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1. INTRODUCTION AND BACKGROUND 

1.1 INTRODUCTION 

This Preliminary Hazard Analysis Report (PHAR) has been prepared for the Second Target Station (STS) 

Project at the Spallation Neutron Source (SNS) at Oak Ridge National Laboratory (ORNL) as an interim 

update of the current project evolution since issue of the Second Target Station (STS) Project Preliminary 

Hazard Analysis Report (PHAR), STS-S01030000-ES0002, R02, January 12, 20238.  This project will 

construct a STS on the SNS site, an initial set of neutron scattering instruments, and the required proton 

beamline transport to the target.  The purpose of this document is to provide an update to the preliminary 

qualitative evaluation of the hazards to workers and the public.  This has been accomplished using 

extensive face-to-face reviews of the hazard evaluation (HE) tables and updates provided by the design 

leads in each of the STS key areas.  The Hazard Evaluation (HE) tables are maintained current with the 

safety/design basis, and the respective postulated STS events are provided in Appendices A through S.  

These tables provide a snapshot in time (XX/XX/2025) of the current project safety basis and design 

considerations.  However, design changes or evolution could impact these tables.  Remote handling and 

event consequences associated with the target have been evaluated including the current configuration of 

the core vessel internal components and their removal and handling during removal and movement in the 

target building.  The consequence analyses initially performed on the monolithic target design were 

determined to bound the consequences of the updated segmented target design.  These tables are the result 

of continued interactions between the ESH&Q and the project design teams to evolve the PHAR 

consistent and in parallel with design evolution and assure that efforts to integrate safety into the design is 

documented.  The tables will continue to evolve with the design throughout the project.  Certain bounding 

events using the initial target design are being maintained as bounding evaluations in project 

documentation to facilitate future target design evolution or alternate target designs.  

The scope of this hazard analysis is focused on the events associated with significant radiological 

releases/exposure and oxygen deficiency hazards that cannot be considered as standard industrial hazards.  

These events are categorized by event type (fire, explosion, loss of confinement/containment, ODH, 

external events, and natural phenomena events.  Standard industrial hazards (SIH) are evaluated in the 

PHAR only to the extent in which they can lead to a more significant event.  SIHs, whether as part of 

normal operations or maintenance activities are identified as part of the design process or operational 

planning and appropriate codes and standards are specified or a determination that the ORNL Standards 

Based Management System (SBMS) provides adequate direction to address the hazard.  Additionally, 

STS will use the existing SNS Job Hazard Analysis to guide work planning and safe operations. The 

results during the project phase of STS are documented as part of the system, structure, or component 

design documentation and where warranted carried forward to operational procedures. 

The facility description provided in Section 2 of this document represents a high-level presentation of the 

facility configuration and planning.  This is an update to that documented in the STS Conceptual Design 

Report1 and Revision 2 of this PHAR8.  It is expected that details of the facility configuration description 

provided in Section 2 will continue to evolve.  Some decisions are currently being evaluated that may 

further change the facility layout, and these will be updated as they become available..    

The SNS target facility hazards for the SNS First Target Station (FTS) were extensively reviewed and are 

documented in the SNS Hazard Identification and Evaluation (SNS 102030102-ES0017),2 developed 

early in the project, and later in the SNS final safety assessment document (FSAD), FSAD-NF.3  

Accelerator hazards for the SNS are documented in the SNS FSAD-PF.4  The preliminary hazard analysis 

(PHA) for the STS uses an approach to the HE process similar to that used for the FTS, with the focus on 

ensuring that all credible scenarios have been evaluated, consequences qualitatively evaluated, and 
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credited controls selected (where warranted) consistent with the Second Target Station (STS) Project 

Policy for Selection of Safety Related Credited Controls, S01030100-ES0001-R00,5 January 2021.  

1.2 BACKGROUND 

The Department of Energy (DOE) authorized the design, construction, and operation of the SNS, an 

accelerator-based neutron source that provides intense pulsed neutron beams for scientific research and 

industrial development.  The construction project was completed in 2006.  After over 10 years of SNS 

operation, the need for a STS has been identified to provide additional and improved neutron scattering 

instrumentation.  The eventual need for this facility was foreseen in the original National Environmental 

Policy Act (NEPA) Environmental Impact Statement, EIS-0247: Construction and Operation of the 

Spallation Neutron Source (April 1, 1999) and the respective Record of Decision (ROD) (Federal 

Register / Vol. 64, No. 125 / Wednesday, June 30, 1999).  Furthermore, the initial design of a second 

target station at the SNS was included in the site layout.  A proton power upgrade (PPU) was 

implemented to increase the proton beam energy to 1.3 GeV and total power capacity to 2.8 MW, which 

allows the accelerator to provide up to 2.1 MW at 45 pulses per second to the FTS and 700 kW at 

15 pulses per second to the STS.  Because the FTS was designed for 2.0 MW, plans are to initially limit 

power there to 2.0 MW.  The PPU project was a separate project and not part of the STS project.  The 

SNS FSAD-PF will be revised as needed for changes associated with the PPU Project and the STS 

Project.  

DOE Order 420.2D,10 Safety of Accelerator Facilities, states the applicability of the Order to all DOE 

accelerator facilities, while unambiguously confirming the distinctions between accelerator facilities and 

nuclear facilities.  As a new accelerator project, the STS Project undergoes formal project management 

reviews as required by DOE Order 413.3B, Program and Project Management for the Acquisition of 

Capital Assets.  Although DOE O 420.1C, Rev. 39 primarily addresses nuclear facilities several 

requirements are specifically applied to accelerators.  The applicable requirements for STS are fire 

protection and natural phenomena hazards (NPH) mitigation.   

A hazard analysis was prepared and submitted as part of the CD process and updated in 2021 and 2023.  

Specifically, the PHAR will evolve with the project design, commissioning, and operation as part of each 

of the CD process phases, along with specific revisions as needed to formally communicate the current 

facility hazard analysis.  By the time the project reaches CD-4, the hazard analysis will be consistent with 

the as-built facility and the respective safety assessment documents will be prepared.  This current 

document serves as an interim issue of the PHAR, and as the foundation for further analyses and 

evaluations as the project moves forward. 

The Hazard Evaluation (HE tables) presented in this document addresses hazards associated with the 

Ring-to-Second Target (RTST) beamline and tunnel, neutron scattering instrument systems, target, 

support utilities, and support areas of the second target building.  The Hazard Evaluation is intended to 

provide input to future development of Preliminary and Final Safety Assessment Documents (SNS 

PSAD-STS and SNS FSAD-STS), which are required by DOE Order 420.2D, Safety of Accelerator 

Facilities, and DOE Guide 420.2-1A,11 Accelerator Facility Safety Implementation Guide for DOE O 

420.2C, Safety of Accelerator Facilities, for the SNS facilities. 
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2. PROJECT DESCRIPTION 

Overview 

The SNS facility at ORNL initially included a FTS with 24 instrument beamlines.  The original SNS 

Campus Master Plan included provision for an STS.  This provision has been further developed to 

accommodate growth and expansion of the accelerator facilities, target facilities, instrument buildings, 

laboratories, offices, and secondary supporting facilities.  A PPU Project was implemented, which 

increased the accelerator power capability from 1.4 MW to 2.8 MW at 60 Hz.  This capability allows the 

accelerator to provide up 700 kW at 15 pulses per second to the new target station when it is available.  

The STS Project will provide the proton beam transport to the STS, the target station, an initial set of 

neutron scattering instruments, and the supporting buildings and facilities.  The new facility is being 

designed for 18 beam ports to be capable of supporting 20 to 22 instruments.  A short summary is 

included in this section for the key elements of the design as it currently stands.  

Figure 2.1 highlights the site layout for the proposed new facilities. 

 

Figure 2.1. STS site plan. 
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allows for Target and Target Viewing Periscope (TVP) downsizing prior to loading the pieces into their 

respective casks.  It also includes a location to support sluicing of the ion exchange column and handling 

of spent resin. Figure 2.6 shows an early concept of the Target Building Service Cell.  The vertical slice 

of the Target Building is shown in Figure 2.8.  

  

Figure 2.3.  Initial Set of Instruments in South Hall. 

 

Figure 2.4. Isometric of Initial Set of Instruments in South Hall. 
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Figure 2.5. STS Target Building. 

 

 

 

Figure 2.6. STS Target Building Service Cell 
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Target & Monolith 

The target includes rotating target drive, target shaft, and a water-cooled rotating target assembly 

consisting of 20 segmented tungsten targets that will produce neutrons that will be moderated in two 

liquid hydrogen moderators to the energies required for the neutron instruments.  The 700 kW incident 

proton beam will operate at 15 pulses per second with short pulses.  Figure 2.7 shows a view of the 

central monolith and target region.  The Monolith primarily consists of the targe assembly, TVP, Core 

Vessel, Core Vessel Shielding, Bulk Shielding, Proton Beam Window (PBW), and Moderator Reflector 

Assembly (MRA).    

Two changes in this layout since the CDR is that there is currently one HARP in the design in the AS 

scope on the RTST side of the PBW.  A second HARP has been approved on the target side.  This HARP 

is on the PBW shielding and is in TS (AIC) scope.  Both would drive an MPS trip.  Additionally, there 

are three HALOs in the design and all three are in the TS (AIC) scope.  One on the PBW shielding on the 

RTST side, one on the PBW itself, and one on the PBW shielding on the target side.  MPS trips are only 

on the PBW HALO. 

 

Figure 2.7. Target monolith layout. 
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Figure 2.8 shows a cut through the center of the Target Building.   

 

Figure 2.8. Vertical Slice of the Target Building. 

Bunker 

As shown in Figure 2.9, the STS incorporates a heavily shielded bunker which surrounds the 10-meter-

diameter target monolith.  This bunker allows for simpler installation and maintenance of the near-

monolith instrument components.  The bunker will be hands-on accessible during facility shutdowns but 

will not be accessed by personnel when the beam is on.  Access to the bunker is through a shielded door 

and corridor/stairs from level 2 to the bunker mezzanine.  Egress only is possible through a shield door 

from level 1 into the HPV. 

 

 

Figure 2.9. Bunker in Target Building. 
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Figure 2.10 shows a view of the bunker surrounding the monolith.  In this view, the proton beam enters 

the monolith from the top.  An elevated catwalk around the bunker perimeter will allow walking above 

the instruments, with local ladders providing bunker floor access between beamlines.   

 

 

Figure 2.10. Instrument bunker surrounding target monolith. 

Neutron Scattering Instrumentation 

STS uses neutrons as probes to conduct materials research using a suite of neutron scattering instruments.  

Each neutron scattering instrument consists of unique combinations of optics and choppers to transport 

neutron beams from their source to experimental end stations called caves, and all these components are 

located under heavy radiation shielding.  Within these instrument caves, the transported neutrons interact 

with material samples and are scattered into a group of neutron detectors arranged in specific geometries 

around the sample position. In some instruments, samples and/or detectors are located within a vacuum 

chamber, while in others sample and detectors are in air.  When the STS facility is producing neutrons, 

each instrument functions as an independent laboratory, and no personnel are inside any shielded spaces, 

including the instrument caves.  Users can stop the flow of neutrons to their specific instrument using a 









13 

(Building General).  However, they are also captured in system specific tables in Appendix A 

(Accelerator Interface Components) and Appendix D (Cryogenic Moderator System and Moderator 

Reflectors Assembly).  

Table 3.1. STS facility breakdown. 

Appendix Designator System 

A AIC Accelerator Interface Components 

B AS Accelerator Systems 

C BG Building General 

D CMS/MRA Cryogenic Moderator System/Moderator Reflector Assembly 

E CW Cooling Water 

F GW Gas Waste Processing 

G HB High Bay 

H HPV Hot Process Vaults 

I HV Secondary and Primary Confinement Systems 

J IS Instrument Systems and Bunker 

K LCS Leak Collection Systems 

L PW Process Waste 

M RH Remote Handling 

N RW Contact and Remote Handling and Decontamination Area 

O SP Storage Pad (Not currently part of the project scope) 

P SS Service Cell 

Q TB Truck Bay 

R TS Target, Drive, and Support Systems/Buildings 

S VS Vessel Systems 

 

3.3 HAZARD EVENT CATEGORIES 

The hazard event tables in each section are broken down into event types, as presented in Table 3.2.  

Table 3.2. Hazard event categories. 

Event category Event type description 

E-1 Fire events 

E-2 Explosion events 

E-3 Loss of confinement/containment events 

E-4 Direct radiation exposure/chemical exposure events 

E-5 Cryogenic oxygen deficiency hazard events 

E-6 External events 

E-7 Natural phenomena events 
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Table 4.5. Credited engineered controls. 

Engineered Controls are active controls that must function to provide the identified safety function.  They 

will require periodic testing and verification that they are capable of performing the identified safety 

function. 

Credited control Description Associated events 

Engineered controls   

 Active venting of the core vessel atmosphere to maintain a 
slightly negative pressure in the core vessel. CMS2-2c 

 Use of a portable hoist with an installed load cell will alert 
the hoist operator that there is an issue, so that the lift can 
be stopped. This prevents the potential exposure to a 
worker to a direct shine from the component.  RH3-8 

 Service Cell Crane lateral travel limit SSP4-2 

 Service Cell Crane speed limits/governor SSP4-2 

Target Protection 

System 

  

 TPS beam trip due to TPS fail safe design providing a trip 
on loss of monitored signal to the TPS panel, including 
during an SDC-2 level event.  Fail safe design for the TPS 
and MPS.  

BG1-1; BG3-2; BG6-1; BG7-4; 
BG7-5; BG7-11; BG7-12; CMS7-3; 
CMS7-5 

 TPS beam trip due to TPS fail safe design providing a trip 
on loss of power to the TPS panel, including during an SDC-
2 level event.  

BG1-1; BG3-2; BG6-1; BG7-4; 
BG7-5; BG7-11; BG7-12; CMS7-3; 
CMS7-5 

 

TPS beam trip for abnormal Loop 1 return flow 
BG3-2; BG7-11; BG7-12; CW3-1a; 
CW3-7a; TS3-4 

 TPS beam trip for abnormal Loop 1 return temperature BG7-9a; TS3-5 

 TPS beam trip on Loop 1 cooling water out of range 
condition CW3-2a 

  TPS beam trip on high-high level in the Core Vessel Drain 
Line CW3-2a; TS3-3; TS3-7; TS3-12 

 TPS beam trip if target rotation stops or slows beyond limits TS3-2; TS3-3; TS3-16 

 TPS beam trip if target rotation increases beyond limits. TS3-14 

 TPS beam trip if low beam power limits exceeded.  TS3-15 

 TPS beam permit system TS4-1 

 

TPS beam trip for differential Loop 1 bulk flow across the 
target out of range 

CS3-1a; CW3-2a; CW3-7a; TS3-2; 
TS3-3; TS3-4; TS3-13; TS3-14; 
TS3-15; TS3-16 
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Table 4.5. Credited engineered controls (continued). 

Credited control Description Associated events 

Personnel Protection 

System (Continued) 

  

 IPPS - triggers the operations shutter on the affected 
beamline to close if it detects the door open while neutrons 
are authorized ISC4-1 

 IPPS - If the shutter fails to close in a TBD time period, the 
IPPS issues a fault to the TPPS and it trips the proton 
beam, terminating all beam capability. ISC4-1 

 Area Radiation Monitors and alarms ISC4-5 

 Controlled access to LLLW locations and Worker training LCS4-1 

 PPS Service Cell Door interlock system prevents door 
operation when a source is present.  SS4-3 

 Service cell radiation monitors SS4-6 
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Table 4.6. Credited design features (continued). 

Credited control Description Associated events 

Design features (Continued)   

 The stack is constructed with features that meet 
WDC-2 level conditions preventing collapse in high 
winds short of a tornado BG7-5 

 Target building design to meet SDC-2 criteria 
provides inherent protection from collapse during this 
WDC-2 level event BG7-5 

 Building roof designed to meet NDC-2 criteria (200-
year return period) provides structural loads for 
protection from collapse during this event consistent 
with the climate in Tennessee (DOE-STD-1020-2016) 
and to support heavy snow and ice loads, consistent 
with best practices for climate in Tennessee and code 
requirements.  BG7-8 

 Double walled heat exchanger eliminates freezing of 
intermediate loop. BG7-9a; BG7-9b 

 The stack is constructed with features that prevent 
collapse during an SDC-2 level seismic event. BG7-10 

 Target segment attachment points designed to 
withstand an SDC-2 seismic event with a design 
margin of TBD BG7-11; BG7-12; CMS7-3 

 Target Drive Room design for passive venting to 
prevent hydrogen build up in this space. BG7-11 

 Seismic event will inherently cause a beam trip. BG7-12; CMS7-5 

 Moderator and Hydrogen transfer line designed 
to meet SDC-2 loads BG7-12 

 CMS Transfer line routing CMS2-2c 

 Transfer lines are vacuum jacketed from the core 
vessel to the HUR.  CMS2-5 

 Robust design of ortho-para converter with screen 
and filter to retain the Fe2O3 powder CMS4-3 

 Building structures seismically qualified to prevent 
collapse, protect evacuation paths, and protect 
applicable confinement of hazardous material 
(applicable SSCs meet SDC-2 and applicable Limit 
State B or C requirements) 

BG7-1a; BG7-2; BG7-10; BG7-11; 
BG7-12; CMS7-1; CMS7-3; 
CMS7-5; CMS7-6; CMS7-7 

 Monolith concrete shielding and building steel 
structures seismically qualified to prevent gross 
displacement (SDC-2 and applicable Limit State B or 
C requirements).  Enough iron shielding is in place to 
provide a heat sink and keep the target below 800 C 
in all configurations. CMS7-3; CMS7-5; CMS7-7 

 Massive monolith shielding assembly outside the core 
vessel with positive retention protects the target from 
the facility fire. CMS7-3; CMS7-7 
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Table 4.6. Credited design features (continued). 

Credited control Description Associated events 

Design features (Continued)   

 Hydrogen transfer lines designed and built to 
applicable portions of AMSE B31.12 and ASME B31.3 
and provide Limit State C protection during an SDC-2 
event. CMS7-5 

 High Bay Crane certification and preventive 
maintenance and Rigging Design 

HB2-2; HB2-3; HB3-2; RH4-11; 
SS4-2 

 Bunker roof panels are designed to provide adequate 
shielding for a T0 chopper or a shutter dropping into 
the beam line. ISB4-2 

 Target Drive Room roof hatch/plug design prevents it 
passing through the opening in the Target Drive 
Room roof RH3-1 

 Cask material specification and design (monolith 
shutter insert removal) RH4-6 

 Adequate shielding above target or other core vessel 
component to reduce dose and activation to 
acceptable levels RH4-7; RH4-8; RH4-10 

 Required temporary shielding in place RH4-7; RH4-8; RH4-10 

 Spent waste cask/container design including 
Confinement features. RW1-3 

 Low thermal loading of resin and resin storage tank 
design precludes drying in short time periods.  Ion 
exchange resin is not required to be maintained wet 
to prevent autoignition of the resin. The radionuclide 
inventory is not high enough for this to occur. RW2-2 

 Location of LLLW tanks in covered pits in the HPV 
without normal access RW4-2; RW4-3 

 IX columns are in a shielded area of the HPV and the 
resin storage tank is in a covered pit in the HPV RW4-4 

 PIE and Service Cell design minimizes the potential 
for spreading the fire SS1-1; SS5-1; SSP1-1; SSP5-1 

 Component design (shell material and construction) 
minimizes the potential for spreading the fire and 
release of material SS1-1; SS5-1; SSP1-1; SSP5-1 

 Lack of explosive materials in the Service Cell. SS2-1; SSP2-1 

 SCE in the service cell and the HOG confinement in 
pit design. SS3-2 

 Service Cell crane and rigging design  SS4-2 

 Shield walls between the truck bay and vaults/rooms 
with increased levels of radiological material. TB1-3 

 Inlet screen in Loop 1 header to target segment TS3-6; TS3-12 

  



27 

Table 4.6. Credited design features (continued). 

 

Credited control Description Associated events 

Design features (Continued)   

 Target cooling system includes a physical barrier that 
ensures the proper orientation of the target cooling 
water valves prior to operation TS4-4 

 Target design interface with the target support system 
requires the target segment to be fully inserted and in 
the right position for the operator to insert the  
locking screw to attach the target. TS4-3; TS4-4 

 Steel shielding within and outside the core vessel but 
within the concrete shell designed to reduce 
streaming paths and external dose VS4-1 
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Table 4.8. Critical Assumptions and Initial Conditions (Continued). 

