __-

.... --'---- A Develop adrtdenforce pokey not to store 3 IV A
HW4A _icricAcid DroppedorJarred 2 explosives or shock-sensitive materials in this

A

Hw6,a :orkliftAccidentorFreezing 2 III A (I)Verify drum contentsandlabelingat 3 IVwastegen_atorssite
ZausingDual Spill of Incompatible (2) Develop Laboratory-wide procedure (Lab
Materials as a Result of Mislabeling ES&H manual) for waste identification and
of Waste Drum; e.g., Oxidizer Waste
Mixed With:(I)NAOH (IA), llabelingofwaste_ntainers
(2) AceticAcid (IB), (3) Sodium (3)EnclosetheHWTF storagebuildingandinstallscrubbersystem
I(2A), (4) Organics Such as Chloro

-.---- _r,_ 4A; Gold C anide 5A _..
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Risk" Revised Revlsed Revised

Node Description of Scenario Rank Frequency Consequence Recommendations Risk Rank ,Frecjuenc7 Consequence
HWVAB,_h ofCy[_ (no_acy) 2 m ' A (1)Tr_._.o,-t.__n, _ sm_y 3 IV A

Becauseof Acddental Causes;e.g.. (2) Considersecondarycotetam_q_ntfor most
Cylinder Droppedand Regulator hazardous cylinders
Line Breaks (3) Gas cylinders should be processed with

high priority
(4) Work in this area should beperformed
with protection(i.e.,wearSCBA,operate
underthebuddysystem)
I(5)Protective cap for cylinder regulators
should be in place at all times
(6) Consider stori_ gascylinders in enck_d
room in an enclosedbuildinfi .....

HW7A F_xter_ Fire (InitiatedWith_"ihe ' 2 !11 A " (1) Initiate fire suppressionsprinklers_ven 3 IV A
Building) [Fu'ein adjacentareas,

(2) Enclose the hazardous waste storage area
.... and store _ c_ in an enclosed area

HW9 Spill (due to Freezing or ForkJift 2 Ill '"A (I) Conmder eliminal_n8 this area 3 ' "iV ' ' A
Accident) of Incompatible Wastes (2) Classify and _ all nonregu_ted westes
Routinely Stored in Nonregulated in compatible regulated areas
Area;e.g.,Mislabeled,Temporary (3) Enclose the hazardous wastestoraged_

, Storage, or do not Belong in _ building
Defined Re_ated Areas

HWG AccidentduringTransportationof 2 III A ' (I)Considerroadclosurewhiletransporting 3 IV A
iWaste (Toxic GasCylindersor the most hazardous materialsbetween
Incompatible Waste Drums) from Laboratory areas
Hazardous Waste Storage to CAI 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 I11" " A " (1) Review seismic design criteria 3 IV A
with Horizontal Acceleration of (2) Ensure that incompatible wastes are not
O.17g storedina_ent areas, see potential

MWRSF floorplan developed by PHA team
(3)Minimizestoragetimeofmost
Iflammal>le/toxic materials
(4) Enclose the hazardous waste storaj_earea

MW4.A OverheadCraneDropsDrum 2 III ' A (1)Developprocedurestopreventormint- " 3 IV ..... A
CausingDualSpillofIncompatible mizecranemovementsoverstoredwastes
'Materials as a Result of Mislabeling (2) Verify drum contents and labeling at -
lof Waste Drum; e.g., Flammable wastegenerator site =
Waste Mixed With (1) NAOH (la), (3) Develop Laboratory-wide procedure (Lab
(2)H2SO 4(Ib),(3)LithiumHydride ES&H manual)forwasteidentificationand
(2a),(4)NitricAcid(6a), labelingofwastecontainers
(5) Chlorobenz__,me ..........

,, , III I I
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_.__. _ Revised Revised

Node Description of Scenario Recommendations Risk Rank _

Causing Dual Spill of Incompatible nin/mize 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

stora area.......... _ "-'--'Z'--'--
....... • t m

MW4A Spill of Low-Rash-Point Chemicals _ _ _ (I) Treat highly flammable matena_ on an _ IV
[Acethalhehye (-38°F), Furan (-32°_, priority basis; do not allow accumulations of
Anhydrous Ethyle (49°F)] from largeinventories(2)Considersix--anyd_snedst.ora_

configuration for the most hazaraous tsow
Forklift Accident, Crane Accident or

Corrosion. Fire Suppression System flash point) flammable wastes
Inadequate (3) Install gas detector and alarm

(4) Consider addinga flare m t._ _"..d_:_
system
(5) Consider inert fire suppression system;
e.g., inert the room with N 2 when the gas

.... analyzers alarm ....
2 111 A (1) Provide HCN analyzer and alarm 3 IV A

MWS"-'-"_Forklift Accident Causes (2) Verify drum contents and labeling at
Simultaneous Spill of Cyanide and

,'_ Other Noncompatible Waste [e.g., waste generator site
H2SO4 (lb), or Perchloric Acid (6a)] (3) Develop Laboratory-wide procedure (LabO'_ ES&H manual) for waste identification and
as a Result of Mislabeling _ waste containers ....

MW_ Overhead Crane Drops Drum 2 !11 A (1) Develop procedures to prevent or 3 IV A
Causing Dual Spill of Incompatible minimize crane movement over storedwastes
Materials as a Result of Mislabeling (2) Verify drum contefits and labeling at
of WasteDrum; e.g., Oxidizer Waste waste generators site

IMixed With (1) NAOH (la),
(2) Acetic Acid (lb), (3) Sodium (2a), O) Develop Lab wide procedure (lab ES&Hmanual) for waste identification and labeling

l(4) Organics (4a) Such as Chloro
I_nzene 5 Gold C anide 5a ------- _ _ of waste containers _ _

M'--'_-'__ Within the 2 III A _ 3 IV A
.------ JMWRSF Building) -- ----------. fire door and fire wall.
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-.---- ------------ Revised Revised Revised
Risk

Node Description of Scenario Rank Frequency Consequence Recommendations Risk Rank

d_ 2 111 A (1) Transport and store cylinders securely 3 IV A
tom 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

(4) Consider secondary containment for most
Cylinder Damage hazardous cylinders

(5) Gas cylinders should be processed with
highp_ority
(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

in an enclosed area

MW--"-__'um-lntensity Seismic Even"--'--"_ _ 11""_ A (1) Review seismic design criteria 3 IV A
with Horizontal Acceleration of (2) Ensure that incompatible wastes are not

stored in adjacent areas (see potential
0.178 MWRSF floorplan developed by PHA team)

(3) Minimize storage time of most
flammable/toxic materials.

3 IV A
MW"--"_Acddent during Transportation of _ II"--"T_ A (1) Consider road dosure while transporting, the most hazardous materials between

the Most Toxic Waste Drums (e.g.,
"1 Toxic Gas Cylinders or Incompatible Laboratory areas(2) Review procedures for securing waste

Wastes) from MWRSF to CAI or drums during transportation
Other Facilities (3) Do not transport incompatible waste

DU-'-'T"_ith Fire and Breach -'T- _ B Administrative controls such as 3 IV B
of Depleted Uranium Waste (1) Announcement of delivery
Container (2)Drivertraining

DU--"_ _ident during Transpo-'-"---"_'-_ _ B only one pallet or drum at a time; 3 IV Bother
Between Bulldin ----- .-----=--- 3 IV B

G'--"_ Misrouting of Toxic Gas (e.g., Gas 2 111 B (l) Provide sampling procedures withindependent verification
Sent to Atmosphere) Because of
Human Error, Scrubber Failed, or (2) verify system line-up prior to routingvessel contents
Ineffective ------ ----------- 3 IV B

................. 2 III B Independentlyverify correctlabelingGC8 Radioactive Container Mislabeled as
Hazardous and Sent Offsite for
Treatment _..._
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---"-'-'-" Revised Revised

Node Description of Scenario Rank Frequency Consequence Recommendations Risk Rank
_ _ _ B (I)Verifydrum contentsand labelingat 3 IV BHWIB brkliftAccidentorFreezing 2
Causing Simultaneous Spill of Acid waste generator site
Material and Incompatible Material (2) Develop Laboratory-wide procedure (LabES&Hmanual) for waste identification and
[e.g., NAOH (1A), Nilrobenzene
(4A), Hydrogen Peroxide (6A), labeling of waste containers
Metal Cyanide (SA), Lithium ('3)Store waste in enclosed building to
Hydride (2A)]Becauseof

Vlislabelin ..... ---'--"_ B drum contents andlabelingat IV B
l-IW""'__,cddentResultingfromHuman 2

rror Causes Simultaneous Spill of waste generator site
WaterReactiveWasteand (2)DevelopLaboratory-wideprocedure(Lab

Incompatible WasteBecauseof ES&H manual) for waste identification and
Mislabeling;(e.g.,ReactiveWaste labelingof wastecontainers
MixedWith,SulfuricAcid(Ib),
NAOH (la),PerchloricAcid(6a),or

TrichloraEthiene4a _ ---------- ---'--'-'- N/A N/A N/A
HWS--"'_MercuryOxycyanideDetonatesasa 2 III B Developandenforcepolicynottostoreexplosivesorshock-sensitivematerialsinthis

ResultofHeating,fromShockor

Fricfion;e.., ForldiftA.cddent.... --'_ _ B enclosing storage 3 IV BHW_ AcddentCausesSimultaneous Spill
building and providing HVAC

_' ofCyanideand Other (2)Install a scrubbersystem
NoncompatibleWaste[e.g.,H2SO4O0 (3) Provide HCN analyzer and alarm
(Ib),orPerchloricAcid(6a)]Because (4)Verifydrum contentsand labelingat
ofMislabeling wastegeneratorssite

(5) Develop Laboratory-wide procedure (Lab
ES&H manual) for waste identification and

of waste containers

........ --"-- "-"---'---- (I)Verify drum contentsand labelinga_ 3 IV B
HW8 VlislabeledDrum Resultsm PCB 2 III B

_rum BeingStoredNearFlammable wastegeneratorsiteDevelop Laboratory-wide procedure (Lab
Waste. Acddental Breach of the (2Ek)H manual) for waste identification and
Containers Leads to Fire and of waste containers

[Burning of PCB Waste "--"----- B
_13 WasteDrum Because of 2 Ill B (1) Install procedures to detect sump levels 3 IV

[ Forklift Accident, Release to the (2) Test sump contents before discharge
------ .--.-------
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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 PI-IA 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.

5. 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.

6. 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.
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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 u'aiden-
tiffed 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 I 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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APPENDIX A
HAZARDOUS WASTE TREATMENT FACILITY

FACILITYDESCRIPTION

The Hazardous Waste Treatment Facility (HWTP) 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-l) 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
itemsRpaper, 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.

*Thefacilitydesignhas changedsince the beginningof thePHA.
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These wastesreactexothermicallywith moistureand violentlywith water,
producinghydrogen,a flammable and explosivegas. Reactivityincreasesasthe
waste isdividedmore finely.The treatmentprocessconsistsof controlledhydration
ina humid atmosphere toeliminatetheRCRA reactivitycharacteristic.The prod-
uctofhydratingthesereactivewastesisa caustichydroxidewith RCRA corrosivity
characteristics,and neutralizationwillbe required.However, lithiumhydroxide

couldbe incorporatedinthe incineratorash vitrificationprocess,which requires
lithium.The DU leRaftertreatmentofthereactivewaste may be treatedaccording
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 + H20 w> LiOH + H2

Mg + 2H20--> Mg(OH)2 + H2

Ca + 2H20--> Ca(OH)2 + H2
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Ifairwere usedforthereactivewastes,stronglyexothermicand uncontrollable
oxidationreactionscouldtakeplace.

The gasflowrateisadjustedaccordingtothekineticsofthereactionofthe
wastewithwater.The gaspassesthroughascrubber,whichwillcoolitincaseof
uncontrolledoxidation,and thenthroughtheroom HEPA filter.A hydrogenana-
lyzeron theexhaustgasindicatesthehydrogenconcentrationand redirectsthefeed
gastobypassthehumidifierifrequired.The concentrationalsoindicateshow fast
thereactionisgoing,whetheradjustmentisneeded,and when itnearsorreaches
completion.

The hydroxideformedduringtreatmentisremoved from thereactor;itis
causticand hastheRCRA corrosivitycharacteristic.Itisneutralizedinanotherunit
withan acidand filteredtoremoveany DU and toseparateothersolidcontami-
nantswhen present.Ifnotradioactive,theneutralizedwastethencanbe discarded
asisorsolidifiedincement.Finally,ifDU ispresentinafinelydividedand/or
reactivestate,thewastemay havetobe treatedinyetanotherunit.The uranium
willnotbe veryreactivebecauseitwillhavebeenexposedtoa humid atmosphere,a
conditionthatoxidizesitmore readilythanair.However,itstillmay be advisableto
treatit.A processdevisedfortreatinguraniumchipsand turningscanbe used.

PHA Results

The feedand wastedisposalstreamsfortheWaterReactiveWasteTreatment
Processareshown inFig.A-3. A processblockdiagramsummarizingthestepsin
thewastetreatmentprocessisshown inFig.A-4.The blocksorprocessstepsshown
inFig.A-4 aregroupedintoactivitiestofacilitatethePHA. The activityboundaries
and names (i.e.,LIH1,LIH2,...)alsoareindicatedinFig.A-4.Eachactivitywas
reviewedby thePHA team toidentifyscenarioscontributingtoprocessrisk.The
resultsofthisriskassessmentarepresentedinTablesA-1and A-2. TableA-I pres-
entsthescenariossortedby activity.Scenariosrankedby risk(highesttolowestrisk
rank)arepresentedinTableA-2.

DEPLETED URANIUM OXIDATION PROCESS

Introduction

DU chipsfrommachiningoperationscurrentlyarestoredattheLaboratory
in30-gal.drums. The drums arefilledwithuraniumchipsand coveredwithdiesel
oil,and the30-gal.drum isstoredina 55-gal.overpackfilledwithvermiculite.A
treatmentskidhasbeendesignedforprocessingthesedrums. Itconsistsprimarily
ofthereactorvessel,a surge/settlertank,recirculationpumps,a scrubbersystem,
a coolingwaterloop,and pipingand valvesassociatedwiththeintroductionof
reagentsand transferoftheuraniumdioxidesedimenttothecementationdrum.
The treatmentprocessconsistsofdrainingtheoilfrom thechipsinan inertatmo-
sphereand oxidizingtheuranium ina controlledmanner. The resultinguranium
hydroxideslurryisreducedtoauraniumdioxidesedimentby addingsodium
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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, is 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.
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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 Cr6 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_ :y 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.
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GAS CYLINDER DISPOSAL_ECONTAINERIZATION 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
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TAEATIq[HT lOON O00A. BUILDINGS. NYORIDE FUNES IHIMLED I¥ OTHER VEHICLE OUlliNG|IIANSPORT. ($)_AINING
IN_ DRIVel. POSSlILE APPAIAIUS iVilLAIL[ IODRIVTR INJURY AND
CONIANIHAIION I,IIIH DRIV_I, I/llPlSl lEACH, (i_)HI) IIANSPOIlS OUIRINGt1_1
OEPLEI[D URAHILM UASI[. 5RAlilg_l (ONDI 1IONS.
(D;D;II;C)



HAZ_ID ANALYSIS IMEPORVBY RISK

|- ACltFM: ACTIVIST M CNISI[ISCEngMIO C81iSlEllEliO[S NOIECIIW F|AIUI_S JKllOliS-

rang Io u[M PIOItCI IV[
] III II LINS jt HI/IF C_nNEm Cll/lll_ UInglUN NIlIAIN VASl[

COIllAIIEng REACH ilia

m/IF DELIV_llS LlllllUH ngYDRIDE 0AUNHOPPID UHILE NOYIIG SPILL Of LIN POUK|. CLOINIIG lind IA_IIIIG
10 SAMPLEnum. InglO T_UGPLEtom. uOngl[[ng HIUS OlmlIG NOV[NEE1[_OSOlE/lUllMAllml OF IN INIUN Mile HOISl.

L Ill POUmEI AND DEPLEIED
UAOmlUN. (O;D;|;D).

] III $ LIngl$ I FURIC KID ADDED ;O HIllING OF ACID (HL_) GEIIUIIOE OF _, _ HIX I/_R ilIAOGEt
HOlF LITHIUN ngtOAOXlD[ Villa PNIIIALLT AEACIED POSSIBL[ FIAE/_XPIOSIOI AINOSPHtR[

Ling [Ungll[ACl[O). Villi UOIU[EA IllJURT AND
FAClL 111' OIHIANINAIIOII.
(O;O;ll;¢)

$ Ill | LlngIOI CAlla[ITSOF Llll UllSl[ LlflPAIOMAT OllUHOffllL_ POI[IIIAL LIIIIIUHNIIMII_ IIO11[ 011IIHIZlEIDA flHE |MrIlIALIINIUN HYOAIOIENAY
NVIF ORUNVISUALLT IllSPF.CTi[D MIO LEFI IN_,,ngfOA All FIRIE VIlli SlllqPLE lOON

4HA SA/IPL[D !XIEND[D PLEIAD OF lINE. L'OII;ANIBA|IOU AND II0_ll DE EIPOS£D IO Alia. ROONIHIMLAIION. (O;O;l;C) tltlDIIY SHOULDIN[NONI1OIIEO/COIIIAOLLEO.

3 III I tlng12I IqlUAMLLYLOiIDIIUIqlOIFIER _PlLL OF LlllllUHIIYOI|IDEPOSSIBLE LIIIIUH BIINIDE IIO1[ (I) UOAE[R SaOULO VEAl
a/IF fIATS I/llng LIInglUN MHIL[ LOAOINGHUNIOIFIEll FIR[, IlO_A IqBIE(II_E CLOIngING I

HYDngIDE 1lAYS EXPOSUAE/INIBtLAIION. BIEAlnglN JIPARAIUS (2)EUCILOS[IIQIU[EngM_[A 13)
(D;D;II;D) PAOVlDE I_ENIILLAI ION

(l) _ SlIOULOUt0dl
_, 3 Ill I INI2 I NAiMLLY LOiiOHUHIDIFIEll ETICESSLllnglLOlIIYOAIDE POSSIOLE LIIAIOH II11NIIDEHONE PIIOII[(IIVI[CLOIHIIIGNIO
I HUIF flays VllN LIIlllUN IAFllll HUNIDIFI[ng lllAlS FIDE, II0_R IIMEAllllIG APPMAIUS (21
L_ ngTDAIDE FILLEO) 1101ll1[Si[AtEOIll [Xlq)SuI_IINIMLAIIOil. [ng¢ILOSELOIOING IUIEA15)

IR[ PAlllIALLTFILL[O (O;9;ll;O) PROVIDE lq[lillLAllOll
DngUN.

$ Ill II Llngl I IIIUCICEIIIEIIS FACILITT ANI IIIUCK ACCIDIII1 UIIH Flat LIIIIUII IIWNIIDE I_LIASE ilBlllllSlngAllW COlllllOLS
MSF IO MSF OOC_ (Ling Am Im[ACngOF tllnglUN IO AINOSPllEAI _ IO oFSUCIDELIIM[ngy,ASII) NmUIC[NEII(2)OAIVEng

ngl_lllWE IMS1[ CQNIAIHEll. IIIMING IN LIII POMDll. llAIIIl_, 15) R[SllllCI
II11_ DAIIITAEXPOSlJ_ 10 OILIER IUFFI( DURING
Llng/DU AliD Nlll_ DEPLI:IF.D D[LlVtIT, ILl gO I_1
UllANIUNCOIIIANINAIIOII EAIH[A IX[LIV[FlIES.
I/llnglll IN FACILIIY.
(O;O;O;9).

BlllSlllA11111[ ¢811IIIOLS

3 III O Ling1 I 1AUa[ AnglERSFACILIIY NI0 TAUCRAC¢11_11 Am IH_ACIN_I_ GAS AltlA_ + _E _ AS I1) MmOlJlC[ll[I/1
NMIISF DRIVES IO NUllSF DOCI( (LIH OF HUtlIPL[ CONIAIR[AS OFIOISFFlS[O. tmslm _

It_;_UU_O Ant; _l_nr_;_L_;[..._....+.I.__ .n 0 Ol DELIWngI. I')OllV_Eng
InCOmPAlllt[ U_SltS. IRAIlllngGo ($) if[SIAl(1PROCESS)

Ol11111 lllAll IC DUIIIIG
UAidllUlqCOilINqINAIIOH R[LIWIIT, 14) agoI_I
Vllngll IN[ FACILIII. WAII_I OtLIVEIIES. (S)
(0;9;1;9). DONOt llAllSPOngl

II_NI_I IIL£ mSII_S
IOSI_III 161 IIIIISPOIII
OaT OngUNAl A fIN[

$ I!1 II LIH6 I OV_APACEDAUN IS Offl[O 141UHCONlllllS SPILLIO WE SPILL At 0AUN COETIIIS EON[ OffngllOIS(oNiAil_OlltAInglNGSHOULDUS[ SILlIO: (I) CLANP CONES I/ling FIRE. VDngl[[li APPARAIUS.HUff AngO INll[ng LIN DRUN IS
LIFIEO Vllng CRANE LOOSI[. OR (2) LID FALLS EXPOSURE10 Ling

All; AngOICAIIIOH Ol Ling OEPL[I[O URAnglUlqPOII_I
POUI_I. ANO IngNALAlilONOF FUN[S.

(O;O;ll;O)



/

IIA/IIIIB /IIIALVSlS IIElgl! IT III!;1

ill I I I a I In II I , ,, , c ,, HII I

; c  ,.Ac c mt m,o co,,lu,m, mis au,m_
innl in i nn • II u I

3 nil II till9 I PAINNtY VASIE DllqJq IS OPERATORFALLS 10 IFOLLOIt SIlOItl lit/iiAtlON NIIUAOGEH _ _ SNOULi E/ill
WTF OlllXmDEO Am OPEIRO I/SilK; PIOCEIIIJIE MIIILIE (I_NIIIG FIE UPI/I el_lllllG It PIIOIEICIIVE CLOIIIIIG.

iIIOH-SPAItE IQOLS LIN IIIIRR UASI_ DAUN PRIOMIIT IMS|E INULIN. USE SELl CIWlAIIIED
11.[., USES MIOIG lOOtS, POSSIILIE LIII 11;111111211. OIEAIIIIIG APPNMIUS.
INIUHNOI GA(XII)[O, IiOAKEIIENPOSUI_ fO LIH
HISPOSIIIOIIII_Of IIIE AHO KPLEIEO UIIANIUH,
Villi! lll_O, ETC...). IHNALAIIOiiOOf rUNES.

(O;O;ll;C)

3 III II LII111/ PIIIHAIYLI|HIUPlHYDRIDE OAUH C_III_IIISPlLLW _ IJI]AI_A NONE _ IO M[0UlPIIOI|CIIW
HUIF DIIUN 1AiUiSfl[l_O IO SKID .tO: (1) CLIqP l:gl_S [NPQSURE/IlilIMAIIOii a QolIInG AND tlHEAINlUG

MIIN CAA//E. ILOOSE, 12) LID FALLS OFF, LIIIIIUN NI1NIIDE Iq)llKI tqquuuIuS qRIItlNG NOV_I_II
(3) _ ACCIOEIII. Am DEPLEIED UII/UI|UN. OF INR/N I/IIN NOISI.

(O;O;ll;l:)

] III C LIHZ I HALE I_HONO I_mCLIFT LIflIIUHNlrlMIDE IMSfE COIIfAIIIL_IIEO, LII/IN/ N N Ir0Mffie
MSF IUIISflEItS LIIHIUH NIUAII)I_ _ InJSIRO Oft OCOC OR SPILL IN INICR IIIEA, LOIUlUGOUULOaDIIG illlEtl,

IMSfE DIUN IO EItCLOSEO ;IWCI( IT FINIIrJLIF;. ODUlNI:I UIIII UA1[II, INCttDIIIG IE SUNP IS INtT
SIOItAI;E ROIIq. POSSIBLE FIlE IIID IISIIEEA PIIOII I0 II_LlVlEI¥.

IIJtllf (IIIIC;(;).

3 I II C LII_ I Ilttl[ IIENIND IrOIII_LIFT FOmtLIFT HIVES OFf 0OCIC COIIIAlUEI IIIfJICt, IIOIIE O SIqlIICLEII SYSltll IS
NIAISF IIIMISf[IIS LI;HIUN NYINII01_011 1RIRI UltlL[ IGIIIIIOI Of UlI/IU IO1 IErJIIIIEIO£O.

IMSIE Hill 110ENCLOSED IRAISPIXlIIIIG UlHIUIt SPILLED IN DOll[ mlEll INIE

SIOIIAGE IIQON. HYOAI_E UASIE OAUN. IO COIilACl UIIIIUIq[ll 011IIICSIBAI IllE IMSIES,
t POSSIIKE fill[ JUIDr_

INJUItT (O;ll;C;C). rlltlSMiE3 III C LIII$ I WALl[ D1EIIIIID IFOII_IFT LITHIUH ITNIOE tlltSlE COIIIAIIIEII IEIENL'II, LIn NONE Vii lIE

mmsi r NO_S LIINIUPl HTOAII_ ,DilUH PUSI_D Off DO(I[ lit SPiLt IN _ NIEA, LOiBI_O_DII_ M_A,
NUH IO DOCK FIION FOAKLIFI. r.OlllA£1 Olin MIIIEII__ IIRtUDII_ lille SUNP IS Dlrlr
[NCLOSIEDS|m_J;E Im0N POSSIIIKE fIRE II PIIIGI! IO NLIVIERT.UOmE

INJUIIY(D;D;C;I_).

III C LIII} I IIMILIIRNIII0 IF_II_L|II FORLIII HIVES Off DOC_ OETAIIIEII OREACII, _ B IIqlIIELEI SVSf[n IS
mmsF ms LIIHIUN mmAIDE UNILE IAAIISPOIIIING IGNIIION OF tin SPILLEB IO1 REOm_EIIO_O.

NUH IO OOC[ ILION LIIHIUN n_D_IDE HASTE In Im_ NI(EA mJE lO
ENCLOSEDSIORAGE m ORUNo COIIIItCl Mill Wtlll OII

I IICqOIqPnllilLE Im$1tS,
Iq)SSlBL[ lille AID IIOIEIEI
IIJUIIT ID;O;C;C).

$ III C LINL J YAm FOmtLIfl D_LIWIS FORWLIF! ACCIOIEIIIIF.All S_ltt Of tin II lie m IIXlE Ill m ONLY O11£ P/KIt1
milF LIImlUN ITHII_ IO OOCI AII£A. JUliA HIIEO Hl lll 11111 II AI I IIIHE, I+} RIESIIICl

IIfJ_IHEIII + DOOR. file suIqP, milLE FIR[ OILER VEIIICLI_ mllU
MIO I/OAWER INJUIIT. IRAISIS_I, ($)IIIEAIIIIIIG
(O;O;C;C) _tl_ AVAILAIttE IG

DlUVlEI, Vlllll I_11, (4)
ID IIL4UlSPOIIS MIIG IIEI
IIEIINII COIIOIIIOIIS. (S)
TIISI/I£ ln£ _ O141OIN_
Mtm _ OgtT lqllm tO
plOVll ll_Sl[ Oln_IS.

+

inl i I IIIIIII



/_lS I_l IT Ill

ii I I

, , III HI | I I II I I

3 Iia c LI_, I O_.P.,CtCNUn is o,,_ m_ami FAILSm _LOV T,,,_ _..,_lri_ =,_ _ .._:_.;_.; _ _ _
WIF NO lllli[t LIH HUH IS _ IilIILE OPIIIIG FIE Ulql aPIEllqli lie _il_ IEAIIIIG

LIFI[D VIii _NE IE Lll _B_ |I.E., H_NZ. _lKt I_Nm_

_lf HOOD, E/C...).

I0: (1) CLH _SNUll AHO INHE| LIH NUN IS LIIHIUH llBlflE All L_llill[l IEAIHIN
Llfl[O HllH CRANE LOOSE. OR (_) LID fALLS OEPLEIEI URANIUN. lq_lAIOS.

0IF. CD;D;C;0)

] IV A kli_ I HALE ENIND FOIKLIf| LIINIUN NIBAWE IIASIE CONIAINEA IIUCI, SPILL 10NE EUSUIE INAI INE
NMASF IR_NSfERS LIIHIUN NIIIIDE NUN PUSHED Oil OOCl OR Of LINU_q RIB COITAC| L_IIr,0UILOADING AIEA,_

SI_N_ _. E_I_ _ IO _1_ I0 _LI_IT.
[IPLOSIVE NIIIURIE, i
ilqISSlIK[ lllil_II IAIAI.IIY.
¢0;I;A;C)

] IV A LI_ I HAL1 Nllm f_ltI _IFI HIVES OFF W WAIB H, SPILL H I_I
Ol LI_,'IU I WKI LNIIr4U_OIDIIG IliA+

IIC_UDIIm II SUNP IS HI
PIll I0 BELIVEII.

HMRSF TIAWtRS LIIHIUH HNIIIN Oil IIUCK HIIIL|
HAST[ H IO [HCLOS[O IIAHSI_0tlIN LIIHIUN VIII HAt,It IN SUHP.

EIPLOSII_ NIIII_E,
POSSIILE _ IAIMIIT.
IO;D:l;C)i

EWCILOSEDSIW 100N _ 10 [_MIN NI_, NIM 10 NLI_IT.

_ID;I;A;C)

NURSF NDVES LI|AIUN BI_IDE _ILE IRANSP_RIING H LIE i _1_I EIB LNIIr_U_NING _EA.
l0 _ Fill LIINIUH IIIIPAI_E ISI1E II|l II V, E_HI_ I_IK IA W IS F_1_ I0 _LI_/I.

PDSSII_E HUR_EB _AIALITT.
1D;I$_$¢1

$ IV A LIH I lAID F_IELIFI D_LIVERS FOI[LIII EID_NI U SPILL OF LIB IIIO IUl NONE || HOVE OILV _ PMLII
_UIF LIIIIUN I_IIDE IO OOCI MEA. LIP. E_P_OSIWF|IE BII OIIEIAII ImE,RIIGEI_)BUIII_IISlIlCI

IREAIHEII R0_ DOOR. I0 E_ROSI_ HIIIUIE, IIIISP011, (]llllllllnGPOSSIRE FAIM Ill. IPP_AIUS A_III_IL[ IO
(O;D;A;C) NIIE1, MIIIII HIT.I, ¢41

I0 IIAISP_IS IMlllm HEI
MEilII C01BIII_IS, IS)
EISUIE IN[ SUNP i BOCI
fll[t 4111£Dirt PIIOI I0
nOVlIG lllSlt o41uns.
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NAZMD OWLALVSlSAEPONf BY RISK

n|i

R---f---C ACIIfAC KTIVlTY IWI[ CAUSEJSC[NAIIIO CONSI[OU[ECES PIIOTECIIVE I_A|UliES ACTIONS
i i ii

3 IV A LIH6 I OVEAPACl[NUN IS OPtENED RELEASE Of IONIC GAS _UE I/ORKEA INJURY, POSSIBLE alONE OIqEIATORSSHOULDUSE SELF
m/IF AND IHIl[l LIH ORUN IS 10 UBERIqECTEDPlATEAIALS FATALITY. (D;O;A;D) COlITAIBED BEEA;RIAG

LIFIED VlTII CRANE IN LIR UAST[ DRUB APPAIL4IUS.
(PHOSG£1I. NtIROGEII
SULFIDE e CHLOAIHE,
SIC... ).

3 IV A tIN9 I PRINARY MiiSlrE DHJII IS El[LEAN OF |ORiC GASDUE UOilI[tA INJURY, POSSIBLE _ IIOIII[ERS SHOULDfall
HUff I;RIU_O MID OPENEDUSING TO UNEItP[CTED IqATERIALS FAIALITY. (D;D;A;C) PAOIECIIVE CLOTHING, AND

IIOiI-SPARK fOOLS IN LIB PRIPlMY IMSIE DRUB USE SELF CONIAINED
(PHI, ltlrOROG[i HEATNING APPARAIUS.
SULf IOE, CHLORINE,
ETC...).

$ IV II LIH9 I IPIIINMIYMAS|E DIIUPlIS OPERATOR FALLS TO FOLLOW DISPERSAL OF LIIIMPLEIED NONE IiOIH(EASSHOULD HEAR
HUTF GR(XlNOEOAIIO OPENEDUSltlG PIKICEDI_ (CAUSES SPARI[) URAitlUN POUREROUR TO PROTECTIVE CLOTHING, OHIO

NOIi-SPARR TOOLS AND IGHITES RlrOliOC6UIN EXPLOSION/FINE. SEVEBE USE SELF COIIIAINED
LIH HASIE DAUN. UORRERINJURY. (D;D;II;C) BREATHINGAPPARAIUS.

$ IV S LIH11 I PAINARY LIIIIIUN RlrDRIOE OAtlN COIIVEliTS SPILLED DUE LIH SPILLED Nil) C]DUTACTS HONE HOI_II |0 HEAII PAOTECYIlilE
HUff DAUB IRAliSFERED TO SKID TO: El) CLOiPlPL'K_S HATER Ill SUNP, POSSIBLE CLOI[II|NG _ IHIEATNING

UIIH CRANE. LOOSE, (2) LIO FALLS OFF, FINE, UOIII(ER ENPOSUREAm APPMATUS OUIIING NOVEPlEIIT
(3) CRANEACCIDENT. INHALATION OF FUNES AID OF NUN MITH lIOISt.

DEPLETEDUmUIIUN. ENSUREIHAT TNE SUk."_ IN

(O;O;ll;C) TBE TNEAINENI ROON IS
I PUNIq[DDAY If POSSIIILE.

C,3
& II D Lll116 I LIS04 SOLUTIONS flLlrERI[I) LEAS OF SOLUYlaUS NlliOII IIOilKEA EIOq)SUlU[.

HUTF (LITHIUN liTHIDE PROCESS) FILTERED FIKIN LIH (O;D;D;D)
MtocESS.

& II O LIND I VEliHICULIIE AEIN[NL'OAND VEIIIIIOJLIIE CIDItTtlIMTED POSSIBLE CONTAIIIIMYIOII NONE If IBEK NtE INDICMIOIIS
IAflF BAGGED(LIII Fmx2ss) High LIH ARD IRPLEIED UITII LIH/OU, AND NINOR !OF A LEAK UIRI IRPlOVING

UIIAHIUPlFRONLEAKY IHIIER UDAKER INHALATION. TNE DRIER OAUN, OOHOI
PACK. (O;D;D;D) NENOM[ INS VERHICULIIE.

4 IV C LIR2 I HALl[ BEHIND FOAKLIF! LITIIIUH BtWRIBE HASTE PO/Elt|IPHL R[LE/LSE/SP,aLL liOBE IHIIVEII SHOULDHAVE
IPAMSF fRAI_FERS LITHIUN IIYORIOEDAUB PUIICTUREDBY OF LIH/OU IN lie LOIID_IG IHIEATRIRGAPP/IAAIUS

HASTE OAUN 10 ENCLOSED FORKLIFT. DOCKAREA. POTEIIII_L AVAILARL[ (OllHIII REACN),
STORAGEROON. UOI_It EIIPOSU_ (L|N AND IlH[ATHING Of LIN POURER

OU). (O;O;C;O) IS MZ_.

4 IV C Llfl]! WALl(BEHIND FOre(Lift LIIHIUIIgYNIOE TASTE POIEIIIIALIRLEAGE/SPILL HONE NIVEII SHOULD NAVE
NWRSF PlOVESLI/HIUN IITOAIOE ORUN PUNCTIJNIEDlllr OF Llll II! IHE LOAIPING OAI[A|RING eARAIUS

DRUB 10 DOCKFliGPi FORKLIFT. DOLl[ MIEA. POT|IITIAL AYAILAIIL[ (VI;R_II REACH),
ENCLOSEDSTORAGEIHD£N UOAKEAENPOSUAE(LIH ARO DREATIIINGOF LIB POUBEA

DU). (D;D;C;D) IS IMZAROOUS.

4 IV C LIIM I OVERPACEDRUii IS OPENED (]PEIIAIOII FALLS 10 FOLLO0 ENPLOSIONOf SIMLL NONE I]iqESATORSSNOUtD USE SELF
HUIF AND IIIBER Lift ORUN IS PAOCEIDI_ (r.N_S SPARK) OUARflTT Of AVAILiUILE (ON/AINEO IIREAfRING

LIFTED UITH CRAHE AND IGNIIES HTOliOG[H IN HYDROGENRESTRICTED TO APPMAfUS.
THE LIN IMSfE DAUN. SPACEUII_EA VENTILATION

_00. (O;O;C;O)

Lilly I OV!!RPACR_ IS TMMPORY OF EHPTT I_ i_
HU;F DISCAROED 10 CllU_li OR OVEltPACRDRUH (LIIIIIUN

USED FOR CENENIAIIOII (LIH HYDRIDE PROCESS) |0
PROCESS). CIIUSIRROR ClEHENIATIOH

FACILITY.



TABLE A-3

HAZMAN RESULTS SORTED BY ACTIVITY BY DU WASTE
TREATMENT PROCESS
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PRELININAII¥ NAZAIIDtlIIS[ ANALYSIS R[CCdlI) IT ACI1¥11¥ FOR NURSF

ACTIVITY KIllER: DIJ1

ACTIVITY NAME: TRUCKEIIIEIIS AND DIIIVES 10 BINX

ACTIVITY DESCRIPTION: DELIVERY OF URAIIIUN IMSI[ TO IE NURSF LOADING DOCKRIO IRANSFER TO SIalIAGE

ii n

R--F--C CAUSE/SCEHARIO CIIISEIIEIRE S PROTECTIVE FEAItRES ACTIONS
n

2 Ill i IRUCK ACCIDENI UIIN IJIOACilYE RELEASE NONE iADNIIISIRAIIVE
FIRE AND BREACHOF IO AIHOSPHEII£ DUE 10 COIIIROLS SUCH AS (I)
OEPLEtEO UIIAIIIUN BURNINGOF OEPLEIED ANIIIRINCENEIt! Of
WASIE CONTAINER. URAItlUN. TRUCIC il)£LIVERYo ¢Z) DIIIVER

DIII_ER INCAPACITATED TRAINING° (])
DUE IO ACCII)ENI, IS IIfSIRICI OIl_ll
[NPOS£D lO FUNE$ ANO ,IRAIFIC DURING
DEPLEIEO URNIIUN. I)ELIVEllY.
CONIIWqlIMI ION OF
FACILI|¥ (TA) ANN)
MINOR OFFSI IE
CONIANINA/ION.
(C;C;O;II).

I
C_3
du,



PAELINIHNIY II_AADIIIISI[ AIMLYSIS AECI_ BY ACTIVITY FOR MSF

ACTIVITY NUI_II: 0112

ACTIVITY IINIE: IMLK BEHIND FORKLIFt TIIAIISFEIIS DRUN tO EHCLOSEDStoRAGE

ACTIVITY DESCRIPTION: MALl( BEHIND FOAICLIF; TRANSFERSDAUN 10 EI_LOSED SIOAAGEI1_

A- -F - -C C.M/SEISCI[NAAIO COliSI£OU[II_S PROTECTIV[ |EATURES ACt l_ii_II

III C FQIIKLIF1 DRIVES OFF CONTAINERIIIEAI:H,, NONE :_
OOCK WIIL[ IGIIIIlOII Of UIIAIIIUN
IIIAHSPOIIIING CHIPS IIIOOCK AREA.
DtEPLEI[O UAAHIUN NINOII FIRE, POSSIBL[
VASlE DAUN. WORKERINJURY AM
SPAIN[LER SYSItN IS EXPOSUREtO Di[PLEI[O
OP[IAliLE. UaAIIIUN. (D;D;C;D)

SV II FONKLIFT DRIVES OfF CIDIITAIEA BREACH, IIONE
DOCK WIIL[ [IGNITION Of URAHIUN
IIIANSP'ORTIH (NIPS IN DOCK AflFA.
DEPLETEDUIIAHIUII SIGIIIFICANT FIRE AND
WASIE DRUN. POSSIBLE I,RNIKER
SPRIHI[LEH SYSlEN Ill JURIES, EXPOSURE
FALLS 10 OP[RAI[. |O D[PL[|ED UAANlUH

Am FACILIlY
(ONIANINA! ION.

(D;D;B;C)
!

c_ & i ! I D DEPL[TEO UIIANIUIq CIDItIAIIIEII N[ACH, iNON[
C_ DIWN PL/SH[O OFF DOCKLPAANIUNCHIP SPILL

BY FORI(LI FI' . I N DO(:KAREA.
, - (D;D;D;O)

NON[
& IV C DEPLETED iUIIAHIUPl COItIAIHEII IREACN, +

DRUM PUNCTUREDBY NINOIR iOOAK[H
FONKLIFt. EXPOSURE. (D;D;C;D)



PRELIItlNAIIlr NAZAIIOIIIISK ANALTSIS IIItCI]lO DT ACIIVlflr FOil IIIIRSF

ACt I¥llrV PJNHEli:

AClrlVlIT tlJUIE: IIRLIt BEHIND fORKLIfT II:WES DIIUN _ O4EPLEIM IJANiUN lllS|t 10

ACTIVlfT ilPESCiUPIION: IlilLK IEIIIND FIIIIICLIFT MOVES IIASIE HUM FIRM SflNIAGE ROON10 LOAOIIIG I)OCIC.

II-- f-- C CAI/SEISL'_HAlitO CIIIStOU£HP,£S PIlOt[C! IVt FEAIUIIES ACTIONS

3 ill c ollu._cvuwEoev _V.ltll tK_cll. No.t a_,oR,Ctlf,. .,NomNOII.II
E,_,,. (o;o;c;o_

]L III C FOIIKLIFI DIIIVIS Off L'DilltAIHtll iliiEACN, IKIII£ CONSIDEII
DOCKI/NILE IGIIIIICU IX UilANILII IIISIALLAtlOH OF A
IIIAIIiSPORIIIIG DRUN, CHIPS III DOCK AREA. CUIIII IO PREVENT
141111SPIIIIIKLEIII HINOII FIIIE, IIOIIKEII DRIVING I1_ FOIIKLIFI
SYSIEM OPERABLE. IHJUIIY AND EXPOSURE OFF DOCK.

TO DEPLEI[D URAIIILIm.
+(D;D;C;O)
I

]1 IV O FORKLIFT DIIIVI[S OFF COIIfAIN[II BREACH. 'III:15+E COIISIDI[II
OOCK UIIILE IGIIIIIOII OF UIIAIIIUN INSTALLATION OF A

_" IIIAIISPOIITING DIIUN, JCIIIPS IN DOCK AREA. I_L/IIB tO PREVEFl/
I UITH FAILURE OF SIGIIIFICAIIT fIIIE, DIIIVING fileFOIIICLIf!

r._ SPIIINKLEII STSTEN. UOREEA iHJUIIIES AND OFF IXX:I[.
cr_ EXPOSURETO DEPLEIED

UIIAIIIUN, AND
FACILIIT
'L'OilfAMIHAltIOI1.
(O;P;ll;C)

& IV D _RUNPUSII[D OFF IX)O( I:OIIfAlliEII ImEAClt, _ ILION[
BT FORKLIFT. UIIAHIUN CHIP SPILL

III DqDcICAREA, NO
VORI(EII EXPI_U_ DUE
IO DISTANCE Flllll
SPILL. (O;D;D;D)



F_[L|HIWT MZNID/RIK PJmLTSIS ECORB |T ACWIVlV¥ FOR _F

AC;IVI fv tlqE|:

ACIIVI;¥ liar: YAIID FOIII_IFI DI[LlY[AS IKI_LE;ED UIUUIIUN MASIE I)lJN 1to 1111[AINI_I IIO0fl

AClIVlT¥ OESCRIPIIOII: TAm FOB(LIFT O[LIV[IIS _ IFI_0NLORDING II(X:I( ;O IEAINEIII AOONI)OI)ll

R--F--C CAUS[ISC[IMA IO CGISIEOUENC[S PROIECl IV1[ FEA;UiflES ACI IINIS
i ii

2 Ill R FO_[LIFT ACCIDENT, SPILL OF DmJq NOra[ lqiME ONLY _ PALLET
iDUAIHG TRAIISPOA1 COIIII[IIIS VIfH FIRE OR DRUNAT A 1[11_,
!RETUEEII BUILDINGS. AIBDCRASH iliFLIC1,ED A[SIRIC/ Ol'liF.A

IIOJUIIT IO DAIV_R. VlENICLE DUllING
OAIYI[A EKED 10 IRAllSJ_Oitl.
fIRE, FUNES AND
DEPLEIED UtAII IUN.
COli'fAHI IIAI !011 Of
FACILIIT (IA} VIIH
HI llOilt OFFSI IE
COH1,ONPllIlOlI I011.
(C;C;I;i)

& II D FQI_LIFI ACClDIEIIT SPILL OF DRUN NONE _ ONLY tell[ PALLET
DURING ;IIAIISPORT CGIIIEN1,S UIII_UT OR DRUIq14l A lilq[,
IIEll,_£N OUILDIIIGS. FIII£. (D;D;D;D} AESfAICl O1_111

VEHICLE OOR IHG

t nAnSt_Oll;.
I

, ,



PItELINIIIIART HAZAliDIRi$1CANALYSIS llECl[/ROI1r ACllVIIT FOIl IIVIIF

Al:llVlt¥ illUNB[R: IDUS

ACTIVITIr NAN[: CNAOH[KLIV[NS DIIUN tO SAIIPILE NOON

AC|IVIff DiESClUPIIOII: ObqEREADCRANEPICKS UP AND DIELIVI[NS _ 10 SANPLERI]GN

i i

n--,--c cpiu_iscE_nto comsEau_nc_s PtoaEclrye _[,_'um[s Acttoms
i i iiIIII

6 I i 6 O' DIKNi DROPPIEOWHILE 'COIIIAII_R liR[ACN _ NON[
NOVIHG 10 NV,|f ,UIIN SPILl. Of
SAIqPL[ _ USING !URANlUN CHIPS AND
IIOIST. SPRINICL[R POI[NTIAL fiN[.
S¥SIEH OI_R&IILF.. :HIIOOIIUOIIW,F.li

[XPOSUR£. (D;D;D;D)

4 IV C DRuIq DROPPEDUllll.[ iCOIIIAINEII IIREACN, NONE Nglil[
MOVING IO NI/IF SPILL Of URAIIIUN
SAMPLERO_MUSING CHIPS VllN POIENIIAL
HOISt. SPRINKLER Flit[ LINIfED 10
SYS/[Pl NOT OP[RAIIL[. Cl0Ii|[N|S OF

DIKIN. UOi|KEII INJIUIT
Am) EXPOSUREI0
DEPLEIED URANIUN.
(D;D;C;B)

....
I

c_
oo



PFlELININARY HAZARD/RISK AMLVSIS IIECOtD BT ACTIVITY fOIl IlVlrf

ACtIVItY NUNEII: OU6

ACllVltlr NANE: OVTRPACKOllUIq IS OPENEDAND HUN LlflED VILli

ACIIVIT¥ D[SCIIIPTION: OVTIIPACI(DRUN IS GIIOUNDED,OPEI_D UIIH NOII-SPAIII( tOOLS, AND tile ilIIIEIt DIIUIq IS LIF|ED VITII IE OMEItlI£ADCRANE.

.

ll--f--C CAUSE/SCENAIIIO CQNSEGUEI_ES PIIOIECI IVE FEAIURES ACt lOllS

3 I I I C OPEIIAVORFALLS |O SNORt DURATION NONE NONE
fOtLOU PROCEOUIIE NVOIIOGEIIFIIIE UPON
IdNIILE OPENING THE OPENING THE
DEPLEIED UNIAHIUN OVTIIPACI_. POSSIIILE
Qt_IIPACK ( I .E., USES UORKEII INJURY.
WRONGIDOLS, +r(D;D;C;D)IqlSPOSII IONING OF
IliE YEN! HOOD,
EIC...).

3 IV A It[LEAK OF |(NiIC GASIN]lint INJURY, !NONE OPERA/OIlS SHOULDUSE
DUE IO UNEXPECTED POSSIBLE FAIALIIT. SELf CONTAINED
HAIEIIIALS IN (D;D;A;D) BIIEAIIIING APPAIIAIUS,
DEPLETED UIIANIUN LEAVE flOOR IF
UASIE DRUN (PIIOSGEN, ANYIFlING OU| OF |HE
HYDROGENSULFIDEo ORDINAIIY IS
CHLORINE, E|C... ). OBSEIIVED.

4 I I D DRUN CONTENTS LINIVED SPILL OF NONE NONE
I SPILLED DUE lO: (1) !IMEPLETEDUOIANIUNC_

_C_ CLAMPCONES LOOSE, iUASIE NUN CONIEIIIS,
(2) CORROSIONOF PlIPlOf COllrAIqJNAfIO;I.
INNTII DIIUH, (3) LID (O;O;O;D)
FALLS OFF.

A IV C OPEIIAIOI fAILS 10 EIOqLOSIOIIOF SIqALL _
FOI.LOH PlIOCEDUIIE OUAJIIItT OF HYDROGEN

(CAUSES SPAR[) ARID IIES/IIIC/EO 10 SPACE
I_dlllES HYDllOC_li IN UNOEII III[IllLAIIQN
1H£ DEPLE/ED UIIAIIIUPl HOOD. (D;D;C;D)
UASIE DRUN.

4, iV C DRUM COiITENtS SPILL OF NUN NONE NQIIE
SPILLED DUE tO: (1) CONIENIS I/llll
CLAMPCOl_S LOOSE, URANIUN fIRE.
(2) COIIIIOSIOII OF (D;D;C;D)
IHEII DIIUN, (3) LID
IAL[$ n_f; Am)
IGNITION OF URANIUlal
CHIPS.



PRELININART NAZANO/NISK AmALTSIS RECOID it ACVI¥11T Fm NUTF

A_IIVII! HUHKR: OUT

ACTIVITY IIAI_: OVEBIPACI(NUN IS OlSCAJi_O TO CIHJS_II OR US_ FOR OENEIITATIOII.

ACtIVItY DESCRIPflOII: OV_IIPACI( HUN (DEPLEIED UIZAIIIUN /qlOCESS) IS DISCARDED 10 CIIUS/fER Off USED FOR CEIEIfMfIGU/. IIlYOtVES IlMIISFNIIMI|II 10 CRUSI_II OR CEIqEIffAfION FACILIFT.

R--Ir"C C.AUS_ISCEIIIUI IO CIONSEGUENCIES PIlOT[ClIVE Ir[AIUII[S ACTIONS

MININAL TRANSPORTOF [NPIY IflERNICIHII.I|E IS NONE
OVTRPACI(NUN I_NO_D. NUN IS
(DEPLEIED UNAIIIUN IESIED +011
PIIOCESS) IO CIIUSI_EII CONIANIIMIION PRIOR
OF C£1qEOIIAIION TO DISPOSAL.
IrACi I. I |T.

!



PRELINIHAIT HAZOUIOIRISKAIIALTSIS RECORD01' ACIIVI|T foil Jill|

ACIIVIIT NUNilIER:DUO

ACflVllrT NAHE: Vt[RIPIICULI|[ IEtllW[O AliD ilAGGEIP

ACtlVIIY IKSClIIPTIGU: W.RNICULITE RI[NQVI[D IrRGNOVEIIPACI[, liAG_D AND SENT TO LANOFILL OR SIN.

i--F--c UUSEISC[NAIIO L1]tSEW[N_S HOI|(:IIVE f|illiESl AI:InllllS

] I D LEAK FIt:IN 101t[ INNER POI|HIIAL IqlNOlt IF INIEI[ ARE
!DRUN(D[PLEfED COIIIAllINATIOIt IIIOICA;IONS OF A
t.)IIANIUININ OIL) lrO PRCOLENS. LEAK LEAK' UN[N KioIovIIIG
tHE _ILlPilCULII[. tONtAIliF, t) IN ,1lie ImlER DIIUN,

OVENFA_. (D;D;D;D) DOilOI IIEHCME fIE
V[K.NICULI I'E.

I

I-L



I_l[L1#1U]I IULZI_ItIK ltlLL_rSIs tE_le II i_IIV111 _OI SlI_

AC/'VlIT WNOEt: mR

ACIIV||Y IIN_: lllll[I NUN IS GII_JII_O AND OPENEDUSIIIG EOII-SPJU_ |OOL$

A(IIVIfT D(SCRIPIION.* INNER DRUNCgNIAIHIIS DEPLEIEO LqutlIUN AND OIL IS GROUNDEDMO OPENEDVilli NOg'SPNm[ lOOtS. ASSUN[ SAME_ AS ACIIYI|T 10, EXCEP| LESS R_ G[mAAIIO

I--F"C (AIJ_/SL'EW I0 COlRgLEIC[ S PlOl|Cl lYE FEIIWS _I lOllS

3 III C OPEAAfOR FALLS I0 ! BURATION HOmE NONE
[OLLOU PAOCEOUIE HYORORII file UPOn
UlilLE GI_NIIIG OPEOlN IN
I)[PLEI[O UIANIUN OVlERPACI[. POSSIBLE
INNER VlESIE DRIJI IdUlllEII IIIJUIIY.
(i.[., USES IBOI/G (D;D;C;D)
tOOLS,

inl SlpOSii II]IING Of
!fIE Vl[If HOOD,
ETC...).

3 IV A IIELEIS[ OF V011C GAS UOI_Q IgJUIV, IOIE OP_I_IGIS SHOULDUSE
DUE tO UliI[NPEIt:IED POSSIBLE FAIALII¥. SELF COIIIAIN[O
NAIEAIALS IN (D;D;A;D} IREAIHING APPNLqIU$,
DEPLEIEO UIAIIIUN LEAVE RQON If
INREA HASTE O_UH AIITIHIIIG OUI OF IRE

I(PIIOSGEII., IITOROG[II OltOlllAIY IS
SULFIDLE, CHLORINE, OBSERVED.

;> rETC...).
I

A IV C OP[AATOR fAILS I0 EXPLOSION Of SPlItLL NONE IKNIE
FIXLOI/PIOCEDIAIE OUMIII'¥ Of IITH(R_H
(CAblES SPARK) AND IESIIIC/ED fO SPAC[

IGIIIIES NTDROG[li III UNDERVEliTILAIIOli
!DEPLETEDUlUlIIUN I_OD. (D;D;C;D)
IMSIE DIIUN.



PllELIPlINMT mZ_/IIIK MALYSlI IIE_ IV KIIVlI'I' FOIl Ilgi/l'F

ACIIVII! IIDqlEIIx IllJlO

ACIIVIt'¥ IWg_: L'OIIIENII Of DglUN I_CI£0 VISII_MI.L¥

ACtlVIIY DESL'gIIPIIOII: COIttENIS W KIWI,lIED UlIAIIIUPl IWgl W INWClrD VISIMLLT, LID It INEK/tA_£'IDH _ fill IWII INIUN.

i •

R--F--C CAUSE/SCENARIO COIISEOUENCES PflOlEC1 IV1[ FEAIUIIES ACI lOgS
i

NININAL CONTENTSOf: OEPLEIIEOPOTIENIIAL IIAZAIS _ IF UNEIII_qCIEO
URAKIUN taStE INNER COVEIIEOUII_R COIIIENIS FOUND.
ORUNVISUALLY ACTIVITIES uIqI_RIE L'OIIIACI' SUPERVISOR.
INSP_ClrEI). OVI[RPACKAM) INNER

DIIUN ARE OPENED.

