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13.0 RADIOISOTOPE PRODUCTION FACILITY ACCIDENT ANALYSIS

The proposed action is the issuance of a U.S. Nuclear Regulatory Commission {NRC) Construction
Permit and Operating License under Title 10, Code of Federal Regulations, Part 50 (10 CFR 50)
“Domestic Licensing of Production and Utilization Facilities,” and provisions of 10 CFR 70, “Domestic
Licensing of Special Nuclear Material,” and 10 CFR 30, “Rules of General Applicability to Domestic
Licensing of Byproduct Material,” that would authorize Northwest Medical Isotopes, LLC (NWMI) to
construct and operate a molybdenum-99 (*?Mo) Radioisotope Production Facility (RPF) at a site located
in Columbia, Missouri. The RPF is being designed to have a nominal operational processing capability of
one batch per week of up [Proprietary Information].

The primary mission of the RPF will be to recover and purify radioactive Mo generated via irradiation
of low-enriched uranium (LEU) targets in off-site non-power reactors. The purified Mo will be
packaged and transported to medical industry users where the radioactive decay product, technetium-99m
(*’™T¢), can be employed as a valuable resource for medical imaging.

This section analyzes potential hazards and accidents that could be encountered in the RPF during
operations involving special nuclear material (SNM) (irradiated and unirradiated), radioisotope recovery
and purification, and the use of hazardous chemicals relative to these radiochemical processes. Irradiation
services and transportation activities are not analyzed in this chapter.

This chapter evaluates the various processing and operational activities at the RPF, including:

« Receiving LEU from U.S. Department of Energy (DOE)

«  Producing LEU target materials and fabrication of targets

» Packaging and shipping LEU targets to the university reactor network for irradiation

+  Returning irradiated LEU targets for dissolution, recovery, and purification of Mo

* Recovering and recycling LEU to minimize radioactive, mixed, and hazardous waste generation
+ Treating/packaging wastes generated by RPF process steps to enable transport to a disposal site

Chapter Organization

Section 13.1 describes hazard and accident analysis methodologies applied to the RPF integrated safety
analysis (ISA) (Section 13.1.1). Section 13.1.2 identifies the accident initiating events, and

Section 13.1.3 summarizes the results of the RPF preliminary hazards analysis (PHA) (NWMI-2015-
SAFETY-001, NWMI Radioisotope Production Facility Preliminary Hazards Analysis). The PHA
discussion in Section 13.1.3 identifies the accident scenarios that required further evaluation.

Section 13.2 presents analyses of radiological and criticality accidents. Section 13.2.1 evaluates a non-
credible maximum hypothetical accident (MHA) whose dose consequences bound all other potential
accidents. Subsequent subsections under Section 13.2 present analyses of the radiological or criticality-
related accidents evaluated, as follows:

+ Section 13.2.2 discusses spills and spray accidents

+ Section 13.2.3 discusses dissolver offgas accidents:

+ Section 13.2.4 discusses leaks into auxiliary systems accidents
< Section 13.2.5 discusses loss of electrical power

« Section 13.2.6 discusses natural phenomena accidents

13-1
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Section 13.2.7 identifies the additional accident sequences evaluated and associated items relied
on for safety (JROFS)

Section 13.3 presents bounding accidents involving hazardous chemicals.

The data presented in the following subsections are based on a comprehensive PHA, conservative
assumptions, the MHA results, draft quantitative risk assessments (QRA), and scoping calculations.

These items provide an adequate basis for the construction application.
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13.1 ACCIDENT ANALYSIS METHODOLOGY AND PRELIMINARY HAZARDS
ANALYSIS

13.1.1 Methodologies Applied to the Radioisotope Production Facility Integrated Safety Analysis
Process

This section describes methodologies applied to the RPF ISA. The ISA process comprises the PHA and
the follow-on development and completion of QRAs to address events and hazards identified in the PHA
as requiring further evaluation.