 

Critical control Description Associated events 

Design Features Critical to 
Event Evaluations 

  

DF 

Loop 2 cools the PBW, TVP, MRA, reflector, and all 
Loop 2 water-cooled shielding. 

AIC1-1; AIC3-3; AIC3-4; AIC3-5; 
AIC3-7; AIC3-10; AIC7-1; BG3-2; 
CW2-1a; CW3-1a; CW3-1b; 
CW3-1d; CW3-2a; CW3-2b; 
CW3-3a; CW3-3b; CW3-7b; 
CW3-10; CW4-1; CW4-2; 
HPV3-4b; HPV3-5b; TS3-8; 
TS3-13 

DF 

Proton beam window will not fail for nominally an hour 
without cooling so that it is not impacted by this event 
and does not provide a passive beam trip. 

AIC1-1; AIC3-3; AIC3-5; AIC3-7; 
BG3-2; CW3-1b; CW3-1d; 
CW3-2a; CW3-2b; CW3-3b; 
CW3-7b; HPV3-4b; HPV3-5b; 
TS3-8; TS3-13 

DF Achieving a beam more focused than the design 
basis would require changes in magnet and 
operational configuration. The target and the proton 
beam window are designed to accept the design 
basis beam. AIC3-1; TS3-9 

DF Core vessel ullage, burst disk designed with a rating 
of less than +7.35 PSIG and vent system designed to 
limit peak core vessel pressure to below 15 psig even 
with rapid water loss from the target and/or credible 
hydrogen moderator  
failures. 

AIC3-3; AIC3-9; AIC3-10; BG7-8; 
BG7-9b; CW3-1d; TS3-2; TS3-3; 
TS3-4; TS3-5; TS3-6; TS3-7; 
TS3-12; TS3-13; TS3-15; TS3-16 

DF Redundant power supply busses for Loop 2 pumps. AIC3-3 

DF Core vessel leak detection is located in the Core 
Vessel Drain AIC3-3; AIC3-5 

DF A double walled heat exchanger is used between the 
tower water cooling loop and the Loop 1 cooling loop  
and between the tower water and the Loop 2 cooling 
loop 

AIC3-4; BG7-9a; BG7-9b; CW3-2a; 
CW3-2b; CW3-4a; CW3-4b; 
CW3-5a; CW3-5b; CW3-9;  TS3-5 

DF 

Loop 1 provides cooling water for the Target.  

AIC3-4; AIC3-9; AIC3-10; BG3-2; 
CW2-1a; CW3-1a; CW3-1d; 
CW3-2b; CW3-3a; CW3-3b; 
CW3-7b; CW4-1; CW4-2; 
HPV3-5a; TS3-8; TS3-13 

DF Design of the current  target module does not permit 
direct contact of the Tungsten and water. . CW4-2 

DF Pulsed dipole magnet power supply will not allow all 
ring pulses into the RTST. AIC3-5; AS4-14 

DF The earthquake causes loss of the accelerator proton 
beam 

AIC7-1; BG7-11; CMS7-1; 
CMS7-3; CMS7-5; CMS7-6 
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Table 4.8. Critical Assumptions and Initial Conditions (Continued). 

Critical control Description Associated events 

DF No Dewars are used in the CMS system. BG5-1 

DF Target does not require electrical power for post 
shutdown cooling.  BG6-1 

DF Loss of power to accelerator facility upstream of 
target will result in loss of proton beam. BG6-1 

DF Natural gas will not be piped into the second target 
building 

BG6-5; BG6-6; HB1-1; HB1-2; 
HB2-1 

DF The layout of the second target building prevents a 
vehicle from being able to threaten the more 
significant amounts of radioactive material associated 
with the target itself, and cooling or waste processing 
equipment BG6-10 

DF Location of the second target is away from all but the 
access driveway BG6-10 

DF Reinforced concrete shielding and large amounts of 
steel shielding on the instrument floor and in the 
monolith would protect significant inventories of 
radioactive materials against damage associated with 
a gas-powered vehicle impact. BG6-10 

DF 

Active cooling or electric power are not needed for 
target decay heat removal with the beam off. 

BG7-1; BG7-2; BG7-4; BG7-8; 
BG7-9b; BG7-11; BG7-12; 
CMS7-1; CMS7-3; CMS7-7 

DF Target radionuclides are protected from possible 
effects of fire by massive steel and concrete shielding 
of the monolith structure. BG7-1a; CMS7-3; CMS7-7 

DF Large components are structurally anchored and 
building structures seismically qualified to SDC-2 
criteria to prevent collapse and protect evacuation 
paths. (SDC-2 and applicable Limit State B or C 
requirements)  BG7-1a; BG7-2; BG7-12 

D Building structures around the cryogenic hydrogen 
systems will have SDC-2 and Limit State B or C 
seismic qualification due to seismic interaction (2 over 
1) considerations, as needed to prevent damage to or 
crimping of the H2 transfer line outside of the core 
vessel. BG7-1a; BG7-12 

DF Monolith iron shielding and core vessel components 
position is retained by external concrete structure. 

BG7-2; BG7-12; CMS7-1; CMS7-3; 
CMS7-7 

DF The hazardous radionuclides inside the SNS target 
are protected against possible tornado missiles by the 
multiple layers of shielding surrounding the e the core 
vessel protects the target itself.  BG7-4 

DF STS location precludes flooding from traditional 
sources (e.g., rivers or streams)  BG7-7 

DF The second target building will have a separate 
exhaust stack from the existing FTS stack.  BG7-10 
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Table 4.8. Critical Assumptions and Initial Conditions (Continued). 

 

Critical control Description Associated events 

DF Electrical circuits are localized and serve relatively 
few items ISB1-1; ISB1-2; ISC1-1 

DF Chopper aluminum disks have a low probability of 
failure due to low operating stress ISB3-1; ISB3-2 

DF T0 chopper head has a low probability of failure due 
to low operating stress ISB3-1; ISB3-2 

DF Chopper rotation is perpendicular to beam direction 
for all but Fermi choppers ISB3-1; ISB3-2 

 Monolith Insert design with inner and outer windows. ISB3-2 

 Failure causing a hydrogen release requires failure of 
5 windows and the debris traveling down the beam 
insert. The open neutron flight path is 50mm x 50mm 
on the upstream end, 70mm x 70mm on the 
downstream end. Length of the insert is 4.5m, with 
the upstream end ~1m from the face of the 
moderator. ISB3-2 

D LCS collects leaks and spills from the core vessel 
drain, GLS tanks, Delay tank, target drive room drain, 
bulk shielding drain, and area drains from the bunker 

LCS1-1; LCS2-1; LCS3-1; LCS3-2; 
LCS3-3; LCS4-1 

DF Piping from the bulk shielding, pipe pans, and bunker 
are routed to the HPV and gravity drain but are 
instrumented and valved off (including a blind flange 
in some locations) and only opened when required to 
sample and drain the line LCS1-1; LCS2-1; LCS4-1 

DF The core vessel drain is connected to the core vessel 
drain tank and is normally isolated, but during 
maintenance periods or during helium operation can 
drain the core vessel to permit continued operation. 

LCS1-1; LCS2-1; LCS3-1; LCS3-2; 
LCS3-3; LCS4-1 

DF Leaks from the GLS and Delay Tank locations in the 
HPV will drop to the HPV floor, and from there flow 
downslope to a tank pit, where the water will collect 
for disposal.  

LCS1-1; LCS2-1; LCS3-1; LCS3-2; 
LCS3-3; LCS4-1 

DF Leaks from the pump room go to the sloped floor, and 
from there to a tank pit. 

LCS1-1; LCS2-1; LCS3-1; LCS3-2; 
LCS3-3; LCS4-1 

DF Piping from the bulk shielding, pipe pans, and bunker 
are routed to the HPV and gravity drain but are 
instrumented and valved off (including a blind flange 
in some locations) and only opened when required to 
sample and drain the line.  LCS3-1; LCS3-2; LCS3-3 

DF The LCS collection tank is located in a controlled and 
shielded locations the HPV. Access to the HPV 
requires PPS release for access. LCS4-1 

DF The Drive Room roof plugs/hatches must be removed 
to allow overhead crane access to the core vessel. RH3-1 
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Table 4.8. Critical Assumptions and Initial Conditions (Continued). 

 

Critical control Description Associated events 

DF The integral shield door on the cask is open/closed 
manually. The Gamma Shield Door (that will reside at 
the high bay level) is motor driven.  RH3-9; RH3-10 

DF Core vessel exhaust is designed to handle maximum 
opening size. RH3-11 

DF All casks to be mounted on the applicable plug/hatch 
opening lifted off of the Target Drive Room roof by an 
external attachment to the cask. RH3-13 

DF The current target design eliminates the potential for 
Tungsten to come into contact with water caused from 
target clad breach or tungsten erosion RH4-2 

DF Target drive is above the core vessel lid. RH4-9 

DF Water released to LLLW tanks initially goes through 
the leak collection tanks or is pumped from the 
cooling loops, thus preventing short-cooled water 
from entering the LLLW system.  (i.e., Nothing goes to 
the LLLW automatically.) RW1-2; RW2-3; RW3-5; RW4-2; 

DF The HPV is on the Target Facility Secondary 
Confinement HVAC system.  RW3-8; RW3-9 

DF  The service cell is on the Target Facility Secondary 
Confinement HVAC system but includes HEPA 
filtration in the Service Cell prior to connecting to the 
Secondary Confinement System  RW3-8; RW3-10 

DF  Resin is transferred from the resin storage tank in a 
covered pit in the HPV to the Service Cell RW3-13 

DF LLLW tanks, resin storage tank, and drain tanks are 
located in pits with covers in the HPV to prevent 
normal access and potential exposure. RW4-2; RW4-3; VS2-2 

DF IX columns are in the HPV and shielded to minimize 
exposure RW4-2; RW4-3; RW4-4 

DF  Resign sampling will be performed from the Resin 
Storage Tank and not form the IX Columns RW4-4 

DF Event assumes that the cooling channels for the 
target segments are on the outside of the target block 
and not in the immediate vicinity of the tungsten. TS3-4; TS3-5; TS3-6; TS3-7 

DF  With segmented target design, internal bypass flow 
within a segment is not credible. Plugging of several 
flow channels is assumed in this event. TS3-6; TS3-12 

DF Pulsed Dipole magnet power supply will not allow all 
ring pulses into the RTST.  TS3-8 

DF With the hydrogen removed from the Core Vessel 
there is not a source of combustibles that reach LEL 
conditions. VS2-1b 

DF  Monolith Insert design with inner and outer windows VS3-2 
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Table 4.8. Critical Assumptions and Initial Conditions (Continued). 

 

Critical control Description Associated events 

AC Component initial dewatering is assumed to occur 
inside the core vessel. HB3-1; HB3-2; HB4-1 

AC Personnel are permitted in the HPV during drying 
operations, but not with beam operations HPV3-10 

AC No personnel are permitted in the Bunker during 
beam operation ISB4-2 

AC Workers are not permitted along beam path during 
beam operation. ISC4-5 

AC Personnel are not permitted in the target drive room 
during a lift of an activated component from the core 
vessel.   RH3-7; RH4-9 

AC Either a Ziplift or other attachment mechanism may 
be used to accomplish the lift RH3-9 

AC Core vessel pressure is monitored to alarm operator RH3-11 

AC The Core Vessel will be vented prior to any lifting 
operations of highly activated components from the 
Core Vessel.    RH3-11 

AC The Cask will be lowered to a minimum elevation of 
TBD immediately after lifting the cask off the Target 
Drive Room roof.  

RH3-11; RH3-19; RH3-20; RH4-4; 
RH4-11 

AC Any water line is drained and partially blown down 
in-situ to establish a water level below the connection 
or cutting location before lifting into the cask RH3-17; RH3-18; RH3-20; RH4-11 

AC No cask storage with highly activated replaceable 
components is permitted in the High Bay.  RH4-5 

AC  Cooldown period established before access allowed 
after operation. RH4-9; RH4-10 

AC No access to target drive region during the physical 
lift of the PBW or TVP. RH4-10 

AC Solid CH waste stored and/or packaged according to 
ORNL waste management procedures contains 
bounding equilibrium nuclides from the material in the 
container (See Note 1) RW2-1; RW4-1; TB3-1 

AC Decontamination activities are to be completed in the 
Service Cell or PIE Cell. RW2-1 

AC Cleaning agents (e.g., strong oxidizer) are permitted 
in either the HPV or Service Cell only after evaluation 
of specific use and potential for interaction with resin RW2-2 

AC Two IX Columns are used in operation and when one 
column is spent, it is allowed to decay for nominally 6 
months prior to sluicing from that column to the resin 
storage tank where it is allowed to decay further. RW2-2 

AC The spent IX Column is drained to the Resin Storage 
Tank in a Pit to allow further decay time before 
shipment. RW2-2 

  



41 

Table 4.8. Critical Assumptions and Initial Conditions (Continued). 

 

Critical control Description Associated events 

AC Personnel are permitted in the Service Cell for 
manual disconnect of resin transfer connection at one 
of the locations in the Service Cell from the High 
Integrity Container (HIC) (resin shipping container) or 
at the wall RW3-7 

AC Other activated component handling operations in the 
Service Cell are not permitted at the same time 
personnel are performing resin sluicing operations. RW3-7 

ACAC Two IX Columns are used in operation and when one 
column is spent, it is allowed to decay for nominally 6 
months prior to sluicing from that column to the resin 
storage tank where it is allowed to decay further RW3-13; RW4-4 

AC/DF All high-level activated waste is handled in the 
Service Cell. Only low-level contaminated waste 
would be stored in areas outside the Service Cell RW4-1 

AC Component is transferred into and out of the pit via a 
cask. SS3-2 

AC Personnel are permitted in the Service Cell during 
component drying operations. SS3-4 

AC Connections in the Service Cell are all in vacuum 
during drying operation. SS3-4 

AC  No operations in the PIE Cell will create airborne 
particulate from grinding and cutting SSP3-1 

AC Radioactive material in the truck bay is assumed to be 
limited to surface contamination or radioactive 
material in approved packaging TB1-1 

AC TPS allows administrative bypass of stopped rotor 
and beam on permissive during commissioning 
activities TS3-15 
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APPENDIX A. ACCELERATOR INTERFACE COMPONENTS (AIC)  

HAZARD EVENT TABLES  
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Event Number  
AIC3-1 

Planned analysis, assumption validations, and Risk/Opportunities: 
1. . . 

Mitigated Consequences: 

Radiological  
Public: N/A  
WG1: N/A 
WG2: N/A 

Chemical  
Public: N/A  
WG1: N/A 
WG2: N/A 

ODH 
Public: N/A  
WG1: N/A 
WG2: N/A 

Notes: 
1. See Event Evaluation in TS3-9. 

 

Mitigated 
Frequency 
BEU 
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Event Number 
AIC3-3 

Event Description: 
Loss of flow of cooling water Loop 2 causing a PBW, TVP, MRA, or reflector failure. Release of activated Cooling Water into Core Vessel caused by loss of flow. Release 
of activated water to the RTST due to overheating of Window caused by loss of flow. AIC3-3 evaluates PBW failure only.  .  Evaluation of other SSCs on Loop 2 are 
addressed in AIC3-9. 

Assumptions and Initial Conditions: 
1. Proton beam window will not fail (melt) for nominally an hour without cooling so that it is not immediately impacted by 

this event and does not provide a timely passive beam trip. (DF) 
2. Core vessel ullage, burst disk designed with a rating of less than +7.35 PSIG and vent system designed to limit peak 

core vessel pressure to below 15 psig even with rapid water loss from the target and/or credible hydrogen moderator 
failures.  (DF) 

3. Loop 2 cools the PBW, TVP, MRA, reflector, and all Loop 2 water-cooled shielding. (DF) 
4. Core vessel operating in inert helium near atmospheric pressure or in vacuum. (AC/IC) 
5. No personnel are permitted in the RTST tunnel during operation. (IC/AC) 
6. Proton beam remains on. (IC) 
7. Redundant power supply busses for Loop 2 pumps. (DF) 
8. Core vessel leak detection is located in the Core Vessel Drain. (See Note 1) (DF) 
9. Leak is on RTST side beam of the PBW will stop beam due to loss of vacuum (IC) 

Causes: 
1. Loss of Loop 2 Pumping 

power. 
2. Locked Loop 2 Pump rotor. 
3. Loop 2 Pump Seizes. 

Initiating 
Event 
Frequency  
A 

Unmitigated Impact on Systems:  
1. Bulk of water released from coolant system into the core vessel retained in ullage or core vessel drain. 
2. Contamination of Core Vessel, Core Vessel Vacuum or He System, and RTST Line. 
3. Proton beam window failure could leak to core vessel or RTST. (Note 4) 
4. Leak could contaminate the PBW vacuum system.  
5. Leak on the RTST side of the PBW could drain into the shielding outside of the core vessel.  (Note 5) 

Unmitigated Consequences 

Radiological  
Public: Negligible 
WG1: Low 
WG2: Negligible 

Chemical  
Public: N/A  
WG1: N/A 
WG2: N/A 

ODH 
Public: N/A  
WG1: N/A 
WG2: N/A 

Safety Function: 
Prevent loss of cooling water from causing a PBW, TVP, MRA, or reflector failure and release of Loop 2 cooling water. 

Method of Detection:  
Loop 2 Pump status and/or low flow alarms indicates loss of flow condition.  
Loss of vacuum in the RTST.  
Loop 2 return flow, pressure, and temperature.  
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Event Number  
AIC3-3 

Planned analysis, assumption validations, and Risk/Opportunities: 
1 Evaluate onsite dose estimates. 
2 Set point analysis for beam trip system. 
3 Determine Loop 2 activation levels. 

Mitigated Consequences: 

Radiological  
Public: Negligible 
WG1: Low 
WG2: Negligible 

Chemical  
Public: N/A  
WG1: N/A 
WG2: N/A 

ODH 
Public: N/A  
WG1: N/A 
WG2: N/A 

Notes: 
1. The leak detection instrumentation is not in the core vessel, but in a drain from the core vessel to the Core Vessel Drain Tank.  The Core Vessel Drain 

Tank is isolated from the Core Vessel and drain line by a valve.  The Core Vessel Drain provides three levels of action.  Low level detection on initial leak 
and alarm in the control room; MPS trip on high level; and TPS trip on high-high level.  The drain line is closed during vacuum operation downstream of 
the leak detection. During helium operation it is possible to continue operation with a small leak in the water systems using applicable procedures to 
permit this off normal condition. 

2. Delay built into the MPS trip to provide recovery time prior to the required trip.  Delay time TBD.  
3. Failure within the Target and moderator addressed in CM and TS events. 
4. A PBW failure allowing communication between the Core Vessel and the RTST line would require a complete failure of the PBW (both sides of the 

PBW). 
5. The leak collection system provides a catch pan and drain to the capture leaks in this space. 

Mitigated 
Frequency  
A 
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Event Number 
AIC3-4 

Event Description: 
Loss of Heat Sink: Release activated Cooling Water into the core vessel due to overheating of PBW, TVP, MRA, or reflector caused by loss of Loop 2 cooling due to 
failure in the Secondary Cooling Water system. 

Assumptions and Initial Conditions: 
1. Secondary Cooling Water System replaced by double walled HX. (DF) 
2. Loop 1 provides cooling water for the Target. (DF) 
3. Loop 2 provides cooling water for the PBW: TVP, CMS, and water-cooled shielding. (DF) 

Causes: 
1. N/A 

Initiating 
Event 
Frequency  
BEU 

Unmitigated Impact on Systems:  
1. Bulk of water released window and target retained in core vessel drain Line. 
2. Failures within the Target and moderator addressed in CM and TS events. 
3. Contamination of Core Vessel, Core Vessel Vacuum or He System, and RTST Line. 
4. If leak is on RTST side beam will stop due to loss of vacuum. 

Unmitigated Consequences 

Radiological  
Public: Negligible 
WG1: Low 
WG2: Negligible 

Chemical  
Public: N/A  
WG1: N/A 
WG2: N/A 

ODH 
Public: N/A  
WG1: N/A 
WG2: N/A 

Safety Function: 
Prevent loss of heat sink from causing a PBW, TVP, MRA, or reflector failure and release of Loop 2 cooling water. 