I
d:b
C_



PlII[LIHIIIAtY MZWIIIiII[ ANALYSIS KW IT Al:lrlVlYV FH IIIllF

ACtIVItY HI: OUI!

AClIVIIY NME: DEPLETEDUIIMIIUN WIlE HUN TIIMSFEIIt'D IO IKAINENT SEIO UITN OV_INEm ¢RNIE

ACTUVSVVK_'napvnm:m_[v[O ImmureWill gun ln_s_[_o soV_[AV_gW_no lava _t_m _.

R--F--C CPAJSE/SC[IARi0 COIISiEQUENCE$ PQOIECl IVE" IEAIUmfS its lOreS
blll I I

t, II O Pl_'91 CONIEilS LINIIED SPILL Of NONE NONE
SPILLED DUE 10: 11) DIEPLEIED UIIAIIIUN
_LANP CON£SLOOSE, WSIE DIKIN COlll[lllS.
12) CORROSIONOf iNINOII COIIFMIINAIION.
II_ER DIIUIq. (]) LID (O;D;D;D)
FALLS OFF.

4 IV C HUN CONTENTS SPILL OqF0tEPtEIED NON[ NONE
SPILLED OUE IO: (I) UIIAIIIUN WIlE DIIUN
CLAMPCONES LOOSE, L'OllIEH|S UIIH
12) L'ORIIOSIOUOf URANIUN Fill[. UOilI[ER
IH[R OlIUN, (3) tlO EXPOSURE10 DI[PLE;[O
FALLS OFF; AND UI_ANIUN. (OlD;C;0)
IGMIFION Of URAHIUN
CHIPS.

.........

I

A_



PRELIMINARY U/_B/RIK ANALYSIS KCCIID lit KIIVlIY FII IIInf

AC;IVl;Y IIUI_ER: 0U12

ACYlYIIY NNIE: HYDRAULICPUNCTUREOF NUN USIm IIMLOU SPII(ES

ACTIVIIY DESCRIPTION: II¥ORAUtlC PUNCIURE Of DEPLEIEO URAIIIUN ORUNUSING HOLLOI/ SPIKES. IRE REACIlNI IS INEAIED I/IIN NIIIIOGEN PNIQN 10 PUNCIUIIIIIG file DRUN.

R--F--C CAUSE/SCENARIN L'ONSEOU[NCE| _Ill)i[CT IVE FEAIUIIE$ ACTlOiS
i i

4 I!1 D FAILURE I0 INERT IRE (OIIIAIIED FIRE IN NOllE INIERLO_ INE OXTIRH
AEACII_ IltN IH REACION. NO DEIECIION HIIN IRE
NI IROGEN. RELEASEOE¥OIIO HYDRAULICPRESS, SIS

FILLERS AND DRUN IS 1101
SCUIER. (D;D;D;D) PUIICIUREO IF IIlrGEN

IS PRESEHI.

I

f.n



P,,ELmO_VmzmtwosEmtvsnsEc_ my_vovovvFatw.
AcVnVOVV_._ lu13

ACVJVnVV,I; nOlO LOOPCOHC_A,OaOfmYtHvma_ uacvot
ACT_VlVV DESCIIIP;IOII: CLOSEDLOOP CIWCIKAilOII OF U/tIER ;INOUGII I_ACTOR (I)£PLEIEO URMIUN IqlI_SS).

t--f--c r_mtsc_n,u|,o cmsEu,,c_s t.ovtcv,_ FEAv_ts _CVOmS
A Ill D IMIER IEACIIVE N2 US PIINNJCIIINI NONE IIIGII[

,u,tt,_tto.t., t,,)MonttAst,o._sE,, u_ ,o scu_t. Mo,n,,E
IllSLABELIIIG I_; SliCE IIEACIIlIt IS
DEIECIEO H¥ VI_gLML II/[IV[O glEN
,.s_c,,o.. ., morE..,o;o;o:o+

,vc _no,,,omof_., m t,.,,+_E_os,a,,._,E w _,E,_,
mtmAc,,om,E, tEat,oHw M, sto_vA,,_
tEAC,|_,UVEt|AL,,OKOFSCU_H. aEu,umJ._,oO_VECV
CV.E..LnH__.SEWVrtnn0,E__,E,,,At ,,,He_a,_,,_.out,o..SLmL,._,oH_ntt mM,.
,_,Ot,Ec,to.,,At,,,,

._ACVOIt IlOV IHEIIIEO SOME IIELEASE lO

.,,. ,nvtoot.. or.st ,tc,.nc_t
;ArrASmsnvt.
IO;D;C;C)

I & IV O MIIAH EIWOR; BLEACH CHLORINE GAS RELEASE NONE NOllE
d_ INIRGDUCED IdIINOU! INROUGNSTACK.
Or= CIRCt/LAIIOll OF UA|EIII(D;D;D;D)

(OEPLE fED. SCRUBBER
FAILURE.

.,



PItELINIIiARY HAZARD/RISK ANALYSIS AECIOIIODlr ACTIVITY FOR lil/lrF

ACIlVI1¥ NuIqOER:0Ut4

ACTIVITY lilAC: OIL DRAINS 10 UASII[ OIL DHJN (INPL|lrED URMIUN PIKX:IESS)

ACTIVITY DESCRIPTION: OIL DRAINS TO WASTEOIL DRUN (DIEPf,.ETEDURANIUNPROCESS).

R-- F- -C CAUSEISCENARIO CONSEQUENCES PROTECTIVE FEAIURES ACTIONS
i i i

4 IIo ovEi_iLiofoltor.mnmm cON1mlmA11owIo_ mo_
CAUSEDBY OPERATOR PROBLEN. (D;D;D;D)

ERROR ! I .E. o
, INSUFFICIENT VOLLJNE
!OR DRUN NOT IN
POStI ION).

I

"-3



PRtELIIqlNARYIIAZAIIOIRISK AIIAL_SIS AEOOR9IT ACIIVlIT FOR I_f

ACIIYIT¥ NUNBEA: OU1S

ACIIVIIY gr_E.. ILEACN IS AODED fO ClIRULAflEG UAI[I

ACllVllf OESCRIPTION: BLEACH IS AOOED IO CIRCULATING tlAIER (DEPLEIEO UPJtNIUNPROCESS). INCLUDESOIIIMIION IIEAC|IOII.

i

w--F--c rAUSE/SCE.AIO0 CONS_OUE.CESmIECT'VEfEATURES ACTOONS

s 0n_c c_sonc LnNEt_AK posstet.EUoW_Ee m_E maE
i

DUE IO CORROSION. INJURY. (D;D;C;D)

3 I I I C LCIIICUI.AIING LINE UIIAIIIUN SLURRY NONE NONE
IKJPUUllEDUE lO IIELEASED Illl file
COIIROSION, PUMP TIIEAINIEIIT ROON.
DIAPHIIAIq LEAK ON POSSII[E tl_l(Ell
CONNECTIONS. CONIAC! 0¥ SPIIA¥ AND

Ill)ON COIIINqlNAI ION.
(D;D;C;C)

& III O LOSS OF O010LIBG IfJIEASE IN NONE NONE
k/AIER (DU PROCESS), IEMPEIIA|UIIE MID

INCREASED NIOUNT Of
CHLOE|ME GAS OUE 70
DECONPOSI l loll Of
ILEACH. (O;O;O;O)

I & III D !LOSS N[PA/SL'IItI_II_ SILL ClILOIIINE GAS NONE NONE
_1_ SYSTEM (DU PROCESS). RELEASENEAR SIACK
Oo OI! SCRUPLINGSYSIEN.

(D;D;D;D)

& IV C ILOSS OF CIXRIIIG IIIICIIEASlEDANOUIITOF NONE NOllE
laAIEIII VIIH LOSS OF CNLONIIIE GAS LEAICEO
SUCTION IO THE IN|Q IHE |REATtlEII!
SCRUBBER(DU ROONDUE TO INCREASE
PROCESS). ili IENPERAIUIIE.

VOIII(EII EXPOSUIIE TO
CHLOEIllE Am)
OEPLEIEO UflAIIIUN.
(D;D;C;D)



PIIEL|NINARY flAZAROIHIS[ /UtALIrSiS IIECOlO lit AClrtVlfY FOR NkrlrF

Al:llYIllr IPJNBER*DU16

ACYIVIIT II/_: IIEACIIOIt CCIqPLEIE. SLURRY IIIAIISF[RIIED IO IIE'DUCIIGIIISEIILII_ I/UU( (DEPLEI|D URNIIUN IqlO_SS)

ACf|VlI¥ D[SCIIIPIIOII: REACflOII CI_IPLEIE. SLURIIT TRNISFEHED 10 REIN/CflOIIISETfi.IIIG TAM( (DEPLEIED URNIIUN PROClESS)

i i i i

n--_-.c r.&US[/SC[HAn°" tO CmSEaUEWC[SPt01[CllYEr_AVmES _V urns

:,,,_cEss). |:E,,E,,,,,OHo,u,,o,,

_LUR,,,o _o;o;o;c__,E_,,o,,,s.,L,_
IANIC.

HINIHAL iPLUGGING52 OPERATIONALPROBLEN. NON[ NON[
¢IRCULAflON LII_ DUE NOT A NAZARD.
10 ACGL]NJtL&IlOItOF
SiULL UNREACIED
URAIIIUFI CHIPS
(DEPLET£D URAIIIUN
PROCESS). NAT lie
DU[ TO ORE/ICHOF THE

_> PAC! iCLE SCREEH.
I

d_
¢D



iP_ELININART HAZA.alOIlilSKAHALtrSIS NECOHDIT AClrlVlfY irl011HUfF

ACTIVIIT IP,JNIF.R: DU|T

ACflVITT NAIl: IFEOUCIION Of URANIUN NTHOI_IOIE it SODIUN 1NIOSULFAt£ IO URANIUPlOIOItlOE (DI[PL|IIBD URANIUN __)

ACIIVlVT DI[SCNIP/ION: NEINJCVIONOF UNANIUN NlrDNoNIK BY SODIUN fNOOSULFATElO LiANIUN OICr_iK (NP1L£|a UNAIIIUN PIIO_SS).

R--F--C C,AUSI[ISCENAIII O CONSEQUENCES PROIECI IVE FEAIURES! ACI IONS

] l D SPILLS OURIHG NINON UOlU(ER NONE NONE

i

REDUCTION, EHPOSUIIEAND
DECANTING, OR FACIL I IY
TRANSFEROF LIQUIDS CONtANINATION.
OR SEDIMENT. (D;D;D;D)

] I O GLUHT SPILLfD PIIN611L1/iIANINAIlO_. NONE NONE
DURING CEP_NIAIIQN IN IIIEATIqEN! NQ_._.
PROCESS( I .E., (D;D;D;D)
OVERFILL,, TIPPED
OVER, EIC... )

I
cxI

] III C LIE liUPTURE IN TN£ CON|AiPlINATIONOf THE _ NONE
CINCULArlNG SLURil¥ IIIEATIN[NT NOON Am)
LOOPOUE 10 POSSIILE VONI(EIt
CORROSION. CONTAHINATION/I NJIURT

• (O;D;C;C)



PA[LIHIHAAlf NAZARD/Itt ANALYSIS RECORDBY ACllVll¥ FOR II_F

ACllVllrlr NUN01ER:I)U18

ACWIYI;Y liar: OPEN REACfOII MID MASf[ DIIUN AID CIITCI( ISIOUAL ¢911fEIIfg

ACIIVIIY DESCAIPlrlOII: OPIEIIIIIEAC|OA LID, OPEN MASll[ DIIIM, ClIIECI(COI0llEIIIS, IIIEIle0MEAND BAG NUN FOIl DISI_0SIIIOII (NIq.ElrLrl) UP.AIIIUN PIIOClESS).

w--f--c CAUS_ISCtWUO co_ou_mc_s mvEcvnvEf[ArUW_S _voo.s
3 It c u,_,cwEeun_un f,_ J. m-. _ uom, smoutoE

f,MEs,r_,0_n. fmsm_ vomK_l EounpEO.no.
PRESENCEOf 01YGEi INULAflOIi. IA[SPIIIAIORY
UN[II Illll[ll DIIUN LID (D;D;C;D) PRoIrEC|IOIt.
OP[W[O 10 I:ll[C[
(OIIII_N|S (OTPLIE|EO
URANIUN PAOCIESS).

A I I O LOSSOF lil[ll! GAS POSSIBLE RELEASEOf IK)lIE lilSPECl NUN FOIl
COVER LEADS 110SLOM URAHIUN OWIOIE IO AIESIOUALUAAIIIUN
UH Of IIE_DUAL SCRUBII[II slrsl[N. AflrlEil OmlIDAlrlON
UAAIIIUN IN OIIILIN (D;D;D;D) PIIOC[SS ll[fOIII[ ENO
(D[PLI[|ED UlIANIUN Of SNIF|.
PROCESS).

!
¢j1



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

WASTE TREATMENT PROCESS

A-52



MZNID /UMLTSIS l_POil BY RISK

III I g I I III g

R---F---C ltC1/FliC AC/IVIIT M CM/S:[/SCEII/iRIO ClOlIS[I_IiCES PIIOIECT|W Fl[/llrl/lUS | ACllIOIIS
I N I / J I III,...Z I II • DUI, I HI/IF +YAIm FOre(LIFT Of.LIVERS FON[LIFI ACCIlffNl DUllING SPILL Of WlUN ¢ONIEIIIS NOHE 111 Olli[ PALLEI OR

Di[PLEI[D URAIIIUN liMS1£ lrRAIISPOAlr II[IUEEN Wily FIE Am) ¢IUISII DIWH/11 A 111_, I_SIAIClr
OlKJlqI0 IREAINEHI IKION BUILDINGS. IIIfLICIEO INJURY I0 011_| II[IIICL[ DURING
DOOR DRIVER. DRIVl[R ERPOSEI)I0 VRNISPml.

Fim[. FUPlESiliO DEPLEIW
URAilIUN. COIIIAlUUl ION I)_
FACILIIT (IA) Villi NINON
OfFSllE COHINtlHAf ION.
(C;l:;I;i)

2 III II DUI / IAUCI( REFERS AND DAIVlES TRUCI( ACCIDENTUlIII FIRE FlMIOACFIIII[ AIELEASI[|O HOii[ ImllilS|iATIVl[ COIIlrROLS
IqURSF IO DOCK ARO BII[ACH Of O[PLi[|[O A|IW)SPllERE0UE |C INJlllililG SUCH AS (l) AmNXlNC[mtlY

URANIUN UASIE CORIAIN[R. Of DEPLEII[D URNIIUN. Of NLIWAY a (Z) DRIVER
IRU(E ORII_| IRAINIIiG. l$) IIESIRICI
lilCAPACIIAII[D DUE 10 OllllEi IlMFFIC UIK
ACC.IOERI, IS I[XPOS[O lO OELItI_RI.
FUNES AHD OI[PLEIED
URAIIIUN. COIIIFAPlIgAIrlOIIOF
FACILIII (IA) ANONINOR
Of FSI I[ COIIMI liAR;IOH.
(C;C;I;I).

3 ! O IXm I IIUTF VI[RNICULITE RENOVI[DAND LE/U[ Fil_l IRE INII[R HUN POItNIFINL NIIlal IF IIIIEE _ IIIDICAIIONS
DAr.,G[D (IFFPLEIED URANIUN IN OIL) COIIIMIIIMIIGII PMIIIENS. Of A LF./U(Utll IFl[NOVlNG

VO |lie ViERHICULIIE. LEAK CONVAINED IN lille filER HUN, DOlilOl
OVERPACI[. (O;D;D;D) I_NSM[ IH[ VEIMICUL I liE.

r._ ] I D DUTY ! REDUCTIONOF URAIIIUN SPILLS DURING I_OUCTIOll, Nlll_ _ EXPOSI/_ RID I10_
c,_ HUff HTOROItlDiEII1" SODIUN DIEC,ARlflliG, Oil |RANSFER Of fRClLIllr CONlrNqlNA|IOII.

IIIIOSULIFA|[ 1"OURANIUH LIQUIDS OR SEDIHEHI. (O;O;O;O)
DII)0(ID[ (DEPLEfED URANIUN
PfOCESS)

.1 l O DUlY I III[DUCfIOII OF UItMII/H !SLUIml' SPILLED IN/IIIIG HlilOlt COI/IMIIMIrlOI/ I// //011[
WIF ilYDIK)RIO[ IT $1)OIUN CENEIFAIlOli Iqll)_SS |REA|NEii| RIXJl. (O;O_O:O)

IIIIOSULIFAI| 10 URANIUN j|l.[., OV[RIFILL, TIPPI_
DIOXIDE (DEI_LEIED MMiVlUq OVEIt, EIrc...)
PlK]¢ESS)

i

If C DUI6 / RI[ACIFIOII COIPtEIE. lIJIMII ERItOA (DI[PtEIED SLUIllV IrMI1[rl) IFOIMSfE _ !llOt
HUff SLUMIT IIIAtiSIFERREO1'0 URIRIUN PIK)CESS). i/AlER |ANI[. CEI_NIAIIOII

REIDUClIONISEIlLING IAIK HISALIGNI_RI OF VALVES DRUNOil OileR. FACILIIT
(DEPL[|ED IAIARIUN DUIIliG IRANSIFEAOF CWIINIIIMIION. NINOR

PROCESS) URAHIUlllSLURRY IO IdOIll[ER EIOq)SUAE.
AEDILICIIONISEIILIRG IAlil(. (O;O;O;C)

3 I I C DUIO I !OPEN IIEACTOIIANO llISTE IMIEACIED UIIAIIIUN IFINIES IFIR[ Ill DIIJl. POSSIBLE HONE lltl'l[il SlN)UILODE EOUIFFO
m4fF _ AIIO CHECK RESIDUAL IGNI/iE IN PRESEiII(IEOF UOiilk'lEiliilNALATION. I/llrg RIESPIIIAIOAT

CONIEHIS OItTGEHliil_H IRII[R DRUN (O;O;C;O) PI_II[CIIOR.
LID OPEI_O iro CREEK
CORIEHIS (DEPLEIED
URAIIIUN PROCESS).



NAZAIIOMALISIS IIEPOII! IIY |ISE

i i

I1---F---C ACTIFAC ACTIVITY NN(E CAUSEISCEIMRIO CI)I_OUEIICES PIIOTECIIltE FEA|URIES ACTIONS
i

3 lit C 9U2 I MArK WEIIIIID WUIII(LIFI FOIU_IF10III_I1ES IN! 9OCl_ COlII&IIIEII I_U_ll. NI)NE NOllE
NMtSF flMIISFFIIS DI_ 10 I/NILE flIANSPOIIIIIIG IGNIIION OF IIMU|LIN Cll|PS

ENCLOSEDSlOIIAGE flOON DEPLEIEO UIIANIUN IMS1£ IN DOCK AREA. NlaOII FIl_o _"ORUN. SPRINKLER STSIEN POSSIBLE 14)RI(ER IHJUIIY
IS OPIERAIKE. Am F_ TO DEPLEIED _

UIIANIUN. (D;O;I;;O)

3 I II C OU3 I HALl( IIENIND FOW(LIF1 911UNPUIEIUIIED IIY CONTAIIGERDREACN, NINOII NONE NONE
NURSF N(WES DRUNOF DEPLEWED tOIIKLIFI. UOIIKEII EXPOSUI!E.

UIIAIIIUN IMS1£ 10 DO(K (D;D;C;D)

3 lit C 9U] / MALl( BENIND FOIII(LIFT FOIII(LIF! _iMES OFF DOLl( COIIIAINEII OItEACIIe NOllE COIISIKII INSTALLATION Of
MSF IIOVES OFlUNOf OEPLEIEO UFFIL( IRAIISPORIING DFlUH, IGNITION Of URANIUIt CLIPS A CURB 10 PlI1EVIEMIDIIIVIIIG

URANIUII MASTE I000CI( Wllll SPRINKLER SYSIEH IN DO(K A_EA. IIINOII FIRE, TIlE IQliKLItl Off OOCK.
OPERMILE. IdOIKEII INJUIq,lr

EXPOSURE10 DEPLEllED
tPlIIUIIUN. (O;O;(;O)

$ III C DUI$ / BLEACII IS M)OEO I0 CN/SIIC LINE LEA[ 04LJ[TO POSSIBLE uOm_lt IndUIIT. _ nOllE
Irdl F CIRL'ILILA1111GMAIER CQIIROSION. (D;O;C;O)

$ lit C OU|$ I ILEACN IS ADOEOI0 ClRCULAIIIm LINE IIUPIUli[ UIIAIIIUN SLURIIT RELEASED IK)IIE NONE
NUIF CIRCULATING MAIEII DUE 10 I_OIIliOSIOU, PUNP IN 1NE IRIEAINEll llOON.

DIAPImAN LEAK OI POSSlDL[ I/Ol_l COI/|ACI
CQNNECIIONS, BY SPRAT AUD

CONIANIIMI I011. (D;D;C;C)
I

c.n 3 I II C DUlY I REOUCIlOII OF UIIAItlUN LINE mJPIUNK In INE CtOIIIMIIIMIloN OF file IRINE NONE
• , HUIF IIYOI_IDE !11 SOI)IUN CIRCULATING S_LUlUlYLOOP IlIEAINENI ROONAND

IIIIOSULFAIE 10 UllANIUN DUE 10 CORROSION. POSSIBLE UOIIICEII
DIOU_DE (DEPLEIED URANIUN COIIINIINAIlOII/INJUIIIr.
PROCESS) (D;D;C;C)

3 I IT C OU9 I NI/IF IIINEII DIIUN IS GROUNDED OPIEIIAIOII PALLS 10 FIXLOU SNOIII BUIIAIlOII _ Name NONE
AND OPENEDUSING PROCEDUREWllLE OPENING FIlIE UPOII OPENING INE
O-SPARK TOOLS DEPLETEDURANIUN INNER OVEIIPACK. POSSIBLE

MASIE DIIUN (I .E., USES W)III(EII INJURY. (D;D$C;D)
lalIONGlOOLSo
IIISPOSIIlOIIING OF 1lIE

rMEIII I101)0, ETC... ).

3 III C IDU6 / IflflF OVEIIPACKDIIUN IS OPENED OPEIIAIOII FALLS lO FOLLOU SIIOR1 MJIIAIION II11N_H NONE NONE
AM) DIrUN LIFIED UIIH PIWCEOIJIIEI/lilLE OPEIIING FIIIE UPOII OPENING INE
CRANE 1NE W[PLEIEO UIIAlilUN IWERPACI(o POSSIBLE

OVERPACK(I.E., USES UOIII(EII IIIJUIT. (D;D;C;D)
UIIOnG fOOLSo
NISPI)SIIlOIIING OF 1NE
VENt M)O0, ETC...).

3 IV A I)IJ6 I NUIF OVlEIIPACKOIIUIq IS OPENED RELEASE9F 1W[IC GAS DUE I/OREEII INJURY, POSSIBLE NONE OPEIAIOItS SNOIRD USE SELT
AM) DRUN LIFTED VIIH 10 UNEXi_CIFD NAIEItlALS IrAIALIIT. (D;D;A;D) COIfIAINEO K£AIHING
CRANE III DEPLEVEOURAlilUN UASIE APPAIIAIUS,, LEAVE _ IF

DRUN (PHOSGEN, Hlrl)ROGEH AItTIHING OUI Of IHIE
SUUIDE, CHLORI.qE, I)IIOItlAIIY IS ONSEAVtEO.
ETC...9.



IM/ARD NIALTSlS ItEPOltl D¥ RISE

i i i i i i i i i

R---F---C HCf/FAt AClIYIIlr lIME CAUSEISCEII!LqlO CONSEOUEIlaES PIIoIrEcIIIlI[ FIEAIUIIES ACIIOItS
i I

3 IV A DU9 I HUff llma HUN IS GAOUN_D R1EtEASIEOf Im1¢ GAS DUE I/ORI(ER IIIJURY_ POSSIBLE NONE OPEIMII)IIS SHOULDUSE SELf
Am OPEHEDUSING lO UIIENPtECIEDNR_ERIALS FAfALIIY. (D;D;A;O) COIIFAIRED BREAIHIBG
NON-SPARKI(X)LS III OEPLEIEO UIIMIUN INNER APPARAIUS, LEAVE liOON IF

iSIE HUH (PHOSGEHo AlfflHING OUI Of IH£
HYDROGENSULFIDE, OIIDINART IS OOSERVEO.
r.IILORIRE, ElC...).

3 IV O _ I t/ALEBEHIND IrOAELIFT FOAELIFI OAIIPTSOfF DOLE COlIIAIIEIIIHI_ACII. NOHt
MSF IRANSIERS OAUN 10 VmIL| IlIAHSIq)AIING IGNIIIOIt Of URM|uiiq L'IIIPS

[RCLOSED STORAGEROON DEPLE/ED URAIIIUN IMSIE IH DOLl( /AREA. SlGIIIFICAII/
ORUIq. SP_IHICLERSYSIEH fIRE _ POSSIBLE UOAICER
FAILS 10 OPERAIE. INJURIES, E_ 10

OEPLE/EB UIUIlilUN ARD
fACILII¥ COIIIMINAI loll.
(O;D;O;¢)

3 IV O DU] I MALl[ BEHIND FOAl(LIFT FOAl(LIFt HIVES OfF DOLE COIIIAIIIEll OAEACII, HONE CONSIOEII IIISIALLAIlOII Of
MSF ROVESDillLIlqOF DEPLEIED . MlilLE IRANSPORIING DIWN, IGNI|ION Of URAIIIUN CHIPS A CUR1 |O PREVI[NI DRIVING

UAANILINUASIE 10 OOCK Villi FAILURE OF SPRINKLER IN DOL'RAREA. SlIGIIIFICAliI IRE fORKLIft Off DOLl[.
STSIEH. FIRE, HOlil(EII INJURIES AHD

EXPOSURElO KPL[IEO
URAHIUIq,AHD _ACILII_r
CONIANIIMI I011. (D;D;O;C)

/, II O OU6 I HUIIF OVERP/K:I[OAUN IS OPtENEO ORUNCOIIIEIIIS SPILLED IDUE LIIIqlII[D SPILL OF I_PLF.1EO
AIR) DRUN LIF/ED UIIN fO: (1) CLANP CONES UL4NIUN MIIS|E DAUN

_)> CRANE .LOQSE, (2) CORROSIONOF COIIIEIIlS t PlIHI_
t IHNER ORUN, (3) LID FALLS COIIIMIIHAIIOli. (I);lt;O;O)

c.n rofF.c,1"11

/_ I I D INM I M/IF YMID FOilRILIFI IN[LIVERS IFORI[Llfl AL'¢IDEliI OURING SPILL OF DRUNCOil|RIAlS NONE ROVE OlitY ON[ PAILLE/ 011
DEPLEIED URARIUN UASTE |RARSIq)RI BE|WEAR Vl|llOIn FIRE. (O;O;O;O) !DIHJNA! A 111_, HES|RIC/
DRUN I0 IREAINEItl ROON gUILOINGS. OIREA VEHICLE OURIltG
DOOR IR/UtSPOR!.

& I ! D DUll I DEPLEIED UAAIIIUN iSlE iOAUNCOIIIEIIIS SPILLED DUI LIHIIED SPILL OF INPLEIED HONE HOBE
HI/IF ORUN IRARSFERED lO /O: (1) CLNqP CONES URAIIIUN MASIE DRUN

IREAllq[R1 Sl[lO VllH LOOSE, (2) COAROSlOROF ODNIENIS, nliiOA
OVERHEADCRANE IHNER OAUN, (3) LID FALLS COIIIANIHAIIOlt. (D;D;O;D)

OFF.

& II D DUI& I OIL DRAlilS 10 UASIE OIL OVERFILL OF OIL tPIIUN NllIOII C1DilIMIIMIIOII HONE
HUff DRUN (DEPLEIEO URAHIUN CAUSED|¥ OPERAIORERROR PROOLEH. (D;O;O;D)

PROCESS) (!.[., IItSUFf I(_1[11|
VtXUNE OR NUN ROI IH i
POSl ! ION).

& I I D DUIO I OPEN REACIOR AHD UASTE LOSSOF IBERT GASC(NI[R !POSSliit[ RELEASEOF !IiONE IliSPEClr DRUN FOR RESIINML

i

HUIF ORUNMID ClRL'I[ RESIDUAL LEAOS tO SLOU i)Al Of URARIUN OXIDE lO SL_IIJEBEFl URANlUN AFgEi OXIDATION
CONTENTS RESIOUAL UAAIIIUN IN DRUN SYSTEM. (O;D;O;O) PIt(X_SS llEfOItl[ flit) Of

(OEPLE|EO UAAHfUN SNIFf.
PROCESS).

& III O DU2 f MALK BEHIND FORKLIFT OEPLETEDURAIIIUN ORUN COIIfAINER BREACH, ORARIUH
MSF IR/4NSFERS NUN |0 PUSHEOOFF DOCK lit CHIP SPILL IH DOCI( AREA.

ENCLOSEDSIORAGE lOON FORKLIFT. (D;O;D;D)

. ,,



HAZARDAIMLYSIS ItEPORI llY RISK

I ii .... iii

fl---F---C ACIIFAC ACllVlllr _ CJIfu_tS,_iUtlllO ¢ONMLIEIK:I[I IqIO/ECIIVE IrlEAytm__l KIIOlIS
i i

4 ill 0 0U12 t n'vm'(AULICIqlAd_lIJItEOF FAILtJ/ct I0 IlllERl IIIE CONIAIED FIRE II II NOllE !IIIIEtLOCI[ lie tIGEN
iiNfF !DIIUN USING HOLLOUSPlitS II[AClOII VIIN NIIIIOG[N, NI[ACfOff, NO 8[LEASE Nl|CflOll MIfH lille

KIt]NO FILIEIS AI _lC IqltSS, SO OIIUN
$CRUO_II. (D;O;D;D) IS IIOI PUNCIURED IF

OI1_l IS PIIESEIIf.

Iii O DUI$ I CLOSEOLOOP ClNCULAIIINI UAI|H IACIIIflE IMIERIAL 112EAt PIIOOUCIION HID Jl(_
I(IIIF Of IMI[II IIIIIU;N ILEAl:lOt 11.[., LIN) PIItSEHI OUE IEL[AS£ IO SCIUI_il. iN)

IO HISL_ELING NO! tile SINCE IHEACIOII IS
DEI[CIED 8T VISUAL II_NI[D UIIH NIINI_II.
I NSPEClrION. (D;G;O;O)

4 I I I D DUIS / 8LEACH IS N2DED IO LOSS OF COOLING IMIEN (DU INCI_ASE III ItMJFAAIUNE NONE NOllE
HIIIF CIRCULAIIMG IJATEll PIIOCtSS). &NI) III_EASk_ NqQuM| Of

CH[INIIHE GAS DUE IO
D[COIgq_l I ION OF 8L[ACII.
(OlD;OlD)

4 If I O 0U15 I 8LEACH IS IMBED lO LOSS I_PAISCRUSIII_ SHALL CNL01tlII£ GAS _ IglE
HUIF CIIICI_&III_ MAIEII 5YSIEN LOU PilQI_SS). - IELEASI IIElUt SIACIt OI

SCNUBIIIIG SYSIEN.
(O;O;O:O)

& I I I D DU5 I NMIF CIAI_ DI£LIVEIIS DRUN 10 DIHRI DIIOPPEDWHILE IqOVING COIIIAIIfll IIIIEtlCII MIIII tlKIi_
SA/qPLEIIOOPl I0 IWIF SAIqPLEII0011 USING SPILL Of UIMNIUN CIIIPS

HOISI. SPRIIIKLEII SYSTEM ANO POIENIIAL FIIIiE, NINOt
_" OPI[NABLE. UIER [NPOSUH.
s (D;D;D;D)

cr_ 4_ IV C OU6 I INTF OVEIIPACI(DIIUN IS OPENED OPESATORFAILS 10 FOLLOV IEXPLOSION OF WLL llOiiE
ANO DIIUN LIFIED I/IVll PROC.IEIWRIE(CNJS1ESSPAIIK) tQUNtlIII OF
CNASIE AIIO IGIIIIIS ILYl)IOC_II IN I_SlIICIED IO SPACEIJ_EI

IIIE DEPLETEDUIIAIIIUN VlEHIILAIIOII NOOD.
UASIE DNUN. (D;D;C;D) .

4 IV C 0U6 I INVF qOVESPACItOIKII IS OPtM_ ORUN CWIIEIIS SPILLEO OUt SPILL Of DINN COUIEItlS 10N[
DNUN LIFFED MIIN FO: 11) CLAMPCONES MIIII UNNIIUN FIRE.

CRANE +LOOSE,(2) COItltOSlOii OF (O;ID;C;O)
11111 HUN. 13) LID PALLS
OFF; Am 1111111011Of
URNtlUN CIIIPS.

IV C DU2 I WILl[ I_NIIID fl)lll[LlFl DIEPILEIEDUIINIIUN NUN CONIAINEil MEACN. NI8011 il0EE
NUIISF tRANSFERS 011UNVO PtlmCIUBk'Olllr FORKLIFT, I/OlUOEt EXPOSU_.

ENCLOSEDSVORAGE_ p(D;D;C;D)

c, IV C DUll / OEPLEI|I_ UIIAlilUN MASTE OliUN COilIEli|S SPILLED DUE_SPILL OF NPLEIEO UIIAIIIUN gONE NONE
NMIF DRUN /IIAIISFESED |0 10: 1|) CLMIP COPES IMSIE DIIUN COIIIEIIS MIIN

IIIEAII_III SICIO MIIN LOOSE, 12) COIIIOSIOII Of OtAIIIUN FIIIE. llotl[ll
OVERHEIIOCRANE III1_ii NUm, 15) LID FALLS tlIPOSINIt 10 OltPtE11[l)

OFF; AND IGIIIII011 Of LAtAIflUN. (OlD;OlD)
WIAII IUN CNNIPS.

........
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HAZAROAHALTSIS HEPOAf DV |IS[

ii I I ii I _ I il ifl---F---C ACf/FAC ACIJVIVY HA_ CAUSEi_RARIO gUENCES PAO|ECTIb_ FEA_II_m;__S ACTIONS
i iii

IV C OUI) I CLiO L(x_ Cli£ULATIO_ /JgIllOg OF UATEA O_ LIflITEB EXPLOSION IN NON[ aOt MA/EH V[|v SLCIAV Af
HI/IF OF HATER IIIROUGII REACTOR BL|ACll 10 HALER REAC|IIflE IIEACTOAAND 0qJIC|U0fll[ OF TIlE OEGIglllllg TO DEIECI

mlEHOAL (I.E., LIN) SCIHJNEH. LIHIIIEO Alllr 112 IFOMMIIOH.
PRESENTOUE 10 POtENtIAL FOR UOKEH
HISLAIELING gOf OEIECTW INJURY. FAClLIIT
lit VISUAL INSP[CIION. L_WVAnlWAtUOS Am m
RIEACIOAIH)I illllEllEO in IH ULEASI[ IO Olin
Hi VWOC_H. VECImiCAL AREAS ONsltE.

ID;D;C;C)

& IV C !DUI$ I BL[ACH IS ADD[D TO LOSS OF COOLINGUAIEA INCA[ASED 4HOUB! OF gOI NONE
HMIF CIRCULAIING M41ER UIIH LOSS OF SUCIION I0 CHLOtINE GAS LEAKED INlO

IHE SCRUBBER(DU IN[ |SEA|HEN| SO011OUE gO
PROC[SS). INCilEAS[ Ill lr[WILqVUR[.

UOAKEI EXPOSU_ lO
CIILOAII_ MID DIEPLEII[D
IAIAHIUN. (D:D:C:O)

& IV £ OUS I ilUTFCIIAI_DELIVERS DIiUPlIO HUN OlIOPPEDIMILE PlOYINGCOIIIAIN[HIIAEACII,SPILL NOHE !NONE
SAm'LE nOOn IO HVIF SAflPLEIIOONUSING OF URAHIUIq CHIPS HIIN

NOISY. SPIIIHI(LERSTSIEPl POI[NIIAL FIRE LINIVE'JTO
HO! OPERABLE. COIIIENIS OF Oil[ DAIJN.

gKER IHJUIIYAND
[XPOSUllE TO DEPLETED
URANIUN. (D;D;C:D)

& IV C DU9 I HUTF llma DAUN IS GROUHOED OPEIAVOR FAILS TO FOLLOU £XPLOSIOB Of SiLL got NONE
t AHO OPEHEOUSING PAOCEOURE(CAUS[S SPARK) OUAIIIIIT Of IWOAOGEN

c,n HON-SPARK TOOLS ANO IGNI;ES HYDROGENIN RESIAICIED TO SPACE UNOEH
*_ DEPL[lrED URANILINUASIE V[HIILAIION NDOD.

NUN. (O;O;C;O)

4 iV O DU_JI IMLI( IEHINO FOm(LIFf ORUNPUSHEDOFF 0C¢0( IT COHlrAIEI IHIEACH. UIMlUUN NOHE
MSF NOVESDU OF OEPLEIED FORI(LIFf. CHiP SPILL IH OOCl(AI_A,

NO VOAI(EAEXPOSUAEOUE lOURAIIIUN UASTE lrO DOCK
DISlrANCE Flit011SPILL,
(O:O:O:O)

& IV O OU|$ I CLOSq[OLOOP ¢IRCUI.AlrlON NUPMIIERIIOil$ BLEACH CHLORINE GASIll[LEASE NON[ NOSE
HUIF OF UATER IHROUGHREACIOA IHIRgOUCED UI1HOUT IHOUGH SLACK. (O;O;O;O)

ClACULAIION Of MIEN
(OEPLEIED. SCAUUBER
FAILURE.

DUIO / CONl|l|S OF OAUN COnVENIS OF DEPLE|ED POTEHTIAL HA1AADSCOVEAEONOHE IF N_ECTEO COHIEHIS
HVlF INSPECTED VISUALLY URAHIUNVASI[ IHHEA HUN UNOEI ACTIVITIES UNCLE FOUHO, (ONIACl

J VISUALLY INSPECTED. OV_APACRANO IHN[R DkUN SUffAVISOA.
AnE OPEN[O.



NMLTSIS l_l_t! D1rIII$IC

i--- Ir- - -C- AC;IFAC ACTIVlT1r I_ ClVu_i_._._-._-iO _.4m_u_s PIIOI[CIIItI[ irl[AIUl_S AC! lOllS

DUll6 i IIEACflOII CONFLIElrlE. PLUGGINGOF ¢IROIJLAIIOII OPIEIIAlrlOIIAL_IEN. 1101moil[
HUIF SLUIIRT IRAIISFERIIED TO LINE DUE TO ACCUIqlAAIiOII A IMZARO.

IIEOUCIIOII/SEIILIHG IAIll OF SIlItLL IJNEACIIED
(I)[PLtIED UIIANIUlt UIIAIIIIJN CIIIIrS (DEPLETED
PnOCESS) UlUUIIUN PIIOCESS). IMlr I1[

DUE 110 mEACW Of VIII
PACI I P.'ILIESCREEN.

gRIP'/ INII r OVIEIPACI[MUN IS IlIANSPOIII Of [IIPIT IIERIIIClRIIE IS IIETRIEB,
DISCAIIDIEOIO CIIUSER OP_ OVIERPACKMIUN (OIEPI.EIED INItlN IS IES;ED foil
USED IrOII CEFIEIIIA_IOII. UIINIIUN PROCESS) IO COI/WNIIIMTION PRiM 10

(IIUSIII[I! Of ([Iq[10;AllOII DISPOSAL.
FACILIIT.

I
¢,n
co



TABLE A-5
HAZMAN RESULTS SORTED BY ACTIVITY FOR CHEMICAL PLATING WASTE

TREA I'MENT PROCESS

A-59



PIIELININANT UZAID_ISI[ AIMLTSl$ mEL'OIO IT ACllVlI¥ Fm NURSF

ACllVlIT IIUNB[R: CTI

ACllVII¥ HARE: IlIUCI( ENIERS FA_.ILIIY AND DlUVES I0 OOCI((PtAIING UASIES).

ACIIVIIY OESCRIPIIOII: IlRICK EllrEllS GAIE A1 FENCE NED RIVES 10 OOCI[

R- - F ' -C CAUSEISCEIIAIIIO Cl]IS[IIJEII_S PIOIEC! I VE FEI_IURES ACI IONS

2 III A IRUCR ACCIDEIII I/!111 POSSIBLE PROOUCIIOll IlIXtE NNIIltlSIRAIIVlE
IIREACll OF NULIIPLE Of NL1. WORKEII(S) CONIIIOLS; |11
!UASIE COIIIAINEIIS EXPOSED I0 HEll GAS AIINOUNCENEIIIOF
LEADING I0 NIXING Of 1/1111POSSIIIL[ OELIVERI, (Z) 91t1111
.INI:ONPAIliiLE I/ASIES. FAIALIIIES, AND IIIAINING, (])
OUE I0 (1) IlOliNAL IllJUII1r 10 COtOCAIED IIESIRIC! OILIER
litANSPOlll Of WORKERS.NINOR IRAFFIC DUllING
INCOIqPAIliiLESo (2) ONSIIE DELIVEIIY. CONSIDEII
NISLAIIELED DIIUNS. (ONIANINAIlON. REVIEU Of

(B;II;A;C) IRANSPORIA1ION
PROCEU'JliES, E.G.,
(1) RESIIIICI IIIE
|IIANSPOIIIAI ION Of
INCOI_AI lilLE MASIES
IN SINGLE IIRIICK, (;_)
CONSIDER TIIMISPOR;
Of ONE DRUN A1 A

, liNE.

_> 3 I I I C IRUC[ ACCIO[III 1/1111 UOIII(EII EXPOSURE10 !NONE N)NINISIRAIlItIE
I 1HE SPILL Of A ]CTAIIIDE AND POSSIBLE (ONIROLS; (I)

c_ SINGLE DRUN OF illlJUfl¥. IIAOIAIloN ANNOUNCEIqEltlOf
PLAIIIIG UASTE. EONIAIq|IiAIION, MINOR DELIVERY, (2) DRIVER
NELEASE OF 55 OllSllE IRAIIIING, (])
GALLONS. CONIANIIIAf ION. IIESIIIIC. _ OILIER

(O;O;C;C) TRAFFIC OURI NG
DELI VERY.



PRELINIHARY liAtARDIRISIC ANALYSIS RECQIIDO1' ACTIVI1,T FOR MSF

AC1,1VI1,T NUP_R: CT_

ACTIVITY ILItPlE: I/ALl[ DENIIIO FORICLIF! IlIANSFERS IMSIE DIIUN TO STORAGEAREA (PLATING MAllEI)

ACTTlVI1,TOIESCRIP1,1ON:FORKLIFT, PICKS UP CYANIDE PLATING IMS1,E DIKIN (CARDS/, POLYPACI[OR OR,DR) AIIO IIVlES |O STORAGE/UII[A.

ul i

R- - F- -C CAI/S[fSC[NARIO COliS[QU[li_S PROTECT,IV[ FEATURES ACTIONS
i

] lit C FORi(I.IFI DRIV[S OFF CARDOY,PoLYPAcI( oR liON[ NON[
DOCKIMILE O|HER CONTAINER
TRANSPORI'ING CYANIDE BREACH IN POCKAREA, "-
PLATING _STE IRNIICEREXPOSURETO
CONTAINER (CAHOOT, ClrAIIIDE. (D:D:C:D).
POLYPACI(Oil OTHER).

IV A FORI[LIFV ACCIKN! (1tARiff AND ACID DRUNS 1101,STORED IN lION[
BREACHESDIHUPlSOF JiMSTES CAllS[ LETHAL DOCK AREA. ONLY
INCONPA1,1IL[ WASTES KN NiX|IRE. NAT[RIAL AT RISK IS
ON THE 1,RICK'OR IN POSSIBLE I,R]NI(IEA ". ON 1,HE 1,RUCK.
THE DOCK AREA. FATALITY. HINOR

ORSIIE
CON1'ANINA1,ION.
(D;D;A;C)

& I I D CARROT, POLYPACKoR CONIAIREN IREACH, NONIE NONE
OTHER PLATING TASTE PLATTING5PASTESPILL
CONIAIliER PUSH[O OFF ill DOCKAREA. NIIIOR

_> OOCl[ OR 1,KI( lit tJORICEREXPOSUREAM)
I FoRICLI FI' . FACI L1I'Y

CoRIANI Nil ION.
(D;D;D;D)

& I I I O C.AHN)Y, POLYPACEOil CON1,AINERDSEACN, _ !lION[
OTHER PLATING I/ASIE PLAIING UASIE SPILL
CONIAIN[R PUNCIUR(D IN DOCKAREA.
ST FORKLIFI. (D;D;D;D)



PRELININARY NAZANOINIK ANALYSIS RECORDBY ACTIVIIY f011 MSF

ACTIVITY RUNNER: CY$

AClIVIIY NAN[: I/ALl( KNIm FORI(LIFI bOrES CYRIl01[ MAST[ NUN 10 00CI(

AClIVITT DESCRIPTION: MALl( OENIIID FORKLIFT ROVES CYANIDE MASIE NUN FRONSIOIIAG[ IKXIN IN OOCl(

R--F--C (AUSIEtS(:ENARIO CONSEQUENCES PRO|ICY I VIE fEATURES A(I IONS

] III C FONI(LII_! DIIIV[S OFF CARBOY,POLYPACl(ON NONE NONE
OOCK UIIILE Oiler _INIAINER
IRANSPQRIING CYANIDE REACH IN DOCI( AREA,
PLATING MAS|E U01tl(EII EXPOSURE.
CONTAINER (CARBOY, (D;D;¢;C)
POI.YPACI( ON O|I_R).

] IV A FONKLIFI ACCIDENI CYANIDE JUID ACID NUNS gOl SlOI_D IN
IREACNES OIL.S OF HASTES CAUSI[ LEINAL IX)C[ AREA. ONLY
IN(OlqPAIIBLE UASTES lICK NIXTUR[. IMIERIAL AT RISK IS

ON THE 1RUCI( OR IN POSSINLE klOl_ll ON IrNE flULJCI(.
IME DOCK ARIEA. FA/ALITY. (D;O$A;C)

& I ! O CARBOY. POI.II'iPACROil CONIAINEII OREACN, NONE NONE
OTHER _LATING UASIE PLATING MASIE SPILL
(ONIAII_R PUSNEOOFF IN DOCi( AREA.
DOCK BY FOIl(LIFT. (D;O;D;D)

& I I I O CANNY, P_YPACK OR ¢ON|AIM[N IIl_Ai_ll, _OIRER PLATING MASIE PLAIING HASTE SPILL
I CONIAINER PUNCIrURED IN DOCICAREA.

[_ BY FONI(Li FT. (D;D;D;D)



PRELIHIliART _/lllSI[ ANALYSIS IIl[CqlJq) BY ACIIVIIY Fm Ell/IF

ACTIVIlrT IIUPIEER: CV4

AClrlVllrv NAIl: YARD FOIII[LIF! VIIAIISP_TS CYANIDE PLAYING I/ASIE lO IREA|IPq[II! liOGNDq[xm

ACTIVITT DI!SCIIlPIION: TARO FOI_LIFI IRAIISPQIITS CYANIDE PLATING UASIE TO fREAIN[N| IIOON

R-- F- -C CAUSEJSCENARI0 CONSEQUENCES PROIECI IV[ FEAIUIL_S ACVIONS
ii i

3 iVl c fou:tnFv_ccmD_.vvm.__ vo _
UIIN lille SPILL Of A CYANIDE, _SIIILE
SINGLE DRUMOF IIIl,lUliT, MIIliOII
PLAt IIIG lilASIE, iACIL I It
RELEASE OF $$ CON/AHINAIIqI_.
GALLONS. (D;D;C;D)

3 IV A FOIIKLIF! ACCIHNI POSSIBLE PRODUCTION NONE (1) IPIOVI[ONLY q[]lll[
WlfN liliEACli OF OF NCN. I/OIII[ER(S) PALLEI AI A l|lq[,
MLAflPLE MASIE EXPOSED10 _ GAS (2) CONSIDER PlOVING
CONIAIIIEIIS LEAOING UITN POSSIBLE OliLY Cliil[ DRUN AI A
I0 NIXING OF FAIALI11ES, Aim lIME.
NONCONPATIIILEWASTE SEV[IIE INJURY 10
HALERIALS. COI.OCAIED IIJORKEtS.
HISLAIIEL[D i/ASlrE FACILIIY Am) o0esntE
JlEsl.q.ys IN NOVI[NENT COUlAMIIIATION.
OF INCOPIPATIDLE (C;II;A;C)
ACIDS UlVH CYANIDE

WASTES. "
I

c_3



PIIELINIINAR¥ NAZAIIDIRISI[ IUlALTSIS IIECOIIO lit KlrlVlfY FOR INIF

ACTIVIIY WII: CY$

ACIIVI|¥ II/llq[: NUIF CRANEDELIVIERS CYANIDE PLAIIIIG UASIE DIIUIq10 SJINPLI[ROON

AClrlVllI' DESCRIPTION: ClUW[ DELIV[IIS CTMIID[ PLA/IIIG MASII[ DIKIN 10 SANPLE IIOON

'" It--F-*C CAUSE/SCENARIO COlISEQU[I[ES PROIECIIV[ FEAIUR[S ACIIONS
i

I I I C PtA11NG UASII[ OIKIN CmllOT, POI.TPACI(OR liON[ NQN[
DROPPED_IIILE NOVIIIG O/lifE CIDNIAINER
I0 HU_" SANPLE ROON BREACHIN SAMPLE

USING ('l.qA;_. ROOH. tq)SSlOtE
UOIIKER EXPOSURE.
(O;O;C;O)

!

d_

I



PRELININAIIlr MZMO/IIISI( ANALYSIS RECORDOY ACTIVITY FOR I/IF

ACIIVlTIr HUPlEEII: CT8

ACIIVI|V lIAr: OV[NPACI( OlIUN IS OP[ED AND IIIEII CTANII_ NUN IS LIF/I[D III|N ¢IIAIIE

ACflVlIT DESCIIIPIION: OV_IIPACKDIHJN IS GIIOUNKOw OPENEDI#l|ll NON-SPARK |OOI.S, /IO lIE liNER HUN IS LIF|ED Mllll IRE OVIER1HUB¢RAII[.

COUS_OU[NCES
i i i _

m F( ,c.o.s
I i

] !11 C OPERAIOli FALLS |O SIN)Ill DURATION NOW[ OP[IIAIOIIS SNOULOUSE
F(XLOU PIIOCEDILIR[ HIlIDROGEIIFIIIE UPON SELF COltlAINI_O
UIIILE OPENING I1_ ]OIPEIII_ Title IlIIEAINING APPALATUS
CTANIDiE KIPACIC IOVERPACI(. POSSIBLE
( I .E., USES _ HOItO[EIIINJURY.
fOOLS, DOES NOr (O;O;C;O)
GIIOUNDDItUN,
NI SPOSI I IOItltlG OF
11411[VIlli! 100OD,
EIC...).

3 I l I C NUN COIIIEIIS SPILL OF DIUN NONE OPI[IAIORS SII0ULO tliSlLr
SPILLED DUE FO: (1) L'I]OIIENIS. U0itlH[ll SELF COitlAIli[O
CLAlalP(ONES LOOSE, EXPOSUREIO (YANIK IDItEAIHING APPARAIUS.
OR (_) LID FALLS WASTE. (I);O;C;D)
OFF.

!

] IV A RELEASE OF TOUlC GAS UONTI INJURY, H OPEIATORS SUOULDUST
DUE IO UMEXPIEC/ED POSSIBLE FAIALIIT. SELF COiilAlli[O

I IMIEIIIALS IN CYAlilDF (D;D;A;D) BltlEAIHIIIG APPARAIUS.
MASIE OItUIq (PNOSGEN.
HYDIL_GENSULFIDE.
(MLORIll[, ETC...).

Co IV C OI_EItAfOR FALLS 110 EIUPLOSloROF SIMLL IOORE OPERATORSSliOULOUS[
FOLLOWPROCEDUI_ OUAIIIIfT OF SELF CONIAIN[O
(C.AU_S SPARK) Am AVAILAIL[ Nt1DilOGEN INEAINIK APPARATUS.
IGlilIES liYDIK_II III RESIIIIC|EO IO SPACE
llill[ CYANIDE UASIE UIID[it VENIILAIIO01
OIIUN. 141000.(O;O;C;O)

,,



PIELInlNY IBZAiIIVIISlC ANALYSIS HECOllOlit ACtiVIST toil NIItF

Ai:llVll! HI" ClrP

AClIVI;T lies OVEIIPAIZ HUN IS IPlK_HIoqED tO OIUSHH 1311USeD FOil c_mlrrAllOil (PLAIIII _ P_).

ACIIVlIT MSI:nlPIION: OVERPACiCOItUH (PLAIIN WASI| POKX_K) IS DIIH_ 10 (:liti_N[lt OR USED FOIl CIHNENIAII01I. lUt_0LVES lUIOSP0iIIAII011 lid _ Oat CF.I_NIAIIOII IACILIIT,

It - -F- -C CAll.NAIl IO I:ON_OOENCI[S PIIOIEC1 lYrE FEAIUit_S ACTIONS

IqlNIIqAL lflAIISPORlr OF IEPlPlT NI)ME _
OVI[IIPACICDRUN
(PLAYlI/G UASI[
PROCESS) !0 CRUSNEn
Oil ctlqEUlA! I011
FACILIfT.

I



PI_LININNIlr HAZAIID/IIlSI Ai/ILlrSIS IECIID BY/ICllVlllr F01 ll/U r

ACIIVlI¥ IIlIEIl: L'YII

ACtiVItY NilE: VEIIIICI/LII£ ItlEIIWIED /lid lAGGED (PLAIIIIG IlISll[ IPIOCIESS)

ACIIVI;lr DESCRIPTION: WIMII:ULIIIE IIEII)ML_ IRON OVIERPACIC,IUIGGE1 /HID El I0 UMI_ILL 011 SIIDI/I_.

w--F.-¢ r._/sct_m to ax_au_s ;,_[cv ire r[AVta[S _vtons
i i

t, it O VER#ICULII[ POSSIBLE W IF IIIEIfE lie
(OIIIANIIMIEO I/1III COlIIMIIMIIOll UI/II IIIDICAIIOIIS Olr A .-
C'IAIIII)iE PLAIIIIG CYIUIIOAEPfLAIIIIG tEM IliON lUEIIWlll
WASIE flIQN LEAKY I/lISIE, NINOA IK)flk_ll IE lINER H, DO
INNER PACK. EXPOSURE. (D;D;D;D) NOI IEIIO_ IiE

VEIml L'UI.I I1[.