The ISA process flow diagram is provided Figure 13-1. The ISA process (being adapted for this
application) consists of conducting a PHA of a system using a combination of written process
descriptions, process flow diagrams (PFD), process and instrument drawings (P&ID), and supporting
calculations to identify events that could lead to adverse consequences. Those adverse consequences are
evaluated qualitatively by the ISA team members to identify the likelihood and severity of consequences
using guidance on event frequencies and consequence categories consistent with the regulatory
guidelines.

Each event with an adverse consequence that involves licensed material or its byproducts is evaluated for
risk using a risk matrix that enables the user to identify unacceptable intermediate- and high-consequence
risks. For the unacceptable intermediate- and high-consequence risks events, the IROFS developed to
prevent or mitigate the consequences of the events and an event tree analysis are used to demonstrate that
the risk can be reduced to acceptable frequencies through preventative or mitigative IROFS.

Fault trees and failure mode and effects analysis can be used to (1) provide quantitative failure analysis
data (failure frequencies) for use in the event tree analysis of the IROFS, as necessary, or

(2) quantitatively analyze an event from its basic initiators to demonstrate that the quantitative failure
frequency is already highly unlikely under normal standard industrial conditions, thus not needing the
application of IROFS. Once the IROFS are developed, management measures are identified to ensure
that the IROFS failure frequency used in the analysis is preserved and the IROFS are able to perform their
intended function when needed.

The following subsections summarize the RPF ISA methodologies.
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Figure 13-1. Integrated Safety Analysis Process Flow Diagram
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13.1.1.1 Accident Likelihood Categories, Consequence Severity Categories, and Risk Matrix

Table 13-1 shows the accident likelihood Table 13-1. Likelihood Categories
categories applied to the RPF ISA process. o !

i iy Likelihood |
Table 13-2 shows qualitative guidelines for category |  Event frequency limit

applying the likelihood categories from : 3
Table 13-1. Table 13-3 shows accident Nak unliee L R e o 8

consequence severity categories from

10 CFR 70.61, “Performance Requirements.”
Table 13-4 shows the RPF risk matrix, which  Highly unlikely 1 Less than 10~ per events per
is a product of the likelihood and consequence year

severity categories from Table 13-1 and

Table 13-3, respectively.

Table 13-2. Qualitative Likelihood Category Guidelines

Likelihood |
category | Initiator
3 An event initiated by a human error
3 An event initiated by a fire or explosion in areas where combustibles or flammable materials are

present

3 An adverse chemlcal reactlon caused by 1mproper quantltles of reactants out- of date reactants out-
of-specification reaction environment, or the wrong reactants are used

2 An event initiated by the failure of a robust passive design feature with no significant internal or
external challenges applied (e.g., spontaneous rupture of an all-welded dry nitrogen system pipe
operating at or below design pressure in a clean, vibration-free environment)

1 Natural phenomenon such as tsunami, volcanos, and asteroids for the Missouri facility site

13-6
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Table 13-3. Radioisotope Production Facility Consequence Severity Categories
Derived from 10 CFR 70.61

Category | Consequence
description category Workers Off-site public Environment

High Radiological dose? > 1 Sv e Radiological dose®
consequence (10() rem) >0.25 Sv (25 rem)
* Airborne, radiologically * Toxic intake > 30 mg
contaminated nitric acid soluble U
>170 ppm nitric acid » Airborne, contaminated
(AEGL-3, 10-min exposure nitric acid > 24 ppm nitric
limit) acid (AEGL-2, 60-min
* Unshielded nuclear criticality ~ exposure limit)
Intermediate 2 + Radiological dose® between ~ * Radiological dose* 24-hr radioactive
consequence 0.25 Sv (25 rem) and 1 Sv between 0.05 Sv (Srem) release > 5,000 x
(100 rem) and 0.25 Sv (25 rem) Table 2 of
* Airborne, radiologically » Airborne, contaminated 10 CFR 20.°
contaminated nitric acid nitric acid > 0.16 ppm Appendix B
> 43 ppm nitric acid nitric acid (AEGL-1,
(AEGL-2, 10-min exposure 60-min exposure limit)
limit)
Low 1 Accidents with lower Accidents with lower Radiological
consequence radiological, chemical, and/or radiological, chemical, releases producing
toxicological exposures than and/or toxicological lower effects than
those above from licensed exposures than those above  those listed above
material and byproducts of from licensed material and  from licensed
licensed material byproducts of licensed material
material