Method of Detection:  
Loop 2 cooling loop return flow and temperature.  
Loop 2 cooling loop gas liquid separator tank water level.   
Loss of vacuum in the RTST and Ion vacuum pump failure in the RTST.  
Core Vessel Drain Line Liquid Detection.  
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Event Number 
AIC3-6 (Event Deleted as PBW moved to Loop 2) 

Event Description: 
Tungsten-water reaction in target causing a loss of flow to cool the Proton Window. 
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Event Number  
AIC3-8 (Event Deleted as the Collimator has been removed from the design.  

Event Description: 
Misdirected beam strikes the collimator resulting in failure and cooling water spill. 
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Event Number  
AIC3-10 

Notes: 
1. Delay built into the MPS trip to provide recovery time prior to the required trip.  Delay time TBD. 
2. The burst disk designed with a rating of less than +7.35 PSIG and vent system designed to limit peak core vessel pressure to below 15 psig even with 

rapid water loss from the target and/or credible hydrogen moderator failures. 
3. The leak detection instrumentation is not in the core vessel, but in a drain from the core vessel to the Core Vessel Drain Tank.  The Core Vessel Drain 

Tank is isolated from the Core Vessel and drain line by a valve.  The Core Vessel Drain provides three levels of action.  Low level detection on initial leak 
and alarm in the control room; MPS trip on high level; and TPS trip on high-high level.  The drain line is closed during vacuum operation downstream of the 
leak detection. During helium operation it is possible to continue operation with a small leak in the water systems using applicable procedures to permit this 
off normal condition. 

Mitigated 
Frequency 
A  
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APPENDIX B. ACCELERATOR SYSTEMS (AS) 

HAZARD EVENT TABLES 
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Event Number 
AS1-2 

Event Description:   
Due to a localized fire, there is a loss of cooling water to the magnets in the RTST Tunnel causing damage to the magnets.  

Assumptions and Initial Conditions: 
1. Event applicable during beam operation or magnet operation without beam operation. (IC) 
2. No personnel are permitted in the tunnel during beam operation. (IC) 
3. Design of the magnets does not preclude overheating from causing a fire. (IC) 

Causes:  
1. Operator error. 
2. Maintenance failure (no flow/pressure, low flow/ 

pressure). 
3. Loss or reduction of cooling water. 

Initiating 
Event 
Frequency 
U 

Unmitigated Impact on Systems:  
1. The unmitigated impact on systems is the direct impact of the fire and contamination from the cooling water radiological 

material.   
2. This event leads to a loss of ability of beam operation, loss of production, and potential equipment damage. 
3. Magnet overheating and damage to affected magnets 

Unmitigated Consequences  

Radiological 
Public: Negligible 
WG1: Negligible 
WG2: Negligible 

Chemical 
Public: N/A 
WG1: N/A 
WG2: N/A 

ODH 
Public: N/A 
WG1: N/A 
WG2: N/A 

Safety Function: 
To prevent and control the radiological consequences to workers of a localized fire to prevent a loss of cooling water to the magnets in the RTST Tunnel. 

Method of Detection:  

Fire Detection and alarm.  

Pressure and flow sensors on the cooling loop.  

Smoke  

Temperature switches hardwired to magnet power supplies.  

Preventive Features - Attributes: Credited: 

IEEE Standards used in design. (DF)  

NPFA Design and requirements. (DF/EC)  
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Event Number 
AS3-2  

Event Description:  
A small leak develops in the PBW assembly, allowing core vessel atmosphere upstream into the RTST. 

Assumptions and Initial Conditions: 
1. The PBW seals include multiple seals that would have to fail before core vessel atmosphere could go into the RTST. 

(DF) 
2. Turbo pump is installed downstream of the Fast-Acting Valve. (DF) 
3. There is a potential for core vessel atmosphere to be activated. (IC) 
4. The leak is assumed to be small enough to not result in an inherent beam trip due to loss of vacuum. (IC) 
5. The core vessel is maintained at a pressure less than the RTST tunnel, but above the beam tube vacuum. (IC) 

Causes:  
1. PBW leak due to: 

a. Corrosion. 
b. Mechanical failure. 
c. Manufacturing defect. 
d. Installation error. 

Initiating 
Event 
Frequency 
BEU 
(See Notes) 

Unmitigated Impact on Systems:  
1.  

Unmitigated Consequences: 

Radiological 
Public: N/A 
WG1: N/A 
WG2: N/A 

Chemical 
Public: N/A 
WG1: N/A 
WG2: N/A 

ODH 
Public: N/A 
WG1: N/A 
WG2: N/A 

Safety Function: 
To prevent core vessel atmosphere from being leaked  into worker locations above 10 CFR Part 20 limits for release to the environment.  

Method of Detection:  

None unless pressure goes above fast-acting valve setpoint  

  

Preventive Features - Attributes: Credited: 

None  
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Event Number 
AS3-2 

Mitigative Features - Attributes: Credited: 

Fast-acting valve closing will cause and MPS beam trip (EC)  

  

  

Planned analysis, assumption validations, and Risk/Opportunities: 
1.  

Mitigated Consequences: 

Radiological 
Public: N/A 
WG1: N/A 
WG2: N/A 

Chemical 
Public: N/A 
WG1: N/A 
WG2: N/A 

ODH 
Public: N/A 
WG1: N/A 
WG2: N/A 

Notes:  
1. The design of the PBW seals requires two failures to have core vessel atmosphere reach the RTST.  Individual failures of the PBW seals are addressed 

in AIC3-3.  
2. Even with a loss of the vacuum supporting the PBW seals, the mechanical seal prevents no more than negligible leakage that does not create a safety 

concern.  

3. Leak must be on RTST side of PBW to allow gas into the RTST.  A small leak may not be sufficient to trip the fast valve. 

4. If the leak is on the RTST side of PBW, then the gas entering the RTST will be air from the monolith shield block region, 

5. A second leak is required at Target side of PBW to allow core vessel atmosphere into RTST.  Even then, most of the leaking gas will be lost 

through the monolith shielding. 

Mitigated 
Frequency  
BEU 
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Event Number 
AS4-1  

Event Description:  
Free water from multiple sources becomes activated and pools in the RTST tunnel posing a potential contamination concern for workers.  Sources of water include condensation, 
leaks, groundwater infiltration, previous spills that were not cleaned prior to operation.  

Assumptions and Initial Conditions: 
1. Small amounts of water are assumed to not be noticed and may remain in the tunnel during 

operation. (IC)  
2. Depending on the source water in the tunnel is assumed to be contaminated and will be treated as 

such until determined that it is either not contaminated or that the contamination level is low enough 
to be removed. (IC) 

3. This event is likely to only impact worker entering the tunnel. (IC) 

Causes:   
1. Leakage of ground water into the tunnel. 
2. Humidity in the air condenses on tunnel walls. 
3. Leaks from process equipment. (See Note 1) 
4. Spilled water from maintenance activities. 

Initiating 
Event 
Frequency 
A 

Unmitigated Impact on Systems:  
1. Excess water would increase the duty of the HVAC.  
2. Activated water (primarily tritium) is discharged to sanitary sewer. 

Unmitigated Consequences: 

Radiological 
Public: Negligible 
WG1: Negligible 
WG2: Negligible 

Chemical 
Public: N/A 
WG1: N/A 
WG2: N/A 

ODH 
Public: N/A 
WG1: N/A 
WG2: N/A 

Safety Function: 
Limit/control the quantity of free water in the tunnel.  

Method of Detection:  

Visual of pooled water.  

Increased HVAC condensate generation.  

HP detection during pre-entry survey (air and water).   

Preventive Features - Attributes: Credited: 

RTST Tunnel Design - Tunnel sealed from groundwater infiltration. (DF)  

RTST HVAC humidity control reduces tunnel wall condensation. (DF  

Conduct of Maintenance to prevent spills or clean up after spills. (AC)  
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Event Number 
AS4-2  

Event Description:  
An inadvertent actuation of the fire suppression system or failure leads to a potential spread of contamination in the RTST Tunnel. 

Assumptions and Initial Conditions: 
1. The fire suppression system is a wet-pipe system. (IC) 
2. Water in the tunnel is operationally assumed to be contaminated and will be treated as such until 

determined that it is either not contaminated or that the contamination level is low enough to be 
removed. (AC/IC) 

Causes:   
1. Mechanical failure due to maintenance error or 

unidentified equipment malfunction 
2. Worker failure to follow procedures or training 

Initiating 
Event 
Frequency 
A 

Unmitigated Impact on Systems:  
1. Unmitigated impact on systems is water damage to process equipment in the tunnel. 

Unmitigated Consequences: 

Radiological 
Public: Negligible 
WG1: Negligible 
WG2: Negligible 

Chemical 
Public: N/A 
WG1: N/A 
WG2: N/A 

ODH 
Public: N/A 
WG1: N/A 
WG2: N/A 

Safety Function: 
Limit the potential for inadvertent water release from the fire suppression system.  

Method of Detection:  

Fire System Instrumentation.  

Visual  

Preventive Features - Attributes: Credited: 

Fire Detection and Suppression System -is designed consistent with the existing fire detection and suppression system in the SNS Tunnel.  (DF/EC)  

  

 

  







 

B
-2

1
 

 

Event Number 
AS4-3 

Mitigative Features - Attributes: Credited: 

E-Stop Buttons. (EC  

  

Planned analysis, assumption validations, and Risk/Opportunities:  Mitigated Consequences: 

Radiological 
Public: N/A 
WG1: N/A 
WG2: N/A 

Chemical 
Public: N/A 
WG1: N/A 
WG2: N/A 

ODH 
Public: N/A 
WG1: N/A 
WG2: N/A 

Notes: 
  

 Mitigated 
Frequency  
Prevented 
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Event Number 
AS4-9 

Event Description: 
Potentially activated water in the magnet cooling system is leaked into the tunnel. 

Assumptions and Initial Conditions: 
1.  Water in the cooling system can become activated and leaked into the tunnel either during beam operation or when 

the beam is off. (IC) 
2. WG1 is evaluated both for the leak occurring while a worker is in the tunnel with the beam off or on initial entry into the 

tunnel following a leak during beam operation. (IC) 

Causes:   
1. Maintenance error. 
2. Worker error. 
3. Equipment failure. 

Initiating 
Event 
Frequency 
A 

Unmitigated Impact on Systems:  
1. Potential water impact on process electrical equipment. 
2. Operations delay permitting repair and cleanup. 

Unmitigated Consequences: 

Radiological 
Public: Negligible 
WG1: Low 
WG2: Negligible 

Chemical 
Public: N/A 
WG1: N/A 
WG2: N/A 

ODH 
Public: N/A 
WG1: N/A 
WG2: N/A 

Safety Function: 
Detect a leak of activated cooling water and avoid worker exposure above allowable limits. 

Method of Detection:  

Visual on tunnel entry.  

Magnet cooling system instrumentation (pressure and makeup water monitoring).   

Preventive Features - Attributes: Credited: 

Magnet cooling system design. (DF)  

Preventive maintenance on the magnet cooling system. (AC)  
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Event Number 
AS4-16 

Mitigative Features - Attributes: Credited: 

Radiation survey is conducted before allowing workers to occupy the RTST tunnel. (AC)  

STS Installation and Construction Procedures. (AC)  

PPS Trip on high radiation in the RTST - Interlocked Radiation Monitor (IRM) in the RTST tunnel. (EC) X 

  

  

  

Planned analysis, assumption validations, and Risk/Opportunities: 
1. Evaluation shows that either locking out the pulsed dipoles or the first transfer dipoles is sufficient to prevent beam to 

the RTST tunnel. 
2. Optics analysis to show that locking out the Pulsed Dipole system is sufficient to prevent beam to the RTST tunnel. 
3. The initial installation location for ARMs and IRMs will be identified during design and be verified or altered during 

commissioning and fault testing. The Radiation Safety Officer will make the final determination for their location and 
present this information to the Radiation Safety Committee for approval. 

Mitigated Consequences: 

Radiological 
Public: N/A 
WG1: N/A 
WG2: N/A 

Chemical 
Public: N/A 
WG1: N/A 
WG2: N/A 

ODH 
Public: N/A 
WG1: N/A 
WG2: N/A 

Notes: 
1.  

 Mitigated 
Frequency 
Prevented 
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APPENDIX C. BUILDING GENERAL (BG) HAZARD EVENT TABLES 

Event Number 
BG1-1 

Event Description:  
Facility wide fire with release of Hazardous material. 

Assumptions and Initial Conditions: 
1. Fire spreads throughout facility where flammable material is located.  Large amounts of flammable 

material located in instrument halls in the form of hydrogenous neutron shielding provides the 
primary fuel for a large fire. (IC) 

2. Fire suppression system and fire-fighting efforts are assumed ineffective. (IC) 
3. Building structures may collapse. Cold source hydrogen may escape and cause a deflagration in 

high bay. (IC) 
4. Structural collapses may crush cold source transfer line and allow air leaks into core vessel. (IC) 
5. Structural collapse may impact the target drive room and the target drive systems or systems 

located on the core vessel lid. (IC) 
6. Moderator or transfer line fails inside core vessel from failed structures impact. (IC)  
7. Detonation occurs adjacent to target, significant release of airborne radioactivity. (IC)  
8. Excessive heating of the target by facility fire is prevented by mass of surrounding core vessel and 

monolith shielding. (IC) 
9. Accelerator beam stops due to operator action, TPS trip due to loss of cooling or loss of rotation, 

or loss of high vacuum PBW seals from failure of vacuum systems or impacts. (See Note 1) (IC) 

Causes: 
1. Electrical short. 
2. Thermal energy from electrical equipment. 
3. Friction from bearings, gears, motors, and 

power tools. 
4. Sparks from welding. 
5. Hydraulic fluid leaks from forklift and is 

ignited. 
6. Human error. 
7. Combustibles in facility. 
8. Other unidentified ignition source. 
9. Cleaning or decontamination agents contact 

other materials and produce flammable 
fumes. 

10. Vehicle fire (including electric vehicles with 
lithium-ion batteries). 

Initiating 
Event 
Frequency:  
U 

Unmitigated Impact on Systems: 
1. Complete and permanent loss of the facility. 

Unmitigated Consequences 

Radiological  
Public: Low 
WG1: Moderate 
WG2: Low 

Chemical  
Public: N/A 
WG1: N/A 
WG2: N/A 

ODH 
Public: N/A 
WG1: N/A 
WG2: N/A 

Safety Function:  
Implement structures and/or programs that minimize the likelihood of fires to engulf the whole facility or result in a significant release of radiological material due to a large fire. 

Method of Detection:  
Visual or nasal (odor) detection by employee.  
Fire detection and alarm system.  
Fire suppression system water flow alarm.  
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Event Number  
BG1-1 

Planned analysis, assumption validations, and Risk/Opportunities: 
1. Following building layout determination, identify where hazardous material could be located and the associated 

quantities that could be released.  
2. A Project Fire Hazard Analysis will be performed in support of CD-2 and inform the fire events in the PHAR. 
3. Assessment of fires per NFPA 801. 

Mitigated Consequences: 

Radiological  
Public: Negligible 
WG1: Low 
WG2: Negligible 

Chemical  
Public: N/A 
WG1: N/A 
WG2: N/A 

ODH 
Public: N/A 
WG1: N/A 
WG2: N/A 

Notes  
1. TS and CMS/MRA events without operator action to trip the beam address target system trips to protect the target.  
2. Driven by other events there is a delay built into the MPS beam trip on Loop 1 pump exit pressure. 
3. Fail safe design for the TPS and MPS.  Either an MPS or TPS beam trip is based on credit in the Item 9 of the Inputs and Assumptions section.   
4. Proton beam window will not fail for nominally an hour so that it is not impacted by this event and does not provide a passive beam trip.  However, the 

seals could be affected and on failure of the accelerator side of the PBW seals this would spoil the vacuum and stop the beam.  
5. Mitigated frequency is reduced from U to EU based on the credited prohibition of letting EVs or Hybrid vehicles with lithium-ion batteries in the Target 

Building or having access near the target buidling. 

Mitigated 
Frequency  
EU 
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Event Number 
BG3-2 

Event Description: 
Target Building only loss of electric power. 

Assumptions and Initial Conditions: 
1. All power is lost in target building. (IC) 
2. Accelerator operation continues. (IC)  
3. Target rotation stops within 1 second. (IC) 
4. Target cooling stops. (IC) 
5. Proton beam window seal vacuum pumps stop. (IC)  
6. Moderator cryogenic refrigerator compressor and circulators stop. (IC) 
7. After loss of cooling with beam trip decay heat cannot raise target temperature to 800 C threshold for 

tungsten/steam reaction. (DF) 
8. Proton beam window will not fail for nominally an hour without cooling so that it is not impacted by this event and 

does not provide a passive beam trip. (DF) 
9. Inert core vessel atmosphere with helium or vacuum mode of core vessel operation. (IC) 
10. Loop 1 provides cooling water for the Target. (DF) 
11. Loop 2 provides cooling water for the Proton Beam Window, TVP, CMS/MRA, and water-cooled shielding. (DF) 

Causes 
1. Fault in feeder substation. 
2. Fault in power line to target 

building. 
3. Switching error; software error. 
4. Overload. 
5. Other electrical outage. 

Initiating 
Event 
Frequency 
A 

Unmitigated Impact on Systems: 
1. Target shell/cooling lines fails from overheating. 
2. Cooling water released to core vessel. 
3. Moderators vent from pressure rise due to loss of cooling.  
4. Up to 2 segments of target vaporized. 
5. Loss of proton beam window vacuum seal causes leakage to high vacuum side and eventual passive 

accelerator shutdown. 
6. Significant target damage and release of radioactivity. 

Unmitigated Consequences 

Radiological  
Public: Low 
WG1: Moderate 
WG2: Moderate 

Chemical 
Public: N/A 
WG1: N/A 
WG2: N/A 

ODH 
Public: N/A 
WG1: N/A 
WG2: N/A 

Safety Function:  
Mitigate the radiological consequences of a loss of power to the Target Building without an inherent Proton Beam Trip caused by the event.  

Method of Detection:  
Visual.  
Operators would know that there had been a loss of power to various equipment and normal lighting.  
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Event Number  
BG3-2 

Notes: 
1. Power also lost to the Target Protection System which would trip the proton beam due to its fail-safe design characteristic. 
2. Driven by other events there is a delay built into the MPS beam trip on Loop 1 pump exit pressure. 
3. The time to target failure without rotation has been initially determined to be less than 4 seconds.   
4. Fail safe design for the TPS and MPS.  Either an MPS or TPS beam trip is based on credit in the Inputs and Assumptions section.   

Mitigated 
Frequency  
A 
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Event Number  
BG6-3 

Planned analysis, assumption validations, and Risk/Opportunities: 
1. Determine if ORNL or STS has limitations on electric cars or hybrids with lithium-ion batteries (including personal 

vehicles) near facilities.  

Mitigated Consequences: 

Radiological 
Public: Negligible 
WG1: Negligible 
WG2: Negligible 

Chemical 
Public: N/A 
WG1: N/A 
WG2: N/A 

ODH 
Public: N/A 
WG1: N/A 
WG2: N/A 

Notes:  
1. There is a delay built into the MPS beam trip on Loop 1 pump exit pressure. 

Mitigated 
Frequency  
U 
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Event Number 
BG7-1a  

Event Description: 
An SDC-2 level seismic event results in structural damage to target building and subsequent release of hazardous material followed by an explosion and follow-on fire 
outside the core vessel.  

Assumptions and Initial Conditions: 
1. The facility damage from an earthquake may cause a fire. (IC) 
2. The facility damage from an earthquake may cause a release of hydrogen outside the core vessel contributing 

to either a fire and/or hydrogen explosion. (See Note 1) (IC) 
3. Active cooling or electric power are not needed for target decay heat removal with the beam off. (DF) 
4. The earthquake causes loss of the accelerator proton beam. (IC)  
5. Target radionuclides are protected from possible effects of fire by massive steel and concrete shielding of the 

monolith structure. (DF) 
6. Hydrogen is released outside the core vessel and detonates in the high bay. (See Note 1) (IC) 
7. Workers are assumed to evacuate buildings instinctively during earthquakes. (IC) 
8. Large components are structurally anchored and building structures seismically qualified to SDC-2 criteria to 

prevent collapse and protect evacuation paths. (SDC-2 and applicable Limit State B or C requirements) (DF) 
9. Building structures around the cryogenic hydrogen systems will have SDC-2 and Limit State B or C seismic 

qualification due to seismic interaction (2 over 1) considerations, as needed to prevent damage to or crimping 
of the H2 transfer line outside of the core vessel. (DF) 

10. After loss of cooling with beam trip decay heat cannot raise target temperature to 800 C threshold for 
tungsten/steam reaction. (DF) 

11. A single cryogenic moderator loop that has a quantity of hydrogen below the NFPA2 MAQ values. (DF) 
12. The impact of a stack collapse is evaluated in BG7-10 (IC) 

Causes: 
1. SDC-2 level Seismic event  

Initiating 
Event 
Frequency  
U 

Unmitigated Impact on Systems: 
1. Potential for significant damage to the target building 
2. Building damage could lead to a Roof collapse which could impact hydrogen utility room releasing H2. 
3. Building damage could lead to a Roof collapse which could impact equipment stored in the high bay. 
4. Building damage could lead to a Roof collapse which could damage the target systems above the core vessel. 
5. Building damage could lead to a Roof collapse which could damage waste stored in casks in the high bay. 