I
cr_
.-.3



_LINI_Y N_i_ ILYlll _W IT _lWllY FOIl _F

_I lilt'It w:

AClIVlIY IlIE: PIIlIMIIT liSlE 81HJN IS GmXIIIKD MID I]P(EIIEOUSING EOE-SPIImC IOOLI (Iq.AIIIIG UilSllEl).

ACllVIfV D(ESCIIIPIIOII: PlUNNlY MliSIE OIIUN IS GmXJIII_D MID OPtEIIP USING IION-SPMI[ fOOLS (PILA/IIIG tl&Sl|S).

II--F--( CJIIStI!_I_W I0 Cl/ISiIiEIC[S PlIOIECl IW ttAIIJIES KI ImlS

L 3 |v A II[l_&SI[ Ol_ YOlliC GASIJORUll InJUll, m_ oo_nAsoilrs _moua.o
DU[ IO UlliIPI[CIED POSSIILI FATALIIY. SELF CONIAIN[O
IMIEIIIALS III CTAIIID[ (D;D;A;D) BREAIIIll APPAIM/US.

iUASIE OIIUIq IPllOSG[N,
NYI)IIOGEII SULFIll_ e
CHLORINE, EIC... ).

/, IV C OPI[IIAllNI FALLS |O SINIRT 8UIIA;IOII FIRE _ IIORE
IOtLOU PIIOCEBUIE UPOUq[IPtENINGINE
UltlLE WILING lllISrE CCIIfAIN/II.
CYANIO[ PIIIHAIIT POSSIBLE IKI1[[11
IMSIE DIIUN (I.E., IIIJUIIlr AIR) Nlllgl
USES _ |_Sv COiITMIINAr|OII.
MISPOSl 1IOUlliG OF (O;O;C;O)
INE VIlli NOOD_

FLAI_M|L| GAS WLJ[ |O
UN([XPECIEO CONIENIS.

I

oo



PI_LINIIMIIV MT.JWD/lUK WIAtTSI3 ECOIID I_ AC|IVI|I FOIl NInF

ACVlVIII IIUNER: ¢VtO

AClIVIIT IIMC: C0111[U;S OF PI_IIIIG IMSI[ NUN |lMil_Clrl_ ¥|SUIKL¥

_11V11¥ IKg[_IUP;Im: _01111[111SOF PLAIIBG IIASIE DIWN III_CIB VISUALLY MD _dWPLB

It-- I_' -C CAUSEISCENAAIO COIISIEOUEHCES PlOl|C! IIt_ F[AIUI_S licit lOllS
| i

& I I O SPILL OF CYANIDE IRIIKII WORKER HONE IF UNEIIPECI[D
LIQUID DURING IIIJUA¥/1EXPOSUAE. rL'ONI[IIIS FOIMO.
SANPLIHG &NO VISUAL (O;O;O;O) (CIIIACI SUPERVJSOll.
|NSP[C; loll.

I

<.o



PIIELININA&T NAZARO/lUSK AIMLYSIS IIECl)IID BY ACIIVIIT IN ilEF

JUClrlVlIT _NDEII: Clrl|

ACIIVI|T NANE: PLAIIIIG MASTE COIIIAIIIIEII TIIANSFEIIED 10 SKID I/Ill1 _ OR IMNUAI.LT.

ACIIVIIlr D[SCIIIPIION: PLAIIN6 HASTE CONIAINER IRANSlFEIIED 10 Rill I/l|N _ Oll NIIMLLT.

ii /

R--F--C CAOSiEISL'IEHAIII 0 COIISECIUENC1ES PiloT[el IV[ fEAIURES ACI lOllS
in

I I I C CQliIAINER CQNII[IIIS SPILL OF HASTE NQ_ NONE
_SPILLED DUE lO: (1) COillAiilEII r.lOlllEl|S.
CLAMP CONESLOOSE. rPOIr£111rlALU(M[[II
(2) CAP FALLS Off, EXPOSUREAim INJuIlr.
OR ())COIIIAIlilEII IS {O;O;(:;O)
DROPPED. 4[PLAItIIIG
UASIES)

] V A CRANEACCIDENT NIXING OF NONE
SPILLS CYANIDE HASTE INCOPlPAIIIILE IMSIES
OlflJN L'allfElelS UITN flESIAIS IN LE;HAL
IIICONPAIIIILE ll(ll GAS. (D;O;A:O)

UASIE(AC lOS). OOlll
DllUNS BREACHED.

!
*..3



PNELININART HAZARD/RISK ANALIrSIS RECORDBY ACTIVITY FOR flUIF

ACTIVITY IKqmER: C/lZ

ACTIVITY NAME: INSTALL PUNPING ASSENBLYtO IN[ TOP OF TE C/NIlE HASTE ONUN

ACIIVlIY D[SCRIP;IOII: INSTALL PULPING ASSI[NILY TO TNE TOP OF tHE C/AIIIOE HASTE HUN (MATIN MiISl[ IqlOClESS).

e--t--c CM_tSCEWIO COnEUKES PtOIECtIV_FEAtmES Ac,non
1 II A ClrANIVE PLATING NCII, N_S, NN] OR NONE (I) INsI'AIL L'N[ClC 'HAstE_o to otmmWO_lCus VALVESOROUtLEW

wo_ tocA,Im ANDmOUnDAm *InSOfFn
NIXED UIWH RELEASED IN THE CII[NICAL NIX FE[IP
NOIICuIqPAIINLE tNEAIIq[NT ROOM. flANK, (HIENICJIILFEED
IMt[RIAL (I.E., UOIIICEREXPOSUREAND !DRUNAND CN[NICAI
UASI| OltUN, UASIE INJURY. (D;D;A;D) PLATING UASIE HUN
I/AIER SYSIEN, (2) FOLLOUVALVE
CHENICAL NIX AND ALIGNHENWCN[CI(LISI
FEED IANK, CHENICAL PROCEOURI[(3)
FEED DRUNOR IHE DRY VALVES SHOULDIIAlfl[
CHENICAL FEEDER.) POSITION INDICATORS

rPLAtlNG UASTE (4) OPERATORS
PROCESS. SHOULDBE EQUIPED

Idl|N PIIOIEC| lYE
CLOTHING AND
RESPIRAtoR (S) NAVE
lUO OPERAtORS CNIECI(
VALVE POSI t lOlliNG
(6) INSIALL

I INIENLOCI( IMICN
"1 ALLOUSOPENING OF
t,,-, ONE VALVE AT A 1119[

& I I O RESIDUAL I_LATWNS NCll, N_;S OR _ GAS NOllE ENSURESCFlUHKR
VASIE/REAGI/NIS LEFT GGNERAIEDAND OPERATION DUllING ALL
IN PROCESSLINES DUE RELEASEDTO PHASESOF IREAINENI.
10 |HPROPER PURGE SCRUNER. (O;O;O;D)
AFTER LOADING OF
PREVIOUS HASTE
CON|AINER. PLATING
UASIE PROCESS.



PRELINIHAleY NAZAliD/RISI[ ANALYSIS llECOlIO lit ACTIVIIY FOil liIBF

AI:IIVIIY IlUPOOEN:CY1]

ACTIVliT IIANE: |illiO_llOIl Of NEA(GL_IVSTO file EAC|OII

ACIlVIIT NSCltiPIIOilz INfitOlXJCflOil Of ItlEAGEHIS IO file AEAClOR (PLAIIN6 UST[ PI_SS).

It- - F- - C CAUSEISC[IMRIO COliSEOUENC[S PROTECTIV1[ FI[ATUIIES AC! lOllS

I I III I I C ItEAGIENlrSADOEO IO LIuq.AmlEI REAC!IONS NONE
IN[ PROCESS In IRE LEAD I0 EXCESSIVE
t410N6 SEOUENCE RII[IMliOII OF GASES.
(PLAIIIIG I/ASIE CAN OVl[ittO_.O UlD
PROCESS). SCMJIl_[ii IUI WILL

VIlli lO Itoom
scitu_N. Nllm LEAK
Of IONIC USES lO
ItOON IIHIOUGll LEAKS
IN PiPiNG ANO
DUCIMOlU[. POIENI IAL
FOIl HIIIOAWOAI[ER
IIIJUitV. (D;O;C;O)

] I I I C lilSTIIU_HTA;IOII LqIPLAIIliEDItEACllOiiS NONE NONE
FAILUItE LEADS fO LEAD TO ItELEASE OF
IiCOititECI IOXlC GAS IO Villi
llEAI_NIIAPlOLNiIS OF SCUDER. (D;D;C;O)

:);,, It[AGEI|S ItDOED |O
I ItEACfOit (PLAI ING

-.1 UASIE PROCESS).

L',3



ACIIYIIYWAx CY14

ACtlVIIYNNq[x LIIJIDSpAa.'TAGE|AND SENI fO IA-SO-!

ACIIYIIT OIESCIIIPIlOII:LICIUIOSPACICAGEONIO SEIIT TOIA-SO-I (PLAIINGUASIIEPIIOCESS).

II--l--C CAUSIEISCEHAHIO COlISEQUENqcEs PIIOIECllYE F[AIUIIES iCl IONS
ii

3 Iii C I1_ IIEAC'IIOIIIS UNIIEAI[O HlilEO PHYSICALLY_JIHPLE HOHE
IHCOHPLEIEDUElro UASIE SEHlrIO LIQUID PRIORro
IHSI_IIIAIIOII IA-50-1. (D;O;O;C) '.IIIMSPOIIIAIIOII I0 ..
rAILUnEORIIUMAN IA-$O-I.
EniOIt (PLAlrIHGI,IASlrlE
PIIOCESS).

I

C,3



TABLE A-6
HAZMAN RESULTS SORTED BY RISK RANK FOR CHEMICAL PLATING

WASTE TREATMENT PROCESS

A-74



NAZAflOANALYSIS REPORTNY NISI(

+ _.
R---F---C ACIIFAC ACTIVITY BANE CAUSI[ISCENAIIIO CONSEQJENCES PIIOIECIIVE FEATURES AC! IONS

i i i I

1 I I A CY12 I INS_L_ IqJNPING ASSENBLY ¢YAIIIN MA|IIIG UASI[ NCII, 1II2S, Nil] tONOVER _ (|) INSlALL CNECKYAILIylES
HUFF TO THE TOP OF THE CYANIDE PUMPED;0 NRONGLOCATION TONIC GAS PRODUClEOAgO ON OUTLET LIltS OF Tile

UASIE DRUN ANDN|XED I/lilt RELEASEDIN Ira[ IREAIH[IT| CBINICAL NIX FEED INK,
NONCONPAIIILE NATERIAL RIX)N. IIORI(EITEXPOSURE CENICAL FEED DRUB AXO
(I_E.: IMSIE DRUB, I/ASFE !AND INJURY. (D;DsA;D) CHINICAL PLATING IMSlE
IIAIER SYSIEN, CINICAL NUN (Z) FOLLOUVALVE
NIX Alto FEED IANi(, ALIGNNEN| CECKLISI
CN[NICAL FEED DRUN011 Tl_ PflOC[DUNE (3) VALVIES
DRY CHtNICAL FEEOtlt.) SHOULDNAVE POSITION
PLAIING IMSlE PROCESS. IEDICAIONS (_) OPERAI(_IS

Sm]JILOSIC EOUlN[O Vl IN
IqlOIECTIVE CLOINING AND
RESPIRATOR(S) NAVE IlK)
OPERATORSCII[CI[ VALVE
POSITIONING (6) INSIALL
INIEILql)ClC MNICN ALLM
OPENING Of Cell[ VALVE At A
I1_

2 III A CY1 I iTRUCWENTEITSfACILITY Am) ;BUCI[ ACClD[N! Vlllt POSSIBLE IqloDUClION OF Ill[ AOIIINISTRATI._ CCIIIRIXS;
M_ISF DRIVES TO DOCK (PLATING ITREACHOF II)LTIPLE UAS|E NCN. UOIICEI(S) EWPOSEDIO (1) ANF_IICENtNI OF

UASlES). CONIAIN[RS LEADING IO HCN GAS Ullfl POSSIBLE DELiVEITT, (Z) DRIVER
NIXING OF INCONPAIIITLE FATALITIES, AND INJURY TO TRAINING, ($) RESTRICt
tASTES. OU[ TO (1) NORNALCOLOCAIEDI/ORC[RS. NIIIOR OII_R TRAFFIC DU_ING

I TRANSPORTOF ONSIVE CCIIIAHINAIION. DELIVERY. CONSIDER
--1 INCONPAIIITLES, (2) (B;|;A;C) IIEVIEM Of TRANSPOIITAIION

NISLAITELEDDRUN$. PROCEOUNES,E.G., 11)
BI[SIIt let IRE
IIIANSPONIAI ION OF
INI[3)NPAIIITLE HASTES IN
SINGLE IRUCI[, (2)
CONSIDER TRANSPOR|OF ONE
HUN AI A /INC.

3 I II C C¥11 I PLATING MASTE CONTAINTR ¢ONTAIN[N COIIIEN;S SPILL OF MAST[ CONTAIN[IT NON[ NONE
WIF IRANSFEI[O IO SKID WITH SPILLED 0UE tO: (1) CLANPCOIIIEIlS. POI[NIIAL

CRANEOR NMUALLY. ICON[S LOOSE__(2) CAP UORKEITEXPOSUREAND
FALLS OFF, OR (]) INJURY. (D;D;C;D)
COmIAit_N IS OROPPTD.
(PLAT iNG UASlrEs)

3 ill C CY2 I I/ALE il[NlilD FOIl[LIFT IFI)RI(LIFT DltlvES OFt DOCI( ICAIIIIOY, P_YPACI( OR OTMERNONE NON[
MSF 1NAISFERS WlSIE ORUN;O 1MILE |RANSPOR|iNG CONTAIN[IT IR[ACN iN DQCK

SIORAC_[AREA (PLATING CYANIDE PLATING UASl[ AREA, HORI[R EXPQSU_ IO
MASIES) !CONIAIN[R (CARBOY, CYANIDE. (D;D;C;O). "

POLYPACICON BIN[N).

] l iN C ICY] I IMLK IHENNINOFORKLIFT FORKLIFWHIVES OFt DOCK c/LqloY, POLVPACKOR OTHERNON[ NON[
+NUNSF ROVESCYANiO[ MASTE DRUN IMiLE |RANSPORIiNG CONIAII_R ITRtACN IN DOCK

tO DOCK CYANIDE PLATING WASTE AREA, MOIK[R EXPOSURE.
CORrAl BEN (CARITOY, (D;D;C;C)
POLYPACKOR DINER).

I,



ILAZARDAIMLTSIS REPORTIT RISK

lUl i

l---F---[ ACT/FAI'., ACTIVITY _ CAUSE/SCENARIO _OUENCE$ _ECI'I_ FEAIURES _IIOIIS

3 III ( CY_ I HI/IF YARD FORKLIFT TRANSPORTS iFORKLIFT ACCIKNI I/IlN IN)lIKEN EXPOSUREIO IN)n[
CTANIDE PLATING I/ASIE lO IN[ SPILL Of A SINGLE CIANIO(, POSSIBLE INJURY,
IIIEAIIqENT IIOOH DOOR NUN Of PLATING UASIE. HlliOR FACILIIT

RELEASEOF $$ GALLONS. CONIAHINAIION. (D;O;C;D)

3 I I I C CYS I HI/IF NIJTF ClIAIE _[LII_IIS PLAflK IMSfE NUN CAlUK)Y, POLI1PACI[al OILER lONE
CYANIN PLATING IMSTE OilOPPEOb_pOtLEROVING |0 _COIII'AINEIIIIR[ACN In
DRUN IO SNqPLE ROOPl WTF SANPLE lOON USING IsAIqPLE flOON, POSSIBLE

CRANE. ItlORl(EII ERPOSURE.
CO;DyE;D)

3 I ! I C C¥6 I NVIF!MRPACI[ DRUN IS OPENED OPIEIATORfAILS TO FMLOU S8! DUNAYlOII NYDImG[N OIqEIAIORS SM)ULD USE SELF
ARO INNER CYANIDE DRUN IS PFlOCEDUI_IIIllLE OPENING fIRE UPONOPENING INE CONIAIN[D RRtAINIK
LIFTED UI|N CRANE |IT CYANIDE OV[RPACI( OVTRPACI(. POSSIBLE APPARAVUS

(I .E., USES URONG fOOLS, UQRI(ER INJURY. (D;D;C;O)
ODES NOT _ DRUN,
NISPOSI|IONING Of ;HE
V[N! NOOD, EIC...).

] I I I C CT6 / II_f OVERPACI(DRUN IS OPENED ORUNCOiiIENTS SPILLED DUE SPILL OF NUN CONTENTS. NONE OIqERATORSSHOULDUS[ SELF
AM) INNER CYANIDE DRUN IS |0: (1) CLANP CONES UONI([N EIIPOSUE I0 ¢ONlAIlfl[O BREAINING
LIFTED MIIN CRANE LOOSE, OR (;P) LID fALLS CYAIIIO[ HASTE. CO;DyE;D) APPARAIUS.

OfF.

] III C !£Y13 I INTI_)DUCIION OF IIEAG£NIS IHEAG[NTSADDg TO Tile UliI_LAIIII_ REACTINS LEAD NON[ NONE
IgWfF IO IK REACTOR PNOCESSIN IK URONG I0 EXCESSII_ EREIA|ION

I SEQUENCE(PLATING HASTE OF GASES. CAN OVERLOAD
"_ PRO_SS). SI(ID SCAUNEN OUT MiLL

_N! TO m SEIIUNEII.
NINOR LEA[ OF IONIC GAKS
1tOlOON |IIR_UGll LEMS IN
PIPING AND DUCIIlOlU[.
POIENTiAL FOR IIINOR
UORI(ER INJUIt¥. (D;D;C;D)

] Iii C CT15 f INfRODUCT|OII Of I_EAGENIS IgSIMJNENIAIION FAILURE UNPLANNEDII[ACIIOilS LEAD gONE
In/IF IO lIE REACTOR LEADS TO IIIC_RECY |O RELEASE Of IOlUC GAS

IIEASENIIMI0UNTS OF TO In[ SClKmlEN.
IEAGENIS /WORD IN I_ACTOR (O;D;C;D)
(PLATING HASIE IqlOCESS).

3 III C CTIL f LIgUIDS PACI(AGEDMID SENT INN I_ACTIOII IS UNTIIEATEONII21 HASTE PNYSICALLT SMiPL| tlgUIO
HVlf WOIA-50-1 INCOqPLEIE OUE |0 SEN! TO IA-SO-I. PRIOR I0 TRANSPORTATION

INSTRUN[NTATION FAILURE (D;D;D;C) TO TA-SO-t.
OR IIUHAN EIIROR (PLATING :
HASWEPROCESS).

] III C CTI I IRUCI( ENTEIIS FAClLITT ANO IRUCI( ACCIO_NI I/llN IN[ UONREHEXPOSURETO NON[ ADNINISIRAIIVE COliWIHXS;
HURSF DRIVES lO DOCI( (PLAIING SPILL Of A SINGLE DRUNOf CYANIDE ANO POSSI|LE (I) ANNOUNCI[PI[NWOf

UASWES). PLAWINGIMSIE. RELEASE INJURY, RADIAWION DELIIRRT, |2) DlilVER
OF SS GALLONS. CONWANINAIION, NIIN)R IRAINING, 13) R[SWRICI

ONSIWE CORwAJqlNA/ION. OIN[R WRAFFI( OURING
(I);O;C;C) RELIVERV.

3 IV A CT9 I NUTF PlUPiMT HASTE NUN IS RELEASEOF TOXIC GAS I_ UOKTII INJURY, POSSIIILE UON[ OffIAIORS SNOIAD US[ KiP
GROUNDEOAliO OPEN[O USING TO UN[XI_CIEO PlAWERIALS FAWALIlT. (D;D;A;O) CONWAlilFO|R[AWIIING
NON-SPARK WOOLS(PLAYING IN CYANIDE UASWEDRUN APPAIIAIU$.
UASIES). (PNOSG[N, RYOROGEN



liZARD AIML¥SIS IRIqM! II1' RISK

i i i i i i | i

. , c .,:,,,.c .c,,.,,. .us,scE..,o co,,B,m, m.c,,t, ,.,.n.
C'.o,,,,. "

E1rC...).

] IV A CT2 J WlLK IIENIIID FOlmLIFI FOII(LIF! ACCIDENI CYANIDE W J¢_ilt HASTES DRUNSlOT SlOEEO IN BOCE NOllE
HURSF IRNISfERS WtSlE DRUN TO BREACHESORUNSOf CAUSELET_ IlL1 NII[IURE. AREA. ONLY NAIERIAL A1

SIORAGEAREA (PLAYING IIRONPATIIILE UASIES ON Iq)SsiilLE UORI(EII FA/ALII¥. RISK IS Oil file ;RU_.
I/AS1rES) fir IAUCK OR IN lilt DOCK MINOR OBSlIE

AREA. COIilANINAI I011. (BIOTA;C)

3 IV A CY] J WiLl[ IIEIIlilO FOmCtlFlr FORKLIFT A.L_-.iDEN! CYANIDE AIIO ACli iSlES NUNS gOT SIONEll IN OOCI( NONE
!MSF NOTES CYANIDE IMSIE DALIN lil[EACI_..$ DAUN$ Of CAUSE LEIrHNL HCU IIIETUIIE. MEA. ONtlr IMTEIIIAL Alr

I0 DOCK !_I_C-_OHPA|IIIL[tASTES Oil POSSlliLE UORKERFAIALI;¥. RISK IS ON IRE IAUCl[.
IRE IRUCK OR IN THE DOC[ (D;D;A;C)
AREA.

3 IV A C¥/, I Ill/IF YAIIO FOM(L|FT ;IIMISPOR;S IrOEl(tlf! ACCIDEII; UIIN POSSIBLE IqlOSUCllOll OF NONE (|) _ OIRT OIIE PALLET
CTAIIID[ PLAIltlG MASIE 1tO gREACROf NUtlIPLE UASTE NCII. I/ORI(EI[(S) EXPOSED A! A IIH[, (2) [ONSIOER
fREAINEII1r ROONDOOR COIIIAIIIEli$ LEADING 10 |0 NCII GASUI/N POSSIBLE NOVlIIG ONLY ONE DRUN Air A

NIXING Of IK/IC(IHPATIDL[ fAIALI;IES, RIO SEVERE IIHE.
WIS/E NA1rERIALS. INJURY 1tO¢OLOCAlrED
NISLABELED UASIE RESt&TS UOAIrEl[S. FACILII¥ PJiD
I1 HOVEHEII Of OHSII[ COIIIANIIMIIOH.
IWCONPAIIBLE ACIDS MI|II (CIlIA;C)
CYANImE TASTES.

_:) 3 IV A CT6 / NUTF OVERPACI[DAUN IS OPENED II[ELEAK OF TOXIC GAS DUE UORI_II INJURY. POSSIBLE _ OPEIMlroIIS SHOULDir_ SELf
I ANO IIINER CTANll)[ DRUPt IS lO UIERPECIED NAIERIALS FAIALITT. (BID:AID) COItlAIIIEO DREAINING--3

..1 LIF1rED WI1rll CRANE IN CYANIDE UAS1rEDRUN APPARA|US.
(PHOSGEN, m_IOGEN
SULFIDE, CllLORi IE,
ETC...).

3 V A CTTl I PLATIN VRSTE CtmlTAImE| CRAIR ACClDEII; SPILLS J#II[ING OF IIICON_IIIKE _ NONE
HI/IF |RAI_FERED I0 SEID illfR CTAIIIDE WtS/E NUN IMSlrES I[ESULIrS IN LETIML

CRANE OiLNANUALL¥. COillEIIIS VIII NCJi GAS. (DID;AID)
IIIClXfA! lilLE
UASIE(ACIDS). DO111OIIUNS
REACHED.

& II D CTlO I CglilEmVS Of PLMIIG k_S;E SPILL Of CTAIIIDE LIQUID IIIlH]A vom[EA lioRE IF UINlOq[ClrEO COmlrEII1rS
INIF )RUH IHSP[ClrED VISUALLY I)URliilG S_LIIIG NI0 IHJUAT/ERPOgJitE. FOUR. (OliIAC!

VISUAL IISPEClr IOl. (O;D;D;D) SUPERVISOR.

& I I O CT2 I VALI[ DEIIIIIO FOItI(LIFlr CARIN)Y POL¥PACI(OR OTNERCOiNAINER DREAClI, PtA|ING NONE NONE
MSF IRAIISFERS UASIC NUN TO PLAIIII_ UASlE COIIIAIII[R UASIE SPILL III DOCKAREA.

SIORAGE AREA (PLAIING PUSNEDOfF DO¢I( Oil |RUCK NINOR UORI_II ElU_SURE AND
UASIES) BT FOItI_LIFT. FACILII¥ COIIIMIINAIIOli.

(O;O;O;P)



HAZAIIONIALYSIS HPOIIT I¥ AIM

I i ii

|---f---C ACIIFAC ACIIVlIY _ COWMI_loMIO CI_iUEICE$ IqlOI1ECIiW FIFAIlIIilES ACflWIS

; ............& I D C¥_ I MALl(REIIIHOFOAI[LIFf :CAllBOY,PoLIrPACI(OR Ofl_R:COIIIAII_RlolIEACH,PLAIlloG
MSf I_S CYANIK WISIE DAUN PLAIIIG UASIE COIIIAIREII IIASII[ SPILL IH DOG( AREA.

IO DOCK PUSN[O WF DiX:I( lOT (D;D;D;D)
FORKL!F I.

4 II O CTIZ I INSIALL IqJHPII ASSLrNBL¥ AESIIUAL PLAIlHG Nal, gL_ OA Nl_ MS _ EIISWHESClIUBK| OPEAAIloR
IltflF ;0 INE lOP Of file CTAlolDE MASfE_tIEAGEloIS LEFI II GEEIMIED _ RELEASED10 DUllING ALL PHASES Of

UASIE NUN PROCESSLINES DUE I0 SCFlUIREII. (D,-D;O;II) IEAINEIII.
IHIqKN|IERPUAI_ AFIER
LIMOING Of PREYIOOS MASlrE
ClJIAIN[II. PLAIlloG IIASl[
PI_SS.

4 II O C18 I MF IRRHICULIlrlE _ MID IRIMIOUlUI1E C_UlJNIIMIED !POSSIBLE CWIlraNIIMIlWI _ IF |BEllE ABI[ IROICAflOItS
lAGGED (PLAITING I/lISIE I/IIH _rNIIN PLAlrlHG II/lllo CTNII_ PLAIlloG OF A LEAK Idlll[lo AIENOVlNG
PROCESS) MllSIE FRON LIEM¥ Ilo_A UASIE, NlliOII Ul)_II |lie I1_11 DAUN, DO 1101

PACK. EXPOSe. (D;D;DsD) REIR)VE INS VI£ANICULIIE.

L III O :icyZI VAt[ BIEHIIIOFORLIFI CAsNIr, POLIrPACKOA 01111 (OIIIAINtllBREAal, PLAIIK IIOHE
gSF IRAIISFEAS IMSIE DIUN I0 PL.411RGMlISlE COIITAIN[A MASIE SPILL IN D(X:I[ M[A.

SIQIIAGE AREA (PLAIING PUNCIUREDlit FWIKLIFI. (D;D;D;O)
IMSI[S)

& I II 0 CY3 / MALE IIEIIIliO FOR[LIF1 CAIIOY PI)LYPACI OR OILER COII/AlloEII III[AClI. PLAUIIG NONE NONE

_)) MSF NOvES CTAIIIDE IMSII[ DAUN PLAIliI_ IIASIE COilIAIN[A MASIE SPilL Ill ll_ MI[A.
I 10 DOCI( PUHClII_ 01 FORI(LIFI. (O;O;D;ll)

--3
oo & IV C CY9 I IWTF PRINMY WISlE NUH IS OPERAIOR fAlLS I0 FOtLOU SIIORI DUIMIIWI File UPON loOIIE NOllE

GILqOUNREDAgO WPEN[D USING _SURE WIILE OI_lolNG OPENING 1N[ WtSlE
HOli-SPARK fOOLS (PLAIlNG CYNIIIK PIIIIMRY MIISIE COIIIAIN[R. POSSIBLE
IMSIES). DIUIq (I.1[., USES _ iWIII(IER IIIJURlr AND IllltOA

fOOLS. HISPO$111ORING Of L'QNIANINAIIOR. (D;D;C;ll)
IN[ Vt_lll IOOD, SIC...).
RELEASEOF FLNgMSI.[ GAS
0UE IO UEXP[ClEO
COBfENIS.

4 IV C C¥6 / HUTF OVIERPACi(HUH IS 01_lIH 0FqEWIIRll FALLS IO FOLLOV [JOq.OSI01 OF SHALL gONE 0PIIMFORS SHOULDUSE SELF
AgO IHIEloCYAlolIHENUN ISPROCEOU_ (¢M/SES PAR) OIAIIFIIYOf AVAILMILE COIIIAIN[D WIEAIIIING
LIFIED Villi CA/WE AUD IGlolIES NIWIO_ii Ill IOTINIOGENIIIESIAICTEO I0 MqI_IUS.

file CYAlolINEMllSlE HUN. SPACEll_OER VEEIILAIIOII
HOOD. (O;O;C;O)

CTT I HI_F OYEIPAI:I OIUH IS IrPJlSPOIIfOF EHPTT loOIE _
DISCAIII_D I0 L1USllEI OR OVESPAI_CDUUH (PLATING
USED FOR CEN|!ItlAIIOR IIIIASTEPROCESS) I0 tilter
(PLATING I/ASIE PA(X:ESS). OR CEHEloIAIIOII FAClLIlrlr.



TABLE A.7
HAZMAN RESULTS SORTED BY ACTIVITY FOR GAS CYLINDER

RECONTAINERIZATION PROCESS

A-79



pt[Lmn_ mu.mD_u_ _VSWS mmme IV ,ACl'nVlVV F_ mf

_IIvovv wmMn- _!

ACWlViIV Um[: _.mO CVLIBNII Film IA-S4 onlo vilmSPlll! wnia.E _ NOW I0 ;A-13

ACVlVI|Y KSI_IP|IOII: LORD CTLIIIIgEII FIIgN IA-S& oNlro ;_V wnncL[ Am my[ ;o tA-a

t--f--¢ CAUSE/SC[m no coNs[au[nc[s mv[¢v iv[ ;EAVm[S KVimS

;_ Sll A munro; _cclOEuv ULFJS[ Of _OmC GAS m (;1 coMnK_
UNITE REN_IIIG fRON A SINGLE SECOIID/tlr

iCVLIIID[R fllON CTLIIIIDEII (E.G., L"WIIAIIIINEN!
IS|GIlA,, (E.G., CYMIO_II, M$1[IIIC I[IN_II NIGNLT |allI¢
i(lrLIIIO[ll fALLS P[NIAFLOIIIIN, If, GAS ClrLIliDEIIS AUD
IIREAIClIIG VALVE Oii PNOSGEM[). POSSlBtE /tiLt UNICNOUIIGAS
CM(|IOlIS OR ll/OIII[[ll IAIALIIT. CI'LINOERS, (2) VALI_

IIUPIUI_ Of A (C;O;A;D) ICOM[I_ _ lie IN
CORRODEDCTLIND[R). PLACE OII ALL

ClrLIIIWERS, (]) Irl_lll
UOm[ERS IO E_rE
III UIq/IEU IIIm[CIION, I

MO LOCALEGAS mgCS
IN UPHIIIO DII_CIIINI.
(lb) INS|M** A t/lED
SOCK IFOII COII|INUQUS
VIIIODIIIIECIIOl
INDIUI loll.($)
C811SlKI PIImECIIVE

I qr..L.OINll ION NIII_
oo IMSlE GAS RELEASE.

3 IV I IUIJPIUI_ OF FLNqlMILE FLAI_IilRE GAS (I) UOBIER Bits lINE (I) qMILVI[CIWEIIS
GAS £1rLIliDIEll DUIIIltG IGNIIES MID EXPOSES IO RIESlq[IB IO lrNIE SNOULDlie IN PLACE
HANDLING NIEJA Oll_l :InRJLIIPLECYLIIID[AS FIlE PIIIOil IO Oil ALL ClrLIND[IIS,
[',AS CTLIliD[IIS. IO NIGII II[NPI[IIAIUIIE RUPIUI_ OF OIIWI (2) IllAIN W]W[EIIS 10

III[_IlIG IIIRELEASE ClrlLIEBERS, (2) EVAClLMIIElU UPt/IIID
Of MILK[ GAS SIGRAG[ FAClLIf¥ IS DIIM[ClION, AIIB
(YLIND[RS. (C;C;I;C) LgCAIED A! A I_HOfE LOCAIE GAS NASI[S IN

SI IE. UPUIIID ilII[ClION,
(]) iU$1NLL A MIIID
SO(I( fOiL CWIIIEUOUS
ViNO OlII[CI ION
IIID ICAI lal..



PI£LINIIAIY IAZNID/IIISI NMILYSIS IECIIIO IT ACIIVI/V FOIl W

AI:IIVI IY Bill:

ACIIVlIY Illl: llilSlqll II US tL"fLIIIEII 1IO IA-i]

AC;IVIIY IIESCIIIPIIOII: GAS CTtlllOEII IIMISPelIEI |O lie _ IQI::K

I--F--C tr.AJ_/Sil_lll IO CIIS£iIIIC£S IqlOTITl:fIV£ FIEAIUIIES ACI IBIS

2 III A IRUCI ACCII_II QII POIIENIIAL IELEASE O_ lONE 11ONIHISIIAII_I__lC i R|lEl fall{: MRS _IN _l_S$ 1|)
IA-; i IA-6] Illl _lC I _1 _1_ [_I
IIRIEAt£11Of GAS EIPOgJI[. (A;C;A;D) lie ll_iUtqDIl
CYLIIIDER(S). _NIQE I I_

a_ _1_
I_1, (_)

_NI_I IUllll. (]l
KSIII{I I1_ 1

i_ IAIII
DIELII_IIES. (i)
EllIS IIIIEI Sl_l::allllty
_lillil fl
_L IIl_flS m
mlESI IOIlttE
IIlEIIIY,
LIIIllEIlS. OII IIN]_
(OltlAIlll _I

I NIGNI.T lOIIIC
Oo IMIIIEIlUALS.



MELINI_T __1_ ILTIIS K_B _ _ll¥1tY fE M_

_llVlfY IN:

i i i i

.--,--c r_,i_ssct._io co_auEncts mvEcvovE.,1u_s ,iclnan
$ IV A _EACN _ CTLI_I ' _LiA_ Of NI_/ I_ i _1_ I1) llM_al t

IO KCI_NIAL lWlC U_S SYSI[N. S1_ _LIIN
(AUS[S ([.G., ¢PNOSPNIE, PBOSI_I. SECU_LY, (2)
CYLIND[R DROPPk'DAND MSIE, Am OIERS). IESlML GAS
R[GULAIOR LIE I/O_[U FAIALII¥. O[|EC|QIIS
IR[A[S). (C;C;A;I) ALM_, (]) II_l

_IAI_II FIII
IltZAIIaIS ILILIIiEIIS.
(4) PROIEClI_
fOR CTLlEA
_AI_S ID

I It, S.

] IV I BREACHOf _LI_R ELEA_ OF _PA _ MIN (11 I_f I
IO _ClDENIAL /IAIELT |IIC SYSIEN. SIS _tlIfl

CAUSES (E.G., GASES (_, _, _ _[LT, (2)
! CYLI_A D_O AND Ol_lS). UGA liSIitL US

co A[GULAIOR LIME EXPOSURE.(C;C;I;O) O[IECIORS I
BREAKS). AL/UINS. (]) IIKR

COUlAImEm! tm N0S!

(&) _l[C| I_
FOIl ClrLIIIOER
IEGULAfOIIS SIIOULO mE
I10 PLACE A| ALL
I IN£S.

, ,



PR[LIHINAIIT NAZAINDIRISI[ ANALYSIS IIECOID IT ACIIVITT FOl IPNISF

ACflVIf! ItJIqlEll-" G[4

KIIVI;T m_E. ;R_! T,A! CVLIIIDH IrllOII NmSF SfUAGE lid IE Wit IIIFJI_Ill

KIIVIIY IDESClIIPIlI: IIIMSI_Ogll GASCTLIIIKI t'llllq NIIItSF Sl_ 10 II IIIIf IIIT:A_NI IOON

n/

m--_--c CAU_/KTlUUO COF_.OIIm:E S nOIItCl IV[ _ItAWetS _t:t Ills

3 iv A FmtAc.of cvtl_t* mELEM_w 0onr.no.v.ooa_ (T) w_ms,.o,o
DUE IO ACCIO[IIIAL IOIIIC GASES SlOilE CYLINOI[IS
CAUSES (E.G., (PNOSPIIIIR, ImOSl_10, SEI,_IJIIELT, 12)
CTLINDER DIK)PPEDAND AIISII_, AND O|I_RS), (OIISIDER RCONDAIIT

!IEGULAIOR LINE UIJI[EI FAIALIIY. (OII|AINNENI FOR tPlOSl
BREAKS). (A;A;A;D) NAZAIIOOUSCYLINKI$.

(4;) PIIOIECIIVE CAP
I011 CTLINOCI
EEGUtAIORS SlmiJtJ lie
IN PLAC[ AI ALL
I lIES.

3 IV I OR[ACll OF CYLIIIOER RELEASE Of _ 11) IRIISPOII AIID
IO 4CClO[NIAL NODEILAII:LlrlOIIIC SII)iUE (TLINOI[RS

CAUSES (E.G., GASES (N2S. 1102. AID S[CUI_LT, (Z)
(TLINOER DIIOPPEO AND OIIRRS). IIBIII{IEII CONSIOEII SF.CO01D4_
RECAAAIOli LINE [KPOSUII[. (C;C;B;D) COIIIAIIIII_NI FOIl NOSI
BREAKS). HAZARD(XPSL_L IlllKillS.

I (/_) PIK)IECIIVE CAP¢3o
_._ IOII CTLliiOEI

nEGUL4IO_S SmXPLDmE
IN PLACE AI ALL
I II_S.



PlI[LIIqlIIAIIYIM_illOllllSllAIUlLVSISRECORD it ACIIVlIY III IIIF

AClIVlIY HI: 6CS

AClIVIIY IMIE: IILIUISFER CYLIHDEA lifo gill PAESSlIREIESS[L

ACIIVlI¥ OESClIIPflOII: IIULIISFEII CI'LINOEA IIIfO SKID PAESSUI[ WSSEL

R--F--C C/tJSEISC1EIAIII0 COtSEOUEICES PIOIECI lie I:[AIUIIIES ACl lOiS

] IV A CTLiNOEA OAQPPEO POIEIIII&L RELEASEOf CILIIIOEI IS NOT i(1) UOlflCEi
DUAIIIG IAANSFEA 11110fOliO GAS, I/OAK[R ILItlIFEAAED USING UENI PAOIEC|IY[
PRESSUREVESSEL. EXPOSUII[ AIED OVEIIllEAD CRANE. [OUIPNEIII. INCLUDING

FAIALIIY. (D;O;A;D) RESPIRAIOA.

I
Oo
Ab.



PIIELIIIINAIIT NAZARD/RIR ANALYSIS H_ I! KIIiVlIY FOil M/IF

AClIVIIY nlql[ll:

Aq[:llVlllr H: ClrLINI)EII IIglI[KIIEI)

AClIVIIT ID[_?r.,RIPIIOIh ClrLINDEII IIIIIEAC_O

R-- F- -C CAUSE/SCENARIO COIISEOUEKES PROfECIIVE FEAIW[S ACIIONS
ii i

I C SAW JARS OR OTHER BELEASEOF RESIDUAL ONLINE GAS (1) VERIFY
N[CIIAIIICAL FAILURES !TONIC GAS, NINON D£1EClOflS. AINOSPN[II[ MIOR |O
DURING CUllING ANO 9till EWPOSURE. OPENING VESSELo (2)

UEAII PROTECTIVE GEAR ""
GAS IS IELEASEO INTO! (D;D;_;_) (SCBA) U_II OPENINGPIlESSUliE VESSEL,
UQaKEII OP[IIS VESSEL VESSEL.
AFI[II PURGING |O
I NSPECI.

2 I! B SAg JAMS OR OTHER IELE_._ Of IWIC ONLINE GAS |1) VERIFY
I4[CHANICAL FAILURES GAS, idOINCEllEXPOSUIIEDElfECIONS. AINOSPNEIIE PIIION |O
DURING CUIflIIG, ANt) SEIIIOUS INJUIIY. " OPENING VESSEL. (;_)
UORKEROPENS VESSEL (O;O;B;O) I_EARPBOIEClIVE GEAR
IO IIISP[CI, CAUSING (SCIIA) VH[ll OPENING
UNEXPECTEDIELEASE. VESSEL.

2 I I B IREAIN[NI SKID IIELEASt OF N[PA AND SCRU_ING (1) IEOEP[ND[NI
(VALVES f01 010OEBAIELTIONIC S¥SIEN. VERIFICATION Of
CONIAINN[NT VESSEL) GASES (E.G., NO2, S¥SIEN ALIGNNENI

I NISALIGN[O BEFOREOR II2S, |TO...) TO IIEFORE CUTTING. 12)oo
¢.q AFIEII CYLINOEII AINOSPN[N[ AaO_01 USE PIIOCEOUIIEVilli

DREACII. BUILDING. H0FlKTR CHECKLIST. ($)
EXPOSURE. (C;C;II;D) PROVIO[ VALVE

POSI I ION INDICATioN.

2 III A IREAINEIII SKID Fl[LEASE OF NIGNLY N[PA ANO SCFlUOOING (1) IIII)EPEiIOENI
(VALVES FOR IONIC GASES SYSTEN. VEIIIFICATION OF
COIIIAINI_NT VESSEL) (PNOSPINE, PWOSGEB, STSIEN ALIGBNEN|

BEFORECUllING. (2)NISALIGN[O BEFOREOR AIISlH[, AND OTHERS)
AFIEII CYLINDEII IO Alg_gll[ AND/ON USE PROCEOUIIEMIIN
BREACH. FllLOIN6. VORK[N CH[CKLISI, L$)

FAIALIIY, POIEIIIIAL PROVIDE VALVE
COLOCAIEDtiORILEllAND POSITION INDICAIION.
PUDLIC EXPOSURE.
(C;B;A;O)

2 III A INADVEIITANI CUllING IIEtEASE OF IONIC GAS NONE i(I) IIISIALL
OF CYLiliOIER PRIOR IO IHIO HOOP0,IIQilK[R IHIERLOCKS IO
SEALING VESSEL. [IIPOSUIIE ARO PIIEVEIll SAV

POSSIBLE FAIALIIY. OPEIIAIION BEFORE
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Fig. A-2. Hazardous Waste Treatment Facility mezzanine/crane/floor plan.
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Fig. A-3. Feed/waste streams for the water reactive waste treatment process.



Fig. A-4. Flow diagram for water reactive waste treatment process.



Fig. A-4. Flow diagram for water reactive waste treatment process (cont).
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Fig. A-4. Flow diagram for water reactive waste treatment process (cont).
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Fig. A-5. Depleted uranium process flow diagram.



LANDFILL

NI_.I

I

WASTE DRUM OF URANIUM I
CHIPS AND FUEL OIL i OVERPACK AND

,I,.,---

VERMICULITE. ,.- TO DISPOSAL
NaClO WASTE TREATMENT r

SODIUM THIOSULFIDE PROCESS FOR PUNCTUREDWASTE DRUM _ TO DISPOSAL
DEPLETED URANIUM IN r

> cAus_¢ FUEL OIL LOW LEVEL
I

_ RADIATIONLIQUID
.... •-_ TA-50-1

d_

i 'CEMENTED DRUM
WASTE OIL

r
r TA-54 (L NDFILL)

INCINE _TOR

Fig. A-6. Feed/waste streams for the depleted uranium waste treatment process.



Fig. A-7. Flow diagram for depleted uranium waste treatment process.
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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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Fig. A-IO. Flow diagram for chemical plating waste treatment process.
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Fig. A-11. Gas cylinder recontainerization process (cont).



Fig. A-11. Gas cylinder recontainerization process (cont).
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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-l) 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 (fiat 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-l) 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-_ 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 13-1

EXAMPLES OF INCOMPATIBLE WASTES

Group I-A Group 4-A
Acetylene sludge Alcohols
Alkaline caustic liquids Aldehydes
Alkaline cleaner Halogenated hydrocarbons
Alkaline corrosive liquids Nitrated hydrocarbons
Alkaline corrosive battery fluid Unsaturated hydrocarbons
Caustic wastewater Other reactive organic compounds and solvents
Lime sludge and other corrosive alkalies
Lime wastewater Group 4-B
Lime and water Concentrated Group 1-A or 1-B wastes
Spent caustic Group 2-A wastes

Potential consequences: Fire,
Group 1-B explosion, or violent reaction
Acid sludge
Acid and water Group $-A
Batteryacid Spentcyanideand sulfidesolutions
Chemicalcleaners

Electrolyte,acid Group S-B
Etching acid liquid or solvent Group I-B wastes
Picklingliquorand othercorrosiveacids Potentialconsequences:Generationof
Spentacid toxichydrogencyanideorhydrogen
Spentmixed acid sulfidegas.
Spentsulfuricacid

Potential consequences: Heat generation; violent reaction Group 6-A
Chlorates

Group 2-A Chlorine
Aluminum Chlorites

Beryllium Chromic acid
Calcium Hy_ochlorites
Lithium Nitrates

Magnesium Nitric acid, fuming
Potassium Perchiorates

Sodium Permanganates
Zinc powder Peroxides
Other reactive metals and metal hydrides Other strong oxidizers

Group 2-B Group 6-B
Any waste in Group 1-A or 1-B Acetic acid and other organic acids

Potential consequences: Fire or explosion; generation Concentrated mineral acids
of hydrogen gas. Group 2-A wastes

Croup 4-A wastes
Group 3-A Other flammable and combustibleflammable
Alcohols wastes
Water Potential consequences:Fire,

explosion,or violent reaction,
Group 3-B
Any concentratedwaste in Group 1-A or 1-B
Calcium
Lithium

Metal hydrides
Potassium

SO2C12,SOCI2, PCI3, CH3SiCI3
Other water-reactive wastes

Potential consequences: Fire, explosion, or heat generation;
generation of flammable or toxic gases.

B-4
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TABLE B-2

LIST OF MIXED WASTE FOR POTENTIAL STORAGE
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travels to cause on exposure to air. tet_hydroluran

flashback, formspem.ddes _ich can

container expkx_ upon contact _lh strong
I

_., explosion may base or me_ hydrides when he

ITLV-TWA 200 carbonmonoxide, occur under fire )eroxide concentration is greater

77 ieb-a,'_a=_ Area L CAI 1 y y Y oxygen 2 ppm 3 1 Qrlxm _,_'m._de conditions than 0.5% 4A 004

1,1,1
trichloroethane;

trichloroethylene:

methy_ne chloride; 4A 38500

99 _.;,.-c
toh_-,_; f-solvtd_:,__:inArea G TBD 2 Y e # 59, 81, 83. 85 3 2 3 3 0 1 1

namma_ ,qua.
vapor traveis to

cause ftashbaCkl slowlydecomposed by moisture

carbon monoxide, forms explosive and reacls explosively with lithium

1 3 0 carbon mixtures in air hydride 4A 0.07

60 i..,,..., _:=:=. An== I _.AI 1 Y Y Y Y Y
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Incompatibilities HeaKh Hazard Flammability Reactivity t

lwl

o t;:

_' _ _ t_ -_ Others _ i i HazardousComl_don Unumalfire,n d ,,_ _=
SOLID P" -J -r' (3'

iron, ferric chloride,uranium hexafluodde,
stimulants such as epinephrine

tetranitromethane.

plastics, nitrogen may induceventricular fibr_lation.
telroxide, nitricadic. _<coholmay enhance the toxic

, bromine trifluoride, dangerousfore effects, the metabolism of ohter
silver perchlorate, sulful thermal decomposition hazard when solvents may be inhibited resulting

dichloride,sulfuric acid. ! may release acrid smoke exposed to heat or in a potentiation of toxic effects of

81 toluene Area L CAI 2 Y dinitrogen teb-a_uork:le 3 2 LD 50 mg/Kg 40 F 3 3 0 0 1 and _ing fumes flame lhose chemicals 4A 0.15

organic peroxioio.

may explode
when heated.
contact with other

methyl ethyl ketone TLV-CL 0.2 :m'bonmonoxide, malerial may 4A70 peroxide ecea L CAI 1 Y Y Y Y heavy me,t:=l,= 1 ppm ' 3 ' 0 carbon d'm_xk_le cause fire conchs 8.6%-9.0% active oxygen 0.04

'acetone;methanol; 0__ 0 _ 57040!xylene AreaL! CAI, HWTF _._Y Y See # 14.15,16 3 2 3 _ m 4.5

"_ rnethanol Area L _ See. 15 1 "_ ."_ --
_-"'_ _'_ # 16 _ T _ _ _ 4A 6.7

_" xylene _ CA! _ _ _ __ _ • carbon monoxide, emits toxic fumes1

iron and iron salts, carbon dioxide, nitrogen under fire

52 aniline Area L CAt 1 Y Y Y aluminum, ,_.. 3 LD 150 mglKg 2 0 ox:-_ conditions 4A 0.03

thermal decomposition

aluminum, brass alloys, productsmay include moderate fire
chlorosulfonicacid. toxic and hazardous hazard when may bum butdoes not ignite

copper, nitric acid. fumes of formaldehyde exposed to heat o( readily, containers may explode in

55 c_-__-_ol Area L CAI 2 y Y Y oleum 3 LD 114 mg/Kg 178 F 2 0 and oxides of carbon emitsflametox;,;f_,_ heat of fore 4A 002

may discoloron carbon monoxide, under fore

721 phenol Area L I CAI 1 y Y Y expo_s_reto light 3 LD 140 mg/Kg 2 0 carbon dioxide conditions 4A 0 18
re_=J___s_t_y with fuduryt

lemits |oxic fumes alcohol, hydorgen peroxide.

TLV-TWA 50 carbon monoxide, under t'tTe hydrated thallium nitrate.

¥ y, y Ifinelypowdered melals 3 Ippm 2 0 carbon dioxide conditions permanganates, sulfuricacid 4__AA 1 964 acid Area L CAI l_j.-- , -- -- -- -- OSHA TWA 50 carbon monoxide.

=c cyc,^h...... =, An===I CAI 1 y Y p!=_S!.iCS 1 ppm 116 F 2 0 carbon dioxide 4A 75

4k



Incompatibilities. HealthHazard Flammability ',R_

Nameof chemlca, _ _ -_ _ _ _ _ _ Hz;FJ'domCombustion Unusualfir and

_d
carbonmonoxide, creatinga duzt

71 _._;-_;-_e AreaL CAI 1 Y 2 LD29mg/Kg 2 0 carbondioxide explosion 4A Trace

1.I ,1
trichloroethane;

13 t_o'_-o_%1;_-,_ AreaG CAI.h%;'TF Y Y Y See # 83, 85 3 1 1 4A 771

reactsviolentlywith carbonmonoxide,
sodium,potassium, carbondioxide, emitstoxicfumes
magnesium,aluminum. TLV-TWA10 _tosgenegas,hydrogenundertim

83 1,1,1_;G_;_T,_i,'_e Area L CAI 1 Y Y Y zk_¢ 3 pprn 1 1 chloridegas condi_ons 4A 57.4

1.1.1trichlorethane;
trichloroethylene;
memy_nechionde;

97 flu_-.:-_-_uons AreaG CA! Y See # 59. 83.85 3 3 1 1 0 1 1 4A 9758

Carbonmonoxide,

L_Jbondiexide, mils to_-4c.fi_-nes _ ,
phosgene--, hydrogenunderEre

84 .............._,M_U,m-=1'1'2' AreaL CAI 1 Y Y Y Y __hJ.ql_m._iz_ml. 3 3 LD7 gm/Kg 1 1 0 0 3 chioddegas (xxKlilions 4A 0.43
_¢ts vigorouslywithnitricacid

du;t explosion md Nlratingmixturesto produce
am emUstoxic _,_ _osive Wo_ucts.

TLV-TWA1 carbonmonoxide, fumesunderfire reactwhenheatedwithsodium

73 _!_ anhyd_'_e AreaL CAI 1 y y y y y 2 _orn 1 0 carbondioxide co_diticns nilrateorcopper 4A 0.04

alkalimetals,
aluminum,caustics,
copper,iron.lithium.

dinilrogenpenloxide.
dinitrogentetro_ide, thermaldecomposition
nickel,nitricacid. xoductsmayinclude
oxygen,plastics, toxicandhazardous
)otassium.sodium. )hosgenegas.toxicand
sodium-potassium corrosivefumesof ,slightfwehazard
alloy,zinc.titanium, chlorides,andoxidesof whenexposedto

_Q ,,.;::-,,_b_,-_,_,_,;,_,-;,_AreaL CAI 1 Y ___less _¢=' 3 2 LD357 mg_g 1 1 0 0 1 carbon !heator flame 4A 04



I IncompalJbilirJes Heall_Hazzrd am. b r _,

, ! I
• " ad _"

"i i 5: i,- - - ItazardousCombustion Unusualfire and ,LI

• Nameof chemical _ _ _1_ _ _ _ " Threshold _ or Decompoddon Explosk)n AdditionalInfonnadon _
i (formula) LL _ _ " _ - Odlers _ : ValueorLD E : c ,SOLID , _. _ _ ( " _ _J " _ _J [ j [ Products Hazards ._r- n- £ (_la , r"

1.1,1,
lrichloroethane;
Irichlomthylene; !
meathylenechloride; q
chlorinated I IA 313

38iflourocarbons _reaL 3AI.HWTF i y Y Y iSee # 59.83.85 3 3 1 1 I) 1 1

"_ 1"_1111_,

trichloroethane, IA 450
39 trichlorothylene _reaL ._AI,HWTF y y y See # 83,85 3 1 1.......... _ _- T -6 _ 21.9m

"_ trichloroethlyene _Jea._.._LCAI ..............

I

: ;conVlM_ible
!rnatedal.maybe
ignitedbyheat,

[_1 chemicallyactive sparksorflames
I metals,sodium, vapormaytravel

I--* unofftosewermay toa sourceof-..1 potassium,calcium,
powderedaluminum. _reatefireorexplosion ignitionandflash may be poisonousifunhaledor

8E romoethane _ea.._..._L CA.__._J__ICT...._X...... zinc.magnesium _ _2 ___ _1 _ __ mzard back skin 4/ 0.2

thermaldecomposition
maleaseshighlytoxic negligiblefire , bumbutdoesnotignite

alkalies,aluminum, fumesof phosgene, hazardwhen readily,preventdispersionof dust
iron.plastics,rubber, chlorine,ethylenes,and in air.donotallowspilledmaterial

Y 'v _t inc :. ,q ( ( ¢ ( chofoethylenes flame _ watersources 4../ 0.02
6,' hexachloroethane Areal. CA._____I_ .............