Source: 10 CFR 70.61, “Performance Requirements,” Code of Federal Regulations, Office of the Federal Register, as amended.
® As total effective dose equivalent.
® 10 CFR 20, “Standards for Protection Against Radiation,” Code of Federal Regulations, Office of the Federal Register,
as amended.
AEGL = Acute Exposure Guideline Level. U = uranium.

Table 13-4. Radioisotope Production Facility Risk Matrix
Likelihood of occurrence

Severity of Highly unlikely Unlikely Not unlikely
consequences (Likelihood category 1) (Likelihood category 2) (Likelihood Category 3)

High consequence Risk index = 3 Risk index = 6 Risk index = 9
(Consequence

category 3) Acceptable risk Unacceptable risk Unacceptable risk

Intermediate
consequence Risk index =2 Risk index =4 Risk index = 6

(Consequence Acceptable risk Acceptable risk Unacceptable risk
category 2)

Low consequence Risk index = 1 Risk index = 2 Risk index = 3
(Consequence

category 1) Acceptable risk Acceptable risk Acceptable risk
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13.1.1.2 Accident Consequence Analysis

The ISA process requires an understanding of the source terms and consequences of an adverse event to
determine if the event is low, intermediate, or high consequence, as compared with the hazard criteria
identified in Table 13-4. NUREG/CR-6410, Nuclear Fuel Cycle Facility Accident Analysis Handbook,
offers methodologies to calculate the quantitative consequences of events. For simplicity and prudent
expenditure of resources, the RPF ISA assumes a worst-case approach using a few bounding evaluations
of events that are identified through either:

+ Calculations (e.g., the source term and radiation doses caused by contained material in the system)

« Studies of representative accidents (e.g., comparison of accidental criticalities in industry with
processes similar to those at the RPF)

+ Bounding release calculations using approved methods (e.g., using RASCAL [Radiological
Assessment System for Consequence Analysis] to model bounding facility releases that affect the
public)

«  Reference to nationally recognized safety organizations (e.g., use of Acute Exposure Guideline
Levels [AEGL] from the U.S. Environmental Protection Agency to identify chemical exposure
limits for each consequence category)

«  Approved methods for evaluation of natural and man-made phenomenon and comparison to the
design basis (e.g., calculation of explosive damage potential from the nearest railroad line on the

facility)

Accident consequence analysis results are identified before or during the ISA process following
preliminary reviews of the processes, and as the process hazard identification phase identifies new
potential hazards.

Initial hazards identified by the preliminary reviews include:

«  High radiation dose to workers and the public from irradiated target material during processing

+ High radiation dose due to accidental nuclear criticality

«  Toxic uptake of licensed material by workers or the public during processing or accidents

+ Fires and explosions associated with chemical reactions and use of combustible materials and
flammable gases

« Chemical exposures associated with chemicals used in processing the irradiated target material

« External events (both natural and man-made) that impact the facility operations

‘

13.1.1.3 What-If and Structured What-If

RPF activities that will be mainly conducted by personnel using a sequence of actions to affect a process
were evaluated using what-if or structured-what-if techniques to identify process hazards that can lead to
unacceptable risk. These methods allow free-form evaluation of the activity by ISA team members,
which can be enhanced by using a list of key guidewords addressing the specific hazards identified in the
facility (e.g., the deviations to normal condition criticality safety controls like spacing, mass, moderation;
material spills; wrong materials, place, or time for activities; etc.). The key words for each structured
what-if evaluation are documented in the PHA.