Unmitigated Consequences 

Radiological  
Public: Negligible 
WG1: Moderate 
WG2: Low 

Chemical 
Public: N/A 
WG1: N/A 
WG2: N/A 

ODH 
Public: N/A 
WG1: N/A 
WG2: N/A 
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Event Number  
BG7-3 (EVENT DELETED) 

 
  



 

C
-4

0
 

 

Event Number 
BG7-4 

Event Description: 
A WDC-2 level Tornado, high winds, or microburst damage target building with subsequent release of radiological material 

Assumptions and Initial Conditions: 
1. The hazardous radionuclides inside the SNS target are protected against possible tornado 

missiles by the multiple layers of shielding surrounding the target. The heavily shielded beam 
lines of the instrument hall protect the monolith and the monolith protects the core vessel and 
shielding inside the core vessel protects the target itself. (DF) 

2. Tornado damage to the roof of the Target Building could be similar to a roof collapse from snow 
or ice buildup and damage target systems within the facility.  There is the potential for an 
extreme storm causing a building collapse. (IC) 

3. This event assumes that a tornado, high straight winds, or missiles generated by either could 
severely damage the High Bay shell. (IC) 

4. No spent core vessel components (e.g., target segment or MRA vessel is storge in the High 
Bay.  All similarly activated components with the potential for release are housed in the Service 
Cell.  The transfer times for moving these components from the core vessel to the Service Cell 
is short enough so that assuming a WDC-2 level wind event during transfer from the core 
vessel is BEU. (IC) 

5. Power to the SNS complex is lost for an extreme storm when the 13.8 kV above ground line is 
damaged and thus the beam is inherently lost. (IC) 

6. Active cooling or electric power are not needed for decay heat removal with the beam off. (DF) 
7. The event could cause a stack collapse (a stack collapse is evaluated in BG7-5) (IC) 

Causes:  
1. WDC-2 level Tornado or high straight winds. 
2. Missiles generated by tornados or high 

straight winds. 
3. Microburst (a sudden, powerful, localized air 

current, especially a downdraft.) 

Initiating 
Event 
Frequency  
U 

Unmitigated Impact on Systems: 
1. Potential for significant damage to the target building 
2. Building damage could lead to a Roof collapse which could impact hydrogen utility room releasing H2. 
3. Building damage could lead to a Roof collapse which could impact equipment stored in the high bay. 
4. Building damage could lead to a Roof collapse which could damage the target systems above the core vessel. 
5. Building damage could lead to a Roof collapse which could damage waste stored in casks in the high bay. 

Unmitigated Consequences 

Radiological  
Public: Negligible 
WG1: Moderate 
WG2: Negligible 

Chemical 
Public: N/A 
WG1: N/A 
WG2: N/A 

ODH 
Public: N/A 
WG1: N/A 
WG2: N/A 

Safety Function: 
Prevent building damage from an WDC-2 level tornado or high wind from causing a significant release of radiological material. 

Method of Detection:  
Visual and audible  
Severe weather warnings  
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Event Number  
BG7-4 

Planned analysis, assumption validations, and Risk/Opportunities: 
1. Specific procedures must be developed to address all severe weather conditions and include applicable ones in the 

SAD to comply with the SBMS requirements. 
This event needs to be reviewed with a multi-disciplinary group to determine if there are any highly radioactive 
materials that might also be vulnerable to high wind or tornado caused missiles.  

Mitigated Consequences: 

Radiological  
Public: Negligible 
WG1: Negligible 
WG2: Negligible 

Chemical 
Public: N/A 
WG1: N/A 
WG2: N/A 

ODH 
Public: N/A 
WG1: N/A 
WG2: N/A 

Notes:  

1. The Planning Facility Protection for Severe Conditions Program description within SBMS identifies existing proactive maintenance management measures 

that are necessary in order to continue safe facility operations during severe environmental conditions, such as severe weather or wildfires.  
2. Fail safe design for the TPS and MPS or either an MPS or TPS beam trips are based on credit in the inputs and assumptions section.  
3. There is a delay built into the MPS beam trip on Loop 1 pump exit pressure 
4. HUR is covered by level 3.5 providing a measure of protection from roof failure. 

Mitigated 
Frequency  
U 
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Event Number 
BG7-8  

Event Description: 
Buildup of snow and/or ice leads to collapse of the target building roof and result in damage to target building interior with release of radiological material. 

Assumptions and Initial Conditions: 
1. Collapse target building roof could result in damage to target building interior with release of radiological 

material. (IC) 
2. The only chemicals potentially released are considered standard industrial hazards based on chemicals and 

quantity available for release. (IC) 
3. Under such extreme conditions it is possible that the beam will inherently be shut down on target building 

collapse, but this has not been included in this event scenario. (IC) 
4. Roof collapse is not expected to cause damage to the target in the core vessel monolith.  (IC) 
5. Active cooling or electric power are not needed for decay heat removal with the beam off. (DF) 
6. Target rotation stops within 1 second on loss of power to the target drive motor or with room collapse onto 

the target drive motor (IC) 
7. Beam stays on (IC) 
8. Core vessel operating in inert helium near atmospheric pressure or in vacuum (DF/IC) 
9. After loss of cooling with beam trip decay heat cannot raise target temperature to 800 C threshold for 

tungsten/steam reaction (DF) 
10. Core vessel ullage, burst disk designed with a rating of less than +7.35 PSIG and vent system designed to 

limit peak core vessel pressure to below 15 psig even with rapid water loss from the target and/or credible 
hydrogen moderator failures.  (DF) 

11. Neutron beam windows remain intact throughout event although active pumping to maintain the seal is not 
assumed. (IC) 

12. Two segments of tungsten assumed vaporized. (IC) 
13. Proton Beam Window will remain undamaged for nominally an hour without cooling and continued beam 

operation. (IC)  

Causes: 
1. Snow and ice collect on roof over 

extensive period of below freezing 
weather with precipitation. 

2. Snow/ice buildup followed by heavy 
rain. 

Initiati
ng 
Event 
Freque
ncy  
A 

Unmitigated Impact on Systems:  
1. Roof collapse could impact hydrogen utility room releasing H2. 
2. Roof collapse could impact equipment stored in the high bay. 
3. Roof collapse could damage the target systems above the core vessel. 
4. Roof collapse could damage waste stored in casks in the high bay. 

Unmitigated Consequences 

Radiological  
Public: Negligible 
WG1: Moderate 
WG2: Negligible 

Chemical 
Public: N/A 
WG1: N/A 
WG2: N/A 

ODH 
Public: 
N/A 
WG1: 
N/A 
WG2: 
N/A 

Safety Function: 
Prevent roof collapse from a buildup of snow, ice, and water on the STS roof. 
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Event Number  
BG7-8 

Planned analysis, assumption validations, and Risk/Opportunities: 
1. Specific procedures must be developed to address all severe weather conditions and include applicable ones in the 

SAD to comply with the SBMS requirements. 
2. Accident (consequence) analysis for stationary target for unmitigated case with beam causing a loss of cooling 

event. 

Mitigated Consequences: 

Radiological  
Public: Negligible 
WG1: Low 
WG2: Negligible 

Chemical 
Public: N/A 
WG1: N/A 
WG2: N/A 

ODH 
Public: N/A 
WG1: N/A 
WG2: N/A 

Notes:  

1. The Planning Facility Protection for Severe Conditions Program description within SBMS identifies existing proactive maintenance management 
measures that are necessary in order to continue safe facility operations during severe environmental conditions, such as severe weather or wildfires.  

2. Damage to storage/transfer casks in the High Bay would be the same as event HB3-2. 
3. There is a delay built into the MPS beam trip on Loop 1 pump exit pressure,  
4. This event is similar to Event TS3-2 for a locked rotor.  The event will also have a loss of cooling, but the locked rotor bounds the loss of cooling.  
5. The time to target failure without rotation has been initially determined to be less than 4 seconds.   
6. Consequences for this event have not been calculated for the collocated worker.  However, since the core vessel in inerted and the release is only 

through the vents, the releases should be no more than moderate.  Since the core vessel leak detection is defined as a credited control for other events, 
it has also been identified here as a second level of control per the Control Selection Policy. 

7. Proton beam window will not fail for nominally an hour so that it is not impacted by this event and does not provide a passive beam trip. However, the 
seals could be affected by loss of PBW seal vacuum. However, the seals could be affected and on failure of the accelerator side of the PBW seals this 
would spoil the vacuum and stop the beam. 

8. Fail safe design for the TPS and MPS or either an MPS or TPS beam trips are based on credit in the inputs and assumptions section. 
9. HUR is covered by level 3.5 providing a measure of protection from roof failure. 
10. The burst disk designed with a rating of less than +7.35 PSIG and vent system designed to limit peak core vessel pressure to below 15 psig even with 

rapid water loss from the target and/or credible hydrogen moderator failures. 
11. The leak detection instrumentation is not in the core vessel, but in a drain from the core vessel to the Core Vessel Drain Tank.  The Core Vessel Drain 

Tank is isolated from the Core Vessel and drain line by a valve.  The Core Vessel Drain provides three levels of action.  Low level detection on initial 
leak and alarm in the control room; MPS trip on high level; and TPS trip on high-high level.  The drain line is closed during vacuum operation 
downstream of the leak detection. During helium operation it is possible to continue operation with a small leak in the water systems using applicable 
procedures to permit this off normal condition. 

Mitigated 
Frequency  
A 
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Event Number 
BG7-9a  

Event Description: 
Cold weather results in tower water freezing, leading to a loss of heat sink for target systems. 

Assumptions and Initial Conditions: 
1. Loss of heat sink causes primary loop temperatures to increase until boiling and loss of target cooling 

occurs resulting in shell over temperature and structural failure of shell. (IC) 
2. Loop 1 cooling water leaks into the core vessel. (IC) 

3. Core vessel operating in inert helium near atmospheric pressure or in vacuum (IC) 

4. After loss of cooling with beam trip decay heat cannot raise target temperature to 800 C threshold for 
tungsten/steam reaction (DF) 

5. Core vessel ullage, burst disk designed with a rating of less than +7.35 PSIG and vent system designed to 
limit peak core vessel pressure to below 15 psig even with rapid water loss from the target and/or credible 
hydrogen moderator failures.  (DF) 

6. Neutron beam windows remain intact throughout event (IC) (Note 3)  
7. Target rotation continues so whole target heats from beam until loss of shell strength at elevated 

temperatures causes disk to collapse onto steel shielding and stops rotation. (IC) 
8. A double walled heat exchanger is used between the tower water cooling loop and the Loop 1 cooling loop 

and between the tower water and the Loop 2 cooling loop. (DF) 

Causes: 
1. Extreme cold weather 
2. Failure of tower control system 
3. Operator fails to respond to 

heat sink conditions. 

Initiating 
Event 
Frequency  
U 

Unmitigated Impact on Systems: 
1. Possible moderator vessel failure and hydrogen release after target shroud collapses.  
2. Half of tungsten assumed vaporized.  
3. Hydrogen and water vapor vents through core vessel burst disk and hydrogen safe vent. 
4. Bulk of water released from target retained in ullage or drain tank. 

Unmitigated Consequences 

Radiological  
Public: Low 
WG1: Moderate 
WG2: Low 

Chemical 
Public: N/A 
WG1: N/A 
WG2: N/A 

ODH 
Public: N/A 
WG1: N/A 
WG2: N/A 

Safety Function: 
Prevent a cold weather induced loss of heat sink from causing a loss of cooling to the target systems.  

Method of Detection:  

Cooling tower instrumentation  
Target cooling loop return flow and temperature  

Core Vessel leak detection probe   
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Event Number  
BG7-9a 

Planned analysis, assumption validations, and Risk/Opportunities: 
1. Analysis of target system loss of cooling event to address this cause of a loss of cooling event.  
2. Set point for TPS and MPS for loss of cooling. 

Mitigated Consequences: 

Radiological  
Public: Negligible 
WG1: Low 
WG2: Negligible 

Chemical 
Public: N/A 
WG1: N/A 
WG2: N/A 

ODH 
Public: N/A 
WG1: N/A 
WG2: N/A 

Notes:  
1. There is a delay built into the MPS beam trip on Loop 1 pump exit pressure.  
2. This event has the same consequences as TS3-4.  
3. Proton beam window will not fail for nominally an hour so that it is not impacted by this event and does not provide a passive beam trip.  
4. Continued target rotation with beam on extends the heatup time to over 5 minutes.  
5. Fail safe design for the TPS and MPS or either an MPS or TPS beam trips are based on credit in the inputs and assumptions section. 
6. The burst disk designed with a rating of less than +7.35 PSIG and vent system designed to limit peak core vessel pressure to below 15 psig even with 

rapid water loss from the target and/or credible hydrogen moderator failures. 
7. The leak detection instrumentation is not in the core vessel, but in a drain from the core vessel to the Core Vessel Drain Tank.  The Core Vessel Drain 

Tank is isolated from the Core Vessel and drain line by a valve.  The Core Vessel Drain provides three levels of action.  Low level detection on initial leak 
and alarm in the control room; MPS trip on high level; and TPS trip on high-high level.  The drain line is closed during vacuum operation downstream of 
the leak detection. During helium operation it is possible to continue operation with a small leak in the water systems using applicable procedures to 
permit this off normal condition. 

Mitigated 
Frequency  
U 
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Event Number 
BG7-12 

Event Description: 
A seismic event below the SDC-2 level causes the potential loss of multiple facility systems not designed to meet the seismic conditions.  (See Note 8) 

Assumptions and Initial Conditions: 
1. Workers are assumed to evacuate buildings instinctively during earthquakes however, until they reach 100 m 

from the building, they are considered WG1 (IC) 
2. Core vessel boundary seals fail and inert atmosphere is lost. (IC) 
3. Monolith iron shielding and core vessel components position is retained by external concrete structure (DF) 
4. No follow-on fire results from this event. (IC) 
5. Most hydrogen vents through moderator transfer line due to loss of electric power. (IC) 
6. Monolith stays intact and serves as target heat sink. (IC) 
7. Moderator and Hydrogen transfer line designed to meet SDC-2 loads. (Note 5) (DF)  
8. Active cooling or electric power are not needed for decay heat removal with the beam off. (DF) 
9. The earthquake causes loss of the accelerator proton beam (DF) 
10. Core vessel operating in inert helium near atmospheric pressure or in vacuum (IC) 
11. After loss of cooling with beam trip decay heat cannot raise target temperature to 800 C threshold for 

tungsten/steam reaction. (DF) 
12. Large components are structurally anchored and building structures seismically qualified to SDC-2 criteria to 

prevent collapse and protect evacuation paths. (SDC-2 and applicable Limit State B or C requirements) (DF) 
13. Building structures around the cryogenic hydrogen systems will have SDC-2 and Limit State B or C seismic 

qualification due to seismic interaction (2 over 1) considerations, as needed to prevent damage to or crimping 
of the H2 transfer line outside of the core vessel. (DF) 

14. Potential for release of trace quantities of tritium or activated particulates contained in the hydrogen; pre-
moderator/reflector (Loop 2) and reflector water could be heavily tritiated. (IC) 

15. A single cryogenic moderator loop that has a quantity of hydrogen below the NFPA2 MAQ values. (DF) 

Causes: 
1. Seismic Event less than SDC-2 

  

Initiating 
Event 
Frequency  
U 

Unmitigated Impact on Systems: 
1. Seismic event of significant magnitude could inherently cause a beam trip, however, the trip is not 

considered inherent for this event scenario.  
2. Potential for damage to the target building and systems. 
3. Seismic event could damage electrical systems, control systems, system process monitors, protection 

systems, etc.  

Unmitigated Consequences 

Radiological 
Public: Negligible 
WG1: Moderate 
WG2: Low 

Chemical 
Public: Negligible 
WG1: Negligible 
WG2: Negligible 

ODH 
Public: N/A 
WG1: N/A 
WG2: N/A 
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APPENDIX D. CRYOGENIC MODERATOR SYSTEM AND MODERATOR REFLECTOR (CMS) 

ASSEMBLY HAZARD EVENT TABLES  

Event Number  
CMS1-1 

Event Description: 
Breach of cryogenic moderator vessel or piping in Core Vessel allows hydrogen to escape to the core vessel with a possible deflagration in the vacuum system exhaust at 
the vacuum pump location in the high bay. (See Note 3) 

Assumptions and Initial Conditions: 
1. Initial breach is of both the hydrogen and vacuum boundary. (IC) 
2. Vacuum pump for core vessel would be pumping the core vessel contents (pump uses air in 

the system to pump the core vessel). (DF)  
3. Inert core vessel atmosphere with helium or vacuum mode of core vessel operation. IC) 
4. Hydrogen leak accompanied would lead to a loss of vacuum around moderator and transfer 

line. (IC) 
5. All welded system. (DF) 
6. Transfer lines are vacuum jacketed from the core vessel to the HUR. (DF) 
7. A single cryogenic moderator loop that has a quantity of hydrogen below the NFPA2 MAQ 

values. (DF) 

Causes: 
1. Failure of the moderator assembly or the hydrogen 

piping due to material fatigue (e.g., vibration). 
2. Damage to the moderator vessel during 

construction. 
3. Installation error (e.g., weld) during MRA 

replacement. 
4. Design or fabrication errors. 
5. Radiation damage. 
6. Full crimping of the transfer line outside the target 

drive room. (See Event CMS2-2b) 

Initiating 
Event 
Frequency  
U 

Unmitigated Impact on Systems: 
1. Loss of vacuum causes pressure rise above 19 bar and hydrogen release through hydrogen and moderator 

vacuum hydrogen safe vent.  
2. Leakage of hydrogen and possibly pre-moderator/reflector (Loop 2) water to core vessel.  
3. If core vessel pressure exceeds 1.5 bar, hydrogen will vent through core vessel hydrogen safe vent.  

Unmitigated Consequences 

Radiological 
Public: Negligible 
WG1: Low 
WG2: Negligible 

Chemical 
Public: N/A 
WG1: N/A 
WG2: N/A 

ODH 
Public: N/A 
WG1: N/A 
WG2: N/A 

Safety Function: 
Prevent a fire in the vacuum system exhaust at the vacuum pump from a hydrogen release in the Core Vessel from resulting in a significant release of radiological material. 

Method of Detection:  

Loss of hydrogen pressure in cryogenic moderator system detected by monitoring instrumentation in hydrogen handling system or accumulator bellows motion.  

Pressure monitoring in core vessel environment.  

Core vessel burst disk rupture alarm in the control room.   

Core vessel exhaust system vent system monitoring.  

Breach of moderator vessel could be indicated by monitors in CMS transfer line monitoring for loss of vacuum.  

MPS Monitoring of the hydrogen system parameters (e.g., pressure and flow).  
Core vessel liquid detection probe if premoderator also fails.  
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Event Number 
CMS1-1 

Planned analysis, assumption validations, and Risk/Opportunities: 
1. Hydrogen venting analysis. 
2. Determine exhaust flow path for helium core vessel operations. 
3. Perform a Project Fire Hazard Analysis (PFHA).  
4. Assessment of fires per NFPA 801.   

Mitigated Consequences: 

Radiological  
Public: Negligible 
WG1: Low 
WG2: Negligible 

Chemical  
Public: N/A  
WG1: N/A 
WG2: N/A 

ODH 
Public: N/A 
WG1: N/A 
WG2: N/A 

Notes: 
1. The impact to the facility worker (Onsite 1 receptor) is from radiological consequences only as the deflagration is a SIH. 
2. A breach of the vacuum boundary for the MRA/CMS will lead to hydrogen venting out the hydrogen safe vent. 
3. Should the vacuum pump not be located in the high bay, this event will require reevaluation.  
4. The burst disk designed with a rating of less than +7.35 PSIG and vent system designed to limit peak core vessel pressure to below 15 psig even with 

rapid water loss from the target and/or credible hydrogen moderator failures. 