_Woonmonoxide,
dioxide, emitstoxicfumes

phosgenegas,hydrogenunderr=re

'_ aluminum,light ; LD546 mg/Kg ( ( ddoddegas 4 0.02s _lorofom_ A,ea____LcA.___j_l___1__............
carbonmonoxide, emitstoxicfumes

alkalimetals, carbondioxide, underf=re incompatiblewithaluminum.
aluminum,acetone : ' LD143mg/Kg q I ( l fdrolenbromideps conditions .andtheiralloys 4 0.048 _.ofo_ _,a___LTS._.___E_o_ _ .....

i : ; =rbonmonoxide,

! _ carbondioxide, emitstoxicfumes
17 tetra-chloroethyieneArea.._._.JICA____.L _ _ , [_. __ , , _p__m , chloddegas conditions _4 0.01h--,



"- _ _ Incompatibilities HealthHazard

r l ' t!' :

I i 4 ! ,.I _ , .l:-t , q HzzardousCombml_)n Unusualfire and L

I J Nameof chemical -_ _ = : i | Ol:hers !I ¢ or I)ecompoddon _ t_ldllk_l inf_ ,
I _ (formula) LL B _ 5- ) ", _ i Valueor LD; SOLID _ I- ! ) _ R J Producls Hazards : (7

i m

r - benzene_'----_"pyridine; _A 381
, 1 toluene urea......_L,AI._ ¢ f... _ _ See # 42. 43. 81 _...._

monoxide.

sodium,potassium,
magnesium,aluminum, phosgenegas,hydrogenemitstoxicfumes incompatiblewilh:copper,bronze.fluoride,hydrogen underfire silver,benjBMn,_ andalkaline

Irichloro- zinc, awayfromheat 1000 _,_ oas co,m_,. _ L_ 1..____L._9
i2 fiuoromethane Vea L TBD 1 Y _" andsunlight. _ _ _ - - - - carbon emitstoxicfumes

carbon underfire rea(_ violently_d_dknethyl
alkalimetals,finely dioxide x_rtdilions foflnanllde(DMF)above65 C I_ 0.43

'S tetra-chloromethane_reaL CAI I - - y_. metals _ LO93 mg/Kg _.m

incompatiblewithaluminum.
andalloysof more

zinc,
bewllUn, alkaliofatkalmeemlh

potassium,sodium, hydrogenemitstoxicfumes silva"andcopperbearing
I aluminum,magnesium. TLV-TWA100C hydrogen underfie Joys canactas catalystsathighP-_ dichlom- conditions 4__ 4

oo e9 iifluorornethane ¢_rea..._.._LCAI 1 Y - _ - - -

ignitablechemical
reagentsscintillation 4_ 2800.2750.40

carbonmonoxide, emitstoxicfumes
nitrogenunderfire

conditions 5 0.06

4" _msium cyanide Area..._._L_ 1 __ _ __ fromair _ 3 2.8 mg/kg _
monoxide, emitstoxicfumes

carbondioxide,nitrogen underfie
conditions 5 u u.,

¢ ;odiumcyanide AreaL HWTF 1 '1 _ carbondioxide _ 3_ _ _ - - - carbonmonoxide,
dioxide,nitrogen emitstoxicfumes

DSHA&TLV 5 underfire
onditions 5 0.6

4 coppercyanide Areat HWTF 1 _ _Jm3 __ _ _ .-------- - - - - emitstoxicfumes
underfle
conditions,may canpolymerizeviolentlyon

LC92 ppmI hydro_nbromidegas, explodewhen prolongedstorageatambient
cyanide heated 1.3

8 cy_..anogenbromide AreaI ; TBD 1 ' ' 10m _-

- L L_cyanideandsulfide i 72
; ,o._ons ,A_.a___jI_ _ _ - -
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PRELIHINAIIT RAZNIDIRISK ANALYSIS IIECI/IP lit ACTIVITY FOil NIXED HASTE STI]IIIAGE

AClrlVlllr NU_R: NUIA

AClrlVlIY limE: MSF CAUSTICS (GRIUP IA)

ACTIVITY NSCIIIP/ION: STOAAGEOF CAUSTICS IN NIIRSF (GROUP 1A)

R'- - F- - C CAUSEISCENARIO CONSEgUERCES PIIOfEC| IV[ FEATURES AC! IONS

] i I I R SOOIUIq AZIOE EXPLOSIOR ARID FIRE PROTECTION ARO OR NOV ACCEPI/ALLQU
_EXPLOD[SDUE TO RELEASEOF TORIC GAS SCRUOOERSYSI[N. !SODIUN AZIDE IN IRE
SEVTRE SHOCK, 01EAT (IOOX). (O;D;II;C) NUSAF.
OA FRIC| ION.

3 III | EXTERNAL FIRE FlELEASEOF FIRE PIIOTEC|IOII AND
leOD_RAIELY TONIC SI_UBI_R SYSIEN.
GASES. UORI(ER
INJURY. (O;C;II;C)

$ IV I OV[IItOID CRAt POIENIIAL FIRE, FIRE SUPPRESSIONMR NONE
ACCIDENT CAUSING EXPLOSION, HYDROGEN SCRUOER SYSIEN.
SINULIAII[OUS SPILL GAS PAODUCIION AND
Of CAUSIC IM/ERIAL IRAVlr NEIAL FUI_
AND INCOIqPA|IRLE GENERATION. UORKER
NATERIAL(E.G., I NJURY/[XPOSURE.
H2SO_(10), (D;D;D;C)
I El IIANYDILt)
FUAAN((_A), NITRIC

I ACiO(GA). N[TAL
L_ CTAIIIDE($A), LI fll IUN
L_ NTOIIIDE(2A)) DUE fO

IqlSLABEL| HG.

& II D SPILL OF A SINGLE NINOR tlOIII(EII NONE

CAUSTIC HASTE DRUIq. EXPOSURE. (O;O;O;O)
, ,I



PRELIIqOHARTMZOdlD/ItlSK ANALYSIS RECOAODT ACIIVIIT fOR HIRED HASIE SIOItAGE

AC|IVIIY LI_EN: Iqi/III

ACIIVIVT II: MJISF ACIDS (GIIOUP Ig)

ACllVlIY DESCRIPTION: SIORAGE OF ACIDS IH MSF IGIUUUP111)

II--F--C CAUS[/SCENARIO CONSEQUENCES PflOIECI IVE FEATUNES AC| I_
i

) III II SPILL OF A SINGtE IOI(IC GAS MLEASE (1) SCIIt_AR S¥SIEN. (1) V1ENIFT
ACIO UASIE DIKIN DUE (E.G., Hf). UONICEAR(2) |lRt SUNP CONSIIIUCIION
IO (ORIIOSION OR EXPOSUREAM) INJUIIY iC-4PACIIT IS liEN NAIEARIALOF SIOAAGE
(RAN[ ACCIDEN|S. DqLI_10 OONIAC| UllH PEIICEN| OF line (I)NIAINEAR AND I1_

GAS/LIQUIDS. INVENTORY IN IE SUNP SYSIEN, (2)
(D;D;II;D) IIOOH EQUIVALEN! TO FAREOU[NU

fNNEl_ SPIIIIKLEAR INSPECI lollS, (])
READSDISCHARGING INSIALL GAS
FOR 30 HINUIES. DEIECIOARS, (&) DO

NOR P[ARFm ANT
UNIECESSANY
AClriVIIIES VIRILE TIE
SCRUBBEARIS DOUR,
(5) REVIEWCQNSIOER
SIORING HIF IN GAS
CTLINDEARAREA (GROUP
TA).

_3_ ] I II II SPILL OF A SINGLE IOARICGAS RELEASE INE SUNP CAPACI11r IS (1) VEARiFY
I ACID IMSlE DRUMDUE IE.G., HF Oil NCL). INN PEARC1EN|OF |NE CONS|ARUC|IOilL_3
r,_ tO COlRAOSlOHOR IIONICEAREIIPOSUI_AND INYENfORY In lie NAIEIIIALOf SlJ'ONA(_

CRANE ACCIDENIS. iNJURY. (C;C;D;D) RooIq, IEgUIVAL|Ill IO CONIAINER AND INN
SlICUNNEII IM! IHIIEE SPARINI[LEAR SUNP SYSTEN, (2)
O_RAIIONAL, OUT ILIADS DISCNAIIGING IIIEQUENI
BLOUEII IS UOAKING. FOR _O NINUIES. ilNSPEC|IONS, ([3)laSlALL GAS

REIECIOARS, (4L) IX)
NOR KARIORN AHt
UMmECESSANY
ACIIVllrlES UIIILIE INN
SCUB£11 IS DON.

] I I I II EXlrEIIIML FLARE IIIELEASEOF FIRE PIIOIECIION AND NONEII_ARAIEL¥ IOl(IC SCRtJIOOEARS¥SfEIq.
GASES. IK/IIKEII
IN JUlY. (D;C;D;C)

3 III C SPILL Of A SINGLE RELEASEOF ACID (I) SCIH/R SYSTEN. (1) VEARIFY
ACID VASIE DU DUE FUNDS (E.G., HCL). (2) INN SUNP COI_IIIUCTIOI0
lO CORROSIONOR WORKEREXPOSUNEAHD q_qPACllY IS fell NAIEIIIAL OF SIONAGE
CRANEACCIDENIS. INJUlIY DUE |O PEAL'Ell OF IN[ !COlllAIiEII AHO IH[

CONIACI UIIH INVENIORT IN INN SUNP SYSIEIq, (2)
GAS/LIQUIDS. IIOON, EQUIVALENT 110 flIEOUEIII
(D;D;C;D) lllll[[ SPIIINI[L|II IHSPIECIICIiSo 15)ILIADS DISCIL411GING IIISIALL GAS

lol 30 mlMUtES. OEIECIORS, (t,) OR
NO| I_ERFOIIIqANt
UNNECESSAARY
ACIIVIIIES UHIL[ 111[
SCliUDBEII IS DOUR.



PRELIHIIMAT HAZAIIDIAISI( ANALYSIS Ill[CORDBY AClrlYITT FOIl NIXED IHIISlE S;OAAG[

OlClrlVlVT MJNNII: IWlO

IiClIVII¥ lIME: liIIASF ACI@S (GAOUP II)

AC;IVI;T INSCRIPIIOII: $IOAAG[ Of ACIDS IN MSF (GROUP 1D)

II- - F- -C CAU_/SCEIIAR|O CI)ISEOI_III_S PIO/EC/liIE FEAFUIItES ACFIOlIS
i

] IV !10V1_ll_PiO CIIAME POfEIIIIA[ FilE, FIRE suIqqflESSIOII NID
At:Ell)lENT Ir_qUSIM; EXPLOSION, N11)ROGEil $CRUIIER STSI£H.
$1IiUI.11nlIEOUSSPILL GAS PIIOOUCIION ANO
OF ACID PlAIEIIIAL _ IONIC GAS
IKI)NPAIIILIE GENERAlION. SEVERE
NAI[liAL (E.G., UOIIICEI
IIAOII(IA), I II JUIIT/ENPOSUIE.
PTIIIDINIEI4A), (D;D;I;C)
HVOROGEN
PEII01III)E (6A1, I_|AL
(:TAIIIDE($A), L I IIIIUN
HYBRIDE(2A)) DUE IO
HI SLABELING.

I
L_3



MELIHIIIMY liAZAliO/RISE ARALTSIS REL1)ROIIY ACIlVIt! fOR lllXL1) UASIE GIORAE

AClrlVI/T NUNOER: NU2A

ACIIVlTT liNE: IqURSFREACYlvES (GRgUP 2A)

AClIVII¥ DESCRIP;IOll: STORAGEOF REACIIVES IN AN ENCLOSEDAREA (GROUP 2A)

R - -F - -C _tUSEIS(EIILI I0 I_ll_QUEll_S Pflli(l It11[ FEAIUliES All IONS
nl |1 i.

] If C IMLI( REilND FOil(LIF/ !UOIRER EXPOSUFFEe |1) DRY Cli[NICAL NONE
A(CIOEN1 III QIIR COliIANINA|IOg Of FIRT SUPPRESSIOg
[VTN/ CAUSESSPILL !StORAGE AREA. STS|EN, (2) SCRUBIIER
of URGERREACTIVE (D;D;C;D) STSIEN. (]) 1HE SUNP
bIAS1[ CAPACIIY IS IElt

" tPERCElil Of line
i/WE;If(mY I| line
ROOIq.EGUIVALEN! 10
IHRE_ SPRIRLER
mEADSDISCHARGING
FDR 30 NINUIES.

3 III II VALE BEIIIN0 FORICLIIr! NTDIIOGEIIEVOLUTION. (l) NY CliNICAL (I) IIISTALL llTDROGEll
ACCIOERI OR OILIER POIEHIIAL FIRE SUPPRESSION ANALYZERAND ALAFlN.
EVEN! CAUSESSPILL FIRE/EXPLOSION Ili SYSIEFl, |2) SCRUUER
OF t/AIER REACIIVlE SUNP. POSSIBLE S¥SIEN e (3) IliE SUNP
kIASIE lifO file SUNP RELEASE OF lOgic CAPACI|T IS 1Eli
UIIH UAIER PflESEWl NEIAL FUNES. LOt/ PERCEHI OF 1lie
IN free SILJ_. LEVEL RADIOACTIVE INVEFllORT IN lliE

I CCIITANliA! log RO011 EQUIVALEU/ 10L_
r._ lliROUGliQUl IHE IHRE_ SPRIIKLER

FACILIIT. (D;D;I;C) mEADSDIS(HARGlliG
Fm 30 NlUUVES. (41
sunP snouu) mE
,Ill,AimED FREE Of

t_ER)_ (5, RES,RIC,HItlER IN Ills !
SfOliAGE AREA.

] Ill I ACCIDtEII CAUSES SlIOg Of FIRE PROIECllOll NONE
SINULIAllEOUS SPILL liTNOGEll GAS, STSIEN, SCI6JOI_R
Of HALER REACIIVE POIEIIIIAL fIRE SYSIEN.
UASIE RiO ANO/Og EXPLOSION AIIO
INCONPAIIIILE VAS;E PRI]I)UClIOli OF IONIC
DUE I0 NISLAIIELlllG. FUNES. SEVEREHOliKER
(E.G., REACIIVE IllJUliT w ANO LOH
HASIE NIXEO Villi, LEVEL IADIOA(;IIVE
SULFURIC ACID(Ill), !COllIMIlliAIIOII
iAON(IA). PERCHLCIIIC IFFROUGNOU!|lie
ACIOT6A) OR TACILIIT. (D;O;8;C)
IRJCHLOll4

E/HTLENE(&A))

] Ill C HAL[ BElllllD FGilELIF! IUllllll OF VIlE DRY _ICAL fIRE
A¢CIDENI OFF01mER DEPLE/EII URAlllUN DUE SUPPll£SSIOg STSf[N,
EVENI (AUSES SPILL IO IqlQLQlil;ED SCliU_I[R STSI[Iq.
OF DEPLETEDURANIUN EXPOSURE10 AIR,
VASIE. RELEASEOF ICO(IC

FUHES Am)
RADIOA(I IVI IT.



PIIELIN|IIAIt¥ IMZAIID/ItlSI( AIIAEYSIS IIECOIID 01' ACllVlflr IrOA Iqllfl_ IMSlE SIOIIAGE

ACflYlYT IAII_R: NIa2A

ACI|V|IT IINqE: MSF IIEACIIIIIES (GROUP ?.A)

ACIlVlTY O[SClUPIIQII: SIORAG[ OF I_ACVlV[S III M ENCILOS[OMI[A (GROUP 2R)

i i

,--r--c ¢JVUS_/SCEuMtO coms[au[nc[s MmVECVtvE r[nvuR[s ACWtOnS
It

UOlfl([ll EXPOSUREMID
LOU L£YIEL
IADIOACI IW
COlilANIIM| I011
fllllfXPGnOUf VIlE
fACILItY. |I);O;C;()

] IV II IMIEII IIIfilUSlOII lifo IIUPIUII£ Gf DI_ DUE DRY ¢II[PIICAL Fill[ NONE
file SIOItAGE ORUNml[ I0 lITIDl_li SUPIqI[SSIOII SYSIEIq.
I0 HUm EllROff. EVIDI.UIION. POIEIIIIAL SClWMIEA S¥SIEN.

f IRE/EXPLOSION.
PQSSIIILE IIELEAS1EOF"
IOXlC IqE|AL FUNES.
(D;D;II;C)

I
t_3



t

HI[LIHINAIIY HAZMDItISI{ ANALYSIS I_COIO IIY KTIVIIV FOR NIXED UASIE SIOIAGE

ACIIVIVT NLIgEII: MA

ACIIVIFlr IIAPlE: PlAISF FLAII_LES (liIOUP 4A)

ACllVlllr _SCIIIPIION: SIORAGIEOf FLMOMILES IN AN EIICLOSkl) A_EA

i

R-- Ir- -C UL/SEIKEWIO Cl/ISELI[K[S ilqlOFEClrlME /EAIrUIII[S ACIrlOI/S
i ii i i i

2 III A SPILL Of LOW FLASH IGll/IOII OF GIIOUNOIIIGOF (1) /RiEAI IIIGNLY
1101111CHElilCALS FLNOMIILE YAPOlIS ELIECIIIICJIL EOUIPN£11YFLAHNOUlLIEEOMIEIllALS
(ACEIlIALH[lIIE(-38F), LEmS I0 & liAJOR ANt) DIIUNS IIURIIIG ON All PlIIORIll

FUIAII (-32F), /IRE MID EIPLOSIOII IR_IAIIIDI. lAStS, DO NO/ ALLOU
AHIITDINXI_ [/HlrLE (E.G., glllll(]liE|N&N() IIOIISPMK IOIXS HIE A_A|IOIIS
(-&gF)) _ I0 IH 11_ SImA_ UEA. _O. LU_ IIO_n[mlOtlES,
lOtl(LIFl ACCIKHI, RELEASEOF _IIPLE (2) L_OIl$1H1
(RAII([ &CCImq_NIN IHIC GASES (E.G., SPECIALLY KSIGN[D
CmWOSlOm. fiRE pnosc_n[) vo SVORAG[
SUPPIIESSIQN SYSIEN A|NOSPMIIE. CQliIIGURA|IOli POA
IHADEQUAIE. (1;II;A;A) IIHE NOSI N_&IIOOi/S

(LOW FLASH POll|)
f LANNAILE IMS|ES,
q[]) INSlALL GAS
Ol[/[ClOil _ ALMIN,
(4) COIISlOt[ll AOOING
A FLNIE 10 |1_
SCnUlII[II SlrSIEH, ($)
COliSIOEA IlEAl /IRE

t:_ SUPPIIESSICU SIS/Ell,
f (E.G.. IN[AI IN[L_

-_ _ VIIH li2 UlI[N
II1£ GASAIMLlrZERS
AlARiiq).

2 III A OVIERN[AD CRAHE OROPS li[LEASE OF |OillC (I) CAIIIKNI (I) DL'VlELOP
DIHUNCAUSING DUAL CASESAND li01EN/IAL AIISOIIIIIOIII llO IN PIOi_DUllES fO
!SPILL OF FIRE illg G[N[IIAIIOII IH[ N[PA FILTER, (2) PIEtEN/ OR NIIIIHIll[
INCOPlPAIIIHL[ Of PNOSGEli[ AND FIl_ SUPP_SSIQIi CRAI_ IIIVk'IEIIS OYER
NAIERIALS DUE 1'0 I/Clil[EII FA/ALI/Y. SYS/EH. SIOIIED IMSIES, (2)
NISLABELING OF iMS/E (C;C;A;C) VERIFY DmJN COillEll/S
DRUN. (E.G., Am LMI[LING A|
FLAI_LE HASVE UAS/E G[N[RAIOIIS
lilXEP IlIffl; (/) SIFE, (3) DIEWLOP
HAOII(1A), (2) LAI VIOl PR()CEOURE
H2SO&(II), (5) (LAB ESI,N lilUIIML)
LI IHIUN NlrDIIIDE(ZA), FOR IMSIE
|/,) NITRIC. ACID(6A), _ IOtEIIIFIUIIOII IlO
(5) CNLOACOIENZEHIE.) LABELING Of IMSIIE

COIItAIN[RS.

2 III A OVI[RN[AD CAAN[ DIIOPS AELEAS[ 01; IONIC CARSOIIAIISOIIDIIOH (I) DEVELOP
DRUHCAUSING DUAL GASI[S (E.G., 1110 IH IN[ II[PA PIIOC[D_ES 11'O
SPILL OF PIIOSGEi_) &RO FILIEN. PI_VEHI OR HllllilLq[
INCOHPAIIILE PO/EN/IAL Fill[. ,CRANEPIOVENEN/SOVER
FLOUIqAILE IM|[IllALS I/OIIKER INJURY. SlOIED UASIES, (2)
ReU/INEL¥ SIOll[D IN (C;C;A;C) S/Oil[ INCOHPA/IliLE
IN[ SAME AREA. FLAHNAILE NAIl[RIALS
([ .G., HI |RON[INAIIE IN SEPARATE

iUI/H AcElrOH[) LOCA|IONS OlllIIi /I_



PAIELINIWIRY HAZARDIRI$1[ NIALIrSIS RI[CORO01 AClIVlfY _ NIREII IMSII[ SWOI_

ACVIVITT m._qUE!: OOP_A

KIIVlIT Ili['. MSF tLAII_|S (QR___e /_)

AClIVIIT INESCRIPIION: SIOIIAG[ OF FMLIES li All [ECLOSEDMI[A

ii m iiii i l

R--f--c c_/sc_.A.,O cmstom.cts mvEcvn_ fEAVU.ts _cvIo.s
I II

FLNWMliLE SIOilA_E
AREA.

) I I C SPILL OF LOW FLASH IA)AIEI ERPOSt_ IO CAA'IN)IIosomlllOll IllSlALI GAS AIMLIrZEI
POlill CmEIIICALS IONIC IrUN[S. 0([0 lU EPIll llLIFR, Villi ALARN.
IACE111ALIHYE(-_SF), (O;O;C;D) fIAT gLlP_ES$|Oii
FURAIf (-._2F), sIrSltN.

ANNYOROUSETHYL
I-_9F)) DUE 10
FOWI[LIFI ACCIDi[II/,
CRAM[ iiCClKN! a
L'ORROSloll.

J II C ISPILL OF LOV FLASN lall'lOll OF 11) FIglIE Sl/Iqql[_lOlg (1) II£AT NIGIIL¥
POINI CH[NICALS tLJUSMILE UAP_S S1rSlllq. ([2) ¢UIION FLAIqNAILE NAIERIALS
(ACEIIMLNEltYE|-38F). LEADS 10 COIIIAIEO AIISORIIION D[O IN all AN PRIQRIIT
FURAN(-32F). FIRE IN IRE SlORAG[ EPA FILLER. AiD IMSIS. O0 NOl ALLOU
AHHYOROUSEIItTL AREA. (O;P;C;O) SCAUBIIIIIG SYSIEfl. ACCUHULAIIOliS Of
(-49F)) DUE tO LARGE lliVElilOAl[S,

_1 FOIRLIFI ACCllffllr, (2) CONSIDER
I [:RAN[ ACCIDENI Oil SPECIALLY DI[SlGIIL_

t_ (1)IIROSIOII. I IRE $1QIA_E
oo SUPPRESSION SYSIEH COIIFIGUIMIIOII FOR

OPERAIIONAL. lille NOSI HAZARDOUS
LLOIIILASIII Iq)IllS)
FLNIMIIL[ IMSIESt
($1 IRSIALL GAS
DEIEClQA AliO ALAIN.
(&) Cl]IISIOflADOINO
A FLAIl[lO III[
SCRUOllERslrslEH. (S)
CONSIDER II_RI FIRE
SUPPRESSIONSYS|EN,
(E.G., IHERI IN[
iKX)N 111111112Ml_ll
I1_ GAS A/MLlrZERS
ALARN).



PRELIItlUIIV MZARA/ItlSI_ AIRYSlS REClIO IT ACYIVlI! lOI 1,119 lltSlE SIOI_E

ACIIVI;Y IUIBIEII: NI/SA

ACIIVIWlr BNIE: NMIISF ClrNIIDIES AID SULFIBES CGIIOUPSA)

ACTIVITY DESGIIPIlOII: SImAGIE Of CYANIDES AND SULFIDES IN lllE NUIISF

II

R" "F""( CAUSE/SCENARIO COI_OUEIICES PIIOIEC;IVE FEA;URES 4C! IONS

2 III A FORKLIFt ACCIDENT RELEASEOf IONIC (1) USE Of SHALL (1) IqlOVIDE NCII
CAUSESSIIqUUAIIEOUS USES (E.G., 1101AND!"_ALE RIIIIIOu ANALYZER _ ALARN.
SPILL OF CYAIIIDE AIID £TAIIOGFII) NIP FOIII(LIFFS, (2) DRIJFFS(_) VERIFf DlflJH
OIIIEII IK)NC(IqPAIIME POSSllE EXPLOSIION ARE SIOEIEII ONLY ONE (OIIIEIIIS RID
MASIE IE.G., ANO FIIUE. SIEV1EIIIE LEVEL IIIGII o |)) LABELING kl BASLE
N2S04(|1), OR IIOR[EII IIIJUIlY, AID SCIIUI[II SVSI[R o (&) GEIIERAIORS S[IE e (JI)
PEIICNLOIII¢ ACIO(6A))( LOWLEVEL FIDE 5uIqqlESSIOII DEVELOPLNI HIDE
DUE ;0 NISLAIIELING. RADIOAClIVE SYSIEN. PIlOCEIRIRE(LAB ESlLII

L'OIIINAINAflOII III fife _L) FUll fMSl[
FACILIFY. (9;D;A;C) IOEIIIIFICA|IOII NIO

LABELING Of IIMSIE
CONIAIN[IIS.

I

] ! II II EXTERNAL FIRE CAIJ_S 1ltlEIINAL FIRE SUPPRESSIOII (At PROVIDE 11131ANALYZER
CYAIflDE CONPOUgDS DECONPOSIFIOg OF FIRE IIII/IAllOg AND ALARN.
((YAIII)_N ill)HIDE) CYANIDE LENDIlIIS I0 LOCAIIOII) AIIO
fO DECQNPOS[. |OUlC GASRELEASE SCRUIRIIPG slrsvEN.

(E.G., NCII AHD
CYAgOGEII), LOkl LEVEL

I_ RADIOACI I Vl
! COIIINqlIIA! ION II

t_ FACILI 1¥. ID;D;II;C)cD

$ IIl II IqEIICUIIYOIYCYAIIIDE SNALL EIUq.OSIOII SCIRMIIIIIGSYSIER. DEVELOP AND EI_ORCE
DEfONAIES DUE FO LEADIIIG 10 FORIC GAS PIXICf gOf II0 SIORE
I_AIIIIG. fROH SIKICE RELEASE. SEVERE EXPLOSIVE ABO SIIOCI[
OA FRIC|lOII |E.G., UI)III[IER INJURY OUE I0 SEIISIIIVE HAIEIIIA_S
FORI(LIFf ACCIDIEIIF). IOXIC GAS ENPOSUI[. AI 1A-6].

¢O;O;I;C)

] IV A FORELIF! ACCINlilr RELEAS|EOF |ORIC (1) USE OF SNALL (1) PROVIDE Hal
CAUSESSINULIMIEOUS GASES (E.g., _ AND mi..JLl(REfllm M ANALYZERAND ALNIN.
SPILL OF CYANIDE NID CTAIII)_II) RIO FOIII(LIFFS, (Z) DIIUItS (2) OD NO! PEllFI)mq
OlN[I m)NCOHPAIIBLE POSSIBLE ENPLOSIIOIt ARE SFOIIEOONLY OME AIIT UNNECESSARY
UASIE (E.G., AND FIRE. SEVERE LEVEL HIGH. ACIIVlIIES IF FIlE
H2S04(111), IDA iR)RK1EIIINJURlrw _ SCIIUBIIIEII IS
PIERCHLORICACID(64)) tOM LEVEL IK)NOPIEIIAIIONAIL,(&)
DUE fO NISLABELINGo IUIDIOACIIVE N)I) ALARNS TO
llll) FAILURE OF IIIE EOIIIAINIIIAIIOR IN 1RE IPlI)IIIFORS(II
S(II SYSIEPl lltllH FA(:ILIIY. (E;I;A;I:) OPEIAIIql)II.
IHHEVIENI ILOIdEI
UO_I I HG.

& II O SPILL OF CTAIIIDE _ LI_/FAW|IMF/OII Olr fH_ _
IO UAL[ BEHIND $1'OIIN_EAI_A, HlliOR
FORKLIFll ACCIDENT OR WORKEREXPOSURE. NO
COlUlOSIOII. 10_!C GAS IIELEAS[D

DUE 10 LOU
YOLAI IL liT.
(O;O;O;P)



, • Ill

IqlIELIHIMIIlr MZMO/IIIK OlIMVtI$ I_Olll IV OKIIVIIT FOR HIIIINI list| SiOL_

NCIIVIIT HII:

ACtiVItY MILE: MSF OIIIOIZEII$ (gROUP M)

ACtlVlllr KSCRIP|ION: SIOI_ OF OIIIIIIZIERS III IIIASF

J i ii iii iii

2 II I iUMOIIII,IN P[IICm(IIU_IIE IEXlq._IU III lille IN ¢I) AmlOIIIUN I¢I) RE_LOI" MIO
Oil fI[IIITL HIIITL NUIISF, RELIEAS[OF Iq[RCIIN.ORAI[ IS IT IIlFORCI[ Sllll¢!
I(IEICIIE WEAOOtl01E tOXIC GASES, UOIKEII A((:IEPIIEO Ill NO RIOE|0MCC_PIOUOGECRItlEIIIA
(INIl[O OVTII VIII) INJUIIT. (D;D;II;C) (LIOUID) lOAN, (Z) IFOR SEHSI|IME
SUIJECIEO gO SHOO(, FiRE SUPPAHSSIORAHO|OIIIDIZEIIS (E.G.,
FRI(IIOII OR SCRU_II SVSIIEn. IOILUIEO foil,
SUIL IGHI (NEI(P). IFllEa_nl IIISPICVlOR,

IVEII[D IMIEIIAL),
I(Z) CORSlOEN SIOXAGE
|OF IIIGHL¥ SEIISI/IVE
IOXlDIZEIIS in A
IS[PARAIE lUll.Dill In

A II[NOIH LOCATION.
2 Ill X OV_III_M CN01N!OROPSIHLIASE OF N|GNLT (|) CAIIION 1(1) O(EVIELOP

DRUN CAUSING DUAL IOXI[ GASES, AISOAII|ION IO IS IIqlOCIEOURESIO
SPILL Of _![NIIAL EXPLOSION |_ EPA F!L!-sll, (2)IPREVENI OI PlIIINIZE
IHCONPAIIILE AHO POIIEItIIAL FIRE. FIRE SUPPRESSIOH0molcnM£ teOVEIIN! OVEII
IMI|IIIALS WE TO VEIIY HIGH Fill[ SCRUIIEII STSI[H. iSIOREB UASI[S, (2)

t_l NISLAIIELIIG OF IMST[ POIEN|IAL VlIll IVEIIIFT OnuN coll[lllS
i DAUN. (l.G.o GEIIEIIAIIOII Of IANO LABELING A|

C_ OXIDIZER WtSIE lelltlED PHOSGENUlIN SPILLS IWSIE g[n(nAIORS
c_ VltN; (1) MOR(IA), INVOLVING CnLmO iSIIH, (3) REVELOP

I?) ACEEIlC ACID(Ill), INEIIZEtE. POIIEIIIIAL |LNI UII_ IqlO([0URE
(3) SODIUN(_A), (_) UOIIEEI FATALIIT. lCLm [sin n_u_L)
omr,Anlcs(&A) SUCh as (c;I;n;c) i_OR WSlE
cmmo RENziERE. (S) IIOENIIFICAIIOR Am
GOLO CTANIDH(SA)) IL0UlELING OF I/ASIE

CmlAIREIIS.
& I I O SPILL OF ORII)IZEII LOM LEVEL lrOItlC IIEPA FILtEII M ItlCIIE

DUE tO UALI( REHIHO SPILL. UOII([II S(AUIIING STSIEN. i

FOIIKLIFI OR OVEIIIIEIID IEXPOSURE,(O;D:O;O) I

CRANEACCIDENIS.



PRELININAIIT HAZldlO/RISK ANALYSIS DECOROIT ACTIVITY FOIl NIXED HASTE SIORItGIE

ACTIVITY NUNBER: NUTA

ACTIVlIT IIMIE: NURSFGASES (OROUP 7A)

ACTIVITY DESCRIPTION: GASESSTORED IN MSF (GROUP TA)

I--F--C CIU_ISCEIAI I0 _SEIUEt_S PROI[CT lYE _llUtlS Klll
ml i I

t I I A HAJOR RREACROF RELEASEOf NIGNLT R[PA AND SCflUIDING It) DO I1 Sll
LEGACYCYLINDER OF lOS[It GASES STSTEN. LEGACYCYLINDERS IN
DOUBTFUl. IIITEGRITT (PNOSPRIt, P|K)S_N.] |E NUSIIF, (2)
DURING STORAGE. ARSIXE, ADO0fillERS). PROCESSLEGACY

UOIIl([il FATALIF¥, CYLIIIOERS UITIN)UT
Iq)IERl IAL COLOCAIED IEIERNEOIAI[
UORKERAND PUBLIC STORAGE, |)) PflOVlK
[XPOSUNE. (C;BsA;D) SECONDARY

CONIAINNEIIT UNEII
TRANSPORTING LEGACY
CTLI NDERS.

2 III A BREACHOF CTLIIIDER XEL[ASE OF IIIGRLT XEPA AM) SalUNING (I) IRANSPORI AND
(NON-LEGACY) DUE TO IOXIC GASES STSTEN. STORECIrLINOERS
ACCIDENTAL CAUSES |PNOSPNINE, Iql_g, SECUIIELlr, (2)
(E.G., CTL|NOER ARSIXE, ANO OTNERS). CONSIDER
DROPPEDAND UOIII[ER FATALITY+ INSTALLATION OF A
REGULATORLINE POTENTIAL COLOCATED FLARE ANOOORA
BREAKS) UHICN RESUU VORKERAND IqMLIC SPECIAL SCRUOXERFOR

IN NAJOR CYLINDER EXPOSURE. (C;C;A;D) TillS FACILITY, (])
I DANAG£. INSTALL GAS

¢_ DEIECIORS AND
_.L ALARNS_(d_) CONSIDER

SECOROAIIT
LIIAINNENI FOR NOSI
NAZANDOUSCYLIIIKRS,
($) GAS CILINDERS TO
mE PROCESSEDUl lrfl

GI/ PRIORI IT, 16)IN THiS AREA I0
DiE PERFOI_D VIIR
PIIOIECT ION ( I .E •,
UEAli SCIM, OPENAI|
U_R Tree WIT
STSTl_), (7)
PliOIEClIVIE CAP FOR
CTLIliOER REGULATORS
SNOULDXE IN PLACE
AI ALL FINES., (8)
STOREGAS CTLIRDERS
Ill AN ENCLOSEDAREA.!

2 III A EXTERNAL FIRE PRESSUIIIZAIIOii AND (1) FIRE PRO;ECIIOR STOREGAS CVLINO4ERS
(INITIATED VITR|N RUPTUREOF GAS SYSTENo (2) XEPA ANO IN AN ENCLOSEDAREA
IRE MSF BUILDING). CYLINOERS. NIGNLT SUING SYSIEN, UITR FIRE DOOR ARO

IONIC GAS XELEASE |]) FUSIBLE PRESSUREFIRE TALL.
AIIIOPOTENTIAL RELIEF.
CYLIRDER NISSILE
C_XERA!ION.
(A;A;A;A)



IqitLIHIIIANT HAIAIIO/lilGI[ ilitTllS RECOB IT ACIIVlIT FOR NIXED HASTE STORAGE

ACTIVIST NUIOEll: NU/'A

ACtiVITY NNnE: MSF GAffS (GilIDUPTA)

ACllVITT NSCRIPli'IOII: GASES SIOi_EO IH li_F (GROUP TA)

R--f--C CAUSEISCIEIIARlar) CONS_OU£NCIES PIIOTECTIVE FEA1LrLqIEs ACTIONS
i

] III I lilIF.AI,_ W CTLlil_ll REtEASE OF EPA AND SCAUNING (I) 1RAgSPOAVAND
(lION-LEGACY) DUE IO PlOKIMI[LT TORIC STStEN. SIORIE CYLINDERS
ACCIOEHIAL CAUSES GASES (HZS, NO2e AHD SEOUIRIELT,(Z)
(E.G., CYLINDER OTHERS). UOIIKEII COlISIDIEN
OROPPEDAIIO EXPOSURE. (C;C;II;D) IHSIALLAWIOII OF A
HEGULA1I,OItLIE iFLAREAND/OR A

SI_CIAL SCRUBIE|
IIREAKS). llllSFACILITY, (3)

IHSTALL GAS
O[|ECIWS MiD
AILANNS__(&) O0tlDEN
SECOROANT
COIIUAINNEIIV FOR NOSV
IIAZ/dIOOUS CIrLIIIKItS,
(S) GAS CYLINDERS 1FO
BE PROCESSEDMI |11
NIGH PNIORITT, (6) i
I/OK IN IHIS AREA 10

t:_ BE _l_oae_o Vl Tn
l PNOT[CTI011 (I.E..

r.o EM SLIA, I]IqEAA|E
L,_ UIIBENTBE IU)DY

STSIEH), (/')
PNOIECIIVlE CAP f_
CTLIHmEIIREGULAIORS
SHOULDI_ IN PLACE
AT ALL lINES., 181
STORE GAS CVLIIIO[ItS
In All ENCLOSEDAREA.

3 III II EKIERNAL FINE PRESBUItl/ATIOR /UaD ¢1) FIIHE IqtOIECTIOR SI(mE GAS CTLINOERS
:(INITIATED I/ITHIII m/PIURE OF GAS SVSTEN, (2) HPA AND IN AN ENCLOSF.D_A.
INIE MSF liUILDIIIG). CTLINOERS. SCItUmIIIG STSIEN,

Pl0REItATELlrIONIC GAS ($) FUSIBLE PRESSUiR
BELEASE BID RELIEr.
POIEell IAL CTLIIIKll
;tlSSILE GEREGAIION.
(C;C;D;C)

3 IV II SIll/LVAIHEOUS liUP11JREFIIIIE III SIORME AREA (1) FIRE IqloTECIIOR
OF 11/O IIICONPATIBLE OR YEN! STSIEN 0US ANO (2) HEPA AND
(E.G., FLORIIIE MID TO HINIK Of SCRlUUDINGSYSTEM.
N2S) GAS CYLINDERS ltlC_PA;IDLE GASES.
(DUE TO HISNAIIOLIIIG, TONIC GAS RELEASE.
FORKLIFT ACCIDENT, SEVEREIJOIl_fl
E1i,C... ) INJURY. (C;C;ll;C)



PRI[LIHINARV NJUMIIO/111SI[NIAL¥SIS IUECOIIDII1' AClrlVl;T FOR IIII1[11 UASTE SIOIMGE

ACIIVI;Y IIUNEII. U

M::TIVIIT I_: MSF Pal (EIIOUP O)

AClIYiIT DI[SClIIPVlOII: SIOlUK3_ OF P1:11IIHIES I11 M EIIClLOSB)NU[A (GRIIJP O)

i ii

tl--l--I: C/_US£1SC£11MIO " CI[IS[OIII_S HOIEClIV[ fEAIUItSi AI:IIIIIS
i i

] II I C NISLAIELED DAUIq UNlUG OF _ U/ISIE FII_ IqlOllCllOII AHD
IIESULIS IN Pal OIIUN illLI[ll |NEOUGII lll[ SCBUEER S¥SIENS.
tIEING S|OIIEO EAR IUILDIIIG 5ClIUBI_II

ILAIqqA|LI[UiqSll[. Of SYSTI[N. (C;C;C;C)ACCIDENIAI, Im[ACN
IH[ CONIAINIEIIS L|mS
I0 Flit AND IKIRIIIG i
Ot PCll WISIE.

3 IV A LARGI[ EXlERIIAL FIRE POIEIIIINI. SPILL MID 11) Fill[ PIOIEClIOll +COlISlMR SlimING Pal
Villi HEACli Of UIIING OF P¢11 SlrS|EN, (2) I/liSlE AlmY FAQH
tUILOItIG OA titS. VASIIE. glSPI[ItSI0110_ EPA?SatUtlNI Villi FLNtNARLES.
scmJlEtl svsl[l_. PCl wiSil[ Io In[ c_4ntoNm[o.

[nVllSmEn!.
(11:11;11;A)

] IV A SPILL OF PC11I/ASll[ PO;I[IIIAL RELI[ASI[ TO (I) INSIKL
ORUN DUE ;0 FORICLIF! II1[ [rVlllOlll_lll PMN2UIJIS I0 NI[C!
ACCID[II|, AELEAS[ lO IIIII_UGN lIE SUNP SUNP LEVlELS, 12)
IHI[ SUINP. STSIEN. IESl _ COIIIEIIS

[NVlIIONNEIIIAL El[FORE DISCHUGI[,
(ONIANINAIIOII. (}) SUNP slrslEN.

l (O;O:D:A)c.3
¢_

II O SPILL Olr PC11IlllS1[ COIlllilllilAllOIl Of lIE SUNP SYSI[N. liON[
ORUNDU[ I0 FORKLIFT S|ORAG[ AI_A.
ACCIDEHf. (O;D;D;O)



WLININY tUit_qitD/iilf AWkLVSIS flEW IV ACIIVIIY FOR HIIfL1) fMRStr!SVfDflLAQE

ACtIVItY RUIBEI! M

AClrlVl|Ir NMIE NURSF NONIIEGULATIEDMASIIES (GROUP 9)

AClrlvllrT DESCRIPIIOII STORAGEOF IIOIHIEGULAlrEDIMSlrES IN NilRSF SlrOIIAGEAREA (I_P 9)

i --

.--f--c CAUSE/SCENARIO (OiISEBUEIICES PIIOIE¢I IVE FEAIIJlItS ACI lOllS

..,, '] II ( !SPILL 01 I POItlIIIAL lllOllltl NONE COIISID(EIIIIF..LOCAIIOII
ilIFLORIOE DUE TO EXPOSURE COD CO) Of AIIKNIUN
OVI_IIINEADCRANEOil IIFLOIIIDE lO ONE OF
tfOlll(Llll A¢CIDENI. IE IIEGUEAIED AliAS,

SUCN AS CAUSIII;(IA).

3 Ill O !ACCIDEIIIAL SPILL OF FIRE AIIO RELEASIEOF FIRE IHIOVEC|IOII AND ||) CINISIDIEII

i

INCONPAIllLE WISIES PIOUlC USES. SCRUBBERSYSIENS. ELINIIIABING INIS
ROUIINELV SIOIItO IN ((;C;I;C) AREA, (Z) CLASSIFY
NOImEGULAIED AREA Am SIOIRIEALL
(E.G., NISLAIILEO, IKINIIEGIAAIED IMS;ES
IENPOIIARF SIOIIAGE, IN CONPAIIILE
Oil DO NOr BELONG IN IIEGULAIEO NIEA$, (31
011_11 OEFIIIED IENCLOSIE11_
REGIAAIEO AREAS) NONREGUI.AIEDAREA.

I
c_
d_



PIELItUBIIIIlr NAZAItfl/IIISI AIALTSI! IECOIm Ilr ACIIVlII FOR Illllll IILItE ITOIIAI!

ACnVlVV nUllEII:

ACIIVIIT IUIIIE: NUilSF lULlING

ACIIVl;T DESCIIIP;IOII: SAIIPLIIIG AND REPACUIGItlG OF IIINEII IIRS;E

It--F--C GtUSEISCEII&III 0 _EIJEIICES IqOIIECI IVlE FEAIUIIES AC; I(_IS

z u c nttmmEOUAtE vtmEt, mEACVIOm. (t) t*m['noooAnD [(t) WiUt.t_S
GUIDELINES OR RELEASE OF TINIIC CAt FIRE SUPIqlESSION i(IqlOCEDIJIIES) FOR
PROCEDURESFUll Villi IRII[EII EXPOSURESTSIEII, (Z) FULL NIXING MID IRRKIIIG
tlIIImG Am II[OULKING HO FACILIIT PIIOIECIIVE GLEAN, SHOULD0E KIMELOI_ED
UASIES. COlllllllllAilOII. Pf.G. SUIIS, lACE AND IIEVIEUED, (Z)

(D;D;C;D) SHIELDS). liOnEl1 SIIOUUI HEM
RESPIIIAIOR UIII IL
DEIEIIHINAI lOll
POSSIBLE REACI IONS.

2 il II IMINEMIE VIMEtl lUEKII011, (11 tlglE INJI_PlUE_IOII 111 EHJIDELIIIES
GUIDELINES 011 RELEASEOF lOIIIC GAS SlrllEIl, (Z) lULL (PIOCEOURES) FINI
PI_CEDUIIES FOR Hllll UITIi[EII EXPOSUREPIIOTE¢IIVIE GEIUI. NIXING Am BIR[IIIG
NIXING A_ IIEIUI.KING Am FACILIIT E.G. SUITS, FAC_ SHOIA.D IMEIMEVELOP_
IIASIES LE/_S TO COIIINIIIIATIOII. $111ELDS). AND IIEVlEIIED, (2)
VI(XEII; REACTION, (O;O;II;C) 11OKEI SOKIJLt HENI
AND FUNE HOOD REPIliAIOII UItIIL INE
FAILURE. POSSIIiL JIY OF

VIOLENt RIEACIIONS IS

PASSED..
I 3 II C IUmll ERRORBUIIIIIG IiOREEII EIItq)lJIJR TO (1) IIRSIE IS OPENEDc_3

c_ BULKING OIEIA;IOI IOIIC CllEHICALS AIIO AND I_PACICAGEDUIIDEII
LEADS tO IIASIE IOIIIC FUMES. rUNE II01]O, (Z) USE
SP_LL. (D;O;C;O) OIr NONSPARICI NG

IOOLS, (3)
PIIOIECI lYE GEAII,
E.O. SUl l, ItACE
SnlELO.

3 III II WIIAIall OPENS POIEI_IM WIIIIIII 111 IIISIE IS OPENED IOlltl SIIOUtD IIEIIII
NISLHELED UASIE EItPOSUIE TO ItlG_LI AND R1E_ UNDER PllQIECTIVE
COIIIAINER. IONIC CIIEHICALS AID FUNE HOOD, 12) USE [QUIPIIEHI.

lOIIIC FUNES. Of NOIISPIItU[ING
POIEH|IAL F|I_. tOOLS, 1])
(D;D;II;C) IqlOlt¢l lYE RAIl,

E.O. SUlI, FACE
SXlELO.

3 III I I+AIIILE IIASlE VIOLEII IE_IIOII, llJ1 _ _ MIO uom0tl Stub IINI
ARE NIXED O_IIIK RELEASEOF IOIIC GAS FIlE sIRqqlESSION PROIECIIVE
REPACKAGINGPilOCESS UIIII 111311tEllEIIPOSUIIE STSIEIIe (Z) FULL EQUIPHENI.
DUE IO NISLNIELIIIG AND FACILll¥ PIIOIECIIVE GEAI,
OR OP[IIAIOII EIIROII. COIIINIINAIIOIt. E.G. SUIIS, FACE

(I);O;O;C) SHIELDS).



PflIELINIIIAAIr IIAZAADIIIISIC AIIALlrSIS ilIECORDlilt AC|I¥1TT FOA NI]IEI) I/ASIIE SfOl_

ACIIVIIlr NUIIBER: IIdlG

ACIIVlItr iWIE: IISF GLOBAL(IIII£11NAL NID [IIIERltL) [VEIIlrs

AC;IVl;¥ DIESCRIPIION: MSF GLOBAL (IHI[IIIML AND [XI[III_) [II[IIIS

i i

II--IF--C CAIJ_tlSCIEIIJI I0 CSIIStEIIIC[S ISl)ItCl IV[ FEAfUiKS ACl lOllS
i i i

2 II !1 ACCID[N;S DUIIIIIG SPILL Of FLNIMJILES, NOllE (|) NAIIIIAIB
IIIAIISPOIIIAIIOll Of IIEAClrlVES, Oil PHYSICAL SI[PIUI_AIr|QN
WASI[ 511110111INI[ INCOIqPAIIlL[ iSlES Of Ilia_PAI IILE
PlUIISF (lOlIICLIFTS, lEADING IO IONIC GAS UASIES DUllING
CRANES, ON HANUAL). RELEASE/ FIR[. IRAISPOIIIAIIOll

OILER IliJUAY. (E.G., DO NOI
(D;C;I;C) IOUUIS_I DRUN O4111

IIICSqPAI liLlE IIASI[S
llllll IIN ClUUl[), 12)
LIIIII S IHULINI[OUS
OPI[IIATION OF
HIA IIPLE FOIII(LIF|S.

2 I!1 A N[DIUN INIENSIIIr NIXING Of HOME 11) REVI[U SEISNIC
S[ISNIC I[VENI HIIH INCOPIPAIIOL[ MASIES DqESIGNCRIIEIIIA, 12)
HORIZONTAL SIOAED IN AOJACEH! I[ESU_ INAI
ACCELEIMIION OF O.l;' AREAS. VlOLENI INCONPAIIILE iSlES
G. IIEACIlOIIS, POII[IITIAL ME NOI SIOIIIED IN

Fill[, AND I_LI[ASE OF ADJACI[lil AliAS. SI[E
IONIC FUNES (E.G., POIENIIAL MSF

PHOSGENEOII NL'I). FLO_qAN DIEVELOPIEO
i POIENIIAL LOSS OF 11' PNA IEAN, 13)

r.,o iSCIK_I. IIOI[: HININIZE SIOIIAGE
¢_ SIIOCK St[IISIIIIPIE IIN[ Of NOSI

IMI[NIAL II01 FLMIMIIL[I IO011C
CONSIDERED III tHIS PlAIERIALS.
isc[wmlO. (C;C;A;C)

2 Iii A ACCIDI_Illr OUIIING SPILL LI[ADIIIG Iro It_ NONE (1) COUSII_II IIOIID
IIIAHSPORIAIlON Oq UNNIIIGA1[O I_LEAS[ CLOSUREVlIILE
IH[ llqOSl IONIC WlSfl[_Of IOItlC GAS[S. IIIAISPORIIIIG II_
DRUNS ([.O., TOUlC PUOLIC [XPOS_t. PlDSI NAZm
GAS CTLINO[IIS OA i(A;A;A;A) HAIERIALS lilEllf.IEl
IMCONPAIIllL[ MASSES)+ LAllMI[AS, (Z)
flION MSF 10 CAI Oil I_VlEII/ PI_DURt[S
O1_11 FACILIIIES. FOR S[CUlUIIG UASIE

OglUNSOUAlllG
IIIANSPOII|AI IOU, (3)
DO NO! IlIAIISPOII
IIICONPlII lILt llASlrt

IOGEII[II.

] I I) LIGntNIMG STIlII[tS +NOTA HAZARD. NUSliF |OUIPL"D qi/IlH IIOHE
SIOAAGE WILDIltG. (D;D;D;D) LIGHTHING AODS,

] I O HIGH VINOS NO li_ARO. (D;D;O;D) EECILOS[DSTORAGE NON[
SIIIUCIUR[.



PAELINIEM¥ ilAZMD/RISI( ANALYSIS RECORDBT ACTIVITY FOR HIl_ IMSI| STOI_

ACFIVIflr NUI_R: NMG

KFIVIf¥ NAN[: NidlSF GLOBAL(INIEmML AND I[IOrERIML) [|EllIS

ACIIVlIY DESClIIPIIOIO: MSF GLOBAL(IItI[AI_ MD EXlI[IBIAL) EtlENIS

R-*F--( CAUSEI$C[IMR I0 COIISEQLIENCES PIH)IECI lYREFEATURES ACTIONS

] III I INmWRIEil iiEI Nlll_ VIIN (|) H IOl LU_
OPFiA1rlOi OF It |1tEl I[ACIIV[! OI OP[N IASlE
F;_£ SPIIIILERS OR ACIDS L1]AD CAUSE (OIIAIENS IN
_Ui_?QREOf MATER VO_l(El INJURY. OULKIEG RQON, (2)
PiPiNG OU[ 1tO (D;D;I;D) COIISIKII USE OF NT
_i_l_, IN 1r_ Cli[fllCAL FIRE
IILItKIIIG ItOONOURING SUPPRESSIONSYSIEN
BULKING OP[iA1rlOi. . IN IRE BULKING HON.

] III C IIL4DVER1rEIIT It FLOOOSOURCENOT i(1) N¥ CI_ICAL (1) INS|tALL SUNP
OPEIIA|IOll OF |E NI1rlGA1rEOw COULD iFIiE SUI_SSlOII IIISH LEY[L ALMNS,
FIRE SPAIIR(LEIS 011 ¢AU_ I/AltER SYSlrEIqIN MAIEA (2) DESIGN SIOPJ_
AUP1r_E OF MATER INIUION lifO IIEACIIWIGm_P _) AREA FrOP_WN1r
PlPl_ O_ FrO iKK1rl_ MAS1r[ AIEA o SIN A_A o (2) II1rUION OF MA1rEI
CORROSION. _l[OllOi OF PERIODIC MA[I_UMS 10 I_ HALER

NTDAOGENGAS i Of 1r_ FACILI1rY ARE I[ACIIV_ MAS|E ALIA.
IL4DIOACl'lYE P[|FORN[D, (])
COI1rMIHATION II TiilE GPEIA1rlOI

FACILIIT. (D;D:D;¢) SPRIIII[LERS I/ILLINIIIA1rE A 911
I ALARN.C4

3 IY A LOU IlTEISlTY EXPLOSION OF SNOCE _ (I) DEVELOPI
SEISNIC EV1[ilr vilrH SEtlSI1rlVE NA1rERIALS ElIFOICl[ POLICY gOl
HOIIZOI1rAL (E.G., lllrlO FrOSIOIE [XPLOSIqI[
ACCIELERA1rlONOF 0.1 N[1rM, S_IUN OI SHOCKSEISITIVE
G. AZIDE). SllUC1rUtAL NA1rlERIAILIN 1rills

DNMGE TO OUILDIIIG, OUILDING, (2)
tIRE NIO RELEASEOF PROCESS$N0C1(
lOmlC GASES. SENSIIIV[ HA1rERIALS
(A;A;A;A) INN[DIAIELT.

3 IV A HIGH IITENSIIT STRUCIURALCOLL_SE _ (1) REVlEV SEISNIC
SEISMIC EV[NI VIIN OF IUILDIN, lURCH D[SlGI CRI1rEIIA. (2)
HORIZONIAL OF NULTIPLE DIUHS, HIIINIZ[ STORAGE
ACCEL[RAIION Of. 0.3 NAJOIt FIRE. RELEASE fINE Of iilOSlr
G Oil GREATER. Of 1rOItlC G_'ISlro FLNgMOLEI 1r(HIC

EilVl ROlilqEllrAND NA1rERIALS.
RADIOACIIV[
CONINqlNA1rION.
(A;A;A;A)

] IV A EXFERIIAL FIRE IrIl_ PI[IIETL4VES fIE (1) AREA IUItIIOIAiOING
MSF, NAJOR FIA[ lm MSF IS CLEAI_t)
RELEASES lOl[IC GAS OF CQIqOUSlrlILE
10 1r_ ENYIA_I_N! NAI[RIAL, (_)
AHD INDIO_C1rlV[ IUILDIIG IS OESIG_O
COtlAHINA1rloN. ilO AEIARD FIRE.