13-7
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13.1.1.4 Hazards and Operability Study Method

For processes that are part of a processing system and have well-defined PFDs and/or P&IDs, the more
structured hazards and operability (HAZOP) approach was used. This method systematically evaluates
each node of a process using a set of key words that enables the team to systematically identify adverse
changes in the process and evaluate those changes for adverse consequences. The key words for each
evaluation are documented in the PHA.

13.1.1.5 Event Tree Analysis

An event tree analysis (ETA) is a bottoms-up, logical modeling technique for both success and failure that
explores responses through a single initiating event and lays a path for assessing probabilities of the
outcomes and overall system analysis. ETA uses a modeling technique referred to as an event tree, which
branches events from one single event using Boolean logic.

The ISA uses ETA in two primary ways. For those initiating events where the ISA team is uncertain of
the likelihood of reaching the adverse consequence, the method can be used during the QRA to follow the
sequence of events leading to an adverse consequence and thus quantify the adverse event’s frequency
given the initiator. ETA is also used in the QRA process to demonstrate that the IROFS, selected to
prevent an adverse event, reduce the failure frequency to a level that satisfies the performance
requirements (e.g., the frequency of a high-consequence event is reduced to highly unlikely).

13.1.1.6 Fault Tree Analysis

Fault tree analysis (FTA) is a top-down, deductive failure analysis in which an undesirable system state is
analyzed with Boolean logic to combine a series of lower-level initiating events. The process enables the
user to understand how systems can fail, identify the best ways to reduce risk, and/or determine event
rates of an accident or a particular system-level functional failure. This analysis method is mainly used in
QRASs when a failure frequency or probability is needed for a specific component, an IROFS, or some
other complex process.

13.1.1.7 Failure Modes and Effects Analysis

Failure modes and effects analysis (FMEA) is an inductive reasoning (forward logic) single point of
failure analysis that is also quantitative in nature. FMEA involves reviewing as many components,
assemblies, and subsystems as possible to identify failure modes, along with associated causes and
effects. For each component, the failure modes and associated effects on the rest of the system are
recorded in a FMEA worksheet. This is an exhaustive analysis technique that can be used to evaluate the
reliability of a complex, active engineered control (AEC) type of IROFS.

13.1.2 Accident-Initiating Events

Each of the following accident initiating events were included in the PHA. Loss of power as an accident
event is discussed further in Section 13.2.5.

e Criticality accident

* Loss of electrical power

* External events (meteorological, seismic, fire, flood)

*  Critical equipment malfunction

*  Operator error

*  Facility fire (explosion is included in this category)

* Any other event potentially related to unique facility operations
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The PHA (NWMI-2015-SAFETY-001) identifies Table 13-5. Radioisotope Production Facility
and categorizes accident sequences that require Preliminary Hazard Analysis Accident
further evaluation. Table 13-5 defines the top- Sequence Category Designator Definitions
level accident sequence notation used in the RPF
PHA.

PHA top-level accident :
sequence category?® | Definition

Criticality

Table 13-6 provides a crosswalk between the PHA
top-level accident sequence categories and the
NUREG-1537, Guidelines for Preparing and
Reviewing Applications for the Licensing of Non-
Power Reactors — Format and Content, Part 1
Interim Staff Guidance (ISG) accident initiating N. Natural phenomena
events listed above. As noted at the bottom of e e
Table 13-6, PHA accident sequences involve one — - =
or more of the NUREG-1537 Part 1 ISG accident @ The alpha category designator is followed in the PHA by

caie e . . a two-digit number “XX that refers to the specific accident
initiating event categories, as noted by v in the sequence (e.g., S.C.01, S.F.07, etc.). Specific accident

corresponding table cell, but the PHA accident sequences are discussed in Sections 13.1.3 and 13.3.
sequences themselves are not necessarily initiated ~ pHA = preliminary hazard analysis.

by the ISG accident initiating event. Table 13-6

shows how PHA accident sequences correspond with ISG accident initiating events, and demonstrates
that the PHA considers the full range of accident events identified in the ISG.