Mitigated 
Frequency  
U 
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Event Number 
CMS1-4 

Event Description: 
Breach of hydrogen piping in the target drive room above the core vessel and inside shielding blocks allows hydrogen to escape.  Hydrogen accumulates in concentrations 
greater than the LFL in air resulting in a rapid deflagration and follow-on fire releasing trace quantities of tritium or activated particulates contained in the hydrogen and 
activated cooling water. 

Assumptions and Initial Conditions: 
1. This event is assumed to be limited to a rapid deflagration.  An LEL is evaluated in Event CMS2-5.  (IC) 
2. Pockets of hydrogen could accumulate under shield blocks which are located above the core vessel. 

(IC) 
3. This event could release activated cooling water as the result of damage to water lines in the area. (IC) 
4. Loss of vacuum will cause overpressure in hydrogen system and venting though hydrogen system 

hydrogen safe vents. (DF) 
5. Personnel are not permitted in the Target Drive Room during beam operation (AC/EC) 
6. A single cryogenic moderator loop that has a quantity of hydrogen below the NFPA2 MAQ values. (DF) 
7. Transfer lines are vacuum jacketed from the core vessel to the HUR. (DF) 

Causes: 
1. Failure of the hydrogen piping due to 

corrosion.  
2. Piping damage during installation or 

maintenance. 
3. Cracking at welds as the result of long-term 

vibration. 
4. Release of hydrogen accompanied by spark 

from electrical equipment, friction, or 
unknown ignition source. 

Initiating 
Event 
Frequency  
U 

Unmitigated Impact on Systems: 
1. A fire of this nature could result in the release of contamination.   
2. Potential for significant damage to equipment located in space above core vessel (e.g., target drive motor and water 

lines). If the drive motor and stops rotation of the target, the consequences are covered in the TS events.  

Unmitigated Consequences 

Radiological 
Public: Negligible 
WG1: Negligible 
WG2: Negligible 

Chemical 
Public: N/A 
WG1: N/A 
WG2: N/A 

ODH 
Public: N/A 
WG1: N/A 
WG2: N/A 

Safety Function: 
System design such that a hydrogen release would not lead to a fire which could result in a release of radiological material. Note: Activated material in the hydrogen line would 
result in negligible consequences. 

Method of Detection:  

Hydrogen system monitoring instrumentation.  
CMS transfer line monitoring for loss of vacuum.  
Loop 1 or Loop 2 abnormal condition monitoring.  
MPS Monitoring of the hydrogen system parameters (e.g., pressure and flow).  
Fire detection system.   
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Event Number 
CMS2-1 

Event Description: 
Breach of Cryogenic Moderator vessel allows hydrogen to escape from the moderator vessel into the surrounding area within the core vessel leading to a detonation in the 
vacuum system exhaust at the vacuum pump location in the high bay.  (See Note 2) 

Assumptions and Initial Conditions: 
1. Initial breach is of both the hydrogen and vacuum boundary. (IC) 
2. Vacuum pump for core vessel would be pumping the core vessel contents (air could be in 

the system exhaust). (IC)  
3. Inert core vessel atmosphere with helium or vacuum mode of core vessel operation. (IC) 
4. Hydrogen leak accompanied by a loss of vacuum around moderator. (IC)  
5. All welded system. (DF) 
6. A single cryogenic moderator loop that has a quantity of hydrogen below the NFPA2 MAQ 

values. (DF) 

Causes: 
1. Failure of the moderator assembly or the hydrogen 

piping due to material fatigue (e.g., vibration).  
2. Damage to the moderator vessel during construction. 
3. Installation error (e.g., weld) during MRA 

replacement.  
4. Design or fabrication errors.  
5. Radiation damage. 
6. Full crimping of the transfer line outside the target 

drive room. (See Event CMS2-2b) 

Initiating 
Event 
Frequency  
U 

Unmitigated Impact on Systems: 
1. Loss of vacuum causes pressure rise above 19 bar and hydrogen release through hydrogen and moderator vacuum 

hydrogen safe vent. 
2. If core vessel pressure exceeds 1.5 bar, hydrogen will vent through core vessel hydrogen safe vent. 
3. Leakage of hydrogen and possibly pre-moderator/reflector (Loop 2) water to core vessel. 

Unmitigated Consequences 

Radiological 
Public: Negligible 
WG1: Low 
WG2: Negligible 

Chemical 
Public: N/A 
WG1: N/A 
WG2: N/A 

ODH 
Public: N/A 
WG1: N/A 
WG2: N/A 

Safety Function: 
Prevent a release of hydrogen in the Core Vessel from resulting in a detonation in the vacuum system exhaust and causing a significant release of radiological material. 

Method of Detection:  
Loss of hydrogen pressure in cryogenic moderator system detected by monitoring instrumentation in hydrogen handling system.  
Pressure monitoring in core vessel environment.  

Core vessel burst disk rupture alarm in the control room.  

Core vessel exhaust system vent system monitoring.  

CMS transfer line vacuum monitoring for loss of vacuum.    

MPS monitoring hydrogen parameters (e.g.) pressure and flow).   

Core vessel liquid detection probe if premoderator also fails.  
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Event Number  
CMS2-1 

Planned analysis, assumption validations, and Risk/Opportunities: 
1. Core vessel vacuum and helium systems potential for hydrogen deflagration/detonation. 
2. Transient thermal and structural venting analysis. 
3. Moderator thermal and structural analysis. 
4. Evaluate hydrogen transfer lines to B31.3/B31.12. 

Mitigated Consequences: 

Radiological  
Public: Negligible 
WG1: Low 
WG2: Negligible 

Chemical  
Public: N/A 
WG1: N/A 
WG2: N/A 

ODH 
Public: N/A 
WG1: N/A 
WG2: N/A 

Notes: 
1. The impact to the facility worker (Onsite 1 receptor) is from radiological consequences only as the deflagration is a SIH. 
2. Should the vacuum pump not be located in the high bay, this event will require reevaluation. 
3. A breach of the vacuum boundary for the MRA/CMS will lead to hydrogen venting out the hydrogen safe vent. 
4. The burst disk designed with a rating of less than +7.35 PSIG and vent system designed to limit peak core vessel pressure to below 15 psig even with 

rapid water loss from the target and/or credible hydrogen moderator failures. 

Mitigated 
Frequency  
U 
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Event Number 
CMS2-2a 

Event Description: 
Breach of Cryogenic Moderator vessel allows hydrogen to escape from the moderator vessel into the surrounding area within the core vessel.  Hydrogen accumulates in 
concentrations greater than the LEL in air resulting in a detonation releasing a fraction of the activated target mass and activated cooling water. No follow-on fire results. 

Assumptions and Initial Conditions: 
1. Initial breach is of both the hydrogen and vacuum boundary. (IC) 
2. Inert core vessel atmosphere with helium or vacuum mode of core vessel 

operation (IC) 
3. A single cryogenic moderator loop that has a quantity of hydrogen below the 

NFPA2 MAQ values. (DF) 

Causes: 
1. Failure of the moderator assembly or the hydrogen piping due 

to material fatigue (e.g., vibration). 
2. Damage to the moderator vessel during construction. 
3. Installation error (e.g., weld) during MRA replacement. 
4. Design or fabrication errors. 
5. Radiation damage. 
6. Full crimping of the transfer line outside the target drive room. 

(See Event CMS2-2b) 

Initiating Event 
Frequency  
BEU 

Unmitigated Impact on Systems: 
1. Loss of vacuum causes pressure rise above 19 bar and hydrogen release through hydrogen and moderator 

vacuum hydrogen safe vent. 
2. If core vessel pressure exceeds core vessel burst disk pressure, hydrogen will vent through core vessel 

hydrogen safe vent. 
3. Leakage of hydrogen and possibly pre-moderator/reflector (Loop 2) water to core vessel. 

Unmitigated Consequences 

Radiological  
Public: Negligible 
WG1: Low 
WG2: Negligible 

Chemical Public: 
N/A 
WG1: N/A 
WG2: N/A 

ODH 
Public: N/A 
WG1: N/A 
WG2: N/A 

Safety Function: 
Inert Core Vessel required to prevent the deflagration or detonation in the Core Vessel 

Method of Detection:  

Loss of hydrogen pressure in cryogenic moderator system detected by monitoring instrumentation in hydrogen handling system.  
Pressure monitoring in core vessel environment.  

Core vessel burst disk rupture alarm in the control room.  

Core vessel exhaust system vent system monitoring.  

CMS transfer line vacuum monitoring for loss of vacuum. (EC)   

MPS monitoring hydrogen parameters (e.g.) pressure and flow). (EC)  

Core vessel liquid detection probe if premoderator also fails.  
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Event Number 
CMS2-2b 

Event Description: 
Breach of Cryogenic Moderator vessel allows hydrogen to escape from the moderator vessel into the surrounding area within the core vessel.  Hydrogen accumulates in 
concentrations greater than the LEL in air resulting in a detonation releasing a fraction of the activated target mass and activated cooling water. No follow-on fire results. 

Assumptions and Initial Conditions: 
1. Inert core vessel atmosphere with helium or vacuum mode of core 

vessel operation (IC) 
2. A single cryogenic moderator loop that has a quantity of hydrogen 

below the NFPA2 MAQ values. (DF) 

Causes: 
1. Crane drop or other impact on CMS transfer line outside the target drive 

room resulting in a full crimping of the hydrogen supply and return line as 
well as the vacuum jacked. 

2. Events other than full crimping of the transfer line outside the target drive 
room. (See Event CMS2-2a) 

Initiating 
Event 
Frequency  
U 

Unmitigated Impact on Systems: 
1. Loss of vacuum causes pressure rise above 19 bar and hydrogen release through hydrogen and moderator 

vacuum hydrogen safe vent. 
2. If core vessel pressure exceeds core vessel burst disk pressure, hydrogen will vent through core vessel hydrogen 

safe vent. 
3. Leakage of hydrogen and possibly pre-moderator/reflector (Loop 2) water to core vessel. 

Unmitigated Consequences 

Radiological  
Public: Negligible 
WG1: Low 
WG2: Negligible 

Chemical  
Public: N/A 
WG1: N/A 
WG2: N/A 

ODH 
Public: N/A 
WG1: N/A 
WG2: N/A 

Safety Function: 
Inert Core Vessel required to prevent the deflagration or detonation in the Core Vessel. 

Method of Detection:  

Loss of hydrogen pressure in cryogenic moderator system detected by monitoring instrumentation in hydrogen handling system.  
Pressure monitoring in core vessel environment.  

Core vessel burst disk rupture alarm in the control room.  

Core vessel exhaust system vent system monitoring.  

CMS transfer line vacuum monitoring for loss of vacuum. (EC)   

MPS monitoring hydrogen parameters (e.g.) pressure and flow). (EC)  

Core vessel liquid detection probe if premoderator also fails. (EC)  
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Event Number 
CMS2-2c 

Event Description: 
Breach of Cryogenic Moderator vessel allows hydrogen to escape from the moderator vessel into the surrounding area within the core vessel during remote handling 
operations when the Core Vessel is not inerted.  Hydrogen accumulates in concentrations greater than the LEL in air resulting in a detonation releasing a fraction of the 
activated target mass and activated cooling water. No follow-on fire results. 

Assumptions and Initial Conditions: 
1. Core vessel atmosphere is not inerted with the core vessel opened for remote 

handling operations. (IC) 
2. Event occurs during operations with the core vessel open to the atmosphere. (IC) 
3. Inherent combustible inventory of core vessel is very low. (See Note 1) (DF) 
4. A single cryogenic moderator loop that has a quantity of hydrogen below the NFPA2 

MAQ values. (DF) 

Causes: 
1. Crane drop or other impact on CMS inside the core 

vessel breaching the hydrogen supply and return line as 
well as the vacuum jack. 

2. Maintenance or operator error. 
3. Flammable/combustible liquid inadvertently drained into 

vessel during maintenance. 
4. Welding during maintenance. 
5. Hydrogen gas accumulation.  
6. Undefined ignition source. 

Initiating 
Event 
Frequency  
U 

Unmitigated Impact on Systems: 
1. Core vessel damage and damage to components in the core vessel. 

Unmitigated Consequences 

Radiological  
Public: Negligible 
WG1: Moderate 
WG2: Low 

Chemical  
Public: N/A 
WG1: N/A 
WG2: N/A 

ODH 
Public: N/A 
WG1: N/A 
WG2: N/A 

Safety Function: 
Prevent or mitigate release of radiological material from a detonation in the Core Vessel when the core vessel is open for remote handling operations and hydrogen is in the 
CMS/MRA. 

Method of Detection:  

Loss of hydrogen pressure in cryogenic moderator system detected by monitoring instrumentation in hydrogen handling system.  
Core vessel instrumentation (pressure/temperature).  

Core vessel exhaust system vent system monitoring.  

MPS monitoring hydrogen parameters (e.g.) pressure and flow). (EC)  

Fire detection in the High Bay.  
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Event Number 
CMS2-5a (Event Deleted as the vacuum jacked makes the event BEU and no need to have 2 events) 

Event Description: 
Breach of hydrogen piping in the target drive space above the core vessel and inside Target Drive Room allows hydrogen to escape.  Hydrogen accumulates in 
concentrations greater than the LEL in air resulting in a detonation releasing trace quantities of tritium or activated particulates contained in the hydrogen, release of 
activated cooling water.  A Target Drive Room roof failure onto the top of the core vessel and target drive motor is evaluated in CMS2-5b. 

Assumptions and Initial Conditions: 
1. Pockets of hydrogen could accumulate under shield blocks which are located above the core 

vessel. (IC) 
2. This event could release activated cooling water as the result of damage to water lines in the area. 

(IC) 
3. Loss of vacuum will cause overpressure in hydrogen system and venting though hydrogen system 

hydrogen safe vents. (IC) 
4. A single cryogenic moderator loop that has a quantity of hydrogen below the NFPA2 MAQ values. 

(DF) 
5. Personnel are not permitted in the Target Drive Room during beam operation (AC/DF) 
6. Transfer lines are vacuum jacketed from the core vessel to the HUR. (DF) 

Causes: 
1. Failure of the hydrogen piping due to corrosion. 
2. Piping damaged weakening the piping during 

installation or maintenance. 
3. Cracking at welds as the result of long-term 

vibration. 
4. Release of hydrogen accompanied by spark 

from electrical equipment, friction, or unknown 
ignition source. 

Initiating 
Event 
Frequency 
U  

Unmitigated Impact on Systems: 
1. Potential for significant damage to equipment located in space above core vessel (e.g., target drive motor, water lines). 
2. The energy associated with the detonation could cause a loss of core vessel integrity/atmosphere. 
3. The energy associated with the detonation could cause a loss of target cooling and loss of target rotation (target 

impacts are covered in TS events, except core vessel Inerting cannot be assumed).  

Unmitigated Consequences 

Radiological  
Public: Negligible 
WG1: Negligible  
WG2: Negligible 

Chemical 
Public: N/A 
WG1: N/A 
WG2: N/A 

ODH 
Public: N/A 
WG1: N/A 
WG2: N/A 

Safety Function: 
Prevent a detonation in the target drive room from causing a significant release of radiological material. 

Method of Detection:  
Hydrogen system monitoring instrumentation.  
CMS transfer line vacuum monitoring of loss of vacuum.  
MPS monitoring of the hydrogen system parameters (e.g., pressure and flow).  
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Event Number  
CMS2-5a (Event Deleted as the vacuum jacked makes the event BEU and no need to have 2 events) 

Planned analysis, assumption validations, and Risk/Opportunities: 
1. Evaluate routing of hydrogen and water lines for protection from external impacts.   
2. Evaluate hydrogen transfer lines to B31.3 or B31.12. 
3. Analysis to determine the potential for cooling water getting out of the space under the Target Drive Room and into 

the high bay and verify consequences if released.   

Mitigated Consequences: 

Radiological  
Public: N/A 
WG1: N/A 
WG2: N/A  

Chemical  
Public: N/A  
WG1: N/A 
WG2: N/A 

ODH 
Public: N/A 
WG1: N/A 
WG2: N/A 

Notes: 
1. The impact to the facility worker (Onsite 1 receptor) is from radiological consequences only. 
2. The initial condition (design feature) that the transfer lines are vacuum jacketed from the core vessel to the HUR makes this event BEU, as it takes a 

double failure to release hydrogen in this space.  

Mitigated 
Frequency  
BEU 
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Event Number 
CMS2-5 

Event Description: 
Breach of hydrogen piping in the target drive space above the core vessel and inside Target Drive Room allows hydrogen to escape. Hydrogen accumulates in 
concentrations greater than the LEL in air resulting in a detonation releasing trace quantities of tritium or activated particulates contained in the hydrogen, release of 
activated cooling water, and Target Drive Room roof to fall onto the top of the core vessel and target drive motor.  

Assumptions and Initial Conditions: 
1. Pockets of hydrogen could accumulate under shield blocks which are located above the core vessel. 

(IC) 
2. This event could release activated cooling water as the result of damage to water lines in the area. (IC) 
3. Loss of vacuum will cause overpressure in hydrogen system and venting though hydrogen system 

hydrogen safe vents. (IC) 
4. Target Drive Room roof failure results in an immediate stoppage of target rotation and a breach of the 

core vessel boundary (at the lid). (IC) 
5. A single cryogenic moderator loop that has a quantity of hydrogen below the NFPA2 MAQ values. (DF) 
6. Transfer lines are vacuum jacketed from the core vessel to the HUR. (DF) 
7. Personnel are not permitted in the Target Drive Room during beam operation (AC/EC) 

Causes: 
1. Failure of the hydrogen piping due to 

corrosion. 
2. Piping damaged weakening the piping during 

installation or maintenance. 
3. Cracking at welds as the result of long-term 

vibration. 
4. Release of hydrogen accompanied by spark 

from electrical equipment, friction, or unknown 
ignition source. 

Initiating 
Event 
Frequency 
U  

Unmitigated Impact on Systems: 
1. Potential for significant damage to equipment located in space above core vessel (e.g., target drive motor, water 

lines). 
2. The energy associated with the detonation could cause a loss of core vessel integrity/atmosphere. 
3. The energy associated with the detonation could cause a loss of target cooling and loss of target rotation (target 

impacts are covered in TS events, except core vessel Inerting cannot be assumed). 
4. Damage to the target drive and target segments.  

Unmitigated Consequences 

Radiological  
Public: Negligible 
WG1: Moderate 
WG2: Low 

Chemical 
Public: N/A 
WG1: N/A 
WG2: N/A 

ODH 
Public: N/A 
WG1: N/A 
WG2: N/A 

Safety Function: 
Prevent a detonation in the target drive room from causing a significant release of radiological material. 

Method of Detection:  
Hydrogen system monitoring instrumentation.  
CMS transfer line vacuum monitoring of loss of vacuum.  
MPS monitoring of the hydrogen system parameters (e.g., pressure and flow).  
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Event Number  
CMS2-5 

Planned analysis, assumption validations, and Risk/Opportunities: 
1. Evaluate routing of hydrogen and water lines for protection from external impacts.   
2. Evaluate hydrogen transfer lines to B31.3 or B31.12. 
3. Analysis to determine the potential for cooling water getting out of the space under the Target Drive Room and into 

the high bay and verify consequences if released.   

Mitigated Consequences: 

Radiological  
Public: N/A 
WG1: N/A 
WG2: N/A  

Chemical  
Public: N/A  
WG1: N/A 
 WG2: N/A 

ODH 
Public: N/A 
WG1: N/A 
WG2: N/A 

Notes: 
1. The impact to the facility worker (Onsite 1 receptor) is from radiological consequences only. 
2. The initial condition (design feature) that the transfer lines are vacuum jacketed from the core vessel to the HUR makes this event BEU, as it takes a 

double failure to release hydrogen in this space. 
3. Hydrogen transfer lines between the Core Vessel and the HUR are located in trenches/recesses/protected with cover plates to prevent impact from 

operations or falling objects from damage to the transfer line leading to a release of hydrogen. 