PRIELININART IIAt/l_tlllSl[ ANAI.TSlS IflECOID lit XCllVllrT _ NlliED lllk$11[ SlrnJ_4GE

AClrlVl|Y IE_ll: Ni/G

ACTIVII¥ I/: _ GLOBAL(IIII[RIML MID EXlrERIML) EIA[IIIS

ACTIVITY INSCIIIPIIOII: MSF GLOBAL(IIIIEMMIL AIO ENIrEIIEAL) I[VlEUTS

I''lr*'C CN)S[ISCI[IMR I0 CGNS[CIU[IIC[S PIIOIECT I VIE IrEAIURI[S ACI IINIS

(A;A;A;A)

!
c_
oo °



TABLE B-4
HAZMAN RESULTS SORTED BY RISK RANK FOR MWRSF
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NMLlrSIS EPOlllr 01' lIIl

....... ...i,II---F---C II:lr/FAC lillVllll III CllSiOSllttlO 11 Cl ill ltlltllS I1[Iiti

I I II _ III I I1 I I A mlrAImiSF MSF rals[s (miuP #A) m.lal lit4cn OF ilEilCi litiiilSi liar Italic hilt ill saillml (11 N Imi Slmf
IL'llLIIDEI OF IRIUIIIIItlL ;AiES (PIIIPIIIIIE, slrslIEll. L'II1LIIIEIS Ill lie lllSllf,
IIIEGlllllr DUllING SIORll_. PIIOSGII, AIISIE w KID !(Z) IqlSCESS LEGACT

OIEnS). In]m[E| C11.UlNIS VllUOUl
fAIAILIIT, POIEliIIAIL IllgllililE SlllAIE, ill
COLOCAIEO IOBtll NO PlOilli Stl_
/ I C II1_. ¢Olltallllll Illl
IC;O;A:D) _llt LIGICT

CiLIlltlS.

2 I C NIl_t IF IULEIIG i lllO_lE IUIlIillIS CI ¥10LEMi I_101, ELIAS[ (I) FUHEU I FIlE ill llllIillil
PIo[iOUltS tOI tlXll i OF lille MS lili IBItll SUPP_SSlOI lie Ill imOC_Si in tlllni
tllmlll IASllS. fl_ i lllLIli tULi PlOItCilW fit, i iillt SIOULI It

COlilMIINAlllli. ID;DIIIi ) E.G. IllS, lACE lllliOPIElt llllD I_VlPdlEI,
_ltt_). (21 _ SUIJLD _i

llPlllllOII llll It
K|_IMIIM OF MBSII[
tlllmlS.

I I O NIdll#llllSf MSF ORIDIZ[RS (llOUP AIliOillll PtRCBL_[E Off EliICSll OI flit In (1) mlUn PllClLmUl Ill llWtOP i lIHl¢t
6A) N[IIVL tllli lilOIE mmSf, litF_l Ot IgllC IS ULI ICi2Plll It t Slll¢l ACliPlill

Ptglll (lIED HI USES, In INJUII. !OIlll (LIOUID) i v Ill CIIIEII& iOl llSlllii
lINE) SUIJlClED I0 SlUX:I. (D;D;IIC) 7111t SUlqltSSlgli Nil 0111tlZllS (E.G.. lllLUllElt
FRICII_ OR S_R SISI[N. IOIN. Fll_tl
SlllL IGNI (lIEIP). IIl_CI lili. Ill

tllil, ill i/
SI(DIUI_ m |lilLY

i StlSlllll OIllliilS li I
d_, SltllAlt lUlLIII IN l

2 I I i i_lll_ llllSf I_[|l_ I_ |ll_lIJmli IUllELIIES OI VlCIEI| IEICTIOI, IELEI_ (t) FIlE lli_ll !(I) ltlllLIllS
i PlOCillll[S iOI lllllt AID OF lOIIC i Will ll_ SYSlENo il) It iIPIO_S) IOR IIIIll

RilULIltt IASilS LItOS iO IlPOS_ MB iiltlii PlOllCllit GEM, |.1. i lULIlli MOULI IE
VIOLINI ltAClI(DII, AND _Nlilllll. (D;OIIIC) IllS. fMi SIIItUtS). Ill I RtEVlEIlll,
FUNE NOW FAILURE. (2) _ SIIOULO MF.NI

IEPIIAIOII UNItL lIE
IlOSSlilltlfl' oir VlOLEII

liACillmS IS PiiSStt..

l I I I mf#1nlSF nulll ILli (Ini_l liClllilS lUllll SPlit oF tL_lS, NOnE (1) llllllall IqnSlCtlL
Am fXlllINAi) lVEilS ll_IlilOI Of ISi[ I[ACllltS, Oi srillt of

Vllllt IN[ if 71ilIIL! llSilS lillllf lillS
(folliltlS, CUlil, OR ifllll I0 lOIIC IS lllli II_ltllOI

" I). !l[tllS[/ lllf. IORll il.G., I0 I I_I
INJURY. (III;IIC) NUN O_I lillll

MISIII tl In INi l ),
(2l lllll ilIIIOUS
_tlAI I01 m i I IPL[
fl_li[IL I FIS.

2 III l _#l_f MSF FLNIMI*.ES (GROUP SPILL OF tOM FL_ POIII IGIIllOI Oi ftlt IlK Of ILEIIIIC4L (I) II_l nlllli
il) tl_ICAL! VII LflOS I0 A _ llltll Mt IdPJIS ttil_t mllllllS U Hi!

(ACfliltli[(-t), Fin[ i flPLOSlOl (l.l., mill lillAllOl. MIOIIII IllS. DO lOl

iUIll (-_f), il lllffOOIl/) II lie I letSPlli fOOLS All USED. AiiOI Ji_lilmS OfIIIILI I-igil)DUE I0 SILAGE Id_l. IILI&SE tl_t IIVTIlOIlllo ill
tiILIFI ACCIKNlr, L'llANiE NLNIIPL[ l(]OilC CAll (OltSlOtl SPTCIALLi



Nk?Alll AliLYSlS lIFgll! IT RISK

III I I I I I

Ill---f---I: ACllFAC ACIIVlIT M CNJS[/SI:£NAIIIO I:iK411111_$ HIOIEII_IV[ I_r,AIIIl[S A[IIOIS
II I III II I II

ACCIOEil ell CORROSION. (E.G., PIOSGEN[) I0 IInlillEI SIN
fllr_ suPPIIESSlON STSIEN AINOSPIIEIIE. {I;I;A;A) COtFISIIIIIIION FOI file
liWRmmvE. _ _ (LOM ftASll

POIIII) FLNIMILE lttS/[S.
(]) IISIALL GAS DEIECIOII
t AUIIN, lib) COISIIKI
JlllllG A FLiil_I0 lIE

_ SISIEN, 151IIIEll flEE
SUPMIESSION STSIEN.

{E.G., IlEAl lie _OliVilli IR lm[ll file
mlM.IZEIIS AL_II).

2 III A NU&MIIISF llilSF FLAPlMIILES (GIOUP IWIEIliiEAt lIME HOPS NUN IELEASE OF IOIIC liliES 11) rJliUlOII AISOIIIIOII lEO I|) OEI_LOP PIO¢IINJ_S TO
&A) CAUSING DUAL SPILL OF i POIENIIAL File Vllll IN IIE NEPA FILIEI, (_) IlqllL_lllr 011 ItlIIIIIZI[ CIMII[

IliCONPAIIlltE WtlEIIIAL$ GEllI[RAIIOli Of PIIOSGEiiE FItE SUPMIES$1Oli miEN. NO_li[llS Ot_l SIOl_l
DUE I0 HISLAINELIHG Of AHD IJI]AIEII FAIALIIY. llLSl[S, (2) V[IIIIT DAUN
iMSIrE OIIUN. (E.G., (C;C;A;C) CSIIEIIII AI8 LOiI[LIISAT
fLAIlltkE llASl[ NIIRI IlliSl| I;[IEBMOIIS SIIE,

(I) WIOU(IA)o (2) (3) IEVEL(IP Lnll UlmE
(1l), (]) LIIIIIUN IqlOCEINJE (LNI [Sill

HTOIIIDE(2A) I (l) NIIIIIE NlllmL) FOil MASIE
AI:ID(6A), ($) INIIIFIUIIOII AiD
CmLOIIQBEIIZENE.) iU4ELIIIG OF liSlE

tZJ ICOlilAlilEIIS.
I

Z I i I A HI_A/HUASf NUIISF FLNIIm.ES (GIIOUP O_IIIIEAD ClIABE DIOPS HUN RELEASEOf 10111CGASES CANON AISOIIIION lIB In (1) HLOP PllX2EIJlI_S I1)
_'_ 4'A) CJIUSING_ SPILL OF (E.G. e PUOSUlE) MID IN[ N[PA fILlER. IqlEtEII 011Nltlttl_E CAJUI[

1111:811PAIliiLEFLNIMIILE POIEIIIAL tilE. _ NOVEIPlEIISOtIEll SIIIIIED
NAIElUALS I_UIIIIELY INJURY. (I:;E;A;C) lilSlES, (2) SIOIIE
SIOIED In IHE SAIIE AIEA. 110¢SNPAIIOLEFtlll_ItME

(E.G., IIIIIII_i.qANE IlliN NIIIEIIAILS II SEPAIIAIE
/ICEI_) LOr.AIIOIIS VIININ liE

FtJtmlmtE SIOAA_ AIIEA.

2 III A lWSA/llmSF IIJSF ¢IrAIINS AID F011WLIFI ACI:INII CAUSES RELEASEOf IONIC llIHS (1) USE OF MILL "iLl[ 11) PIl_rl_ KIt AIALlrZEII
SULFIDES (GII_P SA) SINdt.INIEOUS SPILL Of (E.G., IK:II RIll C/IN) EEHIIlite Fatl[LIFll, (Z) lillD AL4il, (Z) ll[llFl

L1NIII[ MID 01111 MID POSSIILE ERPLOSIION HUNS ill SltlEI IlL1 lie lltlN 0811tEllS
_/IILE IMSIE MID FilE. SEtEIE MIIIEIt LEMEL IIIGII, (]) SCNIIEI IAIELIEG At NIE
(E.i., nL_O_(ll), ill lUJONV, MID LOU LEVEL SYSIEN, (4') Fine IEIIIAFOIS SlIE, 13)
PEICHLOIIlC ACID(6A)) WE IIADIOACII1ME L'glIIAIIIIMIION SUPI_ESSION SYS;Bt. llVELOP tat HIDE
lO NISLAIELIIG. IN fir FJiClLIF¥. IqlOCEBtl (LNI EStll

{O;O;A;C) llilML) I011 iSlE
IlEll IFICAI IOI /did
LalELItG Of tmSIE
LllIIAIIRIS.

2 III A HU6A/WA_ NUASF WUDII_IIS (OH]UP OVL:IIIEAD ClIAI_ OIIOPSHUN IELEIISE OF IIIGHLY TOUlC I(1) CMIGH NISOUlIGH I0 (I) OFllLOP PI(X:LI_S 10
6A) CAUSINGOU_L SPILL Of GASES, POIENIIAL IN 1NE I_PA FIVER, 12) PIIIE_ll Ol NIIIlHIZE (IUtN[

ltlCONPAIIILE RAIEIIIALS EXPLOSION AliO POII[IIIIAL FIIIE SUPPIESSI01i AID ROll[NEll Otfl[ll SI0iI[D
DUE lO HISLAIELING Of FIRE. VERY HIGH File SCIItlII[II STSIEH. litSlES, 12) V[IIIFT DRUN
MIISIE INIIII. (E.G., POIEIII._I. VIlli I;[I[6111011 EONIEIIS AID LAIII[LING AI
I)|IIOIZEII UASIE alliED OF PNOS1;EIIVITH SPILLS lliSlE G[IIEIAIOIIS SII[,
Villi; 11) liAON(1A)_ (2) IIIVOLVING CllLOliO IIEitZEl_. (]) OTVI[LOPtall Vli_
ACEllC ACID(Ill), (J) POI[NIIAL UQIIK[II PI(X:L1HJ_ (tOll ES&N
SCOIUN(2A), (4,) fAIALII¥. (C;I;A;C) mANUAL) 101 UASlr£



M_UID NMLYSlS _POI! IV RIK

i i i I i i ........ , ,L , ,

NICS(M) W AS !_IFI_II_
_ E|nE, (S) GOLD UILIIG m _IE

2 III A _T_SF MSF U_S (_ TA) _ _ _LIEI KLE_ f giRT IONIC EPI M MIN (|) _l M S_
(O-LE_T) DUE VO _S (_IE, STS/EN. _ltn I_LV, (2)

- ACClDENIAL CAUSES ([.G., PHOS_N, _ i lib INSlALLAIION OFCTLINMII MOPPIED AiD OIIIS)..,,.....i A FUiIIE lilll/QII A SPECIAL

_1_ A[_I IN _ _IU _[t t fKILIIY, (3) I_ML US

(C;C;A;D) _A UCIY
_&ImEUV fm mS!

US CRIEOEIS ro mE
IPqNN:I[_ it In NIGII
Iqllilll,, Ill llOlS[ IN
Ills _ IO E PEtFOIIH[O
MIll _ECII_ (I.[.,
EM SCBA. _|AIE Ullm[t
IE _V _IEN), (r)
ml[¢ll_ _ Fm
CVLIIIKI _GULAIORS
m E IN _ AI ALL
!l_S.w (8) Sl_ _S
CVLIIlS IllAm Em..OSEI
I_A.

!
2 III A _A_SF MSF _S (_ TA) [WV_L FIE (INlllAIEO _lMllm AND (1) Ill _IU S_ MS _1_ IN M

MIIHIN IN[ NURSF _IN U N C_l_. S_IH, (_) _ M __ NA MIIH FIRE
BUILDING). IIIGM.lr IW[IC _ II[L[ASI[ _|lS SlrSI|N, (3]) _ NID I I1_ WALL.

POKIIIAL C/LIHOEA g_J_IBLE IqlESSUIIE rELIEF.
NISSILE GENEflAIiON.
(A;A;AsA)

2 III A _SF MSF M_L (IglE_L i_1_ Ig;_llV _IWlC NIXlM _ 1SURE N i(1) _1_ MIMIC MSlm
EXI[R_) [_NIS E_N! HITH _I_|AL _SlES S|UB IN mJ_| IQIIEtlA e (Z) [_ IMI

lOl SlO_O III MJM2|UPOIEN|IAL FIR[, AND
RELEASE _ lOgiC _NES MEAS. SEE POI[N!IAL
([.G** P_OS_EE OR _¢g). NmS_ _LOO_q_ KV_LOffOi
IP_OIENIIAL LOSS O_ iV _ I|i,, ($) NIEINI_
S_l. HOLE: SlIO¢I[ [S_ lille IM NO$1
S[I$1Ilt_ _IEAIAL IOl FLJiIMOILI[IIOIIC
a_$10_D It Ills If|RIALS.
_10. (C;C;A;C)
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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 fac;.lities 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.

• 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 (fiat 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 "4."

C-2



TABLE C-1
EXAMPLE OF POTENTIAL INCOMPATIBLE WASTE

Group I-A Group 4-A
Acetylene sludge Alcohols
Alkaline caustic liquids Aldehydes
Alkaline cleaner Halogenated hydrocarbons
Alkaline corrosive liquids Nitrated hydrocarbons
Alkaline corrosive battery fluid Unsaturated hydrocarbons
Caustic wastewater Other reactive organic compounds and solvents
Lime sludge and other corrosive alkalies
Lime wastewater Group 4-B
Lime and water Concentrated Group 1-A or 1-B wastes
Spent caustic Group 2-A wastes

Potential consequences: Fire,
Group 1-B explosion, or violent reaction
Acid sludge
Acid and water Group 5-A
Battery acid Spent cyanide and sulfide solutions
Chemical cleaners

Electrolyte, acid Group $-B
Etching acid liquid or solvent Group 1-B wastes
Pickling liquor and other corrosive acids Potential consequences: Generation of
Spent acid toxic hydrogen cyanide or hydrogen
Spent mixed acid sulfide gas.
Spent sulfuric acid

Potential consequences: Heat generation; violent reaction Group 6.A
Chlorates

Group 2-A Chlorine
Aluminum Chlorites

Beryllium Chromic acid
Calcium Hypochlorites
Lithium Nitrates

Magnesium Nitric acid, fuming
Potassium Perchlorates

Sodium Permanganates
Zinc powder Peroxides
Other reactive metals and metal hydrides Other strong oxidizers

Group 2-B Group 6-B
Any waste in Group 1-A or 1-B Acetic acid and other organic acids

Potential consequences: Fire or explosion; generation Concentrated mineral acids
of hydrogen gas. Group 2-A wastes

Group 4-A wastes
Group 3-A Other flammable and combustible flammable
Alcohols wastes
Water Potential consequences: Fire,

explosion, or violent reaction.
Group 3-B
Any concentrated waste in Group 1-A or 1-B
Calcium
Lithium

Metal hydrides
Potassium

SO2C12, SOCI2, PC13,CH3SiCI 3
Other water-reactive wastes

Potential consequences: Fire, explosion, or heat generation;
generation of flammable or toxic gases.
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TABLE C-2
LIST OF HAZARDOUS WASTE FOR POTENTIAL STORAGE
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TABLE C-3
HAZMAN RESULTS SORTED BY ACTIVITY FOR DSB
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FORICLIFI ACI[:IIMEIIIa, RELEASEOF IIqULIIPLE (2) _SII)EII
OR CORIIOSlON. FIIIE IONIC GASES (E.G., Sr_CIALL¥ DESIGNED

_j SUPPRESSIONSTSIEN PIK)SGERE) 11'0 SUORARE
i IIIADEOUAIE. AIIqOSPIIERE. COIIFIGUIIATION FOR

t_ (II;II;A;A) IE _T
t_ (LON 1rLASNPOINI)

FUUUNILE UASIES,
(3) I:ONSlOEII
ENCLOSINGlrNE
IUILDING 10 IIN:IIIEASE
file EFFICIIEIICT OF
line FIlE SuPIqlEssION
S¥SIEII ANO IIISTALL
GASDETECIOII AND
ALNIfl.

2 III A FOIII[LIFT ACClOI[IIT RELEASEOF IONIC NONE (1) CONSIDER
CAb5IIIG OURL SPILL GASES (E.G., ENCLOSING TN[
OF INCIONPAIIILE IqlOSGERE) MO JUILDING I0 REIR/ClE
1rLAIglAIILENA;EPlALS POIEIIIIAL 1tIRE. _OlflC GAS EXPOS_
IIQUIII_LT STOREDIN PO|EN|IAL I/1_11 TO file PUBLIC AND
IHE SALT[AREA. 1rAIALIlY. (I;I;A;I) COLOCAIEDUORI(EII,
(E.G., HI;ROHE;IIAII[ (2) SIORE
UI III ACEIONE) INCDIIPAIIBILE

1rL/mNAIILE NA;ERIALS
!ii SEPARATE
LOCAIIOIIS I/Iilllll Tile
FLNgMIILE S;ORAGE
AREA, (3) INS;ALL
SCRUmllNG SYSIEN.

;_ Ill A 1FOR[LIFT ACCIDENT RELEASEOF TONIC NONE (1) CONSIDER
CAUSINGOUAL SPILL GASESMID POIEN;IAL ENCLOSING THE



PRELIIUIINIV IMZNID/RISI( AIMLTSIS RECORDOlr AC:TIVIlrT FOil NAZAIBOB IMSII1[ slrok,_E

ACIIVllrV IRJNIR: NI/4A

AClrlVITT II/_: Hi/ FLIUOMIKE STORAGE(GROUP M)

ACTIVITY INSalIPIIOII: S;ORAI;E OF IrLNOIAIILES IN All OPEN S11DIMd;EFACILIIT

/

,--f--¢ r_tsctwno co__s m.ECVIVEfE,_S _cln_s
of nm.'on,_Inmi Fin AmEtUlnN eulLoulvonouc_
NAT[RIALS DUE I0 Of IONIC GASES lOIClC GAS EIIIq)$UIIE
NISLABELIIIG OF MAST[ (E.G., IqlOSGEI). I0 tHE PUBLIC MID
NUN. (E.G., POII[NIIAL YORKERAND CQLOCAIEDUORI(ER,
FLWO_UILE HASTE COLOCATEDUORKER (2) INSIALL
NIXEO Vllfl; (1) FAIALI|T. (I;I;A;I) SCRUBIIIIIG STSIEN.
NAOII([IA)o (2) (3) VERIFY OIKIN
#?SO_(IO), (3) CURII[IIS Am)
LIIHIUN NTDRIOE(2A), LAIR[LING A! UASI[
(&) NIIRIC ACID(6A), GENERAIORS$11E. (&)
(S) CNLOROW[NZENE.) DEVELOPLAg UID_

PROCEIN_E (LAB ES/,N
mL) FOil UASIE
IOF.HlIf ICATION ANO
LABELING OF UASTE
CORTAINERS.

3 IT C FREEZING _ EXPOS_ TO lION[ RORE
IEIg_RAIURES CAUSI[S TOItlC FUNES.
RUPTUREOF DRUNARO I(D;D;C;D)!

t,o SPILL OF FLNgqNILE
¢_ NAIERI&LS.

$ II C SPILL OF LOU FLASll IGIII;IOR OF FIRE SUPlq_$$101i NONE
POIR! CNENICALS FL/liglABILEVAPORS STSTEN.
(ACEIlMLI_ilWE(-]SF), LEIIDS 10 COIIfAIIIED
FURAII (-.IZF), FIRE IN TNE STORAGE
ANNIrOROUSEllillrL AREA. (O;D;C;D)
EVilER (-69F)) OUE 1'0
FORKLIFT ACClOI[N! OR

CORROSION. FIRE
SUPPRESSION STSTEN
OPERAI' I GIIAL.

3 I I C SPILL OF LOM FLASll W)H_R EWq)SEO 10 _
!POIIII ClIENICJILS CLERICAL FUNE$.
(nCEIULIIERYE(-38F), (O;O;C;D)
IrUItAOg(-]2F),
ANHTDROLI_EINTL
ETHER (-&RF)) OU[ |0
FORKLIFT ACCIDEN! Oil
CORIIOSIOR.



PRELIHINGR¥ IMZAIB/IIISK MMIL_rSIS EIXIRD IIY ACIIYIIY Fill _ IdRSIE |lOillE

ACVlVlIY HUNIEIh

AC/IVI/Y IRIS: IA/fllr clrAIIINS /liD I/LFIMS Sl_/ll_

ACTIVlVlr KSCRIPTIOIh SIOilAGE OF CY/UIIOES /IND SULFIKS IN ViE NllrF STORAGEWILDIll

I

R--F--C CAU_ISCENAR IO CONSEQUENCES PAOllEClrlYE FEAYUIIES 0K;IIONS
r

2 II O NISLAilELED ¢YAIIII)E I_LEAS£ OF I"ONIC _ (1) COIISlOEA
DRUN IS PLRCED IN G4SES (E.G., NL1 RiO EIIL_OSIIIG ViE mflF
,HE OPE, S,OAAGE CYIIIQGE,) , SFORAGEBUILDING .
AI_A. ,REEZIES POSSIILE EXPLOSION PIKNIOING Will:_,,)
(AUSI, SIHUU.OUS HID FIAE SEMI[. I.SIALL A _J
SPILL, CVAUIOESImnEnluJun,, svsvE..(1)PImVImE
Am IKN_ONPA|IOLE (C;D;II;C) flCN ANALYZERANO
IMSIE, SUCH AS ALARN.
ACI DS.

2 III g ACCIDEII; CAUSES II_LEASE OF IOIIC SEPAIlll;E S;OIAC_ i(1) COBSIDER
sIIqULIAIEOUS SPILL USES (E.G., Hill AID BUILDING foil !EI_LOSING liE IllflF
OFCT_UO_MOOVnRor,me) Am .,Z,noUS C¥*RnO_ sFm.m_BUnLonNG
RONCOPR+AIIILEMASIEPOSSleLEEXPLOSIOO0msv[. _l.lm w__ t;_)
(E.G., H2S04(!11), Oil AND FIRE. SEVERE IRSIALL A
PERCHLORICACID(6A)) UOmKIERINJUI_¥. slrSIENe (]) PROVIDE
I)U£ TO HISLABELIIIG. (II;B;B;C) HCll AHALYZER AND

ALAI_, (/_) VIEIIIFIr
OMm COIIIEIIlrS AIIO

_-_ LAILIBG A! liSlE
I GEtlERA|OIIS SIIE, (S)
L,O OEVELOP LAO UIO(E

PROC_DURIE(L011 ES&N
rot) FOil IMSIE
IWEIIll FICA| IOII MID

+LNIELINGOF iMSIE
CONIAliEItS.

2 I I I II NERCUllYOlrfCYMIOE mILL EXPLOSION IIONE OEVELOP_
DEIOIMIES OUE tO LEADING 1'0 IONIC GAS POLICY liOl 110SlOllE
HEALING. FROH SHOCK I(E.G., NEIICI/RT EXPLOSIINESOA SROCK
OR FIIIC|lOII (E.G., FUIES, CTAIIIDE _ SENSIIIVE NAIEIIIALS
fOII[LIF; ACCIOENI). lION) I_LEASE. SEV_IIIE III IHIS BUILDING.

UORILIERInJURy DUE VO
IONIC GAS EXPOSIIAE.
ll;I;I;C)

] Ii I I EXTEImM FIRE CAUSES llERIIAIL NONE IqlOVlO_ NCII /MIALTZEIt
CTAIIIDE CONP(X/NOS DE_IIIOII OF MID ALARN.
(E.G., CT/ilIOGEN CYANIDE '_EADING 10
BRONIOE) 10 IONIC GASRELEASE
DECONPOSE. (E.G., gCll AND

CYAIIO_II). (D;O;|;C)

L II O SPILL Of [IrAIIIDE BUE [COI/filllrltDIg OF IHI_ _
I0 TAW FORKLIFT SIOliAGE AI_A, HliiOR
ACCIDER! OR UOI_ER EXPOSURE. HO
CORROSION. IONIC GAS RELEASED

10 LOU VOLMILII¥.
(D;D;D;D)



II_LINIIBWT il_/Itlg[ AHALIrSIS EODIIO BY ACIIVItlr _ IUkTAIIOIRISIIIL_I1ESlHOAAQE

K/IVlIY HRIHOLI: HUSA

ACIlVITT liE: li_F CTlilIINS NIO SULFIliES S_

ACIrlVITT DESClUPTIglI: STORAGEOF CTNIIINS AID SULFID[S II TIE EUlrF SIUILqGEIUIILDIIIG

ii

ii i ill i ii i

,,

(.-)
!

L,O
¢3a



PRELININARY HAZARD/RIg( ANALTSIS KCIM iy ACTIVITT FOR _ HAS11[Sl_

AClIVll¥ LIP_II: NIMA

AC|IVIIlr NAH[: Hi/ORIDIZEIS (GIH)UP M)

ACIIYIWT OTSCAIPIIOH: SIOAAG[ OF qDl(lOIZlEIIS IN OMEN SIORAG[ AREA

R-- F- "C UUS[ISC[NIO CONS[OU[I[[S IqlOIECIIVE FEAIURESi IICIiOIIS
i iiii

2 II O AlgqOIIIUN P(ERCHLOIIAfl[I[NPLOSIIONOil Fill[ IN (I) AIIqOIIIUN (I) INVlELOP AND
IDANEYHYL [|NYL SIGIIAI_ AREAw I_ACNLORAIE IS ONLY [NFOI_ S|111¢1

il(I[|OH[ PEAOXlI)I[ KLEASlE OF |0UlC ACCEPIED III All OXlOE ACC[PI411CI[ CAI|EIIA
I(N[I(P), ORl[O OV1[ll GASES, MOIIKEII (LIOUID) FOIUqo (2) FOR $[NSlTIME
fIN[, SUOJECIED lO INJURY. (C;C;I;O) FIR[ SUPPRESSION OIUDIZ1ERS (E.G.,
;SHOCI[, FRICTION Oil SYSTEN. DILI/IED FOAN,
SUNLIGIN. FREOUEHI I HSiiI[CI IOII,

kl[ I lid NA|EAIAL),
(Z) COnSlmEn SIOIIOUS[
OF HIGNLlr SlENSllIYE
OIIIDIZEIIS IN A
STPARAI[ BUILDING In
A RENOIE LOCATION.

2 Ill A FOIII(LIFI ACCIDEiH 011 AELEASEOF 1rOItlC _FIRE SUPPRESSIOil (1) VERIFY OAUN
FREEZING CAUSING GASES. POIENIIAL SYSIEN. COIIIENIS AND
DUAL SPILL OF EXPLO_IOii ANO LARELING Alr UAST[
INCONPAIIOL[ POIENIIAL FIRE. FlOE G£HEIIAIOAS SIIE, (2)

NAIERIALS OIJl[ IO IIIVOLVlIIG CNLORA DEVELOPLAB OLIN[
NISLAIIELING OF WASTE0EHZEIOECOULD PAOClEDURE(LAll ESlLN
DAUN. (E.G., GEN[IIAIIE PHOSG[RE NAIAJAL) FOR liP,S|[

I OXiDiZER UASlrE NIREO GAS. POIENIIAL IOI[NIIFICAIlOli AND
L_ VllN; (I) gAOH(IA), UOAI([R FAIALIIY. LABELING OF MlISI[
c_ (2) ACEVUCAClO(le), (O;A;n;e) COUVAIWEaS. (3)

(3) SODIUN(2A). ¢1_) ENCLOSEIHi_ MfiF
OAGAfflCS SUCH AS SfOAAGEBUILDIIIG AND
CNLOROREHZEIN(/,A), I IIISIALL SCR_A
($) GOLO SVSIEPl.
CYAIIIDE(SA))

& I I D SPILL OF OIIII)lZEilS LOM LEVEL 1rOEIC NONE
DUE 1tO FREEZIIIG, SPILL. UiLTII
TAR9 FORKLIF1rOll EXIPOSUA[. (O;O;O;O)
OV[H[AO CIIAIg[
ACCIDEHIS.



PBELINIHARlr NAZAIIOIRIS[ AIMLlrSIS At[CORDBY ACIIVITIr FOIl NAZAIID(RJSVAST[ STOILAGE

ACTIVITY INR_A: III/TA

ACTIVITY M: ely GASES (GROUP irA)

ACTIVIIT DESCRIPTION: GASESSTOREDIN OPEN SIOIIAGE AIIEA (GROUP FA)

R--F--C CAUSE/SCENARIO CONSEgt/ENL1ES PROTECTIVE FEATURES ACTIONS

1 l i A BREACHOf: LEGACY RELEASEOF HIGHLY _ (1) DO NOT $1(_
CTLINOER OF DOUBTFULTONIC GASES LEGACYCYLINDTRS IN
INTEGRITY OURING (PIIIOSPNIB[, PIN)S_N, HVlrF AII1EA, (2)
STORAGE. AIISIE, AIIO GTmNS). PROCESSI EGIICY

UORI(EBfAtALITY. CTLINOENS HITNOUT
POIENI IAL COLOC_TEO INIERNEDIA|E
UOffI(ERAND PUBliC SING, (3) PNOVlN
EXPOSURE. (A;A;A;O) SlECOliOANT

CQN|AINNIr FOR TIlE
CVL111OAERS,(4)
CONSIDEA £gL_LOSING
IN[ NUTF S|QRAGE
IqlOVIOING NVAC MID
SCIIUORER.

2 III A BREACHOF CI'LIIIIKB NELEASEOF NIGNLY NIlE (I) TRANSPON|AND
(NON-LEGACY) OUE TO IONIC GASES STONECYLINOERS

ACCIDEtfTAL CAUSES (PIK)SPNIE, PIIOS_N, S[CUi_LIr, (2])
(E.G., Cl'Llli_lt NtSIliE, ANOOTII[RS). COIISIOER SECONDARY

IDROPPI[DAM) tlOItl(ER FATALITlr, CONTAINN[N| FOR lilOST
REGULATORLfile POTENTIAL COLOCAIED IMZAROOUSCYI.INOENS,

t BREAKS). WORKERANO PUBLIC (3) GAS CTLINO[RS TOL',3
.,1 EXPOSURE. (A;A;A;D) BE PNOCESSEDWI|N

NIGN PRIORITY t (/m)
i/OAK IN INIS NIEA TO

JE[ PEtFORN[O HI IN
PROTECIION (I.E..
U[AR SClM. ORnAtE
Urn)IN THE mY
STSTEN), iS)
PtOIEClrlVlE CAP FIN
CVLINKt REGULATONS
Sm)ULO RE IN PLACE

AS ALL liltS, (6)
CONSli_R STORING GAS
CYLINRENS IN
ENCLOSEDROON IN AN
I NCILOS[DBUILDING.

Z II! A EXTERNALFIIH[ PI_$SUR|ZATIOil AND FIRE PIWTECTION (|) INITIAl[ Fill[
(INI|IATF.O MITNIN mlPTU_ OF GAS STSTIEN, FUSIBLE SUPPRESSION
ll_ BUILDING). CTLINOEES. NISiRV PRESSURERELIEF. SPBINKLEIS GIVEN

|ONIC GAS RELEASE FIRE IN NDJAI2Nlr
AM) POTENTIAL AREAS, (2) ENCLOSE
CTLINO[R NISSILE TliH£lily STORAGEAREA
GENERAlION. AND SIORIE GAS
(A;A;A;A) CTLIliB_RS IN AN

ENCLOSEOAREA.

3 III ID Olq[ACNOf CYLlliOER RELEASEOF NONE (I) TRANSPORTANO



PRELINIHNIY HAZARD/RISK AIMLYSIS RECOIIDBY ACIIVITY FOR _ I/AS1E SIOIIAgE

ACTIVITY ImJIl_: III/TA

ACTIVITY IIAPlE.* HI/ GAS[S (IIAOUP TA)

ACTIVITY RESCIIIPTIOlI: GASESSTORIEDlU Offll SIOlIAGE AREA (GROUP TA)

II*-F--C CAUSE/SCENARIO COI_OUENCES |lECl IV[ FEA|S ACTIOUS

' '(IKNI-L[GACY) DU[ ?O NAIIEL¥ TOIIIC !SIOII[ CTLIIIOI[R$
ACCIDI[IITAL CA_S CASES (N2S, 1102, AND S[CUIltELY, (2)
.(E .G., CYLIMI)[R O;ERS). tiOAK[It COlISIKR SECOIIDMIY
DIIOPPED Jill) EXPOSURE. (C;C;II;D) 'COI/TAIIINEIH FOR IlOSf
R£GULATORLINE NAZAIIOOUSCIrLINO[RS,
BREAKS). (]) GAS CYLIIID[IIS 10

U PAO_SSED UI/II
NIGH PAIORIllr, |_)

IN INIS AI_A TO
P[IIFORNEI) UlIII

PROIECI ION (I .E.,
UENI SLIA. I]I_IIATE
GHm[| IN[ IIJOOT
SYSIEH), iS)
PAOIECIIVtE CAP FOA
CTLINSI[II REGULAIORS
SHOULDI III RACE
AT ALl. lINES, (6)
CONSID[R SIORING GAS
CYLIIAS II

[NCLOS[D RO011IN All
I IACLOSED BUILDING.
L,,3
oo $ !11 | EXTEANAL FIRE. PAESSURI_TIOR AIID FIAE PIIOIrECTIOR (11 IIII|IATE FIAE

RUPI1/ff OF GAS S¥SIEN, FUSIBLE SUPPlI[SSIOll
CTLIIII_IIS. PIIESSIRII[ RELIEF. SPIIIIKL[IIIS li|11EII i
NODI[RAIELT TOIIIC GAS FIRE Ill IIDJII2111r -
RELEASEAND AItEAS, (2)STOIIE GAS
POTENTIAL CYLIIIO[R !CYLINOIERSIN All
NISSILE G[IIERAIION. [IICLOSEO AREA.
(C;C;O;C)



PSIELININNIT IMZAIID/IIIK AIIALTSIS RECORDBY ACTIVITY _ BAZ_ IMSIE slroIM_

KIlVIIT LINER= Nile

ACYIVl YT WiNE: IW Pal (GROUP 8)

ACYlVITlr DESalIPlrlmI: SIOIIAG[ OF Pal IMSTES I11 411 OPEl JIIIF_4(GIIOUP 8)

II--F--C CAUSE/SCENARIO COIISEgU[IIC[S PIIOIECl IV[ FEAIURES ACl lOllS
i

2 I I I I! NISLABELL:DDIIUN BUIBIIIEGOF Pal FIRE PROIECIlOII (T) VERIFT
RESI&IS III P¢II ORUli UASIE. DISPERSION Of STSIEN. COlil[lllS MID
FII/II/G SLOWEDEAR PCII MIiSIE rO IRE LAIIEIING Rr latsIrE
FLMIqlqAIILEklASIE. EIIVIRORNEIIT. GERERAIORSSlIEr (2)]
ACCIDER|AL BREACII OF (O;O;O;l). DEVIELOPLAII VIDE
IE COH/AliI[RS LEADS IqlOC[DUII_ (UW I[S_I
10 FIRE ANO IUIINING NANUAL) FOR MAS|E

_ UASIE. IDENI IFICAI ION
• LAIIELItG OF _IE

L'I3NIAIRER8.

2 III II SPILL OF PCII IMStE POTENTIAL RELEASE I0 SUNP SlrSIEN. (|) II_IALL
ORUN DUE iO FORI[LIF! lie EIIVlIIQIgqEIII IqlocEDuREs TO lli[TECl
ACCIDENI, RELEASETO TIIROUGNIRE SUPlP SUNP LEVELS, (2)
TN[ SUNP. SYSIEll. OmSllE 1115I SmP COIIIEITS

L'OiilARIlMI loll. BEFOREOI $CNNtGE.
(D;D;D;ll)

3 IV A LARGEEXIEIINAL FIRE. POlrEIIlrlAL SPILL MID FIRE PROlrI[C|ION CONSIDERS|GIIING PCil
iJRIIIIIG OF Pal STSTEN. :UASTEM/AT FRON
tlASlE. I)lSlqElSlOli OF FLMIIMBLES.

C') PCB IMSfE I0 IRE
i

L_ EilVlROIESEII!.
(I;I;I;A)

A ! I 0 SPILL OF PeR tiSl_ ODIIlrARlilATIOII OF TRE SUNPSYSTEN. NONE
NUN DUE TO FORKLIFT STOIIAGEAREA.

!ACI:IDEIII . (D;D;D;D)



PIIELINIBAIIT IMZAIIO,nlUSI NIALlrSIS RECOlU BY ACTIVITY FOR NAZ/IOUS HASTE STO_

AC;IVITT Ill.R: M

ACYlVIIT I1_: Hi/ HOI_GULAIED MASI1ES(6110UP9)

ACIIVIIY OESCIIIPIlOII: SIOlIAGE OF IK)NflEGULAIEOHASTES III AN Ol_ll S;Ol_ AREA (alOUP 9)

R--F--C C/_ISCEIIM IO CI)NSI_NCES PIIOIECt lYE FEAI1LIRES ACTIONS

2 II! A SPILL (DUE 10 FIE AgO RELEASEOf fIRE PIK)IECIIOll (I) CONSIDER
FREEZING OR FORI(LIFT TONIC GASES (E.G., SYStEN. ELININAIIIIG fills
AC(;IDEIII) Of NF). (D;D;A;II) /U_A s (2) C1LAS_,3FY
INCOiqPAtlllLE MAS|I[S AND SIORE ALL

!ROUIONELTSTORED IN IIOII_GULAlrEID MASIES
IIO_EGULAIED AREA IN (ONPAIIBLE
(E.G., NISILAIII.ED, REGIAAlrEDAREAS, (])
IEIIPOIIAIlY SIOIMGE, EIIClLOSlEI1_
OII DO ilOl BELONG IN HAZARDOUSWISlE
olrNEII DEFIED SIORAGE BUILDING.
IIEGULA;ED /UREAS)

3 I | C SPILL OF ,MoqoNIUN POTENTIAL IA)llKEII NOllE CONSINII RELOC.AIIOll
IIIFLOlUOE DUE IO EXPOSURE. (D;C;C;D) OF NGqONIUN
FOleELIF; ACCIDEN! OR IIIFLWlDE I0 ONE OF

rFR[[ZING. file IIEGULAVEDAREAS.
SUCN AS (MJSllC(1A).

!

c_



PRELIHIIMlr NAZAliOilISK AHALT|IS ItEl_OliOIT ACTIVIIT Itll IAZAIIDU HKI1E SIN

ACTIVIST IflllDtlx M

ACIIVIIT OMIE: NIl GLOBAL(III|mlAL AND EITEIIIIM) MNIS

ACTIVITY DIESCRIPIIOI: NI/ GLOBAL(IIIERIML AID EItlEIINIU) EViEI|S

II- -t--I_ CAII_ IK1EMII IO CIIt_IIEIICIES IqlOIEtl IVlE fEAIURES IICI lOllS

1 I! A LOU INIERIIY EIIPLOSIQU Iif SIKICI[ NONE (1) OEII_OP AND
SEISNIC EVEII VIII SIENSIIItflE NIIIEIIIALS ENFORCESIIII(l
IKNII_IIIAL (E.G., PICIIIC RCIO, POLICY NO| IO SIIRI[
ACCELERRAIIQIIOF 0.| IIIIlO IIEIWlI_, IEIIPLOSIVIESOR
G. SOIIIUN AZIDIE). SEIISIlIVlE NAIEIIIAILS

SIIIUCTUIIAL _ TO IN IE BUILDING, (Z)
iJILOING, FIE AIIO CI_ISIO_II SIN OF
RELEASEOf IOIIIC SNOIX SEIISIII_E IN A
GASES. (A;A;A;A) S[PARA;E BUILDING IN

A RENOIE LOCAIIOI.

2 I C IIIG_i VIIDI HAll| WlUIIS TIP OVER ION[ ENCLOSETile HU
CAUSING SPILL All) SII_IGE 8UILDIIm.
RELEASEOF IOXlC
GASES. (C:C;C:C)

? I I | CIMCIIS IN SI_IAGI RUPIUIt OF ISlE NON[ ENCLOSEIRE NU
(OIIIAIREIIS CONIAIREII, SPILL SIOIIAGE BUILDING.
PIIOPAGRIEOOT 11.411 illll RELEASEOf
.OR SlKR/ (liI.M QIIIO IORIC USES.

('_ 0111Jl_) FIIEEZES OREf. (C;C;O;C)
I

C_ 2 II | &CCIDtNIS OUIIIIIG SPILL Of FLNIIIRILES, NONE (1) ENCLOSEI IN
IIliAIISPORIAIIOII Of IIEACIIVES. OR SIQlU_ IdlIEA, (2)
IMSIE VliIlI INE RU IIKXIIIPAIliLE IMSIES NItlNIAIN IqlIrSICAL
SIOIIRGE AREA LE/IDING 10 IOIIIC GAS SEPARAIIQI OF
(FORKLIFTS OR RELEASE/ FIRE. I_IIWLE MASIES
NANUAL). UOill_ll INJURY. OUIIlllG

(C;I;I;I) IRAISPINIIATIOII, ($)
LIlUl SINULIAI[4mS
QPEIAI IOI Of
NIRIIPL[ FORIILIIrlI.

2 I ! | A NEOIUN INTENSITY NIXING Of NONE (I) REVIk'M SEISlIICS_[ISlIIC [VEIl Vlll IIIC_IIBLE i/ASfES DESIGN ¢IIIEIIA, (_)
NOIIILq)NIAL SIOREO IN tlOJACIEII [IISUIE IIMI
ACCELEllAIION OF 0.17 AIIEAS. VIOLEII IECI_AIIIML[ ImSlES
G. IIERCIIOIIS, POIEEIIAL ARE 001 Sll_ltll IN

FIItE o RID RELEASEOF AOJACEIII WAS. SEE
IOIl¢ FUIqES(E.G., IPOIENIIAtL NUIISF
_RE, Ell). FLOIXlPLRIIDII_VlELOPIED
NOllE: SIKICII |T PIM IIENI, (3)
SEIISIIIIME IRIEIIIAL IqlNIRI_E SIGIAGE
Nor COI/SIDEREO IN IINf OF IIOSI
IIIIS SCflLNIIO. FLNIINILEI IOUlC
(ll;I;A;I) IMI[II IALS, (_)

[I_OSE IRE ml
SIORAGE ILIA.

2 III A ACCIDEIII IRIRING SPILL LERDING IO IRE _ (1) CI]IISIOEII IIORD



PRELiNIHAR¥ IIAZARO_IiSI( ANALYSIS It[CO110BY lICl|Vl;T IrOR_ IltSl_ |llOlJ_

AC/lVifV Nil: Eli

ACTIVI;¥ IMN[: gU MODAL (IIIIERIIAL NID EX/EIIIML) EVEB/S

AC|IVI|Y OTSCIIIP|IOli: Hi/GLOBAL (IIIlrEflEM. /HID I_XlEBtl.) EIIENIS

i

R--F--C C.MJS[ISCEIIAIII 0 Cl)IISEGUENCES PROIECl IV[ FEATUI_S AC| IONS
i i

llilAii_IAllON OF UilNIIIGII/ED RELEASE C1LS WILE
UASfE (IOXlC GAS OF IOill¢ GASES. IILiWSIq)il|IIIG IIIE
CILIND[IIS OR PUBLIC EXPOSURE. IlOSl II_jlilBOUS
iiiCI)_AIIIILE IMST[ _(A;A;A;A) NAFEIllALS RE_
OlKIPPj) FI_ONIfl/ LAB M[AS, (2)
STORAGEIO C..A!OR REVIEI/I;qIocEBIJES
OlHEil FACIL|lrT. FOE SEaiEIll lISI1E

OmJNSINJIIIlHG
IiiANSPOIIAI ItDIIo (3)
Oo gOl Iil/UlSlqml
IHCQNPA!ISLE WASTE
DIUIS IOGEIHER.

3 I O LIGNTIIItlG STRIKES NOV A WUMIID. EOUIPIqEDMITII
SIORAG[ BUILDING. (DID;DID) [iGR|NiNG IKN)S.

) II C Ili_DV_IITENT WITH INTRUSION INTO gONE (1) INSINLL SUNP
OPEIIAIlIDII OF It REACIlIII[ liSlE illGil LEVEL ALNINS,
FiRE S/qIiIIKLEAS OR SFOIHiGEDIRMS, (2) PERIODIC
RUPIU_E 01: VAIEII iGEMERAIIOII OF IdALIWOUIII01_ lie

I PiPiNG DIE 10 N_il GAS. FACiLII¥.
c,o COililOSloll OR (D;D;D;C)

FREEZING ( IBCI.UDIEG
UATER FIIl_ EXlrERIML
SOURCES).

3 IV A .NIGII INTEIISIF¥ SllllClrlJ4L COLLAPSE Ill) iiEYlEM SEISNI¢
S[ISIqlC [VEIl! VITN Of IUILOIIIG, BI_ACll OESIGII atll||lA, (|)
iB)IIIZONTAL Of lU.IIPLE DIllJlS, NIIIINIZE SIORAG£
ACCELERATIONOF 0.3 _ FIllE,, IIELEAS[ .lINE OF NOSI
G OR GREATER. Of IORIC GAS 10 ]FLRImULEI ltDltlC

!EIlVliilDIOIEIIT. ilIILIEIllALS.
(A;A;A;A)

] IV A EXTEIIIML flilE FIIIE P[NE11L4TES |WE (1) _ SUIIII_UBIIIG
HilRSFw NAJOII Fill[ |liE NIIRSF IS CLENI[D
RELEOLSESIORIC GAS OF CONBUSIIBILE
TO file EIIVIRI)IiNEHI. NAIEIIlNL, (2)
(A;A;A;A) i)ILDIIIG IS DIESIGII[D

_O IIEIAIID FIRE.



TABLE C4
HAZMAN RESULTS SORTED BY RISK RANK FOR DSB

C-33



NmLTSIS IffglT IT IllS[

n---F --C KI/fK AI:IIVlII'V M _/_tlO _$ _IR _1 [I_
I

1 II A gUTi IgUSF _ M_S (GNUP _) IIEACN _ LEGACY CYLI_I ELEaSE W lilly BIC _ 11) N E SWll ILL_GICT
80UITFU[ INIEMITT GAS_S _qmlPlit, ¢1_11KIS Im I_F ilA,

_1_ Sl_. _, MSIE, _ (Z) _ LE_
OINERS). UGLIER CILIIIEIS M ll8_
FIIIMII_, POTEIlIIIIL IIIEINEIIA// SlGIIE, (3)
aXOCA_O _ il PlOVl[

(A;A;A;D) CTL|MEIS, (&) ¢8iS_1
_OSll TEE II_f
Sl_ Ill PIOVlIIIIG

1 !1 A mE /KF W ES (1_ Am Lm IN_ITY _lmlC __ m _ m_ ¢|) _ I

KLEUIII _ 0.1 G. (E.G., PIQI( [1t, III_ Sll [EEl'S I
Ill, _ll _IK). _llli I_ltS It

KLEASE OF ImlC HI. DIIIW IN A __
(A;A;A;A) IlWll it A _[

tDllm.

2 I C mUG /_SF W GLIAL (IITM MO film _IDS i_E i TiP roll UIE EIaME lie II S_MGE
[XTEmML) EVENTS CAUSIIG SPILL il EUMS[ IMWIIS.

W l_lC _S. (C._:C;C)

AS _1_.

2 II l G IMFI W KIV[S (G_UP U) FOIILIFT _CClI_IT OI _ _U_IOI, _iE !ll) IlSlllC/US[ OF m_l

IN INE AREA. _1 I_JURY. (C;I;I;C) _ I file
_lm [FFICI_,
($1 ImJL K i
_im..

Z li | _/_ _1o1_ (_ _) _ll___ _ _1_ FIlE IN (I) I___ (I)_ll B_
ll_ EI'NTtL I[IEl_ $i i, II[LIEllSF. g IS IT _ li I 1_1¢I __
PEIIOE|DE (HELP), NI_I fOliO GAS_S, i01l[I OlIN IL_UlI) FOIN, I_) CIIIEII4 FI SENSITIVE
Ol_ lINE, SUIJ[CI[D TO INJURY. (C;C;I;O) FIRE SUPPI[SSIt SYSTE_ IIIIEIS (|.G., IILUI[I

_I_T. I_lm, II_
IMIBIIM), (Z) ¢OISlMI
STglMI_ OF llET
SEISIIIW OII_I/_IIS II l_
SEPLJLTE IUIUHIE It &

L_TII.

2 II I NUG IMF W l_ (IEEi_ I _ II _ U_ I tSE
EXTERNAL) EVENTS COIIAIN_IS _mP_MT_ IT CQITAII[R, SPILL ETN IUILIIIG.



mZMO IA_t$1S Itl_! lit IIN

II III I II II II I II

I---t---C ACT/FAC ACTI¥11rT IMIE CRI/St/!N_IEIMIIO ¢OI;EGIJEIICES PIIIIEC/IW II[AIIIIES dICllelS

UIN 011SIOII (ILOIIN OIIlO IIELE4SIEOF I0111¢GIllS."
NUNS) FIEEZIESOIqEII. (C;¢;|;¢)

2 II II HIIG/IMISF Nil GILOIAIL(INTERNALAND ACCIDENTSMINE SPILL OF IFLIIIIROUPI, NONE (I) _ IIE II
EXTERNAL)EVENTS lrlIJUlSPOIITATIOIOf ItSII1E I_tlCTIVES, 011 IllmllGE /tEA, (Z)

MIINII THEIAISTOIAI_ IIaIlqlllILE IIIlIS RMIIAII IqlYSICAL
NIEA (FOII(ILIFIS OI ttllOllm IO IIIIC GIIS IEPIIIAIIII 121
_). _LE_/ FIE. IKR Ilm_llKt I_l

IIJUI¥. (C;I;I;I) IIUIll IIMSPIlI4TlII,
1]) LINll SlNIAIAIEO_
IIqElA119I Ot IRUL11PtLE
fiImLIFIS.

2 III A _A _ Nil F_E S_ PIqI¢ KI0 _ U N_llI, U fie IN M _I t lt_
(GIOUP&A) JAIRED. I/IF SIOIRGEIIEA, POLICYIDI TO SIOIE

_fl_E _lC _S E_l_S I
(E.G., PIIIISGEIIE,ICII SEIISIIItlE NItlEIIALS II
ETC...) IELEASIEIDI_/_ClILT IlUS IIILIII.
IO EItllmmEIN. HO_F.R
IAIIMI.I I¥, PIJILJc
E_. (A;A;A;A)

2 III A Ile_A /1MISFjNit FLIIIIIKE STOIAGE SPILL OF LOMFUtSII POlE IGIlllOI OF IFLIIIMIJ[ FIE SUPMIEUlII S/S/IBIt. (1) IlIEAlr liGlt
(GtlOUP_A) alEIIIICAtS VNeIS LEIIS 110A IIRJOI IFUIIMIUE NAllEIIIALSgI MI

(4CIEIIAILIIEfflrI[(-BIF), FIRE NID EXIIqLOSIII(E.G., IqlllIIllr BASIS, IO NOI
FUIIAI (-]_F), NlJYDIOt_ IIIItDI_TIIIIE) li lEE ilULLI/dICIDUIIAAII(DISOf

C_ ETttL EIlI(-491F)) OUETOSIOIIRGEMIEA. REUEAEOF L IIIEIIOIIES, 1+1
I IORI[LIfT AC(IDIEIll, 011 NUtTIPLE I0111¢GASES ICIISIIIEI SPECIAILILTc_

_n CI)IItOSIll. FIlE (E.G., PI)SGEIE) I0 IIEIIGNEI SIIIAGE
SlJqqlEsSIOliS¥SllEII AINOSlqlERE.(I;I;A:A) CIIFIlUIIIOII FOIl lie
il__lE. IISI IIIIIIIOUS (tOM FLASII

lqNIl) IILIIIMILE IISIIS,
111 COgSIBIEIEgCILOSIgG
lie IIIILIIIG I0 II:IEA_
It EFIIClEICI OF
111 IIlq_SSlm SYSIL1
IUI IIISlML GASKIE¢III
allI ALaII.

Z III A _ /IInlSIPml FLIIIIIILE SIOIAIE I_IIILIFI IIC_IHNI CWIIn0I IELIMSE Ol ImlC rdUltS (111 _ IEKLOSlIIS
(GROUP4A) SUM +ILL e t+lt.G.. PmOSGEt) AID

IB¢SNPAflOLEFL_! PO_EEIIAL FIRE. POIEI|IAL /OEIC N EIPO_ IO IE
IMIIEIII_S IOUIIIELT IlOIItll tAIAILIIIr. IqlRtlC Ill O)LOCAIll
Sll/Itl It lie _ lllEA, i(I;I;A;I) IlOIl[ll, (Z) SlOII
(E.S., II_IM Ullll IIlllI F_E

LOCIklIHISmlllll lie
FL411MmEs_ tFA.
13) IISIAILL SCRUIOIgG
StSlEII.