Radiological

Table 13-6. Crosswalk of NUREG-1537 Part 1 Interim Staff Guidance Accident Initiating Events
versus Radioisotope Production Facility Preliminary Hazards Analysis
Top-Level Accident Sequence Categories

NUREG-15372 Part 1 ISG accident PHA Top Level Accmle_nt Sequenc? Category

mmatmg event category . | S F.

Crmcahty acc1dent ¥ v - k B

External events (meteorological, v v v v v
seismic, fire, flood)

Operator error v v v

Any other event potentially related to v v v
unique facility operations

& NUREG-1537, Guidelines for Preparing and Reviewing Applications for the Licensing of Non-Power Reactors — Format
and Content, Part 1, U.S. Nuclear Regulatory Commission, Office of Nuclear Reactor Regulation, Washington, D.C.,
February 1996.

® PHA accident sequences involve one or more of the NUREG-1537 Part 1 ISG accident initiating event categories, as
noted by an v in the corresponding table cell, but the PHA sequences themselves are not necessarily initiated by the ISG
accident initiating event.
ISG = Interim Staff Guidance. PHA = preliminary hazard analysis.
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The RPF PHA subdivides the RPF process into eight primary nodes based on facility design
documentation. Table 13-7 lists the RPF primary nodes and corresponding subprocesses, as identified in
the PHA.

/

Table 13-7. Radioisotope Production Facility Preliminary Hazards Analysis
Primary Process Nodes and Subprocesses (2 pages)

Node no. | Node name Subprocesses encompassed in node
1.0.0 Target fabrication * Fresh uranium receipt and storage
process ¢ Fresh uranium dissolution

¢ Uranyl nitrate blending and feed preparation

 Nitrate extraction

* Recycled uranyl nitrate concentration

¢ [Proprietary Information]

* [Proprietary Information]

 [Proprietary Information]

¢ [Proprietary Information]

¢ [Proprietary Information]

e [Proprietary Information]

¢ Uranium scrap recovery

¢ Target assembly, loading, inspection, quality checking, verification,
packaging and storage

L L

3.0.0 Molybdenum recovery  « Feed preparation
and purification process « First stage recovery
¢ First stage purification preparation
 First stage purification
* Second stage purification preparation
» Second stage purification
* Final purification adjustment
'+ %Mo preparation for shipping]

13-10
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Table 13-7. Radioisotope Production Facility Preliminary Hazards Analysis
Primary Process Nodes and Subprocesses (2 pages)

Node no. Node name * Subprocesses encompassed in node
5.0.0 Waste handling system . Liquid waste storage
process ¢ High dose liquid waste volume reduction

¢ Condensate storage and recycling

 Concentrated high dose liquid waste storage/preparation
¢ Low dose liquid waste volume reduction and storage

* Liquid waste solidification

 Solid waste handling

¢ Waste encapsulation

« TCE solvent reclamation

¢ Mixed waste accumulation

7.0.0 Ventilation system « (No subprocesses identified in PHA. Ventilation system provides
cascading pressure zones, a common air supply system with makeup air
as necessary, heat recovery for preconditioning incoming air, and
HEPA filtration.)

mena .

99M0
HEPA

preliminary hazards analysis.
trichloroethylene.

molybdenum-99 PHA
high-efficiency particulate air. TCE

Table 13-8 shows a crosswalk that identifies the applicability of RPF PHA top-level accident sequence
categories to the primary process nodes. The information in this table is referenceable to Table 13-6 and
ultimately shows the relationship between the PHA process nodes and the NUREG-1537 Part 1 ISG
accident initiating event categories via the PHA top-level accident scenario categories.

13-11
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Table 13-8. Crosswalk of Radioisotope Production Facility Preliminary Hazards Analysis
Process Nodes and Top-Level Accident Sequence Categories

PHA Top-Level Accident Sequence Category

A S.CS.
S.C. .M. (chemical
Primary process node (criticality) safety)
Target fabrication (Node 1.0.0) v v v
Target dissolution (Node 2.0.0) v v v
Molybdenum recovery and v v v
purification (Node 3.0.0)
Uranium recovery and recycle v v v
(Node 4.0.0)
Waste handling system v v v
(Node 5.0.0)
Target receipt and disassembly v v
(Node 6.0.0)
Ventilation system (Node 7.0.0) v v v
Natural phenomena, man-made v v v v v v
external events, and other facility
operations (Node 8.0.0)

Note: The v in a table cell indicates that the accident sequence category applies to the process node. If it does not, the cell
is blank.