Mitigated 
Frequency  
Prevented 
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Event Number 
CMS2-7 (Event deleted as redundant with CMS 2-1) 

Event Description: 
Breach of Cryogenic Moderator vessel or associated piping in the core vessel allows hydrogen to escape into the surrounding area within the core vessel. The core vessel 
vacuum vent system draws hydrogen from the core vessel into vacuum vent system to the roughing pump in concentrations greater  than the LEL leading to a detonation at 
the roughing pump releasing trace quantities of tritium or activated particulates contained in the hydrogen. 
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Event Number 
CMS4-1 

Event Description: 
Water leak from premoderator freezes on moderator and builds up causing moderator failure and release of activated water and hydrogen into core vessel with trace 
quantities of tritium or activated particulates contained in the hydrogen. 

Assumptions and Initial Conditions: 
1. Inert core vessel in helium or vacuum mode. (IC) 
2. Hydrogen safe vent systems. (DF/IC) 
3. No deflagration or detonation of the hydrogen in the Core Vessel or in the Vessel Vent system. (IC) 
4. Pre-moderator/reflector (Loop 2) water could be heavily tritiated. (IC) 
5. Hydrogen and gaseous material is vented from the Core Vessel via the Core Vessel vacuum 

system. (IC)  
6. Released water is captured in the bottom of the Core Vessel and flows into the STS Core Vessel 

leak handling system. (IC)  
7. A single cryogenic moderator loop that has a quantity of hydrogen below the NFPA2 MAQ values. 

(DF) 
8. Core vessel drain is normally closed during beam operation. (IC) 

Causes: 
1. Failure of the premoderator due to corrosion. 
2. Premoderator damaged during installation or 

maintenance. 

3. Cracking at welds as the result of long-term 
vibration. 

Initiating 
Event 
Frequency  
A 

Unmitigated Impact on Systems: 
1. Moderator Reflector Assembly replacement needed. 
2. Recovery time (including operational verification that the system is safe to operate) to restore normal operation.  
3. Removing water from the bottom of the Core Vessel. 

Unmitigated Consequences 

Radiological  
Public: Negligible 
WG1: Low 
WG2: Negligible 

Chemical 
Public: N/A 
WG1: N/A 
WG2: N/A 

ODH 
Public: N/A 
WG1: N/A 
WG2: N/A 

Safety Function: 
Prevent workers from receiving a significant dose from being in the region of the core vessel drain system during operation or during a drain. 

Method of Detection:  
Loss of hydrogen pressure in cryogenic moderator system detected by monitoring instrumentation in hydrogen handling system/ accumulator bellows motion.  
Pressure and concentration (RGA) monitoring in core vessel environment.  
CMS transfer line vacuum monitoring loss of vacuum.  
Core vessel liquid detection probe.  
MPS Monitoring of the hydrogen system parameters (e.g., pressure and flow).  
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Event Number 
CMS4-2 

Event Description: 
Rotating target strikes reflector and causes moderator vessel failure with release of hydrogen and activated water into core vessel with trace quantities of tritium or 
activated particulates contained in the hydrogen leading to a potential direct exposure to a worker from higher than anticipated water activation in the drain line. 

Assumptions and Initial Conditions: 
1. Inert core vessel in helium or vacuum mode. (IC) 
2. Hydrogen safe vent systems. (IC) 
3. No deflagration or detonation of the hydrogen in the Core Vessel or in the Vessel Vent system. (IC) 
4. Pre-moderator/reflector (Loop 2) water could be heavily tritiated. (IC) 
5. Hydrogen and gaseous material is vented from the Core Vessel via the Core Vessel vacuum system. 

(IC)  
6. Released water is captured in the bottom of the Core Vessel and flows into the STS Core Vessel leak 

handling system. (IC)  
7. Hydrogen vessels are buried in the reflector with two layers of aluminum and the beryllium reflector 

preventing any contact. (DF) 
8. A single cryogenic moderator loop that has a quantity of hydrogen below the NFPA2 MAQ values. (DF) 
9. Core vessel drain is normally closed during beam operation. (IC) 

Causes: 
1. Mechanical failure of the target rotating 

system due to vibration or fabrication 
error. 

2. Installation error. 
3. Maintenance operations. 
4. Maintenance worker error. 

Initiating 
Event 
Frequency  
U 

Unmitigated Impact on Systems: 
1. Hydrogen leak.  
2. Impacts common with CM2-1a. 

Unmitigated Consequences 

Radiological  
Public: Negligible 
WG1: Low 
WG2: Negligible 

Chemical 
Public: N/A 
WG1: N/A 
WG2: N/A 

ODH 
Public: N/A 
WG1: N/A 
WG2: N/A 

Safety Function: 
 Prevent workers from receiving a significant dose from being in the region of the core vessel drain system during operation or during a drain.  

Method of Detection:  
Loss of hydrogen pressure in cryogenic moderator system detected by monitoring instrumentation in hydrogen handling system/ accumulator bellows motion.  
Pressure monitoring in core vessel environment.  
CMS transfer line vacuum monitoring loss of vacuum.  
Core vessel liquid detection probe.  
Target rotation measurement.  
MPS Monitoring of the hydrogen system parameters (e.g., pressure and flow).  
Beam on Target Imaging System.  





 

D
-5

1
 

Event Number  
CMS4-2 

Notes: 
1. Consequences of gaseous releases are covered by event CMS3-1. 
2. Consequences of a Hydrogen leak with detonation have consequences and Impacts common with CMS2-1. 
3. Consequences of a Hydrogen leak with deflagration have consequences and Impacts common with CMS1-1. 
4. The burst disk designed with a rating of less than +7.35 PSIG and vent system designed to limit peak core vessel pressure to below 15 psig even with rapid 

water loss from the target and/or credible hydrogen moderator failures. 
5. The leak detection instrumentation is not in the core vessel, but in a drain from the core vessel to the Core Vessel Drain Tank.  The Core Vessel Drain Tank 

is isolated from the Core Vessel and drain line by a valve.  The Core Vessel Drain provides three levels of action.  Low level detection on initial leak and 
alarm in the control room; MPS trip on high level; and TPS trip on high-high level.  The drain line is closed during vacuum operation downstream of the leak 
detection. During helium operation it is possible to continue operation with a small leak in the water systems using applicable procedures to permit this off 
normal condition. 

Mitigated 
Frequency  
U 
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Event Number  
CMS4-4 

Notes: 
1. Consequences of gaseous releases are covered by event CMS3-1. 
2. The burst disk designed with a rating of less than +7.35 PSIG and vent system designed to limit peak core vessel pressure to below 15 psig even with 

rapid water loss from the target and/or credible hydrogen moderator failures. 
3. The leak detection instrumentation is not in the core vessel, but in a drain from the core vessel to the Core Vessel Drain Tank.  The Core Vessel Drain 

Tank is isolated from the Core Vessel and drain line by a valve.  The Core Vessel Drain provides three levels of action.  Low level detection on initial leak 
and alarm in the control room; MPS trip on high level; and TPS trip on high-high level.  The drain line is closed during vacuum operation downstream of 
the leak detection. During helium operation it is possible to continue operation with a small leak in the water systems using applicable procedures to 
permit this off normal condition. 

Mitigated 
Frequency  
A 
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Event Number 
CMS7-1 

Event Description: 
Breach of Cryogenic Moderator vessel after an SDC-2 level seismic event which allows hydrogen to escape from the moderator vessel into the surrounding area within the 
core vessel.  The Core vessel boundary fails and air at 1 bar enters the core vessel. Hydrogen accumulates in core vessel in concentrations greater than the LEL in air 
resulting in a detonation releasing a fraction of the activated target mass, reflector beryllium, and activated cooling water.  The seismic event is assumed to cause a beam 
trip. (See Note 6) 

Assumptions and Initial Conditions: 
1. Workers are assumed to evacuate buildings instinctively during earthquakes however, until they reach 100 

m from the building, they are considered WG1 however, the egress path must be protected to permit 
evacuation. (IC) 

2. Core vessel boundary seals fail and inert atmosphere is lost. (IC) 
3. Monolith iron shielding and core vessel components position is retained by external concrete structure. 

(DF) 
4. Most hydrogen vents through moderator transfer line due to loss of vacuum, but enough is released into 

the core vessel to detonate and cause target damage. (IC) 
5. No follow-on fire results from this event. (IC) 
6. The earthquake causes loss of the accelerator proton beam. (See Note 6) (DF) 
7.  Monolith stays intact and serves as target heat sink so decay heat cannot raise target temperature close 

to the 800 C threshold for a tungsten steam reaction. (IC/DF) 
8. Potential for release of trace quantities of tritium or activated particulates contained in the hydrogen; pre-

moderator/reflector (Loop 2) and reflector water could be heavily tritiated. (IC) 
9. Active cooling or electric power are not needed for decay heat removal with the beam off. (DF/IC) 
10. A single cryogenic moderator loop that has a quantity of hydrogen below the NFPA2 MAQ values. (DF) 
11. After loss of cooling with beam trip decay heat cannot raise target temperature to 800 C threshold for 

tungsten/steam reaction. (DF) 
12. No spent core vessel components (e.g., target segment or MRA vessel) are storge in the High Bay.  All 

similarly activated components with the potential for release are housed in the Service Cell Pits.  The 
transfer times for moving these components from the core vessel to the Service Cell Pits is short enough 
so that assuming a SDC-2 level event is during transfer from the core vessel is BEU. (IC) 

Causes: 
1. SDC-2 level Seismic Event. 
2. SDC-2 level causes failure of the 

moderator assembly or the hydrogen 
piping due to displacements within the 
core vessel.  

3. Ignition could be provided by friction 
from rotating target contacting 
shielding, thermal build-up. 

Initiating 
Event 
Frequency  
U 
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Event Number 
CMS7-2 (Event Deleted as a seismic event always causes a beam trip) 

Event Description: 
Breach of Cryogenic Moderator vessel after an SDC-2 level seismic event which allows hydrogen to escape from the moderator vessel into the surrounding area within the 
core vessel.  The Core vessel boundary fails and air at 1 bar enters the core vessel.  Hydrogen accumulates in core vessel in concentrations greater than the LEL in air 
resulting in a detonation releasing a fraction of the activated target mass, reflector beryllium, and activated cooling water.  The seismic event is assumed to result in an 
inherent beam trip. (See Note 6).  

Assumptions and Initial Conditions: 
1. Workers are assumed to evacuate buildings instinctively during earthquakes however, until they reach 

100-m from the building they are considered WG1 however, the egress path must be protected to permit 
evacuation. (IC) 

2. The earthquake causes loss of the accelerator proton beam. (See Note 6) (DF) 
3. Core vessel boundary seals fail and inert atmosphere is lost. (IC)   
4. Monolith iron shielding and core vessel components position is retained by external concrete structure. 

(DF) 
5. No follow-on fire results from this event. (IC) 
6. Most hydrogen vents through moderator transfer line due to loss of vacuum, but enough is released into 

the core vessel to detonate and cause target damage should air enter the core vessel. (IC) 
7. Monolith stays intact and serves as target heat sink so decay heat cannot raise target temperature close 

to the 800 C threshold for a tungsten steam reaction. (IC/DF) 
8. Potential for release of trace quantities of tritium or activated particulates contained in the hydrogen; pre-

moderator/reflector (Loop 2) and reflector water could be heavily tritiated. (IC) 
9. Active cooling or electric power are not needed for decay heat removal with the beam off. (DF) 
10. The TPS inherent trip capability at the front end is designed to SDC-2 requirements and would provide a 

beam trip on either a system fault signal or loss of system monitoring signal. (DF) 
11. A single cryogenic moderator loop that has a quantity of hydrogen below the NFPA2 MAQ values. (DF) 
12. Active cooling or electric power are not needed for decay heat removal with the beam off. (DF/IC) 

Causes: 
1. SDC-2 level Seismic Event. 
2. SDC-2 level causes failure of the 

moderator assembly or the hydrogen 
piping due to displacements within the 
core vessel.  

3. Ignition could be provided by friction 
from rotating target contacting shielding, 
thermal build-up.  

Initiating 
Event 
Frequency  
EU 
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Event Number 
CMS7-3 

Event Description: 
An SDC-2 level seismic event results in structural damage to target building resulting in a breach of Cryogenic Moderator vessel and core vessel with moderator and core 
vessel vent lines blocked by debris.  The event allows hydrogen to escape from the moderator vessel into the surrounding area within the core vessel.  The Core vessel 
boundary fails and air at 1 bar infiltrates the vessel.  Hydrogen accumulates in concentrations greater than the LEL in air resulting in a detonation releasing a fraction of the 
activated target mass and activated cooling water.  A secondary detonation within core vessel after the initial detonation is assumed when LEL is reached from the 
remaining hydrogen release into the vessel.  A follow-on facility fire is assumed outside the core vessel. 

Assumptions and Initial Conditions: 
1. The earthquake causes loss of the accelerator proton beam. (See Note 6) (DF) 
2. Workers are assumed to evacuate buildings instinctively during earthquakes however, until they reach 100-m from 

the building they are considered WG1 however, the egress path must be protected to permit evacuation. (IC) 
3. Core vessel boundary seals fail, and inert atmosphere is lost. (IC) 
4. Monolith iron shielding and core vessel components position is retained by external concrete structure. (DF) 
5. Most hydrogen vents through moderator transfer line due to loss of vacuum, but enough is released into the core 

vessel to detonate next to the target and cause target damage. (IC) 
6. Monolith stays intact and serves as target heat sink so decay heat cannot raise target temperature close to the 

800 C threshold for a tungsten steam reaction. (IC) 
7. Potential for release of trace quantities of tritium or activated particulates contained in the hydrogen; pre-

moderator/reflector (Loop 2) water could be heavily tritiated; moderator hydrogen could be released directly to the 
hydrogen safe vent stack. (IC) 

8. After loss of cooling with beam trip decay heat cannot raise target temperature to 800 C threshold for 
tungsten/steam reaction. (DF) 

9. No spent core vessel components (e.g., target segment or MRA vessel) are storge in the High Bay.  All similarly 
activated components with the potential for release are housed in the Service Cell Pits.  The transfer times for 
moving these components from the core vessel to the Service Cell Pits is short enough so that assuming a SDC-2 
level event is during transfer from the core vessel is BEU. (IC) 

10. Target radionuclides are protected from possible effects of fire by massive steel and concrete shielding of the 
monolith structure and limited potential for an external fire causing a chimney effect in the core vessel. (DF) 

11. A single cryogenic moderator loop that has a quantity of hydrogen below the NFPA2 MAQ values. (DF) 
12. Active cooling or electric power are not needed for decay heat removal with the beam off. (DF/IC) 

Causes: 
1. SDC-2 level Seismic event. 
2. SDC-2 event causes failure of 

the moderator assembly or the 
hydrogen piping due to 
displacements within the core 
vessel.  

3. Ignition could be provided by 
friction from rotating target 
contacting shielding, thermal 
build-up or sparks from any 
electrical equipment such as 
controls and monitoring devices 
(e.g., thermocouples). 

Initiating 
Event 
Frequency  
U 
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Event Number 
CMS7-5 

Event Description: 
SDC-2 level Seismic event with Breach of Cryogenic Moderator vessel and core vessel.  Moderator and core vessel vent lines blocked by debris or are fully crimped 
allowing trapped hydrogen to escape from the moderator vessel into the surrounding area within the core vessel.  Hydrogen accumulates in concentrations greater than the 
LFL in air, is ignited and deflagrates heating the target mass.  Reaction gases or powders released through core vessel boundary breaches. 

Assumptions and Initial Conditions: 
1. Workers are assumed to evacuate buildings instinctively during earthquakes however, until they reach 100-m 

from the building they are considered WG1 however, the egress path must be protected to permit evacuation. 
(IC) 

2. Core vessel boundary seals fail and inert atmosphere is lost. (IC) 
3. Hydrogen is released in the core vessel and burns adjacent to target. (IC) 
4. Monolith stays intact and serves as target heat sink so decay heat cannot raise target temperature close to the 

800 C threshold for a tungsten steam reaction.  (IC) 
5. Potential for release of trace quantities of tritium or activated particulates contained in the hydrogen; pre-

moderator/reflector (Loop 2) water could be heavily tritiated. (IC) 
6. After loss of cooling with beam trip decay heat cannot raise target temperature to 800 C threshold for 

tungsten/steam reaction. (DF) 
7. No spent core vessel components (e.g., target segment or MRA vessel) are storge in the High Bay.  All similarly 

activated components with the potential for release are housed in the Service Cell Pits.  The transfer times for 
moving these components from the core vessel to the Service Cell Pits is short enough so that assuming a SDC 
2 level event is during transfer from the core vessel is BEU. (IC)A single cryogenic moderator loop. (DF) 

8. The earthquake causes loss of the accelerator proton beam. (See Note 6) (DF) 
9. A single cryogenic moderator loop that has a quantity of hydrogen below the NFPA2 MAQ values. (DF) 
10. Active cooling or electric power are not needed for decay heat removal with the beam off. (DF/IC) 

Causes: 
1. SDC-2 level Seismic Event 
2. SDC-2 level causes failure of 

the moderator assembly or the 
hydrogen piping due to 
displacements within the core 
vessel.   

3. Ignition could be provided by 
friction from rotating target 
contacting shielding, thermal 
build-up 

Initiating 
Event 
Frequency  
U 

Unmitigated Impact on Systems: 
1. A rapid deflagration involving hydrogen in the core vessel could result in damage to the moderator reflector 

assembly, target, proton beam window, shielding, etc.  
2. Water could be released from the premoderator, and the deflagration could heat the target mass.  
3. Seismic event of this magnitude would inherently cause a beam trip. 
4. Potential for significant damage to the target building 
5. Seismic event building damage could lead to a Roof collapse which could impact hydrogen utility room 

releasing H2, equipment stored in the high bay, target systems above the core vessel, damage the core vessel 
lid (including the target drive motor, target drive, process lines in this area, target segments), and transient 
waste in the high bay and add additional sources for this scenario. 

Unmitigated Consequences 

Radiological  
Public: Negligible 
WG1: Moderate 
WG2: Negligible 

Chemical 
Public: Negligible 
WG1: Negligible 
WG2: Negligible 

ODH 
Public: N/A 
WG1: N/A 
WG2: N/A 
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Event Number 
CMS7-6 

Event Description: 
Hydrogen release from core vessel after an SDC-2 level seismic event mixes with air in neutron beam bunkers and accumulates in concentrations greater than the LEL, 
leading to a detonation. 

Assumptions and Initial Conditions: 
1. No follow-on fire results from this event. (IC) 
2. Workers are assumed to evacuate buildings instinctively during earthquakes however, until they reach 100-m from 

the building they are considered WG1 however, the egress path must be protected to permit evacuation.  (IC) 
3. Most hydrogen vents through moderator transfer line due to loss of vacuum. (IC) 
4. Monolith stays intact and serves as target heat sink so decay heat cannot raise target temperature close to the 

800 C threshold for a tungsten steam reaction. (IC) 
5. Potential for release of trace quantities of tritium or activated particulates contained in the hydrogen; pre-

moderator/reflector (Loop 2) water could be heavily tritiated. (IC) 
6. Neutron shutters do not close, and hydrogen is released into the instrument bunkers. (IC) 
7. No detonation or deflagration in the Core Vessel. (IC) 
8. Neutron Beam bunkers configured for operation. (IC) 
9. Active cooling or electric power are not needed for decay heat removal with the beam off. (DF/IC) 
10. A single cryogenic moderator loop that has a quantity of hydrogen below the NFPA2 MAQ values. (DF) 
11. The earthquake causes loss of the accelerator proton beam. (See Note 2) (DF) 
12. After loss of cooling with beam trip decay heat cannot raise target temperature to 800 C threshold for 

tungsten/steam reaction. (DF) 
13. No spent core vessel components (e.g., target segment or MRA vessel) are storge in the High Bay.  All similarly 

activated components with the potential for release are housed in the Service Cell Pits.  The transfer times for 
moving these components from the core vessel to the Service Cell Pits is short enough so that assuming a SDC-2 
level event is during transfer from the core vessel is BEU. (IC) 

Causes: 
1. SDC-2 Seismic Event fails 

hydrogen and vacuum 
boundary and at least on 
neutron optics insert core 
vessel seal. 

2. SDC-2 seismic event causes 
failure of the moderator 
assembly or the hydrogen 
piping due to displacements 
within the core vessel.  

3. Ignition could be provided by 
friction from rotating target 
contacting shielding, thermal 
build-up 

Initiating 
Event 
Frequency 
U 

Unmitigated Impact on Systems: 
1. Extensive damage to the neutron beam optics and instrumentation within the bunker region could occur.  
2. The bunker region could also be contaminated.  
3. The beam optical equipment may have already been damaged by the seismic event assuming they are not 

designed for the seismic event. 
4. Seismic event building damage could lead to a Roof collapse which could impact hydrogen utility room releasing 

H2, equipment stored in the high bay, target systems above the core vessel, damage the core vessel lid (including 
the target drive motor, target drive, process lines in this area, target segments), and transient waste in the high 
bay and add additional sources for this scenario. 