2 III A m/LA /miSF IW FI.NIMILE SI0iULE _lll EI_T _Ilt _ OF 1111¢ GItSES _ (1) IIEI BQIll

DUETOIIISLIIIELII_ OF (E.G., PIIII)S_I). PlJlLIC AID COLOCJIIIIEI
ISlE _. (E.G., _IEIIIK III II, (2) IKTKL
FLNRRI_LEISIE NIXED COLQCAIEDUORER SCIUOBII_,StSlrlL_.($)



_ AIMLYSIS REIplIlIlr 11' AIR

II I I II

A- - - F- - -C ACI/FAC Agl IVl IT CAU_j_,_IO _uu_utm_S _P__.tC; I1 FUP__a_S_ AC| l_n___
I I I I I I II I

Mill: (|1 _,_GG(IA), (2) FAIALIVT. (I;I;A;I) VE|IIF¥ INH;N COlIIEIlIrS MIDRES04(II), ($) LIINIUN t_[_ll A| mS|E
HIq)AIOE(TA)j (4) IlIAIC GEmRlllOAS SllrE, (&)ACIO(6A). (5) IIEWLOP LAB VIDE
CHLCIO_IENZ[NE.) _DUE (L_i ES&N

mlnmL) FOR tmSlE
IREITIFICAllO1 /UID
LABELING Of ISlE

ICOIlAllEAS.
2 III A :IRMA IIA/SF NO GIlDIZEIIS (I;IIC;UP 611) IrOIH(LIFlr ACCIDENT 011 IIELEASE OIr |OllC USES, FIlE SuPiqlESSIN SYslrEN. i(I) WIIIIrY NUN COIlENfS

IR[IEZING CAUSING _ POIIEIIIAL EXPLOSION AND NB UiI_LIIG AI HASIESPILL Of Illl:(IqPAflltE POIENIIAL FIRE. FIlE GEIIEILqlI)IL"JSllrE, (2)
OMIIEIIIALS DUE IO INVOLVING CNtOIIA 1ENIIEIE EVELeP t411 VIDE
HISLAIELING Of ISlE COtAO GEImIAIE PHOSGENE lqHR2OURE (LAII |Sill
NUN. (E.G., OmlOl/[I US. POIEIIIAL HOliER It) FOA ISlE
MASIE NIXED MILK; (I) FAIALI|Y. (S;A;A;I) IOEIIIIFICAllOll AND
IIAOHIIA), (2) M_IIC LABELING OF ISlE
AClO(ll), (3)SODIUN(2A), ¢OEIAIREIS, (3])ENCLOSE

(/,) OIIGANICS SUCHAS IHE M; S/ORAGEUUILOIIN
ClLORO llEBZEI[((;A), (S) AND IIMIALL SCAUBNER
GILD ¢¥AHIDE(SA)) SYS|EN.

2 III A HU?A INUSF KU GAffS (C_UP ?A) E_AC1 OF ¢VLIHNEI RELEASEOF NIGHi.VIORIC NNE (I) llmmP_l All Sll
(NOR-LEr_) _JE tO f_L__S (Im_0S_.INE, ClrLIILm_--SS[aJELT, 12)
ACCID[NIAL CAUSES (E.G., PNOS_I, MSINE, AND C_iiSlREIU¢lll_qlY

(-j CYLIliD[It DAOPP[D AND OIREAS). I101_11 O0111AlaNEN! FOR lloslr
i RIEGULAIOALINE BREAKS). IFA;ALI|lr, PO|IEN|IAL IM2AIIOOUS CYLINDERS, (3)

¢_ COLOCAIEDU_[R AHD US CYLINDERS IO IE
¢_ PUOLIC IEXPOSt_. PAOCESSEDMill HIGH

(A;A;A;D) PRIORIIT, 14) liOM( IN
Ills N_A go N P[IFg_ED
Villi PAOIEClIOII (I.E.,
HEM SC_, OPERAIE UllOIE1
IGE BUNT SVSIEN), IS)
PImI1ECIIVE CAP FOR
tCVLIRU[A REGULAIONS
!SIOUU) lie II PLA¢_EA! ALL
lINES, (4) CONSIIN1
slroAIIIE GAS ClrLIRBIEAS II
ENCLOSED1OON II 4111
INCLOSED IUILDING.

2 III A liVPA JllIISI r W GASES (OROUP PA) [IIEllAL IriRE (lllllAIED PIESSUlII_JIIION Am FIRE IqlOIE¢lllN SlrSlEIt I (11 INilrIAIE FlEE
tllllll IlIE nUILDING). IUPIUIIE OF GAS CYLINEIS. I FUSllLE PRESSUIE RELIEf. SUPlI_SSloR SPIIIIEILEIS

llGilLV IONIC GAS RELEASE I;IVlEN FIRE Ill IIOJACENI
AND POIEIIIAL CYLIliOEI M_AS, 12) |KLOSE lil_ Nil
INISSlLE GENERA/ION. SIORIII;E MEli AID SIORE
(A;A;A;A) G/IS CTLIEOIEAS II AN

IEHCI.OSEDAREA.

2 I I I A M Inf IA_ ROIAEGULAIED ISLES SPILL (DUE 1tOFREEZING OR FIRE AIlO RELEASEOF lORIC FIRE PIOTECTIOII slrSIIEN. I1) COlSlOEI IELINllAIING
(GAOUP 9) IFOll(Lllrl ACClDIEll) OF GASES (E.G.,, HF). |NlS All[A, (2) CLASSIFY

INCONPAIISLE WSIIES (B;B;A;ll) Nil Sla_[ ALL
AOUIINELY SlONED in IIOIREGULAI[DUASfES IN
NONRIEGULAIIEOA_IEA(IE.G., COIqPAIISLIEREGULAI[D
NISLAILIEO, IEIqPORARlr AAIEASe(._)IENCLOSE INE



IMZAIO NIKYSI$ wlr IT IISE

I I II I II1_ El I R II I I I II I II

n---_---c *CWIFAC _ClrIVUVV_ causE/sceuMno commauEncn mlrecvow mfunss K1ru_

...... II_lllm0US 'SlroRAIiE, Oil IN)BOll BELONG IMSlrE STORAGEIN O1rHERDEIFIED
REGULMED AREAS) BUILDING.

2 I I I A NUG INUSIr NU GLOBAL(INTEIIgAL AND PlEDIUN IglrENSllr_' SEISNIC [NIXING Of li_lrlOILE NOllE (1) IllVlEI/SEISNI¢ NSlSll
ER1rlERIIAIL)[VEN1rS EVENt UI1rN HOIIIZUII1rAL UASIES slrol_ III RJACEIO1r CRITERIA, (2) ENSURE TIMI

ACCELERAIIOII Of 0.1_ G. NUEAS. VIOLENt REM:1rIONS, IRa)I_IIOLE IMS1rESJUIE
POlrENflNL flflE, AND NOlr $1rOREDIN ADJACEN1r
RELEASE OF lOgiC FilliES AliAS. SEE PO1rENWIAL
(E.G.. PlaNE, NCII). rMSlF FLOOIIPtANDEVELOPED
NOTE: SIIOCI( SENSI1rIVE !91' PER INNS, ($) NIIIllllZ[
NAtERIAL NOt (10NSIDEREO iSVt0NM;E lINE Of NOS1r
IN IRIS SCENMIO. FLIgMliL[/ IRONIC
(ll;N;A;B) 01A1rERIALS,(e,) EI_LOSE

ISE It/STORAGE JUlEA.

2 Iil A RUG /MF In/ GLOOAL(INI|RNAL Alto ACCIDENT gin SPILL LEADING TO tile NONE q[|) WIDEN m GOSIME
EXlrERNAL) EVEN1rS IrRNlSlqJlrA1rlOll Of UAStE UNNI1rlCdIIrEDRELEASE OF MNILE 1rNANSlq]ilIrINGIrNE

i[1rOItlCGAS CYLINOERS OR tOXIC GASES. lqJOLIC NosIr NAZAIIDOUSIM1rERIALS
Ili¢ONPAtlILE UASIE INIUIqS) EXPOSURE. (A;A;A;A) BE1rHEENLAI MEAN, ([i_)
FROPlHI/ S1roRAGEI0 CAI OR REVIBI/P_USES FOR
01rNERFACILI1rY. SECURING MAS|E ORUNS

IUIIING IRANSPglIIA1rI011.
(3) DO NOI IJAgSPOII
INCO_1rlOLE UAS1rEIMlUNS
1rOGE1rHER.

('_ 2 II I I HUSA IliMSF IIUlrF CYMIIDES RIO IUL'ClDEN!CAUSES RELEASEOF iORIC GASES SEPAIMIE S11DIMHEOUIILDIIIG ([1) CONSIDER ENCLOSINGI
r.,o SULFIDES S1roRASE SINUL1rAIEOUSSPILL OF (E.G., Ral ANO CYANOGEN) FOR NAZAi_ CI'4NIDE lie ilMlrF S1rORAGEWILLING
-,1 CYAIIIOE AND OILER RANDPOSSIIILE EXPLOSION UASIE. 4110 PlIOVlDIliG NVAC. (2)

liOIi¢ONPAIIBLE IMSTE AND FIRE. SEVEREMORIL1ER IliSlALL A SCRUMIER
(E.G., N2SO_(IN), OR INJURlr. (l;I;I;C) SYSIiEN, ($) PROVIDE NCII
WERClN.ORICACIDIM)) DUE AIMLYZER RIO ALAIIN, (6)

!1tONISLAIRLIIIG. VERIFY NUN CON1rEN1rSAliD
LABELING At WASTE
GEIIEIUI1rORSNitrE, (5)
OEVELgP LMI vim[

(LNB ES/41
lllmL) IFORHAS1rE
IOEilr IIFICA1rI011 l
UIELING OF UASIE

• I:HOII1rAINEIS.

2 I I I I NUSA /tl/SI r n/lrF CYNIIOEI AND NEECURIr(DirlrcTMIOE SIM4LLEI_NGIOII LEIIDING NOllE Ot'VI[LglPMID EgiroRcE
SULFIDES SIORAGE DE1rOIMIES DUE IN IIEATIRGo 1tO IORIC GAS (E.G., POLICY NO1rIO SlrORE

FIION SNOCKOR IFilClrlOII NERCURlrFUNES. CYMIDE EXPLOSIVES OR SIIOCK
(E.G., fORKLIF1r liND IKIR) RELqE_SE.SEVERE SENSIIIVE NA1rERIALSIN
ACClREIIlr). _ORI[IERIIIJURlr WE 1tO 1tHiS IUlLDING.

IORI¢ _ EXPOSURE.
(l;I;I;[)

2 I!1 li IIH2A IMFillqi/REACTIVES (q_ 2A) ACCIDENT INJE TO W PN_TIqOII OF l111_R RONE (I) VERIIrlr ORUN CONTENTS
ERRORC/il/SES SliIIL1rAREOUS GAS, PO1rENTIALFIRE MID LARELING Air UAS1rE
SPILL OF MATERREAClrlVE MIO/OII EXPLOSION AND SEHERA1rORSSitE. (2)
MAS1rEMID INCONPATIOLE IPSKIOUC1rlONOF lroRIC FUNES SEt, LOP tall I/IO_
V/ISlE DUE 1tONISLAOELING. (E.G., NCN). SEVERE PROCEDURE(LAI ESlN
(E.G., REACIrlVE WASTE I/OIKER INJURY. (O;D;O;O) NANUAL) FOIl WASTE



HAZMO NMLYSlSlRIq_! |¥ RISE

R'"f'"C ACIOFAC N:IIVII/ _ CM/SEOSClElilO CgiSlllEia$ PI_|CVlVE I_____'__S Kfl_

VOIN® _uLFURIC
ACID(Ii), I4OII(TA), IMUlIFICAIIOIAno
PERCMOIIIC 4CI@(tM) OR LJiLIIGOf fi/ASfE
IRICIORA [INYLEII(_A)) COlI|AIIE|S.

2 III | Nt/TO /Ni/SF NMACIDS (GROUP 1|) FOil(tiFf ACCIOIEN!OR
POfEgfi/it FIR, FIRE IuIq_SsIOII mIEN. ¢1) II|IFT NUN COIII|NIS

FIITEZING CN/SING EXPLOSION, _GAS NIO UIMLIEGM HASIE
SlNULIAIEOUS SPILL Of PIIOOUCIIOII/dlD VOIflC G4S nlIEMIORS Sir|, (2)
liCIONIWERIAL MID GEHAIION ([.B., Hal). IRVELOP LMHIIN[
lUCIIIPA|IIt| IMIERIAL U011KERINJUII¥/EIPOSi_. _ (LNI EMdl
(E.G., IMOII(IA|, (O;|;|;C)
NIIIIOMNIEIE(4A), FOll IIRSIEIKgIIFICAIIOII
glrOIlOGE| PEII_IOE(M). LMELIIIBOF I/ItSVE
I_IM. CVMII)IE(SA), (3) SI_U[
tl;NIUli WIDE(2A)) DUE M/ISlE IN ENCLOSED
;O NISLAIIELING. 0UILOIIIG IOPREVEN!

flll_ZlllO.

2 Ill O M IMF _ (GROUP 8) RIgI.MELED NUN ilEgUt;S IUIIIIING OF Pal IslrE. FIRE PRolrEcflOll SYS/EN. (1) VERIFY NUN C011fElfS
IN PCiIllilUHMIIiE S10REO OlSffRSIOIIOF Ptl lallS;E Mll LMELImA! lliSlE
mEAl FLME HASIE. IO INE EUVIIK]WlENV. EEiiEiUI|OIBSSI|E, (2)
ACCIINEIIAL MIEACNOF VRE (l;I;I;I). LMIUIH
COIt;AllERS LEAOSlO fl|E _ (tAll ESIJI
MiOIIURNINGiI_ P¢lIMItSlE. RMIUM.) FOIl UA$1[

INIIIFICAIIQN NIO
Utili[LIIB OF IMSIE

_J C0111AlilERS.I

r._ 2 III I i IMf NUIq:II (GImUP l) SPILL OF Pill iSlE _ POlrEIIIM. HLEASE IO file SUHPslrsI1EN. (1) IBSIN.L IqlOCE01Jtl
OO DUE IO FOKLIFI ACCI0tll [IlVlilglNEi! llill0Uill Tile IUNP LEVELS, (2)

R[LEASE IO fIR SUNP. SUNP STSIEN. ONSII! fill IUNP t[:0NlEilS IRFORE
COIIINqlMIIOI. (D;D;I;I) BISC_RGE.

$ I O M INUSF lli/gtOML (INI'EilgAL _ LlUlNIIIG lllli(El SliliOT A liar. (t;O;0;I) EOUIPPEDUIIN Llgli1111N 10NE
EXIEINIM.) |VENTS WILl)IN. RODS.

$ II C _ IHtlSF IN FLMNIOL.E S_ flf_ll01G IENPERMUIM[S fiIDRl_l [H IO IOWIC
(GIm]UP /_) rJII/SlESIUPIIRIE OIr NUN IFUI_S. (O;O;C;I)|

PILL OF FUllmULE
NAIERIALS.

]i II C INIA /nlSF II FUIgILE slr01L_ SPILL Of L0i/FtASll POINT llilllll011 OF FLMIMIt| FIE SUP_Sllall IlrSlll[li.
(GIQUP 4A) ClIIINICALI VAPORSLE/iDS Ill) OONlrAIIIED

(ACEIMLtEllYE(-JF), FIlE III file STORAGENIEA.
(-]2f), _ (O;O;C;O)

ElrNI'L I[llfll (-49f)) BUE
|0 il_lllLIfl AL'CliKt! OR
LlmmBI01. FIlE
SUPPI[SS lot STSIBI
OPEUI IIIMI..

$ I I C _ IMF FLN_UlLE IIr011AGE SPiLl. OF tOM FLASH POll! [Xlq_O TO
(GROUP Irdt) ClRfllCALS ClIIENICAILFU_S. (O;D;C;D)

(ACI[lrMLIIEIIYE(-Nit),
FUUl (-]Rf), Nmmlom
EV011'L[III[R (-&W)) 0UE
1tOFORI(LIFlr ACCIDEN! Oil



mZ_ _L¥SIS E_! |Y All

I I iiiii II I I I i

R---F---C AI:I/FAC ACTIVITY M CAUSEIKI[NMIO CONSEOUtNCtS PIIO;ECIIIIt ITAINII KIIONS
i i i i

COIIIIOSloR.

] I I C M IINSF IN NOilEGULATED UAST[S SPILL OF NglONIUN POTENTIAL _ CONSIIIEII RELOGAIIOII OF I
1_ 9) IIFLmlK _ I0 F_LIFI E_E. (O;C;C;9) _1_ IIFLNIN I0 ONE!

ACClIENI OR FREEZING. OF IRE REGULAIEOMllEAS,
SUQI AS CAUSIIC(1A).

] !i C I1_ IMF IN IEIIUL (IIIIEISL _ IIIM_RTEU OIgATlOI OF iiJ81 INIllUSll]II INlO MIE (1) IESVNLL SUNP Hlal
[XIEHAL) EV[liIS IRE FiRE SPRINKLERS OR REAC|IVI[ liSlE SIORAGE L|AIEL ALARM, (2)

_T_E Of _1_ PIPING DAN, GENERATIONOF _IRIC mL_ OF IE
10 _IN m HYDROGENGAS. |O:D;D;C) F_ILIIY.

FREEZING (IKLUDING MATER
Fill ER_AUL SmIIG[S).

3 I!1 O _A /MF _F _iMS _ ENTE_ FIK MS ;IIEISWL _111_ Of _ _ _ _¥_fl
_Fl_S Sl_ _MIM CORMS fE.G., CYANIDE LEmlR VO ImlC Mt.

CVANI)GENgfltOIllOE) I0 GAS RELEASECE.G., RCH

3 III R NU2A IINSF!IN REACTIVES (GROUP 2A) liATEA lillWSlgll IIlO Tile BUPIUIE OF MUN WE TO line 11) IliSliI¢! USE OF imll[R
STN_ H (|W IHYOROGEiEVOtUIIOII, IN IRE RE_TIWS S_G
EIISIING BREACII In HUH) POTENTIAL FIRE/EXPILOSlOII. ME/I, (2) ENCLOM ;HIE
DUE TO IUMll ERROROR POSSlilLE II1ELEASEOF T01(iC BUILDING FOR UAIER
INP|URE Of IMTER LINE IN REIAL FUNES. (C;C;II;D) COIIIilOL AND FIRE
lltlS AREA. !SUP_SSlON EFFICIEliCV.

('_ ] I II 0 INTA IMF IN GASES (GROUP TA) MEACll OF CYLIliOER RELEASEOF IIODERATELT NONE i(I) IilMISI_I RID SIORIE
I (NON-LEGACY) DUE TO !lOl(IC GASES (N2S_ 1102, !CYILIEIIS SEaJlII[LI, (2)

ACCINNIK _S (E.G., Am OIERS). _A _IMN _COROANT
CYLIliOIEII DAOPI_D ANO [XPOSUII[. (C$C;I;D) COIIIAINNI FH IPlOST
K_AIOR LINE |_AKS). M_ ¢YLI_RS, ($)

GAS CTLIliREAS lO RE
PIIIX:ESSEO I/Iflt WlGlt
PAIORIll, (d_) YORE Ill
TNIS MEA I0 NE PEAFOIHPiEO

i/1111 IqiOlrECllOR (I.E.,
_, OPERAIE _R

_IHE NJDOY SlrSlEH), (S)
_[¢|1_ W FOR
CTLINO[II NEGULAIORS
_D NE IN IqLACEAf ML
IIHEI, (6) CORSIOH
S/ORIIN MS C_LIIIOEglsIN

lliCLOSED IIUIL@ING.

3 I I I 0 INTA IMF IN GASES (GROUP 7A) EXIERML FIRE. PRESSORIZAIIOU AND FIRE PIIOIEClIOli slrsI1EN, (.I) llilllATE FINE
RUPIURE OF GAS CYLIBUERS. FUSIBLE IqlESSURERELIEF. SUPPRESSIOilSPRiNELEIIS
HOOERAIELT IORIC GAS GI_N FIRE IN MJGNI
RELEASEAlliD PO|[NIIAL MEAS, CZ)SIOINE GAS
CTLI_R NI_ILE ETLIMERS IN AN E_L_
_ERAII_. (C;C:|;C) MEA.

) Ill l INIA IMF IN CAUSTICS |GIIOUP lR) SODIUN AZIDE EXPLODESDUE ERPLOSlOII AND RELEASEOF FIRE PliOIECTION SYSI[N. DEV[LQP AHD ENFORCE
fO SEYERES_, NEAT Oil l_lC GAS (_). STRICT _lCf NOT TO
FRICTION. (C;C:li;C) SIORE EIPLOSlVIES OA SROCI(SENSITIVE HAIER]ALS IN



liZARD AIMLTSIS NEPOIIf OY AlE

R---F-- ACllFAC ACllVIIY lOAN[ COiISEISGENARIO a]NIEqUEEC[S PROTEC/IW FEAlUlS ACIIOlIS

INII BUILDIDG.
3 III !1 NUIA IMI NU CAUSflCS (GIOUP IA) FORKLIFV ACCIDENT m

POTEIITIAL FIDE, FIDE SUPMIESSIN SlrSI1[lt. ENCLOSE lie IWlrF STORAGE
FREEZING CAUSING EXPLOSION, II11DiiosEIIGAS DUILDIIG 10 PDEVEN1
SIPIJLIAEEOUS SPILL OF PRtNNJCIIOI _ EEAttT FliiEEZING.
CAUSIC IMIEIIIAL AID I_IAL I_ GEDEIATIOI.
IICtINPAIlilLE WOIfl(ER IIJURT/1EXPOS_.

NAIEIIAL(E.G. o 11_04(1D), (C;C;II$C)
NI |Ii_IIZ[I[(4A)__
P[RCNLGlUC ACID(6A),
NEIAL CTAIID[(SA),L iINIUN
NIINIIDEI2A)) DUE i0
NISLNIEL ING.

3 III I UlA IIIUSF NV CAUSTICS (GROUP 1A) EIIIEINAL FIRE RELEASEOF NOGERAIELY FIDE PqlOTECTIONSYSlEN. NOllE
IONIC GASES. ilORIClER
INJURY. (C;C;I;C)

] Ill g Hi/ll /Hi/St liU ACIDS (GI_ 111) SPiLt OF A SlIGI.E ACID [OiKIC GAS RELEASE(E.G., NONE nit',InEIifY CORSIIUCVIINI
IMSlE Olellq OUR tO RF Oil NCL). ImEEEI illlllEII41. OF SIORA_
COIIIOSlOil. FR[EZlIG OR EXPOSUREADO IIJURT. COilIAIIEII MID lie SUPPCRAI/[ AcciKIIIS.

(C;C;II;O) SYS|EN, (;_) FiiEQUEli!
IISPEClIOIS, (3) [liCLOSE
lie IW/F SIOIAGE
BUILDING.

L') ] III l NVIII /MF NU ACIDS |GROUP 11) EIfTEDIML FlEE INITTIATED RELEASEOF NOD[RArELY FIRE PROlrI[CTIOII SrfSTEN. STOIH[ImISTE III ENClLOSED
I Ullfllg IRE BUILDING. TORIC GASES (E.G.,IF). BUILDING ;0 PIOVlDEd_

c_ UORKERINJURY. (C;C;I;C) SCRUiDIINGOF DID.EASE AID
IIIIIIqsE PUOtIC
COLOR[lED UORKER
EXI'OSUIE.

] IV A IRdOIMF NU PCD (GROUP 8) LARGE[lfT[iUML FIRE. PO|EITIAL SPILL AID FIDE PIIOIECIlOI SlrSTEN. COISIOEB STORING P¢1D
IRMIIING OF PCD HASTE. MltSTE MMT FIION
DISPEISlOI OF PL1 UASTE FUNMDLES.
gO TIE [IVlROIIEII.
(I;I;I;A)

] IV A RUG INUSF IN/ GLOOAL(INTERNAL AND IIGI IgIENSlTlr S[ISPlIC sTm/c/1UDAL C_ttAPSE OF NONE (|) liI[VI[U SI[ISNIC DESIGN
EXI[RNAL) [WITS [VEIl VIII IOlUlPUNIAL UlILDING, iiIEAOI OF ¢I|IEIIA, (2) NIIIlUlPl[

A¢¢ELERATIOI Of O.] G OR IqUl.llPtE NUNS, NAJOII SINAGE tiN[ Of DOS|
Cdt[ATER. FLEE, Ill[LEASE Of lOItlC FLMOIAIKEI TORIC

GAS I0 ENVlROI_NI. Ill[RIALS.
(A;A;A;A)

3 IV A NtlG IMF IW GLOIAL (INTERNAL AIIB EXTERNALFIRE FINE PENETRATESlie (I) /tit SUNOUUDING lie
EXTERNAL) [WITS MSF, HAJOli Flli[ MSF IS GLEMI[D OF

RELEASES fOHIC GAS TO TIDECOPli/SIIIHLE IMIERIAL, (2)
[IVIROliiIEtl. (A;A;A;A) BUILDING IS DESIGEED |0

REIAID Flit[.

4 I I D NUSA INUSF IRflF CTAIIOES AND SPILL OF ¢TAIIIDE OUE TO COIIMIIIIA;ION Of lie lONE
SUtFIDES STORAGE TARD FORKI.IFT ACCIDENTOR STORAX;EAREA, NINOR

CORROSION. UORI(EREXPOSURE.IQ ;ORIC
GAS RELEASEDTO LOU
VOLA;ILI IY. (D;D;D;D)



HAZARD AELYSlS ll[POillIT IlK

ii I i

n---_---c AC;OFA(: AC;IVI;V oueqE CAUSE_:ICEnOAnO0 CmosI_wEOoCH PlIOVEI:;IW FUlltnmEs _vu_
i i i I

(, II O HIMA IHUSF Hi/OIHDI2Y.RS (GROUP 6A) SPILL OF UlBILq[AS OUE TO LOWLIE1MEL1_1C: SPILL. 1
FREEZING, YMD FORKLIF! OORl_ll EXPOgJ_.
OR OVERHEADCRAE (D;D;D;D)
ACCIDEHIS.

4 I I 0 W|A IHUSF HI/CAUSTICS (GROUP IA) SPILL OF A SlllLIE CAUSTIC NIHOA UOAI_A EXPOSU_. HONE
WtS|E _ CAUSEDBY (O;O;D;D)
HUNAN[AAQA, FOAICLIFT
A¢CII_EH! OR FREEZING.

& II D HUB IIA/SF IN Pal (GAOUP 8) SPILL OF PCll UASIE OAUN CONrANIHAI'IOII OF THE SUHP SYSTEN.
DUE I0 FORLIF! ACCII)[Nlr. S;ORAGEAREA. (D;D;D;O)

I



APPENDIX D

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

D-2
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EINYL£ (-49F)) DUT 10 SImAGE AREA. RELEASEOF LqmE IMiIIl[S, (Z)
FORLIF| ACCINNI, (RARE NULIIPL[ IO_IC GASES C0NSIOER SPECIALLY
ACCIREHI OI CORROSION. (E.G., PNOSGENE) lO INSIGNED SIN
FIRE SUP_ESSIQN SISIEN AINOSPREAE. (B;|;A;A) C0EflGUEAIION FOB II
INADEOUAI[. NOSI HA_IDOUS (tOM FLASH

POIII) ftiE HASIESo
|3) IBSIML GAS I_I|CIOA

W+ (4) CONSIIRR
iIIOIBG A FUmE IO lnE

__1 SVSIEN, (S)IgE|l tIRE
SUPPEESSlCII SlrSI/N,
(E.G., IIEIll |RE
Hill li_ tirol IRE MS
iYEliS NL4ml).

2 I I I A NI_A I PAt* HURSF FLMIMIILES (GROUP OVERII[M ClIAIN NgPS NUH RELEASEOF lOIIt GASES (I) CAiiDOliABOMIIIgU IEB (I) IIEII_gP _$ 19
&A) C.AUSIIIGOIML SPILL OF _ PO/EIIIrl/U. FIRE Vllrll III [HE REPA FILIEI. tr2) MIEREIII M WIIIIIIIZE N

INOONPAIlI_[ NAILRIALS GENERAIION OF PWOSGENE lie SUP_ESSION STSIEN. NOV_EIRS OVER SIOREO

DUE IO HISLPJELIK OF ANO VO_ER fAIALIIY. MASlES, |Z) _11IIVNS/E m. (E.G., (C;C;A;C) GEITg/S All LAII£LIIIS A!
I UA$1E G[IIEUIOilS Sill,
c_ FLNUmlILE VASIE nlXEO (3) IL_ELOR tAilIIlO[Hill: 11)iAOli(IA). (2)

U2S0_(1111. ($1 LIINIUH IqlocEIIUAE(LAB ESIJI
NYOAIlN(2A) a (4) IIIAIC i) FN IMSIE
ACIO(6A), ($) INIIIFICA|IOE ANO

LAOELING Of HASIE
CNLOimRERZERE.) COlilAtREIS.

2 I I I A NU_A I 14U* NUASF FLMgqMILES (GROUP OVlEilNEAOCRANEOM)PS ORUNRELEASEOF lrgllC GASES CANON mSONIIOR B In (1) il[WLop Iqlm2DoREs lo
&A) CAUSING 0UAL SPILt OF (E.G., PNOSGERE) Am IRE N[PA FILLER. PNEWNI OR NIBINIZE (RAN[

INCOPlPAIiILE FLMINAIILE POI[NFIAL FIRE. IlOi_EI NOVlENEIIIr$OVER SIOIL_O
NAFERIALS EOUIIRELY INJURY. (C;C;A;C) MASERS, (2)SIOEEI K:ONlqllllOLl[ lL_E
SIONEO III IIIE SaNE MEA. NAIIRIMS IR SI[PAIUlIE
(t.O., IIIAONEIHIUW. UIIII LOCAIIOBS IIIIIII 111[
AL"EIN) fUiigllmtE $1OaAGE AREA.

2 Ilia nU* ¿LANqMKE SlORAGE PlClUC I_tICT EOI IO SlmE

IGROUP &A) JARRED. NUTIr SIORAGE NIEAIqUtllPtEImlC Cd_;ES I[IHq.OSlIII[S OR SIIC_
(E.G., PNOSGERE, NCE+ S[FllIIV[ NAfERIALS JR
EIC...) RELEASEDDIRECILY IRiS BUILDING.
lO [NVlRC_ENI, UO_EA
FAIALI IF, PUBLIC
EXPOSURE. (A;A;A;A)

2 II I A O0_A I HI/* HI/ FLAIglAIILE SIORAGE SPILL Of LOWFLASH POIRI IGNI;IOU OF fLlilgil4tE FIRE SuPIqlESSlOR STSIEIPl. (1) IlEAl BII;IOLT
(G_OUP &A) CLERICALS YAP_S LEAN IO A N_JOR ILMUI_LE NAIERIMS Og All

(ACEINALNERTEI-_F), FIRE ANO EXPtOSION (E.G., P_IORIIT BASIS, DO NOI
FU_AN (-52F), ANH_OROUS NIIRONE|NANE) IN IRE ALLOUACCUNUtAIIONS.... IIF

i ...... ' ....



IUtZAflOANALTSIS I[_! _ Ill

iiii i, i i ,

II---F---¢ AClIFAI: ACIIVI|Y IlJllqt CMJSEISCENAIIIO COlIS_IOtEI PAOIIClIVE tEAIIIIII Kill
,,m l i I ii Ill III II

EI_ EItAI-&WI) DUE NOIll/ i. ELE_ OF i I_llllI, (Z)
F_lfl AEINII, _ gllflE II1¢ U_S lEA _{IKLY
O01tflOSIOll. FINE (E.i,, PIIOSGENE) tO NIlE IIOAAGE
SUPPI_ISIOII SYSIEN AIII)SPIIEI_. (I;I;A;A) C_FI_dL411OII Fill lie
IIL4DEOIMIE. IEISI I_MIIN_ (tim FLAB

POINI) FLOtlgqlLE MASlEI.
(3) COBUXEII EB_LMIIIG
II WlLIIK IO I_l
It IFII{II_ I II
lie m"ln _+_N
I I_IML GAS HIEC_
Ill maim.

2 II! A II_A I llll e HI/ FLMIiUlLE SIOIIAGE FOm(LIFI /ICCIOEII CAUSING RELEASEm IONIC USES NONE I1) COIISINI EIICLOSlI
IGROUP _t) OIML SPILL Of (E.G., PIIOSSEII NiO lie 0UILIIK 141)BEIN/13E

IIIOONPAIIILE ftAIgtMILE HIEIIIK FIRE. _IENIIAL _lC N EIIt_ I0 II
tMIEIIIALS IIOUIIREL¥ MOIII(EI f&lALIl¥. IPllmll: Am (OLOCAIEI
SIOIIED II tHE _ AltEA. El;lEA;I) IIIII1_1, (Z) SlOIE
(E.G., IIIIitOMEIHAIIE WI|H IIK:IIIPAIIILE FtJilglAl_
&CElOli[) llllllllUL$ Ill SlPIAIE

Lilt.41 lOllS Ill lille lie
fLOIlltLE SlOItlG[ OlilEli,
(_1) IIOSIALL_ll
mIEN.

2 Ill A HI/4A I NI/e HU FLNgMILE SIOAAGE FOAILIFI ACCIOEliI CAUSIIIG ilELEASE Of I0111¢ rASES _ (|) _OliSll_t EilaO$11G
! (GROUP t,A) 0UAL SPILL OF AID POfEIIIIJUL FIRE Am lie WILl)IN tO

-3 IHCOHPAIIILE MIEIIALS GIILIAIIOii Of IOIIC GASES 10111( MS EIPOSUE I0 Ill
IX)E I0 IIISLAli[LIIIG Of (E.I;** lqios_ie). IqJlLIC lid CIOLOCAIll)
VIII[ IIAUN. (E.G., Iq)IEII|INL IIOII(EI lliiO III)llOEI+ (2) IIISIALL
FLOtlgillltE lliISIE NIXED COLOCAIED 11011111 IClH/IIIll SYSIEN+ 1))

WIIFI Q _llIIS 1illN; Ill i(1AI, (Z) FAI_IIY. (I;I;A;I)
H_(II). (]l LIIII_ /Ll_ AI _IE
II/ORIOEI2A/a (&) tlIIIC INEIAIOIIS SlIE, (4)
ACID(GA), |S) IIEIELOPtailUIO([
CHLOAQOEIZEI_. ) _ ELi |Sill

lU/AL) FOE mile
IOEIll I l lEAf loll
LIELIIIG OF ISlE
I:OIIAIIEII.

2 III A NI/S4 / lip llllSF C¥1111([I MlO FOtlLIIrI JlCCIIIEII CM/SES lilLE/lIE OF I0111¢ liLtS i(t) UIE OF INILL UiiLI ll) PIOVlINE IRI Jl4LtLq[I
SULIIOES (GROUP 5A) SIII&IAIEOUS SPILL Of (E.G., B AIO CYMOGLrll IEiUll_ FtIIILIFI!I, (2) i lilB OILllq, (2) VEIIIFY

t:YAIIN llllO OIHTI AllO POSSIILE EIIPtOSliOIt OIIllS AItE llrOUil 9lILY OIl1111UH OOlllEIIIS llO
IK)ICCI_IIILE IMSI[ MID Flff. S_V[I_ II011[EI ILEM[L IIIGII, ()) SI_II[II IM_LilG AI IIASIE
(E.G. e If_Oii(lO), Oil IIJURT, _ LOU LEVEL SYSIEN, (4) FIlE IEiEIldlI01S SIIE, (J)
I_EllCllLOIllC &CIOIU)) 0U[ Iml_ll_ Ct)lltlmiMlltOil suIq_Ssigll SISII[N, NVI[LOP Llll VII
tO NISL011WLIIIG. III lIE F4CILIIlr. _mt[ (LM ESIH

(0;O;A;C) mint; FOa UltSfE10[1111t Ir.M Ioi AND
tJllEt II_ Of IMSIE
alAImnS.

Z III A NI/6A I IAP iSf OIIII)IZEIIS (GROUP OY[II_AO CIIIIJI[ OROPSOAUN RELEASEOf IIIGgLY IOIIC Ill _ IUlSOIIIIOII lid (I) IIVELOP PlOClllOffl I0
6A) _IK OIML SPILL Of raises, HIEIIIAL IS I_ liPA IILIEI, (_l _lI B NIIINI_ i

IHCQI4PAIIIL[ NAIERIALS [XPLO_IOll ANO POIEIIIAL FIlE SUPP_SSIOII I NOtEI_II OVEI SIOIIED
I)U£ tO NISLMIELIHG OF lillE. VERY IIIGII lille S(llLl_ll slrsl[ll. IMSI[$o (2) V[llFlr OIUN......

,



1_2NI NmLTSlS Rk'l_! I_ IlI

ii i ii i ii ii l I II

.-.-,---'¢ .c.f_c AcIiv,Iv mv_ cM,tm.uio cum_.c, no_mi rows .c,_=s
i i i i i lli

ISlE NUN. ([.i.-- POI[EIINL VIII Gkl[mllOll CIII_II I8 UiLImG il
GEIDI/[A ISlE NIXED Of IqIOSlIEN Ul!_ SPILLS IMS_E EIRAI_S Sll[.
MilK; (I) NiOll(1il, (2) IIVOLVI_ I:lll,_ IIEB_EE. (_l) _L_ Lt M_

SODIUN(2A). (4) FAIMI|Y. (CIlIA;C) NMIM) NI ttSl[
!ORGMIIC$(&A) SUCll AS IIEIrUHCAIIOI I
CmLOmOI_1_[I. IS) IO _LI_ Of ISlE
CYAliI_[(SA)) CgNIAiEER$.

PH[/ING CAUSINGBUAL POIEIIIM [NPtMIN IiD I LIgELIEG A| ISIE
SPILL Of INCIMPAIIBL[ POIHIllL fiE. FIE 6[IERAIORS SIIE. 12)
NAIEIIALI DUE I0 I_VI_ _ _t I_UELIDP UI IIIN
HI_ILIB Of ISlE _O _1[ IE _ (tt El
_. (E.G.. NIDI_I GAS. NIENIIK _i i) fN ISlE
_SIE NIEI VIII; (1) FAI_II¥. IlIA;AID) I_IFIUIll I
IMOI(IA), (Z) _11¢ MLIM Of _f|

14) m_UIIC$ SUN AS lEE EMIl SIN EUILIIEG
CtOmO NIIEm(IA), (S) _i lUlMt SCMmKI
Grad CYIIOT(SAI) _-

2 I I I A 1_TA I Nil* NVlISF GASES (GIIOUP }'A) _ Of CVLIIIEII IEL[/ISE OF IIII.V lOi(IC BEPAI SClllmlI (l) IIUillSlqI| iI SlqOlE
(l'tE_) DUE I0 GASES (IIEE, _IEN:. __ _LV, (21

L'YLIIIII4[I D_0PP_D _iO OIEEES)..w=._c= i fl_ i_ i SP_CIM
I KGULA|Of LINE BREKS) |AIKIIT. POIEIIIK II F_ Ills

_1_ flUl IN _ _I_ _1 t IFKILI_ (]) IEE1KL USCVLI_D[R DNMG[. PUBLIC [XPOSU_. I_EC! /_i _i. (&)C_ISlI_I S[cm_lmv
(C;C;A;I) _&INNENI foil I_Sl

BA2M_OUS ¢iLIEMIS, IS)
CTLINME_S IO lie

P_O¢ESSEI I/ill fll_
_IMIIT, (6)I II
'fills IIEA I0 E[ HHOIBI_
lillE _¢I1_ (I.E..
II SLIM. OIqEIAI1[ UUMI

PII_ECII_[ CAP lml
Clt ItlNI I[GULMIS
II M II _ AI JiLt

C_IIH II t [mQes_

2 III A PlIITA / NI/* IF GASES (GROUP TA) [IflL_IIAL FIIIIE (IIIIIAIED iqlIESSUIIUIlOI lid 11) fil_ NOIE_IOll lie ItS (11LIltl[l_ II IiIIlIIIll INE ISF _I Of GAS ClrtJIIS. SYSfEN, (2) I_PA I [IQIS[I IIEA VIlE flI[
• JILII_). IIGNLV ICIIC GAS I[t[AS£ _IIG S/SI[N, Ill _ I III[ I_LL.

AID PII[NIIAL (l_III IUSIILE f_SS_ IIU[I.
NISSILE G[_[_AI IOI.
I&IAIAIA)

2 III A I?A I V t GASES (I 7A) _8 Of _Llli _LEA_ Of il_T I_lC _ (|) l_I I Sl_
i(gON-LEGACY) DUE TO GASES (PPOSPglg£, _lIIS S_¢8_LV. IZ)
AC¢IO[NIAL CAUSES(E.G., PNOSGEi, MSIN[, MB ¢8_$10EI St(ONDAEV
(¥LI_R _O AND OIMIS). _l COlllAIIglqI_Ul Frill _I,,,,,.
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IIAZARO AHALTSIS REPOIR!lit RISK

i

ACTliulai
X- * -F- - -C ACf/FAC ACt I Y111' NNqE CAUSEISCENARI0 CONSELIENCIES PliOIE¢! IVlE FEATURES

i i iiill J J I I

REGULAIORLIHE NREAKS). FAIAiLITY, POTENTIAL II/_[_JOUS C1rLlk_iS, (])
COLOCATEII_UORREI AND GAS(TLIIDEiS TO DE
PUBLIC EXPOSURE. Iq_ESSEO VITH NIGH
(A;A;A;D) PNIORIIlf, (4_) I_( IN

THiS AREA 10 mE PIEllfql)l_
IIiN PflOIECllON (I.[.,
HEM SODA, OPERATEUNOEA
IH[ IUDDT STS|EN)f (S)
PROTECIIVE CAP FUR
CTL INO[l REGULA|ONS
!SHOULDliE IN PLACE AT ALL
lINES, (6) CONSIDER
SlORING GAS CYLINDERS IN
ENCLOSEDIlOm IN AN
INCLOSEDNUILOING.

2 III A HU?A / NV* HI# GASES (GROUP TA) [RTEWFFALFINE (INITIAIEO PRESSURIZATION AND FIRE PIOTEC|IOB SISTER, (1) Ill|lATE FIRE
VllHIN IRE BUILDING). RUPIUR[ Of GAS CYLINDERS. FUSIBLE PRESSURERELIEF. SUPPRESSION SPNINWLENS

HIGHLY IONIC GAS RELEASE GIVEN FINE IN AOJAC|Nf
AND POTENTIAL CYLINDER !AREAS, (2) EN(LOSE tHE IW
HISSILE GENERATION. SIONAGIEAREA AgO STORE

GAS CVLINOERS IN AN
(A;A;A;A) ENCLOSEDAREA.

2 II! A NV9 i NV* NV NONREGULATEOUASTES SPILL (E_ 10 FREEZING ORiFINE AND KL[ASE Of TONIC FIRE PfOTEClION SISTER. (1) CONSIDER ELIHINAIING
t_ (CROUP 9) FOlll(LIFl AL'I:IOEHT) Of USES (E.G. NF). THIS AREA, (2) CLASSIFY• NB STORE ALL
I INCoiqPAIINLE IMSfES (N;N;A;N) NONEGULA|[D MRSI[S IN

_¢_ ROUIINELT SIORED IN CqONPAIINL[ ilEGULAIED
NOliREGI&ATEOAREA (E.G.•
NISLANLED, |ENPOmAAY Am[AS• (])ENCLOSE lieNAZARm_ UAS|E STORAGE
S|QRAGE. OR O0 NO| BELONG
IN OtnE_ DEFINED OUILDIHG.
REGULATEDAREAS)

Z III A _G I BY* MSF GLOIAL (IHTERNAL N[DlUN INTENSIFY SEISNIC NiXINg OF IK_NPATIBLE NONE (1) REYIEH SEImlC NSIGR
ANO EXTERNAL) EVENTS EVENT VlTg IKNUZONTAL UASIES STORED IN MJACENI ClliilEilA, (Z) ENSURETiHATIN¢ONPATIILE MRSIES AlE

ACCELERAIION Of 0.IT G. AREAS. VIOLENT REACTIONS, NOI STOREDIN ADJACENTPOIEII|IAL FIIHE, AiD
RELEASE OF IORI¢ FUNES AREAS. SEE PO/ENIIALMSF FLOOAPLAN DEVELOPED
(E.G., PNOSGiENEOR NCN).
POIENIIAL LOSS OF It PHA gEM, ($) RININIZE
S(RU_A. HOLE: SHOO[ SIONAGE lINE OF NOSI
SENSITIVIE IMIEIIAL NOT FLAHNAILE/ IONIC
CONSIOEIEO IN IRIS NAIEAIALS.
SCENARIO. (C;C;A;C)

2 III A HUG I HU* PUtTF GLOIAL (INTERNAL ACCIBENI IMUNG SPILL LEADING TO IN HONE (1) CONSIDER IIOAO CLOSURE
AKU EXTERNAL) EVENTS tRANSPORTATIONOF TIRE UNNI/IGATED RELEASEOf NNILE iRPdlSPOliIINg iRENOS! llAZAIIO_ PlAIEIIALS

HOST IONIC VASlE ORUNS IONIC GASES. PUBLIC IE|UEER LAI AREAS, (2)
(E.G., IONIC GAS EXPOSURE. (A;A;A;A) REVIEV PROCEOURESFOR
CTLINOERS OR INCONPAIIBLE SECURING14ASIE ORUIqS
UASTES) FROH MSF 00 CAI OUXIK TRANSPORTATION,
OR OIHER FACILITIES. (]) DO HOt IRANSPOAI

INCOlqPAIIOLE UA$1r[ DRUNS
tOGETHER.
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HAZAROANALYSIS REPOR! BY AISI(

n---F---( ACTIfAC AC;IVlI¥ W_l[ _CAUS[ISCEliIWIO (_oukm_s _i[CllVI[ F|Ai_S ACII_i

2 III A MUG I lAY* HI/ GLOBAL(ImIERNAL ANO H[DIUN IHI[NS|I¥ SEISNIC NIHINGOI r lilCONPAIIBLE IIWI[ (I) WE¥1|USI[IgIIC NSIGII
[XI[AHAL) [VEHIS [VIENI UIIH HORILq)NIAL !UAS|ES SIOAED In ADJACEN1 ClIlIERIA, (2) ENSUIt[ IHA!

ACCELERAIlON OF Q.IT G. AREAS. VIOLENT REACIIONS, INCI]PIPAIIIRE IMSI(S All[
POIENflAL FIRE, AND NO| STOREDIN nJACENI
R[LEAK Of IO1[1[ IUN[S AREAS. SEE POI[NIIAL
(E.G., PHN)S_NE, RCN). MSf ILOONPLAIIDEYELOPEO
NOIE: SHOCKSENSlIIVE BY PIm IEAN, ¢$) HININIZ[
flAIERIAL NO| CONSIOER[O S|OAAG[ lINE Of NOSI
IN IHIS SCENARIO. FLAIg_|/ IONIC
CO;ETA;|) NAIERIALS, (_) ENCLOSEIn[ NUSI(mAG£ AaEA.

2 III A HUG I NU* HUGLCmAL (INTERNAL ANO ACClO[H| OUIIIIIG SPILL LEAOIIIG ;0 |lie NONE ¢1) ¢ONIIH[| ROAD CLOSURE
EXlERHAL) |VENIS |AAIISPORIAIIOli Of MAS|E UNNITIGA|EO fllEL[ASE Of MIIILE IIIMISPOII|IIIG |H_

(IONIC GAS CYLINIXERSOR IOXlC GASIE$. PUOLIC NOS| llAZANOOUSRAIERIALSNIUE[N LAN RIll[AS, (2)
INCOI_A|I|LE V/ISlE DIKIHS] EXPOSURE. (A;A;A;A) III[VI[MPROC[OURI[S FOR
IRON Hi/ SIOAAG[ lOCAl OR SECURDliGWISIE DRUNS
OIN[R FACiLII¥. DUllING IRIUISPORIAIIOil,

(]) lIOUOl IRANSPORI
IliCWIPAIIBL[ UASiE ORUNS
IOG£11_R.

2 Ill A GC11 LOAD CYLlil_| FRON TA-S_ HANOLIIIGACClDEH| WILL[ RELEASEOf TOXIC GAS FROPHONE (1) O011SIIRA SECONDLY
t_ MSF OilY0 |RAHSPOAI VEHICLE RENOVIHGCYLINDER FAQN A SINGLE CYLIliO[R (E.G., COIIfAIIIN[N! fOR HOUliAHD ROYE IO 1A-63 SIOilAGE, (E.G. CYLINO[R CTANCN_N, ARSENIC RIGHLY TONIC GAS* CTLIIIKRSANO ALL UHENOUN

! fALLS BREAKING VM.VE OR P[NIAFLOAII)[, N;, GAS CYLINO£AS. (2) VALVE
C_ (Om_ClIONSOA RUPIURE Of PHOSGENE). POSSIBLE COVtEASSHOULDBE IN PLACE

A CORAOD[DCYLIliOER). UOAKER FA|ALIIY. ON ALL CYLINOEAS, (3)
(C;D;A;O) |RAIN MORI_AS I0 EVACUA|[

IN UIq/IIQDIRE(|IOil, Am
GAS HAS[S Im

NDDIRECIIOR, (&)
[NSIALL A HIND SOCKFOil

COlilliPJOUS riND OIAECIION
INOICAIIOII, ($) CONSiOEfl
PIIO|ECIIVE CLOTHING foil
NIXED HASTE GAS RELEASE.

2 II! A GC2 I TRANSIqJT OF GAS CYLINOEA |RUCK ACClOEHT OH PUOLIC POTENTIAL it[LEASE OIr _ AONINISf|ATIVI[ COIIIAOL$;
MSF fO 1A'63 MSF IK)AD B[/UEEH |A-S_ AHO IOXIC GASES VIIN PUOLIC (1) PIIOVlOq[ESCOItl tonlie lltAIISPOIII WHICL[ MAN

IA'6] Vlffl |REACH Of GAS ANDUt)ilKER EXPOSURE. COIISIO[fl NON4 CLOSUAE
CYLIliOER(S). CA;eTA;O) |IAIISPOAI, (2)

IAAINING, (])
IESIiI¢l NIGNI 011 POOR
U[A|HEA OELIVERIES, (&)
COiISIOEA S£(ONOMT
CONIAIN0_N! for CTLINOEAS
Of OUESIIONAIt[
INTEGRITY. UUNOVH
CONfEHIS, OR llll_E
CORIAINIWGIIOS! HIGHLY
I_ICRAIEAIALS.

2 III A G(6 I m/If CYLIliOER |REACHED IREAIPI[Hf SKID (VALVI[S AELFASE Of HIGHLY ;OUlC H[PA AND SCUBING (1) IIIO[PTIIO[N!
,.
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ii

i uIt---t-- ( ACIIFAC ACIIVIIY NAN[ CAUSEISCENARIO _ li_S PIIO1r|CIIW Fr:AIIJR[S KIl_l i

i i i i i

FOR CONIAINNEHI VTSSEL) IrisEs (PNOSPIE, PROSGEN, SYSIEN. WBIFICAIION OF SYSIEN
NISALIGN[D BEFOREOR |ARSINE, AND Of|fiB) I0 ALIGNN[N1r BEFORECUllING.
AFIER CYLINDER BREACH. |AInOSPERE AND/_ i(2) USE PROTEOUR| VlIH

!¢ECKLIS/, (]) PROVIDEIBUILDING. UQRKER
EAIALIIY. POIENlrlAL VALW POSITION
COLOCA1r[6UORKERMD ]INDICAI ION.
PUBLIC ENPOSlmE.
(C;II;A;D)

2 ill A GC6 / NU;f CYLINOER REACHED INAOVTR1rANTCUT1rlK Of RELEASE OT |OKIC GAS IN1rO NONE (I) INSIALL Ill|BLOCKS lrO
CYLINOERPRIOR I0 S[ALIK lOON, gGR EXPQSU_ AND P_fllr UV OPERA|ION
VESSEL. POSSIBLE FAEALIIY. IIEFON[ SEALING AgOIIMER1rINGPN[SSIJNE tfl[SSEL.

(O;D;A;D) (2) WRIFT DOOR CLOSURE
PRIOR lO SIARIING SAU.

2 III A GC6 I NUTF !CYLIII_R BREACI_D PDESSUII[ VESSEL NINOD LEA[ OF lUGI_Y illOliE (I) MIIFORfl CirCE Of
INCORRECIL1rSEALEO (SUCH TOXIC GAS (PNOSPIIIN[, PIIIESSUREVESSEL SEALDEFOE CUllING QP[flA1rION.AS DOORSEAL) OR SEAL PHQSGEN, ARSIN[) IRON
FAILS CJUUSINGLEAKAGE LEAKY SEALS, POIENIIAL (2) NINIHIZE liNE NEIVEEN• CUllING AgO DISPOSAL Oil

UONKEfl FATALITY. NECOH1rAIN[RIZAflO_. (])
(D;D;A;O) LO_'_|E CONIROL PANEL AUAY

fRON SILO.

!
_" 2 Ill A CY1 I IRUCK ENTERS FACILI1rY AND 1tRUCEACCID[N1r illfl POSSIBLE PIOOUCIION Of gO_ aONIIISIU1rIVE CONIflQLS;
_" HUflSF DRIVES I000CK |PLAIING BREACHOF NUUIPLE VAS;E NCN. V_RKER(S) [XPO_D I@ (1) ANNOUmCEN[N!OF

UASIES). CONTAINERSLEADING lO BEN GAS HIIN POSSIBLE DELIVERY, (Z) DElVER
HI)liNG OF INCI)HPAIIBLE FAIALIIIES, AND INJURY TO IIAINIIG, (]) RESiRICr
UASIES. DUE I0 (1) NOflNALCOLOCAIEDUOflKERS. NINOI Olrfl[R 1tRAFFIC OUTING
lRAiSPOfl/ Of ON$11E CONIANIHAIION. DELIVERY. CONSIDERREVIEII Of IRANSPOHIAlrlON
IHCOflPAI IDLES, (2) (B;B;A;C) PROC1EOURES,E.G.., ( 11
NISLABELED DRUBS. lESlrRICl INE

IRANSP_IIAi ION OF
IKONPAI IDLE VASiEI IN
SINGLE IIUCI, (Z)
CONSIDER 1riilS_OR1r Of OE
NUN Air A lINE.

2 Ill O DU& I HUTt YAH FORI(LIFT DELIVERS FONR1LIFTACCIDENT DUllING SPILL OF NUN COiI||NTS NONE ROVE OBLIr _ PALLET OR
DEPLE1rEOUIANIUN MAS1r[ 1rRANSPQ_1rDEIU[EH VllrH FIRE AND (RASH OI_RDUAIwnlCLEAFINE,OURINGIESIfllC!