PHA = preliminary hazards analysis.

13.1.3 Preliminary Hazards Analysis Results

This section presents the radiological, criticality, and chemical hazards that could result in high or
intermediate consequences.

13.1.3.1 Hazard Criteria

Methodologies and hazard criteria are identified in Section 13.1.1. Numerous hazards are present during
the handling and processing the materials in the RPF. The target material is fissile LEU consisting of
uranium enriched up to 19.95 weight percent (wt%) uranium-235 (**°U). This material presents a
criticality accident hazard in the processes that involve high concentrations of uranium. Both 10 CFR 50
and 10 CFR 70 require that accidental nuclear criticalities be prevented using the double-contingency
principle, as defined in ANSI/ANS-8.1, Nuclear Criticality Safety in Operations with Fissionable
Material Outside Reactors. The RPF separates Mo from among the fission products in the irradiated
LEU target material. The fission products, including Mo, present a high-dose hazard that must be
properly contained and shielded to protect workers and the public. Radiation protection standards are
given in 10 CFR 20, “Standards for Protection Against Radiation,” and its appendices.

The RPF also uses high concentrations of acids, caustics, and oxidizers, both separate from and mixed
with licensed material, that present chemical hazards to workers. The National Institute for Occupational
Safety and Health (NIOSH) provides acute exposure guidelines (CDC, 2010) that evaluate chemical
exposure hazards to workers and the public from chemicals and toxic licensed material.
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The facility can also be impacted by various internal and external man-made and natural phenomena
events that have the potential to damage structures, systems, and components (SSC) that control the
licensed material, thereby leading to intermediate- and high-consequence events.

Known and credited safety features for normal operations include:

+  The hot cell shielding boundary, credited for shielding workers and the public from direct
exposure to radiation (an expected operational hazard)

«  The hot cell confinement boundaries, credited with confining fissile and high-dose solids, liquids,
and gases, and controlling gaseous releases to the environment

Administrative and passive engineered design features that control uranium batch size, volume, geometry
and interaction are credited for maintaining critically safe (i.e., subcritical) configurations during normal
operations with fissile material. The RPF PHA identifies abnormal operation event initiators that require
further evaluation for IROFS to ensure that the double-contingency principle is satisfied.

13.1.3.2 Radioisotope Production Facility Accident Sequence Evaluation

A structured what-if analysis was used to evaluate RPF system nodes where operators are primarily
involved with licensed material manipulations. All process system nodes were analyzed using a HAZOP
approach with special emphasis on criticality, radiological, and chemical safety hazards. Fire safety issues
are addressed in every node and addressed generally in Node 8.0.0. Fire safety issues include the
explosive hazard associated with hydrogen gas generation via radiolytic decomposition of water in
process solutions and due to certain chemical reactions encountered during dissolution processes. Most
hot cell processing areas contain very few combustible materials, either transient or fixed.

The RPF PHA has identified adverse events listed in Table 13-9 through Table 13-16. Adverse events are
identified as:

« Standard industrial events that do not involve licensed material

«  Acceptable accident sequences that satisfy performance criteria by being low consequence and/or
low frequency

«  Unacceptable accident sequences that require further evaluation via the QRA process

An accident sequence number was assigned to each accident initiator that results in the same, or similar,
bounding accident sequence result and consequence. The same accident sequence designator can appear
in multiple nodes. (Table 13-5 provides definitions of accident sequence category designators.)
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Table 13-9. Adverse Event Summary for Target Fabrication and
Identification of Accident Sequences Needing Further Evaluation (4 pages)