Unmitigated Consequences 

Radiological 
Public: Negligible 
WG1: Low 
WG2: Negligible 

Chemical 
Public:  N/A 
WG1: N/A 
WG2: N/A 

ODH 
Public:  N/A 
WG1: N/A 
WG2: N/A 
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Event Number 
CMS7-7 

Event Description: 
An SDC-2 level seismic event during a system outage results in structural damage to target building resulting in a breach of Cryogenic Moderator vessel and core vessel 
with moderator and core vessel vent lines blocked by debris or pinched transfer line.  The event allows hydrogen to escape from the moderator vessel into the surrounding 
area within the core vessel.  The Core vessel boundary fails and air at 1 bar infiltrates the vessel.  Hydrogen accumulates in concentrations greater than the LEL in air 
resulting in a detonation releasing a fraction of the activated target mass and activated cooling water.  A secondary detonation within core vessel after the initial detonation 
is assumed when LEL is reached from the remaining hydrogen release into the vessel.  A follow-on facility fire is assumed outside the core vessel. 

Assumptions and Initial Conditions: 
1. The accelerator proton beam is off during an outage. (IC) 
2. Hydrogen is assumed to remain in the CMS unless the core vessel is opened to atmosphere and the inert 

atmosphere is not in place. (AC) 
3. Workers are assumed to evacuate buildings instinctively during earthquakes however, until they reach 100-m from 

the building they are considered WG1 however, the egress path must be protected to permit evacuation. (IC) 
4. Core vessel boundary seals fail, and inert atmosphere is lost. (IC) 
5. Monolith iron shielding and core vessel components position is retained by external concrete structure. (DF) 
6. Hydrogen is released in the core vessel and detonates adjacent to target. (IC) 
7. Monolith stays intact and serves as target heat sink so decay heat cannot raise target temperature close to the 

800 C threshold for a tungsten steam reaction. (IC) 
8. Potential for release of trace quantities of tritium or activated particulates contained in the hydrogen; pre-

moderator/reflector (Loop 2) water could be heavily tritiated; moderator hydrogen could be released directly to the 
hydrogen safe vent stack. (IC) 

9. After loss of cooling with beam off decay heat cannot raise target temperature to 800 C threshold for 
tungsten/steam reaction. (DF) 

10. Target radionuclides are protected from possible effects of fire by massive steel and concrete shielding of the 
monolith structure and limited potential for an external fire causing a chimney effect in the core vessel. (DF) 

11. A single cryogenic moderator loop that has a quantity of hydrogen below the NFPA2 MAQ values. (DF) 
12. Active cooling or electric power are not needed for decay heat removal with the beam off. (DF/IC) 
13. The core vessel may not be initially inerted during maintenance operations. (IC) 

Causes: 
1. SDC-2 level Seismic event. 
2. SDC-2 event causes failure of 

the moderator assembly or the 
hydrogen piping due to 
displacements within the core 
vessel.  

3. Ignition could be provided by 
friction from rotating target 
contacting shielding, thermal 
build-up or sparks from any 
electrical equipment such as 
controls and monitoring devices 
(e.g., thermocouples). 

Initiating 
Event 
Frequency  
U 
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APPENDIX E. COOLING WATER (CW) HAZARD EVENT TABLES 

Event Number 
CW2-1a 

Event Description: 
Explosion in Loop 1 GLS tank in the HPV. 

Assumptions and Initial Conditions: 
1. Explosion is assumed to not involve target failure and core vessel water release. (IC) 
2. Could occur during venting or evacuation of system high point gases from the system 

(radiolysis gases: H2 and O2). (IC) 
3. Personnel access is restricted when the beam is on and before required dose level 

decay has occurred. (IC) 
4. Beam is terminated preventing target loss (target events with beam continuing to 

operate are addressed in TS event tables). (IC) 
5. Loop 1 provides cooling water for the Target. (DF) 
6. Loop 2 provides cooling water for the Proton Beam Window, TVP, MRA, and water-

cooled shielding. (DF) 

Causes: 
1. Improper venting procedures. 
2. Ignition caused by static charge buildup. 
3. Failure to use non-sparking tools or equipment. 
4. Other unidentified ignition source. 

Initiating 
Event 
Frequency  
U 

Unmitigated Impact on Systems: 
1. Loss of containment in the Loop 1 cooling system.  
2. Explosion in one gas/liquid separation tank could damage the other components in the e HPV (including Loop 2 

components) causing a release of their inventory as well.  
3. Water hammer effect from explosion could damage the target.  
4. Contamination in the HPV delaying operations. 

Unmitigated Consequences 

Radiological 
Public: Negligible 
WG1: Low 
WG2: Negligible 

Chemical 
Public: N/A 
WG1: N/A 
WG2: N/A 

ODH 
Public: N/A 
WG1: N/A 
WG2: N/A 

Safety Function:  
Reduce potential for an explosion in the GLS tank from resulting in release of significant amount of radioactive coolant impacting WG1. 

Method of Detection:  
Visual  
Audible  
Abnormal system indications for affected cooling system  
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Event Number  
CW3-1a 

Notes: 
1. See event TS, HPV, CMS/MRA, and AIC event tables. 
2. TS events address continued beam operation and full consequences of this event including hydrogen release and target vaporization.  
3. The leak detection instrumentation is not in the core vessel, but in a drain from the core vessel to the Core Vessel Drain Tank.  The Core Vessel Drain 

Tank is isolated from the Core Vessel and drain line by a valve.  The Core Vessel Drain provides three levels of action.  Low level detection on initial leak 
and alarm in the control room; MPS trip on high level; and TPS trip on high-high level.  The drain line is closed during vacuum operation downstream of the 
leak detection. During helium operation it is possible to continue operation with a small leak in the water systems using applicable procedures to permit this 
off normal condition. 

Mitigated 
Frequency  
A 
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Event Number 
CW3-1c Event Deleted (included in TS events) 

Event Description: 
Loss of flow of cooling water to one segment of the segmented target cooled by Loop 1 
See Event TS3-6 and TS3-23. 
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Event Number  
CW3-1d 

Planned analysis, assumption validations, and Risk/Opportunities: 
1. Analysis to determine consequences of Loop 2 release. 
2. Align MPS trip with pump operation to provide a Soft Trip of the Linac front end impacting both the FTS and STS. 

Mitigated Consequences: 

Radiological 
Public: Negligible 
WG1: Low 
WG2: Negligible 

Chemical  
Public: N/A 
WG1: N/A  
WG2: N/A 

ODH 
Public: N/A  
WG1: N/A  
WG2: N/A 

Notes: 
1. Delay built into the MPS trip to provide recovery time prior to the required trip.  Delay time TBD 
2. See Event AIC3-10 
3. Collection of water by a proton beam window failure will either go to the core vessel (if leak from the vessel side of the window), the RTST (if leaked from 

the RTST side of the window), or to the bulk shielding liner drain collection system if leaked form the assembly away from the window.  
4. The burst disk designed with a rating of less than +7.35 PSIG and vent system designed to limit peak core vessel pressure to below 15 psig even with 

rapid water loss from the target and/or credible hydrogen moderator failures. 
5. The leak detection instrumentation is not in the core vessel, but in a drain from the core vessel to the Core Vessel Drain Tank.  The Core Vessel Drain 

Tank is isolated from the Core Vessel and drain line by a valve.  The Core Vessel Drain provides three levels of action.  Low level detection on initial leak 
and alarm in the control room; MPS trip on high level; and TPS trip on high-high level.  The drain line is closed during vacuum operation downstream of the 
leak detection. During helium operation it is possible to continue operation with a small leak in the water systems using applicable procedures to permit this 
off normal condition. 

Mitigated 
Frequency  
A 
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Event Number 
CW3-2b 

Event Description: 
Loss of cooling water Loop 2 heat sink. 

Assumptions and Initial Conditions: 
1. Loop 1 provides cooling water for the Target. (DF) 
2. Loop 2 cools the PBW, TVP, MRA, and CV shielding. (DF/IC)  
3. Proton beam window will not fail for nominally an hour without cooling and does not provide a short-term passive 

beam trip. (DF) 
4. Redundant power supply busses for Loop 2 pumps. (DF)  
5. Core vessel operating in inert helium near atmospheric pressure or in vacuum. (IC) 
6. Double walled heat exchanger for both Loop 1 and Loop 2 to the cooling tower water with valve isolation capability 

on each loop eliminates the need for a secondary DI water loop. (DF) 

Causes: 
1. Loss of central DI water 

flow primary pump power 
supply. 

2. Pump breaker trip. 
3. Valve misalignment. 
4. Pump seizure. 

Initiating 
Event 
Frequency  
A 

Unmitigated Impact on Systems: 
1. TVP, CMS/MRA, or near field shielding boundary could fail due to material defect or overheating.  
2. Loss of Loop 2 cooling could result in boiling in stagnant water within reflector or near field shielding, with 

resulting breach of vessel due to overheating and boiling pressure pulses.  
3. Hot loop water leaks from reflector.  
4. Core vessel atmosphere rupture disk may rupture due to expanding steam. 
5. Extended shutdown for component replacement. 
6. Contamination of Core Vessel, Core Vessel Vacuum or He System, and RTST Line. 
7. Bulk of water released from coolant system into the core vessel retained in core vessel ullage and drain line. 

Unmitigated Consequences 

Radiological 
Public: Negligible 
WG1: Low 
WG2: Negligible 

Chemical 
Public: N/A 
WG1: N/A 
WG2: N/A 

ODH 
Public: N/A 
WG1: N/A 
WG2: N/A 

Safety Function:  
Reduce probability of loss of Loop 2 cooling water heat sink resulting in a release of significant quantities of radiological material impacting WG1. 
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Event Number  
CW3-2b 

Planned analysis, assumption validations, and Risk/Opportunities:  Mitigated Consequences 

Radiological 
Public: Negligible 
WG1: Low 
WG2: Low 

Chemical 
Public: N/A  
WG1: N/A 
WG2: N/A 

ODH 
Public: N/A 
WG1: N/A 
WG2: N/A 

Notes: 
1. Unmitigated consequences assumed similar to CW3-4 event.  
2. Similar to CW3-1b. 
3. See events in the HPV, CMS/MRA, and AIC event tables. 
4. The leak detection instrumentation is not in the core vessel, but in a drain from the core vessel to the Core Vessel Drain Tank.  The Core Vessel Drain Tank is 

isolated from the Core Vessel and drain line by a valve.  The Core Vessel Drain provides three levels of action.  Low level detection on initial leak and alarm in 
the control room; MPS trip on high level; and TPS trip on high-high level.  The drain line is closed during vacuum operation downstream of the leak detection. 
During helium operation it is possible to continue operation with a small leak in the water systems using applicable procedures to permit this off normal 
condition. 

Mitigated 
Frequency  
A 
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Event Number 
CW3-2c (Event Deleted with PBW moved to Loop 2) 

Event Description: 
Loss of cooling water Loop 2 heat sink without impact on Loop 1. 
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Event Number  
CW3-3a 

Notes:  
1. In the helium mode drain is possible without shutting down. Shutdown required for vacuum mode.  
2. See events in the TS, HPV, CMS/MRA, and AIC event tables. 
3. Target cooling system design basis document provides conditions under which the core vessel drain can remain open and permit continued operations.  
4. To maintain the core vessel drain open during operation, the design must address the loop seal (P-Trap) design and associated controls when balanced 

against: 
a. The height requirement of the core vessel drain loop seal and the core vessel rupture disk setting; 
b. The margin available between the core vessel leak detection alarm, MPS trip, and TPS trip levels;  
c. Leak rate permitted vs continued GLS tank operation;  
d. Core Vessel Drain Tank volume;  
e. etc. 

5. The leak detection instrumentation is not in the core vessel, but in a drain from the core vessel to the Core Vessel Drain Tank.  The Core Vessel Drain 
Tank is isolated from the Core Vessel and drain line by a valve.  The Core Vessel Drain provides three levels of action.  Low level detection on initial leak 
and alarm in the control room; MPS trip on high level; and TPS trip on high-high level.  The drain line is closed during vacuum operation downstream of the 
leak detection. During helium operation it is possible to continue operation with a small leak in the water systems using applicable procedures to permit this 
off normal condition. 

Mitigated 
Frequency  
A 
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Event Number  
CW3-3b 

Notes:  
1. See events in the HPV, CMS/MRA, and AIC event tables. 
2. Target cooling system design basis document provides conditions under which the core vessel drain can remain open and permit continued operations. 
3. To maintain the core vessel drain open during operation, the design must address the loop seal (P-Trap) design and associated controls when balanced 

against: 
a. The height requirement of the core vessel drain loop seal and the core vessel rupture disk setting; 
b. The margin available between the core vessel leak detection alarm, MPS trip, and TPS trip levels; 
c. Leak rate permitted vs continued GLS tank operation; 
d. Core Vessel Drain Tank volume; 
4. etc. 

5. The burst disk designed with a rating of less than +7.35 PSIG and vent system designed to limit peak core vessel pressure to below 15 psig even with 
rapid water loss from the target and/or credible hydrogen moderator failures. 

6. The leak detection instrumentation is not in the core vessel, but in a drain from the core vessel to the Core Vessel Drain Tank.  The Core Vessel Drain 
Tank is isolated from the Core Vessel and drain line by a valve.  The Core Vessel Drain provides three levels of action.  Low level detection on initial leak 
and alarm in the control room; MPS trip on high level; and TPS trip on high-high level.  The drain line is closed during vacuum operation downstream of 
the leak detection. During helium operation it is possible to continue operation with a small leak in the water systems using applicable procedures to 
permit this off normal condition. 

Mitigated 
Frequency  
A 
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Event Number  
CW3-7a 

Notes:  
1. If the leak is small enough, it may not be detected until the GLS tank level reaches an alarm/trip point, as the vacuum operation will consume the small 

leak of cooling water.  
2. Similar to CW3-3a. 
3. See events in the TS, HPV, CMS/MRA, and AIC event tables. 
4. The leak detection instrumentation is not in the core vessel, but in a drain from the core vessel to the Core Vessel Drain Tank.  The Core Vessel Drain 

Tank is isolated from the Core Vessel and drain line by a valve.  The Core Vessel Drain provides three levels of action.  Low level detection on initial leak 
and alarm in the control room; MPS trip on high level; and TPS trip on high-high level.  The drain line is closed during vacuum operation downstream of the 
leak detection. During helium operation it is possible to continue operation with a small leak in the water systems using applicable procedures to permit this 
off normal condition. 

Mitigated 
Frequency  
A 
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Event Number 
CW3-7b 

Event Description: 
Leak of cooling water from Loop 2 cooling system from piping inside the core vessel and to the core vessel Drain Line. 

Assumptions and Initial Conditions: 
1. Loop 1 provides cooling water for the Target. (DF) 
2. Loop 2 provides cooling water for the Proton Beam Window, TVP, MRA, and water-cooled shielding. (DF) 
3. Inert core vessel atmosphere with helium or vacuum mode of core vessel operation. (IC) 
4. Activated water from the Loop 2 cooling system leaks inside vessel from primary piping or components. (IC) 
5. Beam is assumed to continue with no impact on the Target as it is cooled by Loop 1. Target events are addressed 

in TS event tables. (IC) 
6. Beam is assumed to continue with a small leak either with inert or vacuum core vessel operation. (IC) 
7. No automatic Loop 2 water makeup is provided. (IC) 
8. Drain line valve will be located in the HPV and is normally closed during operation. (IC) 
9. During vacuum operation, this will require beam termination to drain the water in the drain line and repair the leak. 

(IC) 
10. During helium operation, the design permits draining the drain line when the alarm level is reached (See Note 2). 

(IC) 
11. Personnel are not permitted in the HPV during beam operation. (IC) 
12. Proton beam window will not fail for nominally an hour without cooling so that it is not impacted by this event and 

does not provide a timely passive beam trip. (DF) 
13. CMS3-5 addresses a loss of or reduction of Loop 2 pre-moderator/reflector water flow results in overheating and 

boiling of pre-moderator/reflector water and breach of reflector vessel releasing water to core vessel. (IC) 
14. Damage to the TVP, and water-cooled shielding is addressed in AIC3-9. (IC) 

Causes: 
1. Pipe material defect or 

corrosion 
2. Fatigue from vibration 
3. Internal erosion  
4. Irradiation damage. 
5. Flange gasket leak 

Initiating 
Event 
Frequency 
A 

Unmitigated Impact on Systems: 
1. Eventual loss of Loop 2 cooling water system due to loss of system level in the GLS tank.  
2. Decontamination and cleanup required in area with potential exposure to personnel. 
3. Damage to Loop 2 cooled components. 

Unmitigated Consequences 

Radiological  
Public: Negligible 
WG1: Negligible 
WG2: Negligible 

Chemical  
Public: N/A 
WG1: N/A 
WG2: N/A 

ODH 
Public: N/A  
WG1: N/A  
WG2: N/A 

Safety Function:  
Reduce probability of Loop 2 cooling water leakage inside the core vessel leading to damage to Loop 2 cooled components and a release of significant quantities of radiological 
material impacting WG1. 

 
  





 

E
-4

1
 

 

Event Number  
CW3-7b 

Planned analysis, assumption validations, and Risk/Opportunities: 
1. Evaluation of the permissible amount of water leaked into the vessel and the peak rate to set trip set points. 
2. Determine if it is reasonable to drain water in the drain line during helium core vessel inerting operation. 

Mitigated Consequences: 

Radiological  
Public: Negligible 
WG1: Negligible 
WG2: Negligible 

Chemical 
Public: N/A 
WG1: N/A 
WG2: N/A 

ODH 
Public: N/A 
WG1: N/A 
WG2: N/A 

Notes:  
1. See event TS, HPV, CMS/MRA, and AIC event tables. 
2. There will be a P-trap/loop seal to isolate the core vessel and CV drain tank atmospheres and allow continuous drainage to the tank during helium core 

vessel inerting operation.  Verify functionality of the instrumentation in the Core Vessel Drain Line and the ability to drain the line during helium operations. 
3. Target cooling system design basis document provides conditions under which the core vessel drain can remain open and permit continued operations. 
4. The leak detection instrumentation is not in the core vessel, but in a drain from the core vessel to the Core Vessel Drain Tank.  The Core Vessel Drain 

Tank is isolated from the Core Vessel and drain line by a valve.  The Core Vessel Drain provides three levels of action.  Low level detection on initial 
leak and alarm in the control room; MPS trip on high level; and TPS trip on high-high level.  The drain line is closed during vacuum operation 
downstream of the leak detection. During helium operation it is possible to continue operation with a small leak in the water systems using applicable 
procedures to permit this off normal condition 

Mitigated 
Frequency  
A 
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Event Number 
CW4-2 

Event Description: 
Tungsten-water corrosion in target.  

Assumptions and Initial Conditions: 
1. Alternate design not consistent with the current Lasagna  target module design. (IC) 
2. Tantalum cladding on tungsten target cracks. (IC) 
3. Corrosion products load up hydrocylone upstream of Cooling Loop 1 GLS. (Not applicable for current target design) 

(IC) 
4. Cladding failure will result in corrosion of tungsten when in contact with water, which could occur over a long period of 

time. (IC) 
5. Corrosion rate permits detection and response before total loss of cooling flow. (IC) 
6. Beam is terminated preventing target loss (target events are addressed in TS event tables. (IC) 
7. Loop 1 provides cooling water for the Target. (DF) 
8. Loop 2 provides cooling water for the Proton Beam Window, TVP, MRA, and water-cooled shielding. (DF) 

Causes: 
1. Fabrication flaw in cladding 
2. Stresses during beam 

operation 

Initiating 
Event 
Frequency 
BEU  
(See Note 2) 

Unmitigated Impact on Systems: 
1. Activated tungsten collected in hydrocyclone (See Note 1), ion exchange columns, filters, and piping causing a high 

dose rate impacting maintenance operations. 
2. Distribution of particulates throughout cooling Loop 1 components 
3. Significant downtime for recovery of operations.  
4. Challenge to process resin in ion exchange columns. 

Unmitigated Consequences 

Radiological 
Public: Negligible 
WG1: Moderate 
WG2: Negligible 

Chemical 
Public: N/A 
WG1: N/A 
WG2: N/A 

ODH 
Public: N/A 
WG1: N/A 
WG2: N/A 

Safety Function:  
Reduce probability tungsten corrosion causing high activation in components impacting maintenance and operations. 