_I0 IREAIH[NI ROQN BUILDINGS. INFLICIEO INJURY I0DRIVEH. DRIVER EIPOSEO 10 IRANSPORI.
FIRE. FUN_S ANDDEPI.E1rEO
URANiUN. CONIANINAIION OF
FACILI1rY (IA) VIIN NINOR
OFFSIIE CONIANINAI ION.
IC;C;l;i)

Z ill O DU| I 1tRUCK[HirERS AND DRIVTS IRUCK ACCIDEH! VllH FIRE RAOIOAClrIV_ RELEASETO NONE _ONINISFIATIV[ CONTROLS
MURSF I0 BEK AHO BREACHOF DEPLEI[D AfNOSPNEREDUE lO UNIK SUCH AS (I) A_QUNCEH[NI

URANIUMUASIE (ORIAINER. OF DEPLEIED ORANIUH. OF DELIVTRY¢ (2) DRIVERIRUCK DRIVER TRAINING, (]) RESIRI(!
INCAPACITA|ED DUE |0 OIHER IRAEFIC OUTING
ACCIDENT, IS EXPOSED10 DELIVERY.
FU_S AND DEPLEIED



NAZANDANALYSIS R[PONT I! RISK

...... m i 'a---F---C ACflfAC ACIIVITT IL414E CAUSEISCEHAFllO ODNSlEgUEIICES IEC! IRE FEA|URRS AC|IONS
i i| iii iiiii i i I iii ii i

UIINIIIUN. ClNIINIIIIMIlOI Of
FACILITY (IA) ANONlllOII
Of FSIIE CONIANINAI I011.
(C;C;II;II).

2 ill II HVSA / Ill/* RUTF CYANIDES ADO ACCIDENT CAUSES IIELEAS_ Of IONIC GASES SEPARAI[ SIN BUILDING (I) CONSIDEll ENCLOSING
SULFIDES SIORAGE SlPlULIAII_OUS SPILL Of (E.G., N(ll AND CYAIIC_A) FOil NAZAIIOOUSCYANIDE III NMIF SIONAGIEBUILOIK

CYANIDE ADOOIliER AM) POSSIOLE EXPLOSION UASIE. AND PROVIDING HVAC, (2)
NOHCI_qPAIIILE UASIE AM) FINE. SEVEREUOIn[EII INSIALL A SL1UNEII
(E.G., N2SOd;(lll)_ OR INJURY. (D;I;D;C) SYSI|N, ($) PROVIDE
PEFlCNLORICACID(M)) DUE AL4fLVnll AID ALAMI, (4)
10 HISLAIIELING. VERIFT NUN £CilIENIS Alto

LABELING A! UASIE
GEIIEIIA|OIIS S|I[ w (S)
DEVELOPLAI UIOIE
PRqlN_OURE(LAD ES/,N
IPMiML) FU b'ASfE
IDENI IFICAI I011 AM)
LADELING Of UASIE
C1DH|A|NEIIS.

2 I I I II HUSA / III/e NUTF CYANIDES ANO HEIICUIIlrONYCTANIOE SHALL EIIPLOSION LEADING NONE DEVELOPADO ENFORCE
SULFIOES SfORAGE DEfOliATES DUE I0 IRAFIIIG, I0 IONIC GAS (E.G., POtO¢lr BIOI lO SIOIE

FllON SNOTJ(ON FRICIION PI[RCURT FUNDS, CYANIDE EXPLOSIVES ON SNCICK
(E.G.. fONICLIFI' AND NCM) RELEASE. SEWII[ SE01SIIIW PMIEIIIALS IN

t;::;i ACCIDENI). UOIII(ER IIJUR¥ DUE tO flits BUILDING.
I ' IOXlC GAS EXPOSURE.

_.A (l;I;l;C)t_3

2 I I I II IIW2A I _ HV llEACIIVES (GROUP 2A) AC¢IDENI OUR TO ILIIAN PIIIX)UCTION Of NllUIOGEN NONE (I) VERIFY OIIUN CONfENTS
EIIROR CAUSESSINULIANEOUS GAS, POIENTIAL fill[ All8 LdmELING Al IMSIE
SPILL Of BALER REACIIVE ANOIOR EXPLOSION ANO GiEI_IIAIORS SI/E. (;_)
UASIE AND INCOPlPAIIILE PRODUCTIONOF IONIC I_UNES HVELOP LAD kllO_
UASUEDUE lO NISLAII[LING. (E.G., NCN). SEVERE PI)CEoLq_ (tAll [S/JI
(E.G., IEACIIVE UASIE UORI(ER INJURY. (I;D;I;D) HAIRML) FOR UASIE
NIXED HI! SULFURIC IOENIIFICAIIOW AN9
ACIO(III),IINAOH(IA), LADELING OF UASIE
PERCIILGRICACID(IA) OR , COIIIAIDERS.
IH ICIILORA [INTLENE(_A))

2 II! II NUIO / HU* W ACIDS (CIIOUP 10) fODI(LIFT ACCIEEN! OR POfEDTIAL FLEE, FIRE SUPPRESSIONSISTER. (1) VERIFY DINN CONIEIIIS
FREEZING CAUSING [HPLOSION, NYOROGEIIGAS AND LAIELING Af ql/ASI[
SIMULIADEOUS SPILL _ PAOOUCFIOil AND TONIC EAS G[liEilAIORS BilE. (2)
ACID NAIEIIAL AND GENERAflQN (E.G., Nl_). 0EVIELOPLAg VIDE
INCIONPAIIlILE IqAIEHIAL UOAI[ER INJUItI'IEXPOSUAE. iqlOCEEOqlJNE(tAil ESlLN
(E.G., NAOII(1A)o (ll;ll;ll;C) HAUL) fOI IMSIE
HI IItOOENZENE(d;A), IDLE| I F ICAI ION AliO
IITOROI[N P[RONIOE(IA), LANELING OF UASI[

CONIAINEliS, ($) SIOREM_IAL CTANIDE(SA),
LIIIIIUiH HTORIOE(ZA)) OUR WASTEIN ENCLOSED
fO HISLAIIELING. liUILOING 10 PREVTNT

FREEZING.

2 III R HUB / HU* In/ PCII (GROUP 8) PIISLAIIELED HUN RESU1LIS II_NING OF PCII UAS;E. FIRE PROIECIlOii SYSIEll. :(1) IRRIFT NUN ODIII[II;S
IN PCII ORUN BEING SIONED DISPERSION Of PCII VASIE ANO LAIIELING AT I/ASIE
NEAR FLANNAIILEUASTE. IO fH[ ENVIIIONNEHI. G[N[llATONS SITE, (2)
ACCIDENIAL IIR[ACH Of THE (ii;ii;ii;ii). O[V1ELOPLAB UIDE



HAZARDANALYSIS IIEPORT DI' illS[

i I
i i

N---F--- c ACTIFAC ACIIYIIY NAN[ CAUSE/SCENANIO, £OiiSF._adEii_S i,t-cui[CTIVI[ F[A111m$ , ACtions,
CONIAIH[BS LEADS TO FIRE 9 [-_l.c_ (LOUD[S&N
AHD NURHINGOF PCD UASIE. RMIUAL) FOIl IMSlEIDI[III I f ICAI ICII MO

LAELIIm OF IMSlt
_ CONIAliEAS.

2 I I I II HUO I Hi/* Hi/ Pt:N (GROUP 8) SPILL OF PCli HASTE OAUN POTENTIAL RELEASE10 TII[ SUHP SYSTEH. (I) INSTALL PI(OCEOURESTO
DUE 10 FORKLIFT ACCIDENT,iEWVImN! Tn_ua ThE NI|CT SUNPLEVI[LS, (_)
RELEASEIO IHE SUNP. 'SUNP SYSIEN. ONSIIE lEST SUNP CONtENtS NEFQNE

COillAIqlNAl IQN. (O;D;O;li) OlS¢IiMGE.

2 I I ! II GCT I HMIF SANPLE, ANALYZE. AND IqlSIIOUIIHG Of TONIC GAS IONIC GASES IIIADVIEII|EIITLY liON[ (I) IqloVIDE SMIPLltlG
DISPOSE PBESSUNI_VESSEL (E.G., GASSENt IN V[N|ED TO A1NOSPHENE, PRQClEOURESMllN
CONE[HiS AINOSPHEII[) DUE IO IILINAH EXPOSUII[ |O PUBLIC__ IHOEPENO[NI VEAIFICA|ION,

ERRON, SCRUEIIERIAILED ON (:(N.OCAtEOUORI([AS AND (2) VERILY STSIEN LIE-UP
INEFFECIIVl£. UORKENSOU|SIO[ IH[ PlUWi TO I_UllilG PBESSUm[

BUILDING. (l;l;I;O) VESSEL CONtENtS.

2 I I I II !GCOI HUIF SCIR)BIIING AM) DISPOSING NAOIOACTIVIE COIITAINEII VIOLATIOII Of IIECIAATIOliS, ONLINE SAHPLIK. IBOI[P(EBOTII|LYVERIFY
OF CYLINOIERS NISLAliELED AS HAZARDOUS LOCALIZED NltlOii Of FSIIE EOAIIECI LAIIELIHG.

AND SENT OfF-SitE FOR COHIANINAIIOll. (D;D;O;N)
INEAINEHT.

3 I D DUO I NVTF VI[RNICIL)LITE R[NOVIED_D LEAf( FNON THE INNER ORUIq IPO|ENTIAL NINON If |NENE /dqE IM)ICATIOIIS

_;) BAGGED (DEPLEIED UIIANIUN IN OIL)iI(ON|MilNAIIOII IqlOBLENS. Of A LEAf( i/NIENBEHOVING10 IHE YEIIHICULIIE. LEAf( CONIAINED IN IHE _._._EADIILIN, DONOR
I OV[APACI(. (D;D;D;D) IIENOYE |RE VERMICULITE.

c_
3 ! O RUG I NU* HUIISF GLOBAL(INTEHAL LIGIITNIIIG S;IIIKES STORAGEHOT A HAZARD. (D;D;D;O) IWSIIF EgUIPED VlTN IK)HE

AM) EXTERNAL) EVENIS liUILDING. LIGHIlilNG RODS.

) I D RUG I IY,/* NURSF GLOBAL(INT[IINAL NIGH VIM)S HO HAZAAR. (D;D_D;D) EgCLOSEDsIAUCfuNESTOIMGE.itlQIE
AM) ENI[BNAL) EVIEN|S

3 I D NVG I HU* IN/ GLOOAL(INTERNAL AHD LIGHTNING SIIIII(ES STORAGEHOT A HAZARD. (D;D_O;O) IrOUIPIqEOVITll LIGHIIIIIIG
IEXtERNAL) EVENTS BUILDING. NODS.

3 I D DUlY / llERUCfiON Of URANIUH SPILLS 0UIIll NL'0UCTIOB, HINOR VORI(ENIENPOSUI_AM) HOHE
HUIF NYOIIWUOE IT SODIUH DECANTING. OA TIIAHSFEROf FACILITY CONTANIHAIIOH.

IHIOSULFATE ;O UIIANIUN LIOUIDS O_ SEDIHENt. (D;D;O;D)
DIOXIDE (DEPLEIED UIIAHIUN
I_OC[SS)

3 I D OU1T I IIEDUCTIOH Of UAANIUN SLUiRAYSPILLEO OUIIING HINOA CONTNilHATIOH IN M)HE NOH[
m/iF HTDIIOII0E lit SODIUN C[HEHIATION PAOCIESS IIIEAIH[Nf NOON. (D;D;D;D)

IHIQSULFAIE TO UllANIUN I(I.E., OVTNFILL, tIPPED
DIOXIDE (DEPLEIEO UP_NIUH OVER, ETC...)
PROCESS)

3 I D LIB9 I PIIIMY VASTE DRUN IS LIINIUH NTOItlO[ HEPAISCI(UOOEN liON[ OESIGU/OPENAIE HO00 VIENf
HUfF GROUNDEDANN OPENEDUSING EN|RAINH[N; IN ;111[VENT COiitANINAIlOR Villi LIH SUCH tHAI LIH ENIRAINNEN!

NON-SPANI( tOOLS STSI[N UHEN PNINAIIY DIIUN ANt) DEPLETEDUNAHIUN. NOl POSSIIIL[.
OPENED. (D;O;D;D)

3 II C LIH& I YAIIO FORI(LIFT O[LIVTIIS FORELIFT ACCIDENT OUIIING SPILL Of DliUH (ON|ENTS, lION[ (1) NOV[ ONLT OH[ PALLEI
HUfF LIIHIUIq HYDRIDE 10 IRANSPIOAIIIEIUEEN UORKER(ORIANINATION (LIH AT A finE, (2) BESTBICI

IIIEAIHENt ROOMDORA. BUILDINGS. AM) DEPLETEDORAHIUFI).__ OIliER VEBICL[ OURING
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g---F---C ACIIFAC ACIIVIIT BANE CAUSE/SCENARIO a)NSEIUEKES PROIECIIIE F|AIUMEII EFIOIIS

ALSO FACILIIT (IA) lUlISPORI, (])OREAIIIIIIG
CONTNqlMIION. (D;O;C;C) APPMMUS AVAIUIHLE 10 _

MUllER, i/llHIH REACH, I_)
NO FHANSPOHISDURING UEI
HEATER CONDITIONS.

$ il C IqU4A / N/* NURSF FLMIMIIL£S (GROUP SPILL OF LOt/ FLASH POIlil UOItI([R EXPOS[O 10 TOi(IC CMIIOII MSOflli;lOll _ Ill INSTALL GAS AIMLTZEII I/IrRCIRHICILS FUllS. (D;D;C;D) i_PA FILLER. FIRE ALARN.
&A) (ACEIIIALIRHYE( - 38F), SUPPRESSIONSYSIEN.

tURAH |-$ZF), ANFlTOHOUS
ETHYL |-_HF))DILl[ 10
FORI[LIFF ACCIDEHI, CRAIIE
ACCIDENTOR CORROSION.

3 II C ;q_A / NUe NVllSF FLNgqABLES (GROUP SPILL OF LOt/ FLASH POINT IGIIITION OF FUMgMOtE (I) fIRE SuPlqlESSION (1) ;REAl HIGNtT
&A) CREIqlCALS VAPORS LEADS |0 COIIIAIRE| STS;EN. (2) CAFllION FLMIAIIL[ NAIERIALS ON All

(ACETNALNEIIWE(-]HF), FIRE IN ;lie SIORAGE AREA. A|SORH|ION BED I!1 NEPA PRIORIIT BASIS. DO NOR
FONAN|-$ZF)o ANHYOROUS (D;D;C;D) FILLER, AND SCIUNING ALLOt/ ACCUPlULA|IONSOFLARGE IINENIOiliES. (2)
ETHYL (-&9F)) DUE TO CONSIDER SPECIALLY
FORI(LIFT ACCIOENI, CRAN[ DESIGNED SIt/RAGE
ACCIDEH| OR CORROSION. (OIIFIGURAIIQN FOR IME
FIRE SUPPRESSIONS¥SIEN NQST IMZAIIDOUS (LOU FLASH
QPERAliQNAL. HINT) 7LNg_IL[ MAS/ES,

(]) IIISIALL GAS DEFECIOR
AIID ALAIIN, (4) CO/SIDER

_:_ raTING A FLAIR SO II_
| SCRUBg4ERSYSIEHe ($)

CONSIOEll IREIll FIRE
d_ SUPPRESSION SfSlEIq,

(E.G., INERI |i_ IKX]Iq
VITH ll2 VILE11lINEGAS
ANALYZERSALARN).

] I! C II_A / I_ Nt/ FLNHIAIILE STORAGE FREEZIIm ;EIqPERAIURES UOIII2R EXPOSEDIO IOUlC _ liORE
(GROUP 4A) CAUSESIIUPlrUREOf ORUN FUNES. (D;O;C;O)

AliO SPIEL Of FLANMBLE
NATEIIIALS.

3 II C IIUSA I V ilfl/ FLAPgMIL[ STORAGE SPILL OF LOU fLASH POINT IONITION OF FL/I/glOL| FIRE SUPPRESSIONSTSTEN.
(GROUP &A) (H[HIC, ALS !VAPORSLEADS tO

(ACEINALIIEHYE(-]HF), FIRE III THE S|ORAGE AREA.
FUHAN(-$2F), ANHTOROUS (O;O;C;D)
ETHYL EIIIEII (-&9F)) DUE
TO FONI(LIFI ACCIDEHI ON
CORROSION.FIRE
SUPPRESSIONS¥STEFl
OPEHAIIONAL.

] I I C HU_A jr HUa W FLAIOMllLE STORAGE SPILL OF LOU FLASH POINT tHOIKEIt EXlq:]_O TO NONE IIOMECREHICALS CHElqlCAL fullS. (OlD;OlD)
(GROUP /_A) (ACEINALNEIITE( - ]Hf),

FONAN(- 32F), AHnTOROUS
ETHYL EIII[R (-&QF)) IX[
TO FORI(LIFI ACCIOElil OR

ORROSION.
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A---F---¢ ACTIFAC ACIIVlIT N/IRE CAUSE/SCEHARIO CONSEQUENCES IqlovEc|IVE .__IUIES ACTluiii
i

3 II C NU2A I _ NURSFREACtlvES (GROUP UALI( DENIm FORI(LIfF I/ORI(ER EXPOSUREe (I) Oily U_.PiiCAI, FIR mJm
;_A) ACCIDENT Oil OTHEREVENT CONIMIIHAtlON Of STORAGE suIqqlESSION STSIEII, (2)

CAUSESSPILL OF UAIER AREA. (D;D;C;O) SCIFlJEIERSYS|ENe |]) 1lie
AEACIIVE HASTE. SUNP CAPACITY IS IEII

PEAL'El1 Of IE IIII_HIOIIY
IN 1HE ROOH, EOUIYALEN1
I0 IHAEE SPRINLEII HEmS

• DISCHARGING FOR 30
POIHUIES.

3 !1 C M I Hi/* VSF NOmtEGULAIEDUASIES SPILL Of AIOIOIIIUN POTENTIAL UOAWEA HONE CONSIDER IIELOCAIIOH Of
(GROUP 9) IlFLORIDE DUE I00VEREM EXPOSURE. (O:O;C;O) lllqOillUIq lilFLORIDE iO OH[

CRAIIE OR FORi(LIFf Of THE REGULAIED AREAS,
ACCIOENI. SUCHAS CAUSTIC(IA).

) II C HU9 I HI/* ilM NONFlEGULATEDUASTES SPILL Of /llllOIllUIl POIEIITIAL UORI(EII DE COIISIOERRELOCAIICU Of
(GROUP 9) IIIFLORIDE DUE TO FORI(LIFT EXPOSURE.(D;C;C;O) APOqOIIILINIIFLOIIIDE fO

ACCIDENTOR FREEZING. Of IHE REGULAI[O AREAS,_UCNAS CAUSIIC(IA).

II C PlUBI¢I IIL/* MSF ilULI(iK ROGPl _ Eg OURIK UOAIH[I ERIPOSU_ 10 lOOtlC (1) UASIE IS OPEliB AND iOilEllU_I(ltlG OPERA;lOll LEADS CH[IIICALS AM) IONIC REPACI[AGEDUIIOEII FUNE
10 UASIE SPILL FUllS, (D;O;C;O) lIOOO, (2) USE Of• NOHSPARI[IIm |OOLS, (3)

PROIECIIVE GEM, E.G.
SUll, FACE SHIELD.I

¢_ ] II C DU16 I llEAClIOII Ct]HPLETE. iUMJi ERROR(DEPLETED SLURItT ItOUIL_ 10 UASIE HORE ROll[
HUIF SLUARIr IANISFERRED 10 UAARIUN IqlOCESS). UAIER IAIK, CI[HEIITAIIOR

A[DUCIIOR/SEIILIHG 1AHIC IIISALIGlilIEHF OF VALVES DRUNOR 01HER. FAClLI11r
i(OEPLEIED URAHIUN DURING 1RANSFEROf CONIMIIHAIIOH, IIINOR
PROCESS) URANIUN SLURRY I0 IRJI(EA EXPOSURE.

REDUCFIOHISEIILIRG ;AIIK. (D;D;D;C)

3 II C ifl/G jr V RV GLONL (INIERNAL AliO INADVERIENI OPERAIlON Of MATER IN;IH/SIOR Ig10 _ (I) INSTALL SUNP HIGH
EXlERRAL) EVENTS ilHE FIRE SPRIIKLERS OR REAClIVE IMSIE SIORAGE LEVEL ALARIlIS, (2)

RUPIUAE Of UAIER PIPING DRUNS, GENERAIIOR Of PEAIO01C HALKOIRRIOf IHE
DUE 10 COHOSIOII OR HYDROGENGAS. (D;D;D_C) FACILIII.
FDEEZlI_ (INCLUDIDG IMIEI
FRON EXIERNAL SOUIC[S).

$ !1 C GC6 I IIVlF CTLIIIDEI BREACHED PRESSUREVESSEL LEAF(Of tlODERAIELY IOXlC HONE (1) P[RFORH CHECI[OfIllCORIHECILT SEALEO (SUCH GAS FROII LEAKT SEALS. PDESSUAEVESSEL SEALIRFORE CUllING OPERAIIOR.
AS DOORSEAL) OR SEAL (D;O;C;D) (2) HIRIHIZE lINE II[IV[ER
FALLS CAUSING LEAKAGE. CUllING ARD DISPOSAL OR

AECOIIIAIRERIZAI IOR. ())
LOCALE (ORIAQL PANEL AVAT
FRONSKID.

) II C GCT jr HVTF SNIIPLE, ANALYZE, AND IIISAOUTIIIG Of IONIC GAS TORIC GASES IHADVEIIfENTLI HEPA ADO SCRIJOIIEASTSTEN. PRIOR(I)VERIFYTOIXJUTINGSTSTENpA[ssuAFLIHE-UP
DISPOSE PRESSUREVESSEL (E.G., GAS SENT |0 VENI[O I0 AIlIOSPIIERE
CONTENTS A|NOSPHERE) DUE 10 HUIqAH THROUGHS(RUBB[II STSTEPl, VESSEL CORIENIS.

ERROROR IqlNOA EXPOS_E. (C;C;C;D)
fll SI HI[RPHE IA! IOH Of

ANPLIHG It[SULIS.
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i i i i I nl ii

I---F---C ACIIFAC KIIVlIT NNq[ CAUSE/SCENARIO COISEOUENCEI PAOIECIIV[ FEA_UA[II ACTIONS
i in ii

] II C GCt' / HUIF SMNPLE, ANALIZE, ANN IHCOHPLEIE _NIING Oil UORI(EREXPOSURE IO liON[ (1) IN)BRIERIO MEAN
DISPOSE PRESSUREVESSEL SCRUINING OF IE PRESSURERESIDUAL TONIC GASESUPON PAOIECIIY[ EOUIPN[NI
COHIEHIS VESSEL DUE ;O HUNAH OPEHHING IHE PRESSURE (INCLUDING SCIA) UN[II

ERROR. VESSEL. (D;D;C;D) OPEINIHG PRESSUREVESSEL.

] II C DUlO / OPEN REAC;OA AND UAS;E UNA[AC|ED URANIUN FINS FIRE IN ORUN. POSSliLE NONE O0AKEi SNOULOE EOUIP[O
BIWIF OIIUIqAIR) CNECE RESIDUAL IGNITE IH PRESENCEOf UOIII(ER INHALAIION. 1OLINRESPIRAIOA¥

CONIEIIIS O](YG[N I/HEN INNER DRUN (D;D;C;D) PIO|ECIIOII.
LID OPEHEDIO CHECK
CONfENIS (DEPLElED ."
UAANIUN PROCESS).

3 il C LIHI$ / LIIHIUN NlrDRIDI[ REACTED EXCESS NOISIURE IENPERAIUAE ENCURIIION IN HONE (1) IICAIEASt[ DESION
HUIF UIIH blAIER IN liE[ IH|ROI)UC[D DUE 10 INN AEACIOR BED. VEHT NUNIDIFIER SAIEIT (2)

HUNIDIFIEA NUPIIDIFIEA HALFUNCIION OR HIGH G[HEAAIIOH flAIR Of IliSIALL HUNIOITY
COIlllIOL FAILURES (E.G., HlrDIOI;EN EXCEEDSDILUIION AIMLIrZEE, IENP[RAILME
THE INLET VALVE |O IHE CAPABILIIY OF IIIE ANALYZER, ANN HYDAI)G[N
PACK COLUNNFALLS OPTN). EOUIPN[II|. FORIM;ION OF ANALTZIEA

EXPLOSIVE ON FLAI_MBLE
HINIUAE (N?.ILAIR) IN |H_
EXNAUSl DUC| OR INN
HUHIDIF IER. POSSIBLE
EXPLOSIOHIFIAIE, VURILI[R
INJURT Am FACILlfT

_I DAIqAC_ICOIIIANINANION.
I (D;D;C;C)

cr_ ] II C LIHT$ I LIINIUN HTT)IIII)[ REACTED OUT OF CONTROLREACTION LITNIUN HTORIDE IIONE (1) IqlO_SS SAFEIY
HUff UIIH UAIER IN IHE DU[ 10 IHE USE OF AIR EVAPORAIES ANO HEASUR[S ANS

HUNIDIFIER INSIEAD OF IHEli! GAS IN CONIANIHAIES INN 01ONINISINAIIV[ COlill_LS
IH[ REACTION HOCESS (LIN SCllUgDlliG SYSIEN. (2) PROVlOE SPECIAL
PROCESS). (D;D;D;C) COmI[CIORS FOR NIIROGENGAS

$ II C LIRIS / SULFURIC ACID ADO[D TO HUNANERRORLEADS 10 UORILTFlIliJUAT OUR 10 ACID _
.HUTF LIIHIUN HTOROIKID[ N2SO_ SPILL. DUNIN. (O;O;C;O)

$ III II LIH4 I YARD FORI(LIFT BELIVI[RS FOAl(LIFT ACClofNI DURIIIG SPILL OF NUN CONWEII|S, NON[ (I) NOV[ ONLT Oil[ PALLEt
HUTF LITHIUN HlrORIDE 10 IRANSIq)A| DEIW[EN PQSSIBLE FIRE Am LI;HIUN AT A lINE, (2) BESINICI

IIIEAIN[NI NOONDCK)A. BUILDIHGS. HYDRIDE FUIqES INHALED IIY BIN[IF Iq[HlCL[ DUllING
INK DAIVlER. POSSIBLE IRANSIq)RI, (])|IIEAIHIIIG
DRIVER IilJUIIT AH0 MPPARAIUSAVAILAIIL[ IN
CONIOLqlNAflOHUIIH DRIVI[R, i/I/DIN REACH, (4)
OEPLEIEO UAANIUN VASIE. NO IAANSPORIS OUAING I_!
(D;D;II;C) UEAIIIER CONOII IONS.

] III II LIlt5 I HUTF OV_RHI[RDCRANE LI;HIUN HYDAIDE UASIE COIiIAIBEN BREACHVlIW NON[ 14)A_II TO U[AR PAOIECIIVE
HUIF DELIV[NS LIIHIUN NTOIIIOT t)IKIN DIIOPPTDUNILE ItWlNG SPILL OF LIH Iq)UDER. CLOIHIIIG ANDIIAEAIHING

DRUIqIO SMNPLERIx)Iq. IH|O SAMPLENOON. UI]IREEN IPPAIIAIUS DURING IqO_l_Nf
EItPOSUREIINGALATIUR Of OF DIKJIqI/IIH NOISI.
LIN POUt)El AND BEPLEfEO
UNANIUIq. (O;O;ll;O).

] III !1 LIHIS I SULFURIC ACID AD_D fO NIXING Of ACID (I12SO4) GENERAIION OF HYDROG[N, NONE NIX UDOI[II NIlrROGEN
HU;F LIIFllUH HTDAI)XID[ UIIH PAAI|ALLY REACIED POSSIBLE FIRE/EXPLOSION AINOSPHEllE

LIH (UNI[ACTEO). UIIH UQAICERINJURY AND
FACIL I IT CQNIAHINA! ION.
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li i iii _1_R---F---C ACTIFAC ACTIVITY M CAUSERS HARIO ClRiSEaU_Ii_S /qiUi[Cl|¥E fEAIIJlES ACIlum_
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' " (O;D:II;C)

] I I I B NUSA f NU* MSF CYANIDES ANO EXTERNAL FIRE CM/S[S TNERIML OIECC0_I|IOII Of FIRE SUPP_SSI0il CA| FIE IPI_IDE NCN AIMLYZER ANN
SULFIDES (c_qouP SA) i(:YANIDE COIgq:NJNDS I:YANIID4EL[MIIIG 10 |OltlC IIIITIATION LOCAIIOII) RIO ALNIN.

i(CYANOGEII IIROHIDE) 10 GAS RELEASE(E.G., INN SCRUUliiG SYSIEN.DECOP_E. ANO ClrANOG[N), LW LEVEL
RADIOACTIVE CONIANINAI ION
IN FACILITY. (D;O;li;(:)

) I I I II NUSA I I1_ MSF CYAIIlRES AgO HERL1JRTORT(:TANIDE SIMLL EXPLOSION LIMING SCmHDBINGSVSllUN. IFlEVELOPAgO ENIONCE
SULFIDES (CAOUP SA) OEIONAIES DUE lO NfAIING, lO IONIC GAS RELEASE. POLICY NOT lO SIQIIE

IRON SHOCKOR Flit:lION SEVERE ldONl(El INJURY DUE EXPLOSIVE AND SXO(I(
(E.G. w FOifl(LIF1 IO IORIC GAS ERPOSUI_. SENSITIVE IMTENIALS Alr
ACCIDENI ). (D;D;D;C) iIA-6].

) III O HUSA I V WIF CTANIKS ANO EN|EHAL FIRE CAUSES IHENPNMLOECONPOSITIONOf NONE PIIOVlDE _ ANALYZERAND
SULFIDES STORAGE CYANIDE L'ONPOUNOS(E.G., ClrANIOE LEADING 10 IONIC ALARN.

CYANOGENIIRONIDE) IN GAS RELEASE (E.G., iNN
DECONPOSE. AND CYANOGEN). (D;D;D;C)

) I II il HU24 / NV* MSF NEACTIVES (GROUP UALR II[NIND FONT(LIFE i111Nl_N EVOLUTION, (1) Dli¥ CN[NICAL FIIIE (1) INSTALL NlroII_N
2A) ACCIOfENI OR Otl_R EVEIIT POTENTIAL FINEIEWPLOSION SLq*PNESSIONslrSTEN, (2) ANALYZENAM) ALARH.

(::AUSESSPILL OF MATER IN SUNP. POSSIBLE It[LEASE SC.RUOIHERSTSlEIq, (3) 111[
REACTIVE UASIE llllO IHE OF IONIC PI£1AL FUN£S. LOU SUNP (APACIIY IS IEII

SUNP Hill UAIEN PItESENt LEVEL RADIOACTIVE PERCENTOf fl_ IIIVENIrOIIIr

IN IHE SUMP. (ONINqlNAIION IMIOUGNQU| IN tE lOON. EOUIVAUENIIHE FACILITY. (D;D;B;C) ItO INREE SPRIN[LE_RREM)II
I DISI:IMNGIIIG FOil _O

_" NINUtES, (&) SUNP SiiBIAD
"_ DE PlAIN|AIRED FREE OF

UAIER, ($) RES/RIC| USE
Of VAtEN IN IRIS SIOIIAGE
_REA.

FIRE PROTECTIONSTSIEllo NONE
3 III O 14U2A I NI/* MSF REACTIV[S (GRBUP ACCIDEIT CJ_S PRODUCTIONOf lilrOi_liSltU.lJul[OUS SPILL Of IGAS, POTENTIAL FINE SCIIUMIENSVSTEN.

ZA) UATERREACTIVE UASTE ANO AlliOfoN EXPLOSION AND
IIICONPATIDLE VASIE DUE TO PRODUCIIOli Of TONIC
NISLARELING. (E.G., FUt_S. SEVEREI/Om(El
REACTIVE UASTE NIXED INJUNT, AM) tIN LEVEL
till, SUI.FUIIC ACIO(I8). RAOION[:TIVE COIIINqllilATION
NAOII(IA), i_NCNLONIC INRQUGNIR/I THE FACILITY.
ACID(M} Oil IRICRLORA (O;O;D;C)
EIINqLENE(&A))

] Ill II IHIV_A/ I1_ _ REACtlvES (GROUP 2A) UATEN INTRUSION INTO THE NUP|ONE OF DliUN DUE TO NONE (1) HES;RICT USE OF HAIEIISTOIIAG£ ORUN (IHIK)UGII IYONQGEg EYtXUIION, IN |_ NEACIIVES STONAC_
EXISTING IIREACH IN ORUN) POTENTIAL FIRE/EXPLOSION. AREA, (Z) ENCLOSEIHF.RUILDIIG FOR VR::N
DUE TO lUNAR ENROllOil POSSIBLE RELEASEOf tOXIC C..OIIIilOLAND FiRE
RUPTUREOF UAIER LINE II HEIAL TUNES. (C;C;R;D) SUPPRESSIONEFFICIENCY.
tHiS AREA.

] III R NUTA I NUe!MSF USES (GROUP ?A) IREACll OF CYtllilOEI RELEASE OF GEIAT[LY HEPA ANO SUING (1) INANSPONI ANO STOREIRON-LEGACY) DUE tO tOXIC GASES (HZS, RO2, STSIEN. CYLIBOERS SECURELY, (7)CONSIDER INSTAILAI ION Of
AC(:iOENIAL CAUSES(E.G., AND OTHERS). IA)RKER A FLARE ANOIOI A SPECIAL
CYLINDER DROPPEDAND EXPOSURE. (C;C;II;D) SCRUNRER;Oil lfliS
REGULATORLll_ BREAK[S). ,__
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i i I I I HI

II--.r r ACTIFAC ACTIVITY _ CAUSE/SCEliAIIIO COlISEGUEIICES PROIECIIVIE FEAIIIRES AClIOIIS

' FACILI|¥, (3) INSTALL r,aS
NIECIORS AIIO ALARFlS, (_)
CONSIDER K(ONDMY
COII|AINNENI fOR HOST
IIAZAROOUSCTLIND[RS, (S)
GAs CVLII_mS to HE
IqlCICESSEDVllH RIGN
PIIIOIIIT, (6)I/ORE IN
IHIS MEA I0 BE PERFOI_D
HIIH IPROIE(TIOII |I.E..
HEM SCIIA, OPERATE UNOER
IRE IUmT SIrSIEN)_ (T)
PROIEClIVE CAP fOR
CTLIIINR REGUtAIOIIS
Sill]l/tO BE IN PLACE AT ALL
| IRES. w (8) SIORE GAS
CTtlEDERS IN All ENCLOSED
AREA.

$ II! | NUTA I Nt/* gSf GASES (GROUP TA) EXTERNALFIRE (IHITIATEO PRESSURIZATION AND (1) FIRE PROTECFIQU SlgllE MS ¢TLINI)ERS IN All
t/I/Hill THE MSF JRUPTUREOf GAS CYLINDERS. STSIEli, (2) NEPA AgO ENCLOSEDAREA.
BUILDING). JK_ERArELT IONIC GAS SCI_ING STS;EN, (3)

RELEASE ARO POFEIIIINL FUSIBLE PRESSURERELPEF.
CTLINOER MISSILE
GEIRRAI ION. (C;C;|;C)

i
_., 3 I II | HUTA I NV* flu GASES (GIIOUP TA) BREACHOf CYLINDER RELEASE Of NODERATELY NCIIE (|) NUlUS_| MID STORECYLIEKRS SECURELY, (Z)
OH (ROR'LEGACT) DHE TO IOItlC GASES (H2S, lIOZ,

ACCIDERIAL CAUSES (E.G., AND O;NERS). IIORI(ER CORSIOERS[COliOAIIYCONIAINNENI FOR HOST
CYLIliOER DROPPEDARO EXPOSURE. (C;C;|;O) NAZARO_ CTLINO[RS, {])
llEGULAIOR LINE BREAKS). IGASCYLINOERS I0 BE

iPM)CESSEDt/IlK NIGN
PRIORIIT e (d_)YORK iN
1NIS AI_A IO IHEPEHFORfl[O
HIIN PROIECIIOR (I.E._
ilEAl SCllA, OIq[IAIE UilOER
INE IUOOT SYSlEIq), (S)
PROFECIIVE CAP FOR
CYLIIIIMER REGULATORS
SIIOULDNE IH PLACE AT Art
lINES, (6) COliSIHl
SlORIll GAS CYLINDERS In
ENCLOSEOIKIOH IN AN
INCLOSEDBUILOING.

) Iil R HUTA I In/* IN GASES (GROUP ?A) EXIERRAL FIRE. PRESSURIZAFIOit AND fINE PROIECNOR RESTER, (I) INIFIATE lilleRUPIURE Of GAS CYLIBREIS. fUSIILE PRESSURERELIEF. SU_RESSIOII SPRIllELERS
IKIDERA/ELI IONIC GAS GlVl[N FIRE IN AOJAC[li/
RELEASEAliO POIENIIAL AREAS, (2)SIORE GAS
c_rtlNOER NISSlt[ ClrLIliOERS IN AH ENCLOSED
GENERATION. (C;C;I;C) AREA.

3 III O IqU|A I HU* MSF CJUJSVlCS(GROUP 1A) SODIUN AZUREEXPLODESDUE EXPLOSIOR AND RELEASEOf FIRE PROTEClIOii AIIO DO ilO! AC¢I[PTOALLOU
10 SEVERE SHOCK, HEAT OR TOXIC GAS (li01(). SCRtABER SYSl[N. SODIUN AZIDE IN lllE
IrAICTION. (D;D;R;C) ISaSRF.
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II
II I I

ll---F---i ACI/fAC ACIIVlIlr NAME CAUS[/SCI[IMIIIO (:ll}ii_llJ_li_S _q_eiJCilW fl[Ai_ll_i Klll_
I I II I .....

] III l NUIA / IW* gSf CAUSIICS (GmOUP IA) EI[I[|NAL FIRE RELEASEOF iquTu_llAIEL¥ FIK _?|C|lNI MID nu_IOlllC GASES. UITII[[R SCIIUII[11 SYS|[N.
INJURY. (D;C;ll;C)

3 I II | HUIA / lit/* HU C.AUSlICS (GAQUP 1A) SO01UN AZIK EXPLOI)[S _ [I_OSlGII AND I_LEASE Of FIRE PIIOIEC|IQII SYSlm. I_I_LP ANO ENfGI_I[
IO $[V1[1_ SIIOCK, CA! OR IOlllC GAS (NQIC). SIAIC| IqXlClr NO! IO
FRICIION. (C;C;11;C) SIDE [I_LOSlV[S OIS[ESI| IV[ HAl[RIALS

|NIS BUILDING.

3 III O HU|A I liV* HU CAUSTICS (GlliDUP IA) fOmCILIF! AL'CIOiEi! OR POIEIIIIAL FILE, FIIti[ SUPP_SSIOll SYSlrlEN. ENCLOSE fie HI/IF S;OIIAG[[XPLOSIOII, ITDII]G[II GAS BUILDING IO PREvEIIIFREEZING CAUSING
ISINULINIEOUS SPILL OF PRODL_IlOll _ tAW fIIIEE][ING.
C.AU$1¢ NA|[AIAL MID H[IAL FUN[ G£1_AAIIGII.

UGRKEk I NJIU111r/FJIIq)SUlllE.I IICIJlDAll 111rE
IMIEIIIAL(E.G. o I!_JO41111), ((;C;I;C, _
NI llOll[llZEl_ (&A)__
Pi[I(IILBII I ( ACIO(Idi),
HEIAL CYAIIID[(SA),L I |HIUH
ll¥OIIlOIE(?A)) DUE IO
HISLARELIriG.

] I II O llVIA I V Hi/ CAUS;ICS (GAQUP 1A) EllIEANAL FIRE RELEASEOF IIID[UlELY FIRE IqlOIECflOl SYSIim.|OXlC GASES. MmlI_A

INJURY. (C;C;I;C)
s IlXIC GAS i_LEASE (E.i., (I) SCIEIBEI SlrS;gl. (Z) i(I) I_|IFY ¢1_15111UC11Oli

3 III I IAJII I _ HUASFACIDS (GA_UP 10) SPILL OF A SINGLE ACIDUASIE OIKIN DUE IO lIF ). lll_[l[R FJq)suRE AID 111ESUNP CAPACITY IS fen tMII[|INL OF SlORAG[
COlllOSIOU OR CIIANE INJURY DUE lO COlilACI PI[RCENI OF IIIE IIN_EIO11Y ¢OIIIAIIIEI AliD INE SUNP
ACCIOCN|S. VIIN GASILIQUIDS. IN |1_ ICI]ll, EIUIVllLEIIT SYS|E01, (2) FREOIIN|

(D;O;D;D) IO liiREE SPAIIIKLI[A li[ADS IIISffCllgilS, ($) I11SIALL
DISCHARGING I011 30 GAS I_l[ClOIIS, (&) O0 110|
HINUIES. I_IFOIII Ally ILqili[CI[SSAIIlr

AClIVlIII[S WILl[ I_
SClUNEII IS Doun, ($)
REVlEU/¢ON$1DEA SIORIN
If In GAS CILlilO(EI AIEA
(SIIMIP TA).

] III B NUlll / Nt/e NUItSF ACIDS (GAt]UP 111) SPILL C4 A SINGLE ACID ;OlllC GAS RELEASE (E.G., ;liE _ C.APM:IIY IS I1111 (I) VEIIFY COIIS;IIUCIIOIUASI[ DIIUN OU[ IO NF OR NCL). UORK[II WEIlCENTOF lIE ItlllllOIY NAIEIIIAL OF SI011ACI[
CORROSIQilOR (1lANE E_E _ INJURY. IA INE IIOON, EQUIVALEIIlr CONIAIEI I INE
ACCIOEIIS. SII(UII[II NOT (C;C;I;D) IO llll[[ SPIIIIKLIEII It/IDS SYSl[ll, (2) i_REOU_ill
OP_IIAIIOilAL, IKII 11LOUiEI DISCHAIIGIIIG FOR 30 IISPECIIOUS, (]) IISIALL
IS UORIING. HINUIES. _ IHEII[CIOIIS, (db) lid IO1P[lfOlm OdlYum_cl[ssNl_

ACIIVlII[S illtlLE ;1_
SCllUOm[AIS ooun.

3 III 11 HUll I lIU* USF ACIDS (GIIQUP 11) EXIEIIIAL FIRE RELEASEOF lel_[llAlEt¥ Fill[ PIOTEC;I_II NIOIOXIC GASES. UOtl[ll SCRUII[R SYSIEPl.
IN JUlY. (D;C;11;C)

Iil II NVll I _ Hi/ ACIDS (G11_P 10) SPILL OF A SINGLE ACID fO_IC GAS AELEASE (E.G., _ (I) l_llfY COIIS|KTIGllNAII[lllALOf SIORAG[
blASIE OIIUN IN)E IO Hf OR HCL). UOAKEll COIIIAIl_ll _ IWE SUIqP
(OllllOSION, fREEZING OR [IlPOSUI[ AHD INJUll¥. slrSI[N. (2) Fll|QU[III
CRANEACCIOEN|S. (C;C;11;D)

IIIII
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i i m El ii I I I III

R---F---C ACIIFAC ACIIII;Ir M _/I_CENARIO CONSE_dENCEI IqlOllCII1tl FIAII/REI ACIIOIIS
ii ii| i i i i

INPEC|IOIIS, (]1 INCLOSE
IE mflF SloRAG£
DUIUIIIIG.

$ III l liVID O NIP NU KIDS (GROUP 11) EIIIEIIIAL FIRE INI¥;IAIED ItLEASE OF NOKIMIELT FIIIE IqlOIECllOII STSIEll. SIOHE liSlE IN EICLOSED
IIllNIII IIHE BUILDING. TOIIIC GASES (E.G.,IF). DUILIIIHG fO PIIOVIOE

UOIIKER INJURY. (C:C;|;C) SCIHImlIG Of EELEASE ANO
NIBIHt|E PUmI( AND
CIROCAIED UOIIItEII
EmqmtlE.

] III I M I NO* MSF IONREGULAIEDUASIES ACClDtIIAL SPILL OF FIRE AND RELEASEOF ;OUI( FIRE PIOItCIIM AND (I) CONSIOFR ELINlUIING
i(GROUP 9) INCQNPAIIBILE llASIES USES. ¢C;C;B;C) SCRIJNEA SfSIENS. IRIS AREA, It2) CLASSIFY

ROUIIREL¥ SIRED IN AID SfgRE ALL
NONREGULAIEOAREA (E.G., IIWIREGUtAIED IlkS|ES IN
NI SLAIILED, IENPORAAY COItAl IDLE REGULA|ED
SIORAGE. Oil O0 HOT IIELWIG NIEAS, 1[]) ENCLOSE IE
IN OIEJ DEFIWEO IIOIII_IIILAIED AREA.
IIEGULAIED AREAS)

3 I I I D NIIK I _ VSF IIAKING ROOPl OPERATOROPENS IIISLAIM£LED!POIENTIAL OORKEAE_ (|) IMSII I$ oIqElllit AND IIORKI1 SIIOULI IIEAII
UASIE COIIIAINEA. fO HIGHLY IONIC CleRICALS REPAEI(AI_D UNKR FUND PIIOIECIIVE EOuIIqtll;.

ANO IOXlC rUNES, HOOD. (2) _ OF
POTENTIAL FIRE. (D;D;li;C) NCIiSPARIIIIG |WtSm (])

PIIOIECIIlt_ GEM, E. G.
SUI T, FACE SHIELD.

I
3 III I HUll( I HI/* MSF OUI.KING RlXlq IliCl]IPAIIDILE HASIE ARE VIOLIN! REA¢;ION, RELEASE (I) rUNE N m Fill[ mR SlI_D UEAII

C_ NIXED OUIIING REPACKAGING OF IONIC GAS I/l|g UglIIOEII _$$|0N SYSIEIto (Z) PIIOIEClIVIE EOUIPNENI.
PROCESSDUE I0 ERPOSUREANG FA¢ILIIY FULL PROIEI:IIVE GEM,
NISLAI_LING ON OP[RAFON CONIANINAflON. (D;D;|;C) E.G. SUITS, FACE
EIIAOR. SHIELDS).

$ III | RUG I NU* NURSF GLOIA+ (IH;ERgAL INADVIRIENI CI_RAIION OF VA|ER NIXING Olin VRIEA HONE +11) O0 181 LEAVE OPENHAS|E L_DNIAIII_R$ Ifl
ANO ENIERNAL) EVENTS TIE FIRE SPRIKLERS OA SEAClIV[I OI ACIDS COULD

RUPIURE OF MAIER PIPING CAUSEMORKERINJURY. OULIING ROON, (2)CONSIIHERUSE OF DAY
DUE fO COIIROSiOII, IN fIE (D;D;II;D) CNENICAL FIRE SUPPI_SSIOII
DULLING ROOH9URIHG slrSIEH IN THHEDULLING
OIAI(ING OPERATION. _ON.

) III II LIPID I CONTENTSOIr LIR IMSIE LIR PIIINMIY ORUNOPENED POTENTIAL LITNIUII Ill, IN _ lUNINIit ISE lINE TIM|
HU;F NUH VISUALLY IgSP[ClEO RIO LEF! OPEN FOR Ag FIRE Olin SM_E UON fl UIAIUN RIgQIDE RAT

AND SAMPLED ERfENO[D PERIOD OF lINE. COIlllIIIIIMIION ANO IiORI(ER liE EIIPOSID TO AIR. RO011NUNIOIIlr SNOIRO IHE
llllMt' _l ION. (D;D;I;C) NWII IOREDICONIROLLED.

$ III II LIH12 I NRIAMLLT LWIO HUHIDIFIER SPILt OF LIIHIUN HYDRIDE POSSUlLE LIIHIUIIHYDAIN NONE (|) IWIIEi SHOULD lltMlPIIOIECIIVE ClLOIRINO AgO
I11/11 TRAYSOlin LITRIUN WIILE LOADINGNUNIDIFIER FIRE, IIOR_R

HYDRIDE TRAYS ERPOSUR[IIHHALAIION. IREAIHING APPAAAIUS 121ENCLOSEI_[EII AIIEA 13)
(DID;RID) PROVIDE VIlli ILEAl ION

3 III II LID12 / PMNUALLYtIMID lUlIOIFIER EXCESS LIIRIUN Ira)AIDE IpOSSIllLE L+|h+U_ NYDIIIDE DE (I) DIll[DR SlQPLD r4FARIqlOIECII_T CLOIHING AND
HUff ;IIAYS Olin LIIHIUN (AFTER NUNIDIFIEI TRAYS FIRE, t4OIl_r(ll OREATHINGAPPAIIA_US (Z)

HYDRIDE FILLEO) It01 RESEALED IN FRPI)SUREIf|ItHALA+T_- ENCLOSELOADING AII[A ($)
file PARIIALL¥ FILLED IO;D;Q;D) I. .....
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R- -F --C ACIIFAC ACTiVlTT IiqE CJMJSEISCENARiO COIISEOUEIICIES IqlOf|CVlW FEAIIJIEI ACFIOIIS

DFlUN. IqlOVlll 1t11111LAIION

$ III li LINT I IlIUCI( LITTERS FACILIIT Ail) TMJCI( ACCIDEIIT UITli FIRE LITNIUN NYOlllH HLEASE IIDNIIISIRAIIVE COIIIROLS
MSF DRIVES TO USF DOCK (LIH AND BREMENOF L_IIIIUN 10 AINOSPHEREDUE 10 SUCII AS ¢|) AIIlK)IJMClEN[NT

PROCESS) HTBRiDE UASIE CONTAINER. tURNING Of Lilt PitI. OF KLIVERTI (2) DRIVERIRUCK DRIVER EIIPO_ TO IIIAIIIIIIG, |)) RESIRIC!
LIHIOU AND MINOR OqEPLETIEO OTER TRAFFIC gUllinG
UliAIliUN COIOIANIIIAIIOR DELIVERT_IL) NO Id_..!
I/llHiN |iRE FACILIIT. UEAIN[R OELIVERIES.
(D;D;II;D).

3 Ill g LInt f lmJ_ [ITIERS FACILITY Am TRUCKACCIDENT AilO BLEACH liZ GAS RELEASEDAll IOIUIISTIIAVlVE CONTROLS
Iq_SF DRIVES TO MSF OOCK (LIN OF IIJL|IPLE COIIIAIN[RS OF OISPtERSIEO. POSSIILE _ AS (I) NIl_[N[ill

PROCESS) iNCOHPAlilILE UASIES. TIRE, ORIVER ERPOSED|0 OF NLIItER¥, (2) DRIVERllAIillli. ($) RESIRiCI
LiN/OU AND NINOll DEiq.EFED OIleR IRAFflC OURIIIGURANiUIq COliINqlNAl I011
VlliliN IN[ FACiLIIT. DELIVIERT__IL) NO ElUEAIIIER llLIVERIES, (S)
(D;O;ii;O). OO NOT llANHI

III¢IIIPAI IlL[ VASIES
lqll_llli (6l IIANSPORlr
ONE_ AT A lINE

} ! l i l Lil_ I Ot[RPAqI:x NUN IS OPENED NUN COIII[NIS SPILL[D liU[ SPILL OF _ EOIIIENIS _ OPEIAIONS SIIOUUI _ SlELI
HUfF AND iil_l LIN DIIUII iS TO: (1) I:LA_ L'OIES IIIIN FILE. IIORI{EI ODIIIAINEt IREAINiNG

L IFTED Villi CRANE LOOSE, OR (Z) LID FALLS EXPOSUREIO LIN AND APPMAIUS.Off; ANO iGNition OF LiN OEPLE/EO URANIUN POMDER
I POlaR. ARO INNALATiON OF FUNES.

(O;O;O;O)

$ !11 I .in9 I PlilMIl¥ IMS;E DIUN IS OPERATOIIFALLS TO FIXLOU SNORTOUIIATIOII NtU_N _ IIl_ll SHOULDIlEAl
GROUI_O AilO OPENEO PROCEOUIIE_I|E OPENING FIRE UPON WILING |NE _TECIIW (LOINIK, AmUSE SELF (ONIAiN|D
NCW-SPARI(fOOLS LIN Slier IMSIE ORUN PRIIqAR¥ IIASIE ORUN. IIREAIHIN APPARATUS.

(I.E., USES URONGfOOLS, POSSlliLE Llll IGlUllOII.
DU NOT GRQUIIOEO, IlOIIl(ER EXlq)SURE TO LiIL
NiSPOSl|lOilillG OF IVE AND I)EPLEIED URAIliUN,
VEILT HOOD, ETC...). INHALATION OF FUNES.

(O;D;II;C)
IlOl_ii I0 1_4ii PIOflECVlVi
GLOINlilG AND IINEAINlliG

] lit I .IR11 I nlMlT LI|RIUN HIN H _IlllS SPILLEI OU[ IGil
iDRUN IRAIISFERED TO SKiD TO: (1) CLNIP L1)N[S [XpogJNE/ImMLAIION OF APPARAIUSOURiHG IqOVEHEIIT
Villi CRANE. LOOSE, (2) LIO IALLS OfF, LilNIUN HIORilM[ Iq_fl OF liRUN I/iIN NOISl

|)) CRANEACCIDIEIII. ANO OEPLEI[O URAILluIq.
(O;I);li:C)

] ili C C¥11 I PLATIIIG I/ASTE COIITAINER COillAIEli COlilEIL|S SPILL Of MASIE CIOIIIAINER _
RUff TRANSFEII[D I0 SI(ID VllH SP!LLED OUR TO: (1) CLAHPCOIIl[lTS. POTEHIiAL

CRANEOR HAliUALLT. COHESL_E, (2) CAP UORKERE_E AND
IALLS OFF, OR (5) Ill JURY. (I);D;C;D)
(ONIAINER IS DROPPED.
(PLAT iilG HASTES)

ili C LIN2 / I/ALl( IEIIIND FONKLiFl LITNIUN NYDRiOE lAST[ CONTAINER IREACR, LIR/I)U NONE [IISLIIE TN/If line
LOADI RG/UNLOADIIlG AIEA,

USF TRANSFERSLIIRIUN ORUNPUSHtEOOFF OtX:E Oil SPILL in 000( AREA, ilCtUDiK llti SUIqP IS OlT
VASIE DRUN I0 [IELOS[D IRUCI( lit FOIIKLIFI. (ONTA(:I Villi VAIEII_RE[ R HIOR I0 DELIVERY.PQSSiOLE fiRE ANt)
STORAGEROON. INJURY (D;D;C;().
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i---F---( ACIIFAC AClIVIIY It 'CAUSEISC[IMRIO COIISEOU[IICES PROIEClIW FEAIUEB AClImlS
1 I i

] I I I C LIN2 I MALl( NNlilD FORI(LIFIr FORKLIF! RIVES OFF DOCK COIIlrAIEI( IIIIEACH, II_ _;O SPBINICILERSTS|EN IS
MURSF IRAIISFERS LIINIUN NTORIDE OR IRUa( IllllLE IGIIlllOII OF LIN/OU DOlt REcoNqENRED.

iHASIE DRUN fO ENCLOSED IRANSPOmIING LITNIUN SPILLED IN OOCI[ NII[_t DUE
SIORAGEROON. HYONID[ UASI[ ORUN. |O CONIAC| Ullli MA|ER OR

INCONPA! IRE MASIES,
POSSIILE FIRE MID MOilER
INJURY (O;D;C;C).