Bounding accident

PHA item numbers description | Consequence | Accident sequence

111111121611 Operator double batches Accidental criticality S.C.02, Failure of
1.8.1.1, 1.8.2.1, and 1.8.3.1 allotted amount of material issue — Too much fissile administrative control on
(fresh U, scrap U, [Proprietary mass in one location mass (batch limit) during
Information], target batch) may become critical handling of fresh U,
into one location or container scrap U, [Proprietary
during handling Information], and targets

1116 1.1.17. 1612, Operator handling various Accidental criticality S.C.03, Failure of

1.6.14,1.8.1.2,18.1.3, containers of uranium or issue — Too much administrative control on
1.8.1.6,1.8.2.2,1.82.3, batches of uranium uranium mass in one interaction limit during
1.8.3.2,1.8.3.3,1.8.3.4,and  components brings two location handling of fresh U,
1.835 containers or batches closer scrap U, [Proprietary
together than the approved Information], and targets

interaction control distance

S.C 05 Laskiof fissile

Uranium-containing solution  Accidental criticality
leaks out of safe geometry from fissile solution not = solution into heating/
confinement into the confined in safe cooling jacket on vessel

heating/cooling jacketed space geometry
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Table 13-9. Adverse Event Summary for Target Fabrication and

PHA item numbers

1.2.1.8,1.3.14, 1.4.1.15,
1.424,143.18, 1.44.4,
1.5.1.20,152.11, 1718,
and 1.9.14

13.12,1422, 1442, and
1.9.1.20

1;4.1.6, 1.4.1.12,and 1.4.1.16

16.13

Identification of Accident Sequences Needing Further Evaluation (4 pages)

Bounding accident
description

Failure of safe geometry
dimension caused by
configuration management
(installation, maintenance),
internal or external event

Uranium precipitate or other
high uranium solids
accumulate in safe geometry
vessel

Failure of safe geometry
confinement due to
inadvertent transfer to
U-bearing solution across a
boundary into non-favorable

geometry

Failure of safe geometry
confinement due to
inadvertent transfer to
U-bearing solution across a
boundary into non-favorable

geometry

13-15

Accident sequence

Accidental criticality S.C.19, Failure of
from fissile solution not = passive design feature —
confined in safe Component safe
geometry geometry dimension

Consequence

S.C.20, Failure of
from fissile solution not concentration limits —

Accidental criticality

Precipitation of uranium
in safe geometry tank

confined to safe
geometry and
interaction controls
within allowable
concentrations

Accidental criticality S.C.11, Fissile material
from fissile solution not contamination of
confined in safe contactor regeneration
geometry aqueous waste stream -
boundary to unsafe
geometry system

S.C.12, Wash of
from fissile solution not = [Proprietary Information]

Accidental criticality

confined in safe with wrong reagent

geometry contaminating wash
solution with fissile U;
boundary to unsafe
geometry system
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Table 13-9. Adverse Event Summary for Target Fabrication and
Identification of Accident Sequences Needing Further Evaluation (4 pages)

1
|

Bounding accident |
PHA item numbers description Consequence Accident sequence

1.2.1.6,1.2.1.11, 1.7.1.6, and = Hydrogen buildup in tanks or Explosion leading to S.F.02, Accumulation of
17,111 system, leading to explosive  radiological and flammable gas in tanks
concentrations criticality concerns or systems

:

1.6.1.6,1.6.1.9,and 1.6.1.12  Air inleakage into the Accidental criticality S.F.03, Hydrogen

reduction furnace during H,  issue — Uncontrolled detonation in reduction
purge cycle or H; inleakage  spread of uranium furnace

into reduction furnace before  outside safe geometry
inerting with nitrogen can lead confinement

to an explosive mixture in the
presence of an ignition source

e

1.2.1.11, 1.2.1.14, 1.4.1.17,  High concentration uranium  Radiological release of  S.R.03, Solution spray

1.4.1.19, 1.4.1.20, 1.4.1.21,  solution is sprayed from the uranium solution spray  release potentially
1.4.1.23,1.4.2.6,1.4.3.14, system, causing high airborne that remains suspended creating airborne
1.4.3.26,1.4331,14.3.32, radioactivity in the air, exposing uranium above DAC