Method of Detection:  
dP across filters and ion exchange columns.  
Gamma detector on Loop 1 return line. (See Note 3)  
RCT survey detection in pump room.  
Increase in hydrogen generation rate detected in GLS tanks.  
Water loop conductivity.  
Higher generation of radioactive gases requiring releases.  
Loop 1 flowrate decrease.  
Higher purge flow resulting in higher stack releases.  
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APPENDIX G. HIGH BAY (HB)  

HAZARD EVENT TABLES 

  



G-2 

 

 



















 

G
-1

1
 

Event Number  
HB2-2 

Planned analysis, assumption validations, and Risk/Opportunities: 
1. H2 explosion inside core vessel, analyzed during conceptual design phase will be re-analyzed during preliminary design 

phase. 

Mitigated Consequences: 

Radiological 
Public: N/A 
WG1: N/A 
WG2: N/A 

Chemical 
Public: N/A 
WG1: N/A 
WG2: N/A 

ODH 
Public: N/A 
WG1: N/A 
WG2: N/A 

Notes:  
1. CMS2-5b evaluates a detonation in the target drive space.   
2. CMS7 events evaluate consequences of an NPH generated failure.  
3. The hydrogen transfer lines between the core vessel and HUR are buried or routed in trenches or recesses with a protective cover to prevent a release of 

hydrogen from an external impact. 
4. The leak detection instrumentation is not in the core vessel, but in a drain from the core vessel to the Core Vessel Drain Tank.  The Core Vessel Drain 

Tank is isolated from the Core Vessel and drain line by a valve.  The Core Vessel Drain provides three levels of action.  Low level detection on initial leak 
and alarm in the control room; MPS trip on high level; and TPS trip on high-high level.  The drain line is closed during vacuum operation downstream of the 
leak detection. During helium operation it is possible to continue operation with a small leak in the water systems using applicable procedures to permit this 
off normal condition. 

Mitigated 
Frequency  
Prevented 
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APPENDIX H. HOT PROCESS VAULTS (HPV) 

HAZARD EVENT TABLES 

  



H-2 

 

 











 

H
-7

 

 

Event Number 
HPV1-3 

Event Description: 
Large fire in HPV releases radiological material. 

Assumptions and Initial Conditions: 
1. It is assumed that water from the LCS and  in the cooling loop and Ion Exchange Column material is released.. 

(IC) 
2. Ion exchange column material is released. (IC) 
3. Personnel access is restricted when the beam is on and before required dose level decay has occurred. 

(AC/IC) 
4. Beam is terminated preventing target loss (target events with beam continuing to operate are addressed in TS 

and CW event tables). (IC) 
5. Ion exchange resin is not required to be maintained wet to prevent autoignition of the resin. The radionuclide 

inventory is not high enough for this to occur. (DF) 
6. The fire described in this event is not expected to propagate to other areas of the facility. (IC)  
7. This also assumes that workers can react to obvious hazardous conditions, that they are physically able to 

evacuate, and that an evacuation route is available during the event. (IC) 

Causes: 
1. Small fire ignites combustible 

material and spreads through HPV. 
2. Spark; electrical short, 

malfunctioning electric heaters. 
3. Worker error during maintenance.  
4. Ignition of motor or wiring 

insulation.  
5. Other combustible material or 

flammable liquids or gases located 
in HPV. 

6. Waste repacking area 
combustibles. 

Initiating 
Event 
Frequency  
U 

Unmitigated Impact on Systems: 
1. Fire damage to HPV systems.  
2. Contamination in the HPV delaying operations. 

Unmitigated Consequences 

Radiological 
Public: Negligible 
WG1: Moderate 
WG2: Negligible 

Chemical  
Public: N/A 
WG1: N/A 
WG2: N/A 

ODH 
Public: N/A 
WG1: N/A 
WG2: N/A 

Safety Function:  
Reduce probability of fire occurrence resulting in a release of significant quantities of radioactive coolant or material in an Ion exchange column impacting WG1. 

Method of Detection:  

Fire detection system  
Visual  
Smoke smell.  
Abnormal remote indications for cooling water systems  
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Event Number 
HPV3-4a (Event Deleted as PBW was moved to Loop 2) 

Event Description: 
Leak of cooling water from Loop 1 cooling system in bulk shielding leak collection system. 
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Event Number  

HPV3-10 

Event Description: 

Vacuum pump or connection line leaks gas to the HPV during spent target, PBW, MRA, or TVP drying operations. 

Assumptions and Initial Conditions: 
1. Assume spent target, PBW, MRA, or TVP is stored in the service cell; contains bounding equilibrium 

nuclides for that component from operating the tungsten target. (See Note 2) (IC) 
2. Vacuum pumping system is located in the HPV. (DF) 
3. Flexible connections will be provided in the Service Cell to connect to the equipment for drying and 

hard piped connections to the hot offgas are provided in the HPV. (DF) 
4. Personnel are permitted in the HPV during drying operations, but not with beam operations. (AC) 

Causes: 
1. Discharge line leakage or disconnected.  
2. Operator error. 

Initiating 
Event 
Frequency  

A 

Unmitigated Impact on Systems: 
1. Airborne activity with exposure to operating staff. 
2. Contamination of surrounding operating areas or equipment. 
3. Release of off-gas and tritium oxides. 
4. Contamination of surrounding areas. 

Unmitigated Consequences 

Radiological  

Public: Negligible 

WG1: Low 

WG2: Negligible 

Chemical  

Public: N/A 

WG1: N/A 

WG2: N/A 

ODH 

Public: N/A 

WG1: N/A 

WG2: N/A 

Safety Function: 

Prevent a release of significant quantities of radiological material to the HPV during vacuum drying operations of equipment in the Service Cell and worker exposure above 
allowable limits.  

Method of Detection:  

Ventilation system alarms.  

Air activity monitor in the stack.  

Radiation monitoring of personnel if potential contamination.  

RCT routine monitoring for contamination.  
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APPENDIX I. CONFINEMENT VENTILATION SYSTEMS (HV) 

HAZARD EVENT TABLES 
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APPENDIX J. INSTRUMENT SYSTEMS AND BUNKER (IS) 

HAZARD EVENT TABLES 

Appendix J Organization  

Appendix J has been organized into two subsections.  ISB events address events in the bunker region and 

ISC events address events in the beam line to the caves and events in the caves.  The Instruments Systems 

included in this Appendix address global instrument hall hazards as well as unique hazard considerations.  

Instrument System Evaluations  

The SNS is a user facility with most of the time available on individual neutron scattering instruments 

assigned to researchers (users) via a peer-reviewed proposal system.  These proposals are reviewed 

internally for experimental feasibility.  These evaluations combined with the recommendations of a panel 

assessing the scientific impact are used in awarding beam time to investigators.  All approved proposals 

are reviewed internally for safety.  STS reviews and practices are to ensure the safety of these researchers 

while enabling them to control their measurements within the bounds set by the facility.  Use of STS 

instruments by ORNL or external scientific investigators is governed by STS policies and procedures.  An 

appropriate level of training is a key element to safe operation of a user facility.  Training specific to the 

operation of individual neutron scattering instruments is organized by the relevant instrument team and 

tracked in the user training records.  Additional training may be needed for handling of samples and for 

operation of sample environment equipment. This training is organized by the instrument team and 

similarly tracked.  The training program is reviewed and approved at the appropriate division level.   

Each neutron beam instrument must satisfactorily undergo an Instrument Readiness Review (IRR) and/or 

review as part of an Accelerator Readiness Review (ARR) prior to operation of the instrument with 

neutron beam.  The IRR is carried out by an expert STS Instrument Systems Safety Committee (ISSC) 

selected by and reporting to the STS Operations Manager.  Each instrument review is intended to verify 

that the instrument is safe to operate and cover the hazards in detail that are specific to that instrument and 

assure that the mitigation strategies used for that instrument are in place.  Emphasis is placed on review of 

radiation protection including shielding design and configuration control and the appropriate control 

measures such as the instrument-specific features of the PPS.  However, other industrial hazards such as 

oxygen deficiency, vacuum, and cryogenic systems are also covered in the review as appropriate to the 

specific instrument.  The review also covers instrument operation and maintenance procedures and staff 

and user training for instrument operation.  Instrument reviews are repeated periodically as needed to 

address changes.  Experiments may involve hazards such as chemical, cryogenic, high pressure, and 

magnetic fields.  Although the key element of the review is the knowledge and experience of the 

committee, STS will provide the committee with a checklist to assure that all appropriate areas of review 

are addressed.  The IRR approval process for new instruments and for modifications to existing 

instruments will be reviewed and endorsed by an ARR.  

Hazards associated with the initial suite of STS instruments are evaluated as part of the facility hazard 

analysis process reported within this PHAR. Hazards associated with instruments added after STS has 

received the initial approval to operate will be evaluated as part of the authorization process for that 

instrument. As part of that authorization process the Instrument Safety Systems Committee (ISSC) will 

evaluate the instrument design and operation as well as hazards associated with specialized sample 

environments intended for use with that instrument.  The ISSC review must ensure that the instrument 

falls within the operating envelope.  Any potential exception triggers a USID, and DOE would be 

involved if it is determined that the instrument introduced a new hazard or would operate outside the 

bounds of the approved SAD or ASE.  This approach provides an effective review process without 

encumbering the facility hazard analysis, PSAD/FSAD, and ASE with continual changes as long as the 

instrument stays within the bounds of the ASE and SAD.   
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APPENDIX J. BUNKER (ISB) HAZARD EVENT TABLES 

Event Number 
ISB1-1 

Event Description:   
A small fire in the Bunkers. 

Assumptions and Initial Conditions: 
1. Activated material is generally fixed or of small quantity and would not be released in a 

fire. (IC) 
2. Electrical circuits are localized and serve relatively few items. (DF) 
3. Event can occur either during beam operation or during maintenance operations. (IC) 
4. Beamline may be operating or shut down for maintenance. (IC) 
5. Fire in bunker limited to the area immediately adjacent to the fire. (IC) 

Causes:  
1. Electrical short. 
2. Electrical overload/overheat. 
3. Maintenance failure. 
4. Chopper or shutter motor fault. 
5. Ignition by motor fault, welding sparks or other unknown 

ignition source. 
6. Accumulation of combustibles. 

Initiating 
Event 
Frequency 
A 

Unmitigated Impact on Systems:  
1. Loss of electrical equipment powered by affected circuits leads to loss of research capability on one or more 

Instruments. 
2. Fire could lead to equipment damage. 
3. Equipment damage from fire water and recovery from the water release in Bunkers would lead to an extended outage. 
4. Fire could cause loss of neutron beam availability. 
5. Loss of central guide vacuum system and remote viewing system. 
6. Possible impact on maintenance shutter and/or operations shutter functionality.  

Unmitigated Consequences  

Radiological 
Public: Negligible 
WG1: Negligible 
WG2: Negligible 

Chemical 
Public: N/A  
WG1: N/A 
WG2: N/A 

ODH 
Public: N/A 
WG1: N/A 
WG2: N/A 

Safety Function: 
To control/limit the radiological consequences of a fire in the Bunkers. 

Method of Detection:  

Visual.  

Audible.  

Chopper rotation stops, shutters not operational.  

Fire Detection, alarm, and sprinkler actuation.  

Preventive Features - Attributes: Credited: 

QA program for chopper and shutter motors. (AC)  

Procedures and training. (AC)  
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Event Number  

ISB1-2 

Event Description: 

Large fire in bunkers. 

Assumptions and Initial Conditions: 
1. Activated material is generally fixed or of small quantity and would not be released in a fire. (IC) 
2. Electrical circuits are localized and serve relatively few items. (DF) 
3. Event can occur either during beam operation or during maintenance operations. (IC) 

4. Beamline may be operating or shut down for maintenance. (IC) 
5. Fire in bunker engages entire bunker. (IC) 
6. If the fire is large enough it could activate the High Bay sprinkler system and spray water on the 

equipment in the High Bay with the associated damage to that equipment. 

Causes: 
1. Electrical short. 
2. Electrical overload/overheat. 
3. Maintenance failure. 
4. Chopper or shutter motor fault. 
5. Ignition by motor fault, welding sparks or 

other unknown ignition source.  
6. Accumulation of combustibles.  

Initiating 
Event 
Frequency  

EU 

Unmitigated Impact on Systems: 
1. Loss of electrical equipment powered by affected circuits leads to loss of research capability on one or more 

Instruments. 
2. Fire could lead to equipment damage. 
3. Equipment damage from fire water and recovery from the water release in Bunker would lead to an extended 

outage. (Multiple sprinkler head actuation.) 
4. Fire could cause loss of neutron beam availability. 
5. Damage to entire bunker.  
6. Fire could propagate to instrument floor or cave. 
7. Loss of central guide vacuum system and remote viewing system. 
8. Possible impact on maintenance shutter and/or operations shutter functionality. 

Unmitigated Consequences 

Radiological 
Public: Negligible 
WG1: Negligible 

WG2: Negligible 

Chemical 
Public: N/A  
WG1: N/A 

WG2: N/A 

ODH 
Public: N/A 
WG1: N/A 

WG2: N/A 

Safety Function:  

To control/limit the radiologival consequences of a fire in the Bunkers. 

Method of Detection:  

Visual.  

Audible.  

Fire Detection and Suppression System.  

Chopper rotation stops, shutters not operational.  

Fire Detection, alarm, and sprinkler actuation.  
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Event Number 
ISB4-1 

Event Description:  
A worker enters the Bunker when the beam is off and is exposed to unacceptable levels of gamma radiation from the activated target/moderator. 

Assumptions and Initial Conditions: 
1. Beam is not operating. (IC) 
2. The neutron beam path is open or inadequately obstructed through the Bunker front wall. (IC) 
3. An initial entry radiation survey is either inadequate or not performed prior to worker entry 

following beam operations. (IC) 
4. The neutron guide is removed, allowing workers to get into the neutron beam path, or gammas 

scatter out of the installed guide. (IC) 

Causes:  
1. Control failure. 
2. Operator error. 
3. Shutter fails to close completely.  

4. Inadequate shielding in maintenance shutter.  
5. Shutter moved to open position when personnel are 

present. 

Initiating 
Event 
Frequency 
A 

Unmitigated Impact on Systems:  
1. There is no impact on systems.  

Unmitigated Consequences: 

Radiological 
Public: Negligible 
WG1: Moderate 
WG2: Negligible 

Chemical 
Public: N/A  
WG1: N/A 
WG2: N/A 

ODH 
Public: N/A 
WG1: N/A 
WG2: N/A 

Safety Function: 
Prevent inadvertent personnel exposure above allowable levels in the Bunker when the beam is off. 

Method of Detection:  

Radiation survey.  

Personal dosimetry.  

TPPS maintenance shutter position.   

Radiation detectors - Workers in the Bunker will wear alarming dosimeters as required by RWPs.  

Preventive Features - Attributes: Credited: 

Shielding and shutter design incorporates design basis source term. (EC)  

Radiological protection program. (AC)  

Permanent or portable shielding if required. (EC)  

RCT survey on entry and periodic surveys as needed. (AC)  

Worker training. (AC)  
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Event Number 
ISB4-1 

Mitigative Features - Attributes: Credited: 

Workers wearing alarming dosimeters will be warned of elevated radiation levels. (AC)  

Workers are trained to evacuate if elevated radiation levels are detected or if the TPPS warns them of a hazard. (AC) X 

Radiological protection program. (AC)  

Periodic surveys. (AC)  

Worker training. (AC)  

Work planning. (AC)  

TPPS shutter gamma blocking mode detection and alarm. (EC) X 

TPPS interlock to prevent shutter motion. (EC)  

TPPS prevent access to the bunker if shutter is not in gamma block position .(EC)  

  

Planned analysis, assumption validations, and Risk/Opportunities: 
1.  

Mitigated Consequences: 

Radiological 
Public: Negligible 
WG1: Low 
WG2: Negligible 

Chemical 
Public: N/A  
WG1: N/A 
WG2: N/A 

ODH 
Public: N/A 
WG1: N/A 
WG2: N/A 

Notes: 
  

Mitigated 
Frequency  
A 
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Event Number 
ISB4-2 

Event Description:   
An object falls into the neutron beam in the Bunker leading to scattered neutrons exposing workers in the High Bay to radiation. 

Assumptions and Initial Conditions: 
1. Streaming paths or gaps do not exist in Bunker roof panels. (IC) 
2. No personnel are permitted in the Bunker during beam operation. (IC/AC) 
3. Roof panels must be in place to permit beam operation. (IC) 

Causes:  
1. Mechanical failure of a component in the bunker. 
2. Roof panel failure. 
3. Neutron Gamma Blocker  falls into or remains in the neutron 

beam line. 

Initiating 
Event 
Frequency 
EU 

Unmitigated Impact on Systems:  
1. One or more beamlines will not have neutrons available for experiments. 
2. Loss of vacuum to all beamlines. 
3. Extended shutdown for repairs to affected beamlines. 
 

Unmitigated Consequences  

Radiological 
Public: Negligible 
WG1: Moderate 
WG2: Negligible 

Chemical 
Public: N/A 
WG1: N/A 
WG2: N/A 

ODH 
Public: N/A 
WG1: N/A 
WG2: N/A 

Safety Function: 
Minimize the potential direct exposure to workers in the High Bay from the Bunker faults. 

Method of Detection:  

Area Radiation Monitors (ARM) in the High Bay. (Note 2)  

Instrument operators are notified of the loss of neutrons downstream.  

Loss of beamline vacuum.  

Preventive Features - Attributes: Credited: 

Operator procedures and training. (AC)  

Maintenance procedures. (AC)  

Roof panel design. (EC)  
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Event Number 
ISB4-3 

Event Description:  
A worker inadvertently remains in the Bunker when the beam becomes operational and receives a significant exposure from normal beam operations.   

Assumptions and Initial Conditions: 
1. Inherent operation of the beam due to losses generates a significant field in the Bunker 

during operation. (IC) 
2. The number of procedures and systems involved in this operation and for this event to 

occur reduces the likelihood of this event. (IC) 
3. Access space in the bunker does not allow easy access between beam lines. (IC) 

Causes:   
1. Failure to follow Bunker secure procedures and search/evict 

protocols prior to securing Bunker. 
2. Search and evict system failures. 
3. IPPS does not warn of imminent beam operation. 

Initiating 
Event 
Frequency 
U 

Unmitigated Impact on Systems:  
1. No unmitigated impact on systems. 

Unmitigated Consequences  

Radiological 
Public: N/A 
WG1: High 
WG2: N/A 

Chemical 
Public: N/A 
WG1: N/A 
WG2: N/A 

ODH 
Public: N/A 
WG1: N/A 
WG2: N/A 

Safety Function: 
To assure that no personnel are in the Bunker during beam operation. 

Method of Detection:  

Speaker announcement.  

Audible alarm.  

E-Stop Button action for IPPS.  

Preventive Features - Attributes: Credited: 

TPPS Sweep and Evict Procedure - Proper procedures and training for the sweep and evict protocols prior to closing the Bunker before beam operations. (AC) X 

TPPS audible alarm prior to beam on permits. (AC)  
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Event Number 
ISB4-4 

Event Description:  
A worker inadvertently enters the Bunker when the beam is operational and receives a significant exposure from normal beam operations.   

Assumptions and Initial Conditions: 
1. Inherent operation of the beam due to losses generates a significant field in the Bunker during operation. (IC) 
2. The number of procedures and systems involved in this operation and for this event to occur reduces the 

likelihood of this event. (IC) 
3. Before a worker could enter the bunder with the beam on they must pass through Corridor 202 which also has 

TPPS access controls (See ISM4-6) (EC/AC) 

Causes:   
1. Failure of the TPPS to accomplish 

access control. 

Initiating 
Event 
Frequency 
EU 

Unmitigated Impact on Systems:  
1. No unmitigated impact on systems. 

Unmitigated Consequences  

Radiological 
Public: N/A 
WG1: High 
WG2: N/A 

Chemical 
Public: N/A 
WG1: N/A 
WG2: N/A 

ODH 
Public: N/A 
WG1: N/A 
WG2: N/A 

Safety Function: 
To assure that no personnel can access the Bunker during beam operation. 

Method of Detection:  

TPPS Bunker access detection and alarm.  

Preventive Features - Attributes: Credited: 

TPPS - Bunker access control. (EC) X 