] III C LIH] / MALl[ RERINO FONKLIF! LITNIUIq KTDRIBE HASI[ (OIiIAIIIER OlUEAClt,LIN IICII[ tllS_ IlMf IRE
MSF IqOVESLIINIUN HYDRIDE DRUNPUSHEDOff DOCKBY SPILL IN lOCI( AREA, LOROIIIG_O_DIIIG IUIIEA,

DNUN lO OOCI[ FROM FORICLItl. COliIACI VllN I/AIER, INCLUDING IN[ SUNP IS HY
ENCLOSEDS|ORAGE RO01q POSSIILE tIRE ANDIIOR0[IEII PRIOR IO DELIVlENY.

INJURY (D;D;C;C).

3 III C LIN_I I MALX ENIIIO FOilKLltl tORI(LIFI DRIVES OFt OOCK CONIAIER BREAClt, NONE _ SlqURI(LER SYSIEN IS
MSF NOVlESLIINIUN HYDRIDE I/NILE IRA01SPQNIING IGNIIIO01 OF LIII SPILLED NORRECOIO[ND[D.

DRUN lO DOCKIRON LSfRIUN HYDRIDE UASIE IN DOCK AREA OUR IO
ENCLOSEDSIORAGE ROON ORUIq. CONIACI HIIN MAIER Oil

INCONPAIilLE MASIES,
POSSINLE FINE AliO I/0RKER
IIIJURT (O;O;C;C).

3 III C LIl_ I lAND tOlil(tIFT OELIVERS FORKLIFt ACCIOENlrNEAR SPILL OF LIN Ill lrRE 00¢1( NONE (1111IN ONLY ONE PALLElr
HUfF LIINIUN HYDRIDE ;O DOCKAREA. AREA HIllED UIIN HALER IN AI A lllq[, (2) RIESINICIOILIER VlEI01CLEOtmOlIG

1_ IREAIIq[NI' ROONDOOR. INE SUNP, POSSIILE FIREAm) UORICERIIIJUllY. IINiSPORI, (])IIREAINIIOG
I (D;D;C;C) APPAIIAIUS AVAIINILE IO

L_ ORIVER, IIININ REA(II, (4)
NO INISiq_lS _URING Utl
UEAIN[R CCIiOIIIOIIS, (S)
IENSUREINE _ AIIO OocK
AREA ARE OIit' PRIOR IO
NOVING MASIE DRUNS.

] III ¢ DU2 I MALE OEIIIIID FORI(LIFI FOill(tlFY BlllVlES OFf COC[ ICOIIlrAIRER BllEACll. HORE
MSF INARSFERS ORUN I0 WILE IIAIISPOIIIING IIGIIIIION OF UDAIIIUII CIIIPS

ENCLOSEDSIORAGE IllX]N OEPLEIEO UIIANlUll MASIE 'IN OOCl( IUIIEA. IIIIIOR FIRE,
DRUN. SPRINICLERSYSIEIq POSSIIL[ U0iU(EN INJURY
IS OPERABLE. AllO EXPOSURE I0 DEPLEIED

URANIUN. (O;D;C;D)

3 I I I C OU$ I MALl[ B£1111iDFORKLIFT OIIUN KIURED IT COIIIAIREI 011EAClI, NIIIOR NONE IlOilE
MSt MOVESDNUN OF OEPLEIED IrORI(LIFI. Uglll[Ei EXPOS_E.

URAlilUN I/AS;E lO DOCI( (D;D;C;D)

] III C DU] I MALl REHIND FORKLIF! FORGIFI DI|V_S Off OEK COglAIRER IREACH. HOE CONSIDER IISIALLAIlOI Of
MSF NOVE$ ORUN Ol OEPLEI|O WILE IRANSPORIIIG HUN, IGRIIIQN OI UIAIIUN CNIPS A 13UII iO PIEVEil DRIVlmGINE tORKLIFI OFF DOCK.

URAlilUN UASIE IO DOCK UIIR SPRINKLER STSIEtq Ill DO(K AREA. IqlliOIt FIRE.
OPERABLE. UORI[ER INJURY AND

EXPOSUREIO DEPLElr[O
URANIUN. (D;D;C;D)

3 III C NW2A I NiP MSF REACIIMES (GROUP MALE RENIIID FORI(LIt! DUNNINGOF IRE DEPLETED ORY CliNICAL FII_ NONE
2A) ACCIDEII| OR OTNER [VEIl| URANIUN DUE 10 PROLOIi_EO SUPPRESSIONSYSIEN,

CAUSESSPILL OF DEPLEIED EXPOSUREIO AIR. RELEASE SCRUBBERSYSIEN.
: U_ANIUN UASfE. OF 1tOXIC:FUNES ANO

..

II



NAZARDANALYSIS llEPOtltTBY RISK

R---F---C ACTIFAC ACTIVITY M CAUSEISCENAIIIO Ddd,_d[dk_S [,in)i_C/IVE FEAIIJES ACFI_$
II I IIl

..... RAOIOACI IVIIf. l_.l
EXPOSURERIO LOU LEI_L
IIADIOACIlye CONIANIIMIIm

iIHRUII_I IHE FACILIIT.
(D;D;C:C)

5 Ill C HUIO ! at" iNvmSFACIDS (GROUP IN) SPILL Of A SINGLE ACID HELEASHEOf ACID FUNKS I1) SCRUOEII SISTER. (2) (1) VENIFY COBSIMJCIION
UASIE DRUNOUT I0 (E.G., FlCL). UORICER INK SUNP CAPACl/T IS TEl MTERIAL OF SIORAGE
(OmROSIONOR CRANE EXPOSUREANO INJURY OUR P[RCENI Of INK IIMENIOIY ICORIAIN[I Am IT STOP
A(CID[NIS. 10 CONIACI UIIN IN TIlE IIOKM, [OUIVAL[NI ISVSTEn. 12) _mEOUENT

GAS/LIOUIDS. (O;D;C;D) TO TREE SPRINKLER READS IINSP[CIIORSo (3) INSTALL
DISCHARGINGFOR 30 CO_SmHEIECTORS,(_) O0 NO1
NINUI£S. P[IIFOMI Ally IJNN[C£SSARY

ACIIVlIIES UNILE IH[
SCNtmmENIS BOm.

3 II I C CY2 J MALK BENIND FORKLIFT FOifl[LlF| DRIVES OfF 04)CK CARBOY, POLTPACKOR Oll_l NON[
PUISF TNANSFERSIMSIE DNUN TO WILE IIIAIISPORTING CONTAINER BREACHIN DOCK

STORAGEAII[A (PLATING (¥AIIIH[ PLATING HASTE AREA, UOFlKEREKPOSURETO
UASIES) CONIAIN[R (CARBOY, CYANIDE. (D;@;C;D).

POLYPACKOR Oln[N).

FORKLIFT HIVES Off BOa( CAROT, POLVPACI( noNE
] III c cY3 i HALK iHERIIIO FORKLIFT _ O00CT_KR

MSF ROVES CYANIDE I/ASIE _ UHILE IIIANSIq_RIING CONIAIN[II IIEACN
IO DOCK CYANIDE PLATING tilASfE AREA, UQRICEREXPOSURE.

COiiIAINEII (CARliOY, (D;D;C;C)
POLIrPACKOR OTN[R).

I
L_ 3 III C CY& I HN/TI YARD FORKLIFT VliAIISPORFS FORKLIFT ACCIO[NT VlfN UONK[R EXPOSUNETO NNmE NONE

CYANIDE PLATING UASIE TO TN[ SPILL OF A SINGLE CYANIDE, POSSINLE IIIJURY.
C_ IREAIPIENI NOONO00R DRUNOF PLAIING WASTE. MINOR FACILITY

H[LEAS[ Of SS GALLONS. CONIANINA/ION. (D;D;C;D)

] I !1 C C¥$ t NVlF NUTF CRANEmHELIVERS PLATING UASTE DRUN CARBOY, POLTPACKOR OINEII HONEcYANIDE,LA,INGv,sYE WILEMovING,o C,AInR acmID
nON USING _,UL USSIRLEDRUH 10

CRANE. UORKERE/tPOSUI___
(O;O;C;O)

] I II C CY6 / IRflF OVERPACKDRUiNIS OPallED OVERA|OR FALLS 10 FOLLOU SNORFDURATION NTNOGEi NONE O_EU|INIScoNIAI01[DINEAININGSNOULDUSE S_LF
AND INNEII CYANIOE DRUN I! PROCEOUNEWILE OWENING FINE UPONWiliNG |NE
LIFTED UITN CRANE INK CYANNHEOVEIHPACK OV[IIPAC[. POSSIIAE kPPARATUS

(I.E., USES URONGTOOLS, UORKEII INJURY. (D;D;C;D)
DOES RIOTGIIOUNDNUN,
HISPOSIIIORIIHS Of THE
VENT NDO0, ETC...).

] I I I C CY6 I NVTF OVERPALI(DmUN IS OPEN_) DEUN CONIENIS SPILLED DUE SPILL Of DRUN CONSENTS. ROME OFFRAIORS SNDULDUS[ SELF
AND INNER CYANIDE ORUH IS TOt (1) CLANPC1)N[S UORKEREXPOSUHE10 COgIAIIHEDIREAINING
LIFTED VITR CRANE LOOS[w OR (Z) LID FALLS CYANIDE I/ASIE. CO;OFt;D) APPARATUS.

OFF.

CAUSTIC LINE LEAK DUE TO POSSIBLE MORk_[RINJURY. NON[ NO_Iii C DUlS I DLEACN IS ADOEDTO
CIRCULA! ING UAIER CORROSION. (D;D;C;D)aUIF

] Ill C HJlS / ILEACII IS NDO[D TO iCIRi3JLATING LINE IIUPTUNE ONANIUN SLURRYRELEASED NONE
HUff CIRCULATING UAIEII DtJ[ TO CORROSION, PUNP IN THE TREAIN[N! IIOOPl.

._ .--..--.-----------_



IOtZAAOANALYSIS REPOR! |Y RISE

i

n---F---C ACIIFAC AClIVlI+ NAIqE CAI/S[ISC[NARIO CIIHIEllEES PfOIEClIV[ fEMIE! KlluwiI I II

_IAPHR/UILEAK OR POSSIBLE I/URKIERC8111AC!
CONNECTIONS. |Y SPRAT A_IOROON

CONIAHINAIION. (D;O;C;C)

] III C IqU8 I Hi/* IqURSFPal (GROUP 8) HISLAIIELED ORUN RESULIS BURNING Of Pal II_SflE FIE PRO;E¢IlOII MD WIfEIN PL1 DRUNBEIliG STORED FILTER |IIfOUGN SCRUBER SYS|ENS.
EAR FLAIINA|L[ IMSI[. BUILDING SCfUlt[R SYSVEN.
AC(IDEHIAL mEA(H Of IE (C;C;C;C)
CORIAIHEAS LEADS lO FIRE
AHI)OUIUIIGOf PCf UASIE.

3 III C _ I NU* IIUIISF GLOBAL(IHTERIML INNDVlERI[NF OPERAIIWI Of IF FLW]D SIUI¢I[ I)I (1) MIY CNENICAL FIRE 11) IM;ALL SUNP HIGH
AM) EXIEAHAL) EV_HIS IRE FIE SPRINI[LEAS OR NIIIGAI[O, COULDCAUSE SuPIqlEssIGf STSIBI IN LEVEL MAIMS, (2) KSIGf

RUPIUA[ Of IMIER PIPING t/A|[R INIRUSIOII IN|O IMIEN R[ACIIVE|GIIOUP _Jk) S|WIAE AAIEA|OPflEVEN|
IXI[ IO COAROS|ON. REACIIIFlE MASI[ All[A, SING AWEA, (Z) IN|IIU$1ON OF t/AIEl IO IRE

GIEHERAIIOf Of NYOAOGEN PERIO01C MALEDOHIISOF ;IN HALER REACTIVE UASlE
GAS AfO RADIOAClIVIE FA(ILIIT /ill[ nERFORIIEO, AREA.
COIIIANIIMIION IN IRE ($) OPI[RA|UNIOf
FACILII¥. (O;O;O;C) SPIIIIELfAS MILL INIIIA|E

n 911ALNm.

3 I!1 C DUIT I kEDUCTIINIOIF UIIANIUN LINE IIUPIURE IN THE COilFANINATIOIIOf lie _
HUff FlYOROXlOE|l SWIUN CIRCULAIIIIG SLURRYLI_P IFlEAIN[i! IIOON HID

IHIOSlJHLFAIEIO UfAflUN DUE IO CORROSION. POSSIBLE IIOiU[tR
COliIANI HA! IOlil INJURY.DIOXlDIE (DIEPLE|ED UAANIUP

PROCESS) (O;O;C;C)

I 3 III C DU9 I gUTf lllmA DIIUN IS GROUliOED OPEAAIOR FAILS TO FIXLOU SfWIT DUIIAIIOII BYWlCEN liOIl[
ANDOPENEDUSIfG PROCEOUREWllLE QPEHIfG FIRE UIqlNOPEEIfG IRE

d_ NON-SPARE fOOLS DI[PLEIEOURAHIUN INNI[R OV[RPACE. Iq)$SIfLE
HASTE DIIUPl (I.E., USES UORKER INJURY. (D;D;C;D)
UROiIG FOOLS,
HlSPOSlIIONIliG OF ;HE
VENT I1_0, E|C...).

UiiPLAIINEI REACTIONS LEAD HONE gONE
3 III C CT|3 I IBTIIODUCTIOfOf REAGEfFS REAG[|IS/IDOEOIOIIOI_GINEHUIF I0 111[ REACTOR PROCESSIN IHE lO ERCESSIIFl[ GEf[AA|IWI

SEQU[fCIE (PLAIIfG HASTE OF GASES. CNiOVERLOAO
PROCESS). SKIO SCRUBIN| IIU! HILL

VENT fOImON SCfUlER.
HINDII LEAK OF FOliO EASES
fOR 0ON FflIOUGf LE/U(S If
PIPIIIGAfODUC|I/ORI[.
Iq)IEN|IAL FOR NIROR
UDAKER IfJUAY. (0;D;¢;8)

$ III C CYl] I IfTIIIX)UCIIOfOf REAI_NIS IfS|IIUNEliTAIIOll FAILORE UNPLANNEDRFJC/IOBS L[/ID HOIIE
HUIF 10 IRE REACIOR L[AOS IO 11113BRI_CI IO RELEASEOf IORIC GAS

NEAGIEfIINUlW)NIS Of IO IHE SCU|ER.
AEAGENIS ADOED |0 AEACIOI (O;O;C;D)
(PLAIINGUASI[ PROCESS).

) ill C CYl_ I LIQUIDS PACI[AG[D AND SEHI IRE REACTION |S UNTREATEDHIXI[8 HASTE PHYSICALLY S/UIPLE LIQUID NOHE
HUIF 10 IA-SO-I IfCQNPLEIE OUR I0 SEHI 10 IA-SO-I. PRIOR I0 IRANSPORIAIIOf

IHS/RUNEffAFIOf FAILURE (O;D;O;C) I0 IA-SO-I.
OR HUI_H ERROR(PLAIING

UASIE PROCESS).
w_m



NA/AIIO AIMLYSIS IIEPORU olr IlK

i i i I

R---F---C ACIIFAC ACIIVIIT M C.MISEIS_NAIIIO CONSIEIUENCIES IqloIEcIIW FEAIliUES ACII_IS i
i

3 I I I C LIR6 / OVI[RPACI[D(FFJNIS OFFilED OI_IMWm fAlLS TO FMLQI/ SNOIIT IHJRAVlOII II11NIOS[II _ INq[IIAINS SIIOI&D USE SELF
HUff AM) I11mEllL!11 DIUI IS _ I/NILE OFF111NG FIRE blqXl Offllll II1[ CIXlIAIN[D IIREAINING

ILIF;ED UIIII CIIAHE IRE LIII OVI_RPACI[(I.E., OV_RPACI(. POSSIBLE APPMAIUS
USES IIIKNIG FOOLS, OO£S FORKER INJURY. {D;D;C;D)
I101 GIIIUIO ORUN,
NISPOSIIIOIIlilG Of IHE
V[NI ROOD, Eve...).

] I I I C LI116 I OVERPACgDIIUN IS OPEIEO OAUNCOIIFEIIWSSPILLED 8U[ FORKERElilq_il[ lO 11ONE !OMEIIAIORSSHOULDUS[ S[LF
IlVlF 41) lll_R Lilt ORUN IS 10: (I) CLMIP CON[S LIINIUN NYDRIOE AND ClNIIAIN[D BREAINIK

LIFIED UIIII CIIAII[ LOOSE. OR (2) LID FALLS DEPLEIED URAitiUN. APPMAIUS.
OFF. (D;D;C;O)

III C DUG ! NUIF OVTRPACKDRUN IS OPIEED OIqEIIAUORFALLS 10 FIXLOU S110ilF_IIAUION I11MIOGEI! tK)NE
• A11DDRUIqLIFIE_ 1/1111 PROCEIHJR1EM111LEOPtENI11G FIRE _ OIqENI11G|11[

.... CRAm[ IRE KPLEI[D URMIUN OV[RPACI[. POSSImE
OV[IIPAClC(I .E.. USES 1/011K[II INJURY. (D;D;C;D)
V110NGfOOLS,
FIISPOSIIIONI11G OF 111E
VI[NI HOOD, [|C...).

] I I I C CY1 I ;R1LICKE111ERSFACILITY RiO URUCI[ACClDE11! Vl;ll IRE IJOIIKEREXPOSU_ I0 _ /mUlUSIRAIIVE COIIIROLS;
HUIISF DRIVES fO DOCK (PLAIIIIG SPILL OF A SINGLE DRUNOF CYMIIDI[ AiD POSSIBLE (I) AIIMUI_II! Of

IMSfES). PLAIIliG IMSIE. IIELEASE INJURY, IMOIAIIOII OI[LlVl[IIY, (2)DIIIV[II
OF SS GALLONS. COIIIMIINAIION, NIEOR fAAIIIIEG, (]) I_SfRICf

ONSIIE CONI/UIlNAIION. 011111 111AFFICDUIIIIG
(O;O;C;C) IMELIVIEIII.I

t_
C_ $ IV A CT9 I NUTF PRIIMIIT UASUEDliUN IS RELEASE OF IONIC GAS M MORI_II IIIJUIIT, POSSIBLE _ oIq[llAlGIS SIIOIAO USE SELf

GImUliO[I) A110OPE11EOUSING fO UNE11P[Cf[D IM/E111ALS iFAUALI|T. (D;OsA;O) COIIFAIN[O BllEAINING
liOR-SPARK fOOLS (PLAYING IN CYANIDE UASfE DIKIN IPPNIAfUS.
UASfES). (PHOSGEII. NTOIIOGEtl

SULFIDE. CINLO111NE.
Eft... ).

3 IV A Llll2 I WALl( IEIIIND FOIIKLIFf LI;lilUN ilIORIDE IMSfE CIOilfAIIIEII IIEACII, SPILL 11011E illlllll ..dlf f11E
MSF ;IA11SFERS LIf111UN 111rDRIOfDRUNPUSIIED OFF I)QCI[ OR Of LIN/SU Aim L'IlIfACf LOIIDIIG/UIKOAOING AIR[11,

IMSIE DRUN fO ENCLOSED fRUCK IT FORKLIFf. Villi IMfEII III SUHP, IIICLUDING IIR SUNP IS Oily
EXPLOSION _ lO PRIOR lO D(ELIVlERlr.

SIORAGE RIXM. [XPLUSIVE IIIRUURE.
PO$SIIIL[ VORI[[R FA|ALilI.
(O;O;A;C)

] IV A LIN2 / IMLI( I_NI110 FOill(LIFl FOIILIFf NIVES Off DOCI( COiiIAIIEII llU[AL1, SPILL _ EIIUIIE IlMf flitLOIIDI_OAO ING AREA,
NURSF IliAllSFERS LII111UN IITOIIIi)£ Oil fMICI VIIILE Of Llil/RU ANO EOIIIACl lliCLUDING fir SUiAPIS ORT

lllISfE D11UNlO EtlCLOSED ;RAIISPORflK LIfNIUN Vifll UAIER IN SUNP, PIIIOR IO DELIVERY.
SIORAGEROON. HYO_IDE VASIE DRUH. EI(PLOSIOR _ fO

EXPLOSIVE gqlXfURE.
POSSIIILE IRIEKER FAfALITY.
(I);D;A;C)

$ IV A LIR$ / WALl BEIIIIIO FORI[I.IFf LIIIIIUH HTDRIO[ IMS;[ COIIfAI11ER Olfl[AC11,SPILL _ EIISUN fur f11E
P_IRSF HOVES LlI111UN NlroRIOE OlKIN PUSN[D OFF BOCKIII Of Lift AIIO CONIACI UIfR LON)IIIGIU11LQ1101NGAIEA,

BIILIH fO 000( FAgH FORKLIFI. UAIEII IN SIJIIIP, EXPLOSION IRCLUOIIIGtHE SUIqP IS D11T
ENCLOSEDSIOILAGE_ BUE lO EIPLOSIVI[ NIXlUAE, PRIOR lO Of.LIV1[lllr.POSSIBLE UCdlI(ERFAIALIIY.



IIAZARO AMLTSlS RIEPOlI! |T RISK

ii iilil ii i I II

R---f---C _VO_ ACtIVIVT M _/KENMIO __S mt[CVi_ FU_S KtU_
i i

(D;D;A_C)

] IV A LIII$ I tiLE |EIIINO FOlUCLIFI FORKLIFT OItlvES OFF DOCK CONtAINEr ORF_e SPILL IIONE EII_ IN4Y IE
MSF ROVES LIIIIIUN IITDRIDE VIGIL[ TIIANSPONtlNG OF LIII ANO CONTACTVIIN LOADING/UNLOADINGAREA,

DRUN I000CK FROH LIINIUN HYDRIDE UAStE UAIER IN SUNP, EXPLOSION INCLUDING tll£ SUNP IS ORE
EIICLOS[O StQIU4GEllo01al DRUN. DUE tO EXPLOSIVE NIRtURE, PIIIOR I0 DELIVERY.

POSSIILE UOIIKERFAtALIIY.
(D;D;A;C)

] IV A LIII& / YAm FONI(LIFT DELIVERS FORKLIFT ACCIDENt N[AII SPILL OF LIN IHTO If lION[ (I) NOTREONLY ONE PAl.LET
WTF LIINIUN HYDRIDE tO DOCKAREA. SUIqP. EXPLOSION/FIRE DqLI[ A| A lINE, (2) IIESllllC!

tREAINENt NOONO00R. TO EXPLOSIVE IqlNIURE, OIEII VEHICLE DURING
POSSIBLE FATALI flr. tRANsPqoIIt, (])BNEAfNING
(D;D;A;C) APPMAIUS AVAILABLE IO

gl_i, VItliIN REACH, (4)
l_lS OMIING i_t

_AIEI _lll_S, ($)
ENSUINE;mE SUNP AND DOCI(
AREA ARE HT PNIOII TO
gin VA$1E DIIUmS.

3 IV A Iq_A / V gsf CYANIDES ANO FOilICLIFY ACC|OENT CAUSES RELEASE OF IONIC GASES (1) USE OF SlNKL _q/AJL[ (1) PIIOVIDE lien ANALYZER
SUtFIDES (GROUP SA) SlHULIAN[OUS SPILL OF !(E.G., Ilai AIIO CYANOGEN) BENIliOn FORKLIFIS, (2) Alto ALARN, (2) DO NOI

CTANIOE AND OIN[R AND POSSIBLE EXPLOSIION DRUNSARE STONEDOILY ONE PENFOIM Ally UNI_CESSANY
NOliC_IPAIIILE MASIE AND FIRE. S_VI[RE UORI_R LEVEL HIGH. A¢|IVItlES IF tHE
(E.G., N;_SOG(ID)_ON IIIJUIIT, ANO LOM LEVEL SalUNI[R IS

t_ PERCIILORIC ACID(M)) DUE RAOIOACFIVE CONF&qlNAFION IIONOPENAtlONAL, (&)
I 10 NISLAllELING, AND IN tNE FACILITY. MAINS |0 IN)HI|OR

L_ FAILURE Of IN[ SCIIUOBIEII (C;I;A;C) scm_lt OPERATION.
Cr_ STStEN VIIH INN VENT

DLOU[R VOI_ING.

] IV A CT2 I UALK IHEIIINO F01iI(LIFT F011KLIF! ACClO[HT CTANIH AID ACIO VAS|[S NUNS NO! SI1Dgg III _ NON[
MSF IRANSFENS VASIE DIIUN 10 |REACHES OrdNS OF C_SE LEIIMIL NCfl NIIIUIIE. AREA. ONLY NAIEI|AL AT

StORAG4[AREA (PLATING IltCONPAtlILE VASFES ON POSSIILE UORIL1ERFAIAiLIF¥, RISK IS ON INN 1RUin.

UAStES) FIIE tRUCK OR IN IRE DOCK NINOil ONSIFEAREA. CONINqlNA/ION. (D;D;A$C)

3 IV A CY3 / MM.K IHEIIIIIO FORKLIFT FORKLIFT ACCIDENT CYANIOiEAID ACID HASIES 0_INS IIDT SlOIl_ IN 000(
MSF lUlO_S CYANIOE tiSIE DRUN IIREACIIESDRUPtSOf _4USE LEFNAL flCg NlXtUNt[. AREA. ONLYNAFERIAL AF

TO DOCK IIICONPAtIILE HASTES ON POSSllLE UGIII_R FAtALItY. RISK IS ON IN[ tRUCK.
tile tlIU¢I[ Oil IN IN[ DOCK (D;D;A;C)
AREA.

] IV A CY& / IR//F YARD FORI(LIFT IRAflSPORtS FORI[LIFI ACCIDENt I/IfN POSSIBLE PIIODUClION Of iRON[ (1) _ ONLY ON[ PALL[!
(TANIDE PLATING UASIE 10 IIR[ACR Of NUI.tiPLE UASIE IICN. UCelR[R(S) EXPOSED A! A Y;IN[, (Z) COIISID[R
IREAIFI[N! NOONOQOR CONIAIN[RS LENDING IO 10 N(N GAS VIIN POSSIBLE IqOVING QliLT ON[ ORuIq At A

NIXING OF NONCQI_AIilILE FAtALItIES o AND SEVERE I tllq£.
VASt[ NAtERIALS. INJURY I0 CDLOCA|[O
HISLAliELED VASIE RESULTS UgNKERS. FACILITY AIIO
IN NOVIEPI[II| OF ONSII[ CONIANINAIION.
INCOHPAIIllLE ACIDS Vllll (C;|;A;C)
CYANIDE UASt[S.

) IV A CT6 I HI,'TF QVERPACI(HUN IS OPENED RELEASE OF IONIC GAS DUE UORI(ER INJURT, POSSIBLE _ CONIAINFoOPI[RA|ORSIIIEAININGSHOUtDUSE SELF
ANt) INNER t:YAIIIOE DRUN IS TO UNEKPECIEOPlATERIALS FAtALItY. (D;D;A;D) APPARATUS.
LIFTED VItll CI_A.uE_ Ill CYANIDE UASIE DRUN
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I ii i

R "'F'''C] ACIIFAC A(:IIVll¥ HOmE CAUSEISCTNARIO CONS1EOU[NCES IqlOFECFIVE FEAIIJI_$ ACIIOIIS

(PliOSGEli, HYDROGEN
SULFIDE, CHLORINE,
EtC...).

3 IV A NU6 I NU* NUliSF PCB (GROUP6) LARGE[RIERNAL Flit[ Villi POIEHIIAL SPILL ANO 11) lift PROIECIIOII C0ilSlOEII STORING Iq:ll
IIREACROf BUILDING OR I_HE_iBURRINGOF PCII HASTE. STSIEIq, |Z) BEPAOSCIIU_R MASI| AHAT lltOH
SCRi/BliEN STSTEN. DISPERSION Of PCIDHASTE UIIN CAROOtlED. FLAIOMIILES.

IO IN[ ENVINONHEHI.
(B;li;R;A)

$ IV A M I Iql/* MSF q |GROUP 8) SPILL OF PL1 HASTE DRUB POfEIIIIAL RELEASE10 INE (|) IllS|ALL PRDI2E_II 101
DUE TO FORI{LIf! ACCIDENT, ENVllig_ll INli(DUGNlliF. NIEC| _ LEVELS, 12)

RELEASE IO IH[ SUNP. SUNP S¥SIEPi. lESt _ COIIIEBIS BEFORE
[NVlliOi_NlAL DISCliARGE, (3) SUNP
CONtANINAIION. (D;D;D;A) SYStEN.

] IV A Hi/O / Hi/* IN PL1 (UOUP 8) LARGEEXlERHAL tIRE. PQIEI|IAL SPILt MID FIRE PNOI[ECTIONslrs;EN. CONSIDER SIGNING PCIIRURNIll OF PL'B HASIE. HASTE AIMT FRON
DISPERSION Of PC:IFHASIE FLtlMOLES.
IO In[ ENVlR_Iil.
(ll;li;li;A) '

3 IV A RUG / NI/* MSF GLOBAL (llllEliNAL LOW INIERSlIY SEISNIC EXPLOSION OF SNOCI( iN)BE (I) IHEIIEL(OPAND ENFORCE
AHD EItIERNAL) EVEHIS EVEIII Hllli liORIZONIAL SEIISIIIVI[ NAIERIALII POLICY NOT IO SIORE

ACCELERATIONOF 0.1 G. (E.G., III|RO NEIN_, [NPLOSIV[ ON SNOCK
SODIUN AZIOE). S/RUCIUL4L SEIISlVIVE NAfEAIAL IN
DA/_ 10 IIUILOING, FIAE IRIS OUILDING, (2)
Am) AELEAST Of 1ORIC PROCESSSHOCKSENSI;|tHE

! GASES. (A;AsA;A) NR/ERIALS II_DIAIELT.t_

3 IV A PlUG I NU* MSF GNAt (IIIfERIML NIGll Ill/EIISIVT SEISNIC SFRUCIUIIAL ¢OUM_H[ OF _ (I) iHEYIEU SEISNIC DESIGI
AND EXTERNAL) EVENTS EVEHf I/liB HORIZONTAL liUILDIIIG, OREACllOF CRI|ERIA, (2) NINIPtlZE

ACC[LERAIlOll OF 0.$ G ON Iq_IlPLE DItUNS, NAJ_ SIORR_ lINE OF PeOSV
GREATER. FIRE, RELEASEOF 1ONIC FLAI_DL|I IONIC

GAS Iro EHVIROIilIEIII AND IMIERIALS.
IAOIOACFIVE
CONIANIliAIION. (A;A;A;A)

3 IV A PlUGI NU* gSF GLOOAL(INTEliNAL ElilERNAL FIRE FIRE PEIHE|IIA||S |l_ (I) NIEA SUllll01illm |liePMISF IS CLEANEDOF
AliO EXIERHAL) EVENTS MSF, PlAJORFIRE

RELEASES IONIC GAS ;O 111[ COIqDUSTIILE MAIERIAL, (_)]
ENVIIK)_NF Am) BUILDING IS DESIGNED |O
RADIOACIIIH[ R_lARD FIRE.
CONIAIqlNAIION. (A;A;A;A)

3 IV A K I Hi/* lit GLOOAL(INTERNAL ANO lilGN IRIEHSII¥ S[ISNIC SIIKJCIURAL COLLAPSEOf NONE (1) DEVIEU S_ISHIC DESIGN
EXTERNAL) EVENTS [VElif I/llli liORIIONIAL BUIL01liG, IIREACli OF LIIIERIA, (2) NIHINIZESTORAGElINE OF HOST

ACCEL[RAIION Of 0.3 G OR HULTIPLE DRUBS, PlAJOR
GREATER. FIRE. RELEAS[ OF TQ_tlC FLMlmlILEI tOXIC

GAS _O EliVIRONN[HT. NAIERIALS.
(A;A;A;A)

) IV A HUG I liU* lil/ GLOOAL(IIITEHAL ARO IEXfERNAL FIRE tiRE PTHEIRATES lliE (1) AREA SURlitUIOING 1N[ HOHE
EXTERNAL) EV[RIS MSF, IqAJORFIRE MSF IS CLENI[II OfRELEASES TONIC GAS 10 IHE COHBUSTIIILENAIERIAL, (?)

ENVIAOMI[HI. (A;A;A;A) BUILDING IS DESIGNED |O
fieIARO FIRE.
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ii dl iin

R---Ir---C ACVlIrAC AC;IVIrY IIAllE CAI_ISC[IIARIO 12DIISEOUEIII_S IqloI1EC/IVE IrlEA/IL_S /iCflOIIS
i nl

] IV A GC] I US CYLIl_l IRAIISPOIIVED BII[ACIOOF ClrLII_R DUE fO REL[ASIE Of HIOILlr |talc HEM Am SCIHJNIIIG (t) fR/lllSPaf _ SfOIIE
IquASl IRON NUIISF DOCK SIORAGE ACCIOEIIIAL CAUSES (E.G., USES (PIIOPHIIIE, +SYSTEM. CIrLIBOERS SECUA[Llr, (Z)

AREA CYLIHOER DROPPEDAND PHOSGEII, ARSINE, AUD ill, fALL MS OEIECIORS AND
AEGULA/ORLIME OREAKS). OIHERS), I/OAICERFAIALI|lr. OiLAIHIS, (3) COIISIDIEII

(C;C;A;D) SIEI_IOAIIT CIONIAIIAIEII! FOR
NOSY IMZAIH)GUS CTLINDI[IIS.
(() PROIECIIM1E CAP fOR
CYLIER AEGULAIOAS

• SHOULD WE IIIPLACE A| ALL
WINES.

$ IV A GC/o jr |RANSI_| GAS CYLINDER alIEACH IW ClrLIHOER DUE 101RELEASE Of HIGHLY IONIC HONE (I) |_T IOlO SfOAtE
NURSF FIION MSF SIOAAG_ I0 INK ACClD[NIAL CAUSES(E.C,., GASES (PINSPIIIHE, CILIgOTRS SECURELY, (_)

HUIF |HEATHEN/ ROON CYLIR_R DA(]_D AND !PHOSGIEN,ARSII_, /UlD COIISIDCII SIECONOARlr
REGULAIQR LINE IIAEAKS). UIHERS), IKNIKLR tAIALIIY. COIIIAIImlENI FOR NOSY

(A;A;A;D) IMZNIIQUS CYLIHOERS, (&)

.. PAOli[CliVE CAP loftCYLINO(EIIIIIFGULAIORS
_AIOULOWE III PLACE A| ALL
fINES.

) IV A G_ I HI/IF IRAWSfEA CTLINOIER IN10 ICTLIIIKR OAOPPEOOURIIIG POIEIIIIAL RIELEASEOF CTLII)ER IS _ (1) IIOIII[1ERSIIO_O gEIUI
SKID PRESSUREVESSEL IRAIISf[R INlO PRESSURE /OXlC GAS, UOilI[I[R IRM/fERRED USING OVEAliEJiDIqlO/EC|lV1[ [OUlPI_III,

VESSEL. EXPOSUREAliO IAIALI|Y. CAAN[. lliCLUOING RESPIILAIOR.
(D;D;A;D)

oIq[IMlOIIS SHOULOUS[ S_tlr
I ] IV A OU6 t HUIF OVERPAClCDAUB IS OPEIIIEO AIELEASEOF IOHIC US DUE IRJlCER INJURY, POSSlBILE NONE

L_ AHO DRUB LIFIED UIlll 10 tI_I@IECIED HAW[RIALS fA|ALI|Y. CD;D;A;D) COII|AINEll BIIEAIHING
oo CRANE IN DEPLE|EO URAHIUN HASI[ APP/_IUS, LEAVE ROON IF

DRUB(PHOSGEH, HlrDROGEH MY|HIHG OU! Of file
SULFIOE, CHLORINE, IIIItlN/UI_r IS NSlERVlEO.
[It...).

3 IV A OU9 I Ht/IF INNER OAUN IS GA(XlliD_ Ill[LEASE OF TOBIt GAS WE |lOiteR INJUl_r. POSSIBLE NOllE OPEIUtIORS SHOULDUSE S;[LI_
ANDOPENEDUSING lO IJMEXPECIEDMIERIALS FAIALI|lr. (D;D:A;D) COIIIAlU[O IIRFAIlIIRG
HOII-SPARKTOOLS IN DEPLETEDUIMilIUN IHII[R APPARA)US, LEAVE ROQN IFNITIHIIIG_/I Of INK

VASIE 0qNN IPIK)S_N,
HIrDAOGiENSULFIDE, OAOIIIARY IS OOSTIIVI[O.
CHLORII[, EfC... ).

] IV A *LIB6 I OY[APACE DAUB IS OPEIED RELEASE OF |OUlC US DUE UOIIILTII INJUIIr, POSSIBLE _ OPERA|ORS SHOULDU_ SELFCOIIIAI NED IIAEAIIIIIIG
HUIF AIIO IHItER LIH ORUN IS 10 UNIEXPIECIEONA|ERIALS fAIALlfT. (0;0;4;0) APPNIAIUS.

LIFIED VllH CRANE IN LIH UASI[ DRUH
(PNDSI_n. N_N_C[R
SULI:IOF,,. CHLORINE,
[It...).

5 IV A LIH9 I PRINMI¥ MAS|E _ IS RELEASEOf BORIC GASDUE UOIIW[I INJURY,, POSSIllL[ HONE IlOii_iS SllOUtO i_AR
llVTF GROUliOEDAim OPTNEDUSING fO LIHEI[Iq[(:f[D HAl[RIALS FA|ALII¥. (D;D;A;C) PIK)IIECIIVE (LOIHIHC, JUiD

HOII-SPARK |OOLS IN LIH PRINART IMSIE DRUM USE SELF (OltlAINtED
(PHOSGEH° HIrDIIOGEH BItEA_lillm APPAIIAIIJ_.
SULFIDE° CHLORINE,
EIC...).

mORE
5 IV O D4U2I UALK IIEglliO FOAl(LIFT FORKLIF| HIVES OfF DOCK COliIAIH[R OAEACN,

..u-_SF 1RAHSFERSDRUB IO IJIIILE IRANSPORIIHG ICJIIIIOR OF URAHIUIqCHIPS
..



HAIAItO AHALTSlS ItEIqJtl 91' RISK

i ii iii I II I i i i I ' i ii i i

R---F---Cl ACIIFAC ACIIVIII I_N[ C/WSEISCER_RIO CON_QJEIN_EI PlOfEC|lW FFAIuES ACIIOIS
iiiiiiii i i ii L '1 ii I i I I I

ENCLOSEDSIOIIAGI[ lOON !NPLEItD UIIAIIIUN UASIE II DOLl( ADEA. SIIIIIIFICAIII
OBUN. SPlUNICLEIISYSIEH FIK AND POSSIBLE IIl_R
FALLS lro OPtERAI[. INJURIES, [IIPOS_ IO

DI[PLEI[D URAIIILliNNIO
FACILIIT COIIIAHIliAi loll.
(D;O;I:{)

} IV i DU3 I I/ALl Hill0 FOIU[LIFI FOIIGIF| HIVES OFF OOCIC COlIIAIEI IN[B. NONE COISIOlEI IIISINLLAIIWI Of
HIRSF I_S DIIUN Of DEPL[fED I/ltlL[ IIIANSPOIIIING DRUM, IGIIIIIOll OF UIIAII|UII CIIIPS A CUll IO PII[VEII! DIIIVlIK

UflANIUN UASI[ fO DOCK Olfff FAILURE OF SPflle/i(LEffl II OOCl( Al_4. SIG//IFI£NII IE FOIIILIFI OfF DOCK.
SYSIEN. t lillE, IIBIKEli IlJUilll[S &lO

[NPQSUR[ IO KP[EIED
URNglUN, AiD FACILI/Y
COII;41qlNAIION. {O;I;I;C)

] IV l NU_A I NUe NURSFREACIIVES (GROUP UAIEI INIIUSION lifo INE RUPIUIE OF NUN 8U_ lO DRY LI_NiCAL FIH i
24) SlORAG£ DRUNOU£ I0 NUNANiYOlO{_i EMOLUIION, SUPPIE$SIOI SYSIEH,

[INQR. iPOIENIIAL FII[/[XP[OSION. $CIUll[R SYSI[N.
POSSIIL[ IELEAS[ OF IQIIC

H[IAL FUllS. (D;D;I;C)

3 IV l NUtA I NI/* IIRSF GASI[S (GROUP 7A) SIIIKINI[OUS gIUET OF FIl_ IN SIOIIAG[ AI_A O11 ij(l) Fill[ PIOII[Clll i i
tWO INCQIqPAIIILE (E.G., VI[III S¥$I1[N DUE IO IIIXINGi (2) I_PA AlIO SCIIUISING
FLOtItE AII0 I1_) GAS Of INCONPAIIILI[ GASES. $¥SIEIq.
CYLIW)[IIS (DUE IO *IINIIC GAS IIELEAS[. Sl[Vl[l_
IqlSNANDLING, FOItlCLIFI UORIEI INJURY. (C;C;I;C)
ACCIOEIIT, l[IC...)

t $ IV • 141/1AI NV* NiRSF CAUSTICS (GIIIX/P 1A) OVEIIIEAD _ ACCIDI[IIIr POll[iliA/. lrlill[, FIB[ SUPP_SSI_II _
CAUSII_ SINILllUI[_US EWlPL_IOII,, I1010G[l G_S SCRUIEi slrSIEN.
SPILL INr CAUSIC PAIEAIAL PIOOUCIIOI AND iiH[AVlr

AliO IICI]PlP4I/DLI[ HI[I_L FUNEGl[l_ltAfl01/.
LI_IEIIAL(E.G., 11_O4(11), 111711{EliIItJURTIE_.
ill IIIAHTOIIO F_IAtI(_A 1, (D;O;D;C)
NIIRIC ACIO(GA), N[TAL
CYAIIH(SA),L I ;NIUN
HTDRIDE(2A)) DUE lO
fll SLAII[L lilG.

$ IV I 14UID I IqU* MSF ACIDS (GROUP 11) OVEIII[AO CI_ ACCIDI[HI POTI[HIIAL Flll[, Fill[ SJPPIESSIOII NIO _
CAUSING SIIU.IAII[OUS EXPLOSION, IIIUIO_I MS SCRU_EIt STSI|H.
SPILL OF ACID IMIEIIIAL PIII]WCIION AiD 10iIC GAS
MO INCI_AIIILE PlfIIERIAL G[NEItAIiON. SIEVEIIEUOlUCl[It
(E.i.o M(IA), INJURTll[XPOSURE.
P¥11DIIIEI4A|, gqOlOG_ll (D;D;I;C)
PEEOXlO[(GA), N[I4L
CYANID[(SA), LIIHIUN
NTDRiOI[(?A)) OU£ lO
MISLABELING.

3 IV II GI:I ! LONDCYLIlil)4[It Flt0N IA-$& RUPIUili[ OF FLAI_ILE GAS FLA/IMILI[ GAS IGIIII[S AllO (I) WIIll[I US lINE IO (11 ¥4LVI[ COVEIS SIIOIAD
MSF ONIO IItANSPOtl VENICLI[ CYLIliDER DURING HANDLING EXPOSESIqULIIPLE IttSPOliO IO llil[ tIRE PItlOll IN[ III PL4CE OII ALl.

AND tqOV1E_O 14-63 NEAR OIHI[R GAS CYLINDERS. (lrLINOIEIS IO IIIGII IO RUPIUIIE Of O11_11 CYLINO[IS, (2) flAIl
IEHPEIIAIUII[ II[SUL|ING Ill CYLINDERS, (2) SIOIAI_ UBIII[I[IIS 10 EVJlCUAIE III
IIELEAS[ Of IqULIIPLE GAS F4CILIIY IS I.OCAIE_ AI A UPVlND DIIt[CIIOIl, AND
CYLINDERS. (C;C;I;C) IIINOI[ SAil. LOCAl[ GAS IMSIS IN

tUPUIND DIII[CIIQN, (3)
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m i | i i m m

'---,---c cV.AC .c;,v,..N ciO'.u,o c ums m,t mvu,. Kwi&s
In II II I

IIIIALI. A I/liD H foil
ClIIIIIIUIR/$ UII DIIECIION
IIOICAI ION..

3 IV I GC] I GAS CTLIIO[II IIAIISPORIEO IIEACN Of CTLIlD[R DUE tO I[LEAS[ Of IIIm[lAIELT II[M JUID SCllUlIIIG (I) IUlspIIll RID tlOl_
gSF lION NURSFDOll( SIORAG[ ACCIKNIAL CAUSES (E.G., lCgllC GASES (l_S, 0102, STSIEH. CTLIEM[IS S[CURELlr, (2)

AREA (YLINOER DROPPEDAND AND OIN[RS). UORZ[R ImlNLL GAS KIECIOItS AND
REGUt.AIQII LIE IN[AKS). EXPOSURE. (C;C;S;D) NLAIIISa (]l I:_ISlDER

SECOIIMItT CSNIAINIq[ll fOR
NOSl NAINIDOUS CTLIISI[RS,
Ill IqlOIEClIVt[ rAP FOil
C11LIiO[I NGUI.AIBIIS
S_O OE IN PLACE AI ALL
l IreS.

] IV O GCI I !IIAISII_II GAS ClrLIIIDEt IIEACII OF CYLIIDER DI_ 10 RIELEASE OF NODEIMIIELY i lip fldiSIlllNll All SItlNIE
IqURSF IRON IqUItSl SIORAC_ 10 IN[ ACCINIIIAL CAUSES (E.G., il(]0(IC GASES (II2S, EO2, C/LIIINItS KCUI_LI, (2)

NUIF lit[AIR[ill ROON CTLINO[It DIKN_P[DANO ANO OIN[RS). WOH_R CIINSIOIERS[CImOART
IIEGUI.AIOII LIRE II_AKS). EXPOSUII[. (C;C;I;D) [IIIIAIIIIIEll FOIl NOSI

II_AIt_US {ltlllD[RS, (l)
.. PtofECIIV[ CAP 101

ClrLIIIDH REMAINS
$111mI.DmE IN PLACE AI ALL

!lINES.

3 IV I GC6 / IliflF CTLIIID[R ILq[ACN[D FUiMIKE cIrLIEI lilt[ Oil [ItPLOSIOII, VESSEL NSIGIEll 10 VEItlFT PRESSUItE VI[SSEL
IIEAI::NILrDUlIOUI IIIERIlRG !POIENIIAL IqlIESSImE VESSEL CI]NIAII FIIIE i AIII)SIqlEIIIE IIEFOllE l:111llll_
PN[SSUtE VESSEL ONe4_. IEILiEASIEOF GASES EItPtOSloR. CTLINO[R.
AIHOSPli[ItE. lO AINOSPIEI_. I/ml_R

I INJURY. (O;O;I;C)

c_ ] IV I Ll19 I PIIIPiltlY H/ISIE IHIUll IS OPI[IAflII FAILS lO FIKLOH D_2PEIIS_ OF LIN/II[PLEIED _ _ SROUI.I)IIRR
mllf GROUliOEOAm Offil[D USING lqlOCIEOtilE (C.MI_S SPAII[) UlL4111UNIPq3110EIINIE lO lqlOllClliIE CLOININ,

IK]II-SPARK fOOLS MIO IGIIIIES R_N IN EXPLOSION/FIRE. SEVIERiE USE SELf CONIAIRED
LIN IMSIE DIIUN. !l/OiIRER INJUIItr. (D;D;I;C) PJEAINIIIG APPMIAIUS.

3 IV O LIRI1 I IqlINAIT LIIiilIUN RYHIOE NUN COIIli[lllS SPILLiED OUEitlN SPILLER) i CBIIACIS liiOii[ IIORkl IO IW.NI PIOIECIIW
INIF DIKIN IIARSFERED IO SKID lot (1) [LH CSPlES HALER II SUNP, Iq)ssIIH.E CLOItlIliG MID IIIIEAIIIIIIG

VIIN ELAN[. LOOSE, (2) LID FALLS OFF, FIItE, IdIIKEi EIIPOSUE RID APPAIMIUS DUllING NOV[Ill
(3) CIUUI[ ACCID[III. IgNM.AIION OF FUllS AND OF HUN Villi NOISI.

DEPLEIEO URANIt,lq. INSUlt[ IRAI IRE SUNP IN
(I);D;I;C) IN[ III£AIN[I| _ IS

m DllY IF POSSlIKE.

] V A CTII I PILAIrlN MlISlE C8811AIINR _ ACCIOEIT SPILLS HIEING OF INCONPATIILE IKINI[ NONE
IIVlF IRAliSFERED lO SI[IO Ullli ¢lAIIIll( IMSlE DIKIN IMSlES IESI/I.IS !1 LEIIML

CRAM[ OR Iq_IiUALLT. COIIIEIIIS Hi IN HCN GAS. (O;O;A;O)
I_A_JILE

IMSIE(ACIOS). JOTR OItUIqS
ImEACN[O.

/, l! b [q)6 jP ill/TF OV[RPACI[ DIKIN IS OP[N[O 0U CONITIIIS SPILLEO SUE tlNIlfO SPILL Of OEPLEIED _
MI0 DRUNLIFl[O UIIH fO: (1) CLAIqPCONES URAIIIUN UASIE DIIUN
CRANE LOOSE, (2) CORROSIONOf CQIIIEIIfS, Nlli_

INN[It ONUN, (3) LID FALLS CONIANINAtlQiI. (D;O;O;D)
OfF.

L
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i

. , c ,c,,,.c .c,,v,,, '" mm .c,. ,w,,c,Iw ,u'u," ;.:,.m
i i i ill I

' I! D C¥10 / COItIENlrS OF PLAIING IIASl[ SPILL OF CYANIDE LIQUID Nllial liWRI[EI NOllE IF m,_liffClEO COlilENIS
HI/IF ORUN INSPEClED VISUALLY DURING S_LIK AND INJURTIERPOSUI_. FWIIID, COIIIACl

VISUAl. INSPECI IOH. (O;D;O;D) SUIqEHISOR.

& I! O LIH16 I LISO_ SOLUTIONS FILI[I_I) L[K OF SOLUIlOES NiiOI W)lk_i EIOq)SU_. _
lit/IF (LIIHIUN RTDRID[ PROCESS) FILIERED fRON LIR (D;D;D;D)

PROC[SS.

& I I 0 OU4 / gUlF YMD FOIKLIFV IHELII_RS FOIl(LIFT ACCINIT DURING SPILL OF DMM CONTENTS NOHE llOVl ONLY OiL PALLEI OR
I)EPLEI[O UINIIUN IMSI[ IAANSPIJ! ElliEg UIINOU! FIRE. (D;D;D;D) NUN AI i |IN[, RES|AICF
DIIUN 10 IREAIIq[H; ROOH llUILDINGS. Olli[ll VElilCLE MIRING
DOOR IRNISP_ f.

/, II P INll I DEPU[I[O UIINilUH tMSf[ 81UN COlll[liTS SPILLED _ LIHIIED SPILL OF I_PtEIED I_
HUfF HUN IRAIISF[R[D |O lO: (11 CL_P COR[S ImANIUN kmSl[ DtUl

IRERIN[N! SIlO Olin LOOSE, (2) CORR_ION Of CONI[HIS, HINOR
OV[RH[AD CRANE INMER DRUN, (3) LID fALLS [ONIANIliAIIOII. |D;D;D;D)

OFF.

& I! O !NUSA I Hi/* NURSFCTAlilDES MID SPILL OF CYARID[ DUE TO COiIINIIIM|IOR Of IRE NON[ I1_
SULFIDES (GROUP SA) IMLi[ li[HlliO FORI[LIII SlOAAGE MI[A, NlliOR

ACCIOTi! OA (I)HOSIOR. W)RRER |IPOSURE. NO IHIC
GAS RELEASEDDUE 10 LOU
VOLAI ILl IT. (D;O;D;O)

& II D llk_Ji / V M//F CTNIIDES AID SPILL OF CYAIIDE DUE fO !CaIINIIIA|IOII OF 1fie IfOllE ifll_
SULflKS S1QIIAG[ TARO FQRI(LIFI ACCII_Ei! OR SlORAG[ AWEA, IIIIN)R

_1 CORROSlOii. tlOIU[El [IIPOSl/IE. NO IORIC
i GAS RELEASED lO LOll

¢4 VOLAIILI|T. (O;O;O;O)
p_

& I I D DU|4 f OIL HAiti fO MASTE OIL OVIEIIFILL OF OIL DIKIN NIIIOR CWiIMIMflOR _
HI/IF DRUN (DEPLEI[D URAIIIUN CAUSEDlit OP_IAIOR [HOlt :PROBLEN. (D;D;D;D)

PROC£SS) (i.E., IHSUFFIClEN!
VOLUNEH NUN ROI IH
_IIIOR).

I I D NU6A / NU* MSF OSlDIZ[RS (GROUP SPILL Of ORIIIZERS OUE 10 LRII LEVEL IMIC SPILL. WEPAFtLIkl NO SCRUIIIRS gilliLK IN[|IND FOIKLIF/ OR I/Om(Ei EXPOSURE. SYSIEN.
OVERHEAD_ ACClKNfS. (D;O;D;D)

4 II P HIMA / NkP NV CUflDIZERS (_IOUP 64) SPILL OF OIIDIL_[/S Di_ fO ItOi/LEIqEL 1ORIC SPILL. lORE

L

FI_EIIIiG. TARO FORI[Llfl UOM(EI Eltlq_lJK.
,OROV[RI_M) (RAIT (O;O;O;O)
ACCIDENTS.

& !1 O HUIA I IN* MSF CAUSTICS (GROUP IA) SPILL Of A SINGLE CAUSTIC HlliQR _ ERPOSURE. NON[ IIOEE
tMSI[ DIKM. (D;D;O;D)

& II D NVlA I HU* IN CAUSTICS (GIK]UP 1A) SPILL Of A SINGLE CN/SIIC HINOR IJORI_R EXPOSUII[. NON[ ROll[
tARSI[ NUN CAUSEOlit (O;O;O;O)
IIUNMI ERROR. FORKLI f !
ACCIDENT OR FREEZING.

15 I I I) CY2 I IMLI[ O[HItlO FORKLIFT CARiIOY, POLTPACi(OR OIleR COII/AIRER BREACR, PLAfllIG]lIOl_ NON[
MSF iRANSFERS UASIE OU fO PLAIIEG UASI[ COIIIAllEA UASI[ SPILL IN DOCKAIIfA.

SIORAGIEAREA (PLATING PUSHEDOfF OOCKOR IRUCI( I,IIIIQA W)RI(ER ERPOSUIIIEAmP
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hi. 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/INPOrequirements. Staff 60+

SRO Certification for Manasers, 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

E-2



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 andl 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, main_,ainability 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
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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
BeUefonte 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
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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 J
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 HAZIvIAN 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 frc quency 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.

E-7



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. Tara 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 probabilistic 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 PI_ 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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