1.7.1.11, 1.7.1.14, and 1.9.1.6 workers or the public  limits
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Table 13-9. Adverse Event Summary for Target Fabrication and
Identification of Accident Sequences Needing Further Evaluation (4 pages)

‘ Bounding accident |
PHA item numbers ; description Consequence | Accident sequence

1.2.1.21,1.2.1.22, 1.4.5.13, ‘, Boiling or carryover of steam  Radiological release S.R.04, Liquid enters

i7121.and 17122 or high concentration water from retention beds process vessel ventilation
vapor into the primary system damaging IRU or
ventilation system, affecting retention beds releasing
retention beds from partial or retained radionuclides

complete loss of cooling
system capabilities

1.8.3.7 Loading limits are not adhered High-dose to workers or S.R.28, Target or waste

to by the operators or the the public from shipping cask not loaded
closure requirements are not  improperly shielded or secured according to
satisfied, and the cask does cask procedure, leading to
not provide the containment or personnel exposure

shielding function that it is
designed to perform

25y = uranium-235. PHA = process hazards analysis.
DAC = derived air concentration. U = uranium.
Ha = hydrogen gas. UN = uranyl nitrate.

IRU = jodine removal unit.
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Table 13-10. Adverse Event Summary for Target Dissolution and
Identification of Accident Sequences Needing Further Evaluation (4 pages)

Bounding accident

PHA item numbers | description Consequence | Accident sequence
211121111 Failure of safe geometry Accidental criticality from S.C.04, Failure of
2.1.1.13,2.1.1.17, confinement fissile solution not confined in  confinement in safe
221522112 safe geometry geometry; spill of fissile
221152365, material solution

2.3.6.12,and 2.3.6.13

2113 Uranium solution is Accidental criticality from S.C.07, Leak of fissile

transferred via a leak fissile solution not confined in  solution across auxiliary
between the process system  safe geometry system boundary
and the heater/cooling (chilled water or steam)

jackets or coils on a tank or
in an exchanger

Ao

2.1.1.12,2.1.1.15,and  Failure of safe-geometry Accidental criticality from S.C.13, Fissile solution

23.14 confinement fissile solution not confined in  enters the NOy scrubber
safe geometry where high uranium

solution is not intended

234.11 Uranium enters carbon Accidental criticality from S.C.24, Build-up of high
retention bed dryer where it  fissile material or solution not  uranium particulate in
can mix with condensate to  confined in safe geometry the carbon retention bed
form a fissile solution dryer system
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Table 13-10. Adverse Event Summary for Target Dissolution and
Identification of Accident Sequences Needing Further Evaluation (4 pages)

Bounding accident

PHA item numbers description Consequence | Accident sequence
2.1.1.18 23 121 Hydrogen build-up in tanks Explosion leading to S.F.02, Accumulation of
2322123324 or system leading to radiological and criticality flammable gas in tanks
2.343,and 2.3.5.5 explosive concentrations concerns or systems

i 4

25111, 2112, High-dose and/or high- Potential radiological exposure S.R.01, Radiological

2.1.L11,2:1.1.13, concentration uranium to workers from high-dose release in the form of a
2:1.117,2.2.1.5, solution is spilled from the  and/or high uranium- liquid spill of high-dose
2.2.1.12,2.2.1.15, system contaminated solution and/or high uranium
2.3.6.5,2.3.6.12, and concentration solution

2.3.6.13

| 2.1.1.11,2.1.1.17, Spill leading to spray-type  Radiological dose from S.R.03, Spray of product

2.2.1.15,and 2.3.6.13 release, causing airborne  airborne spray of product solution in hot cell area
radioactivity above DAC solution from systems

limits for exposure
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Table 13-10. Adverse Event Summary for Target Dissolution and
Identification of Accident Sequences Needing Further Evaluation (4 pages)

Bounding accident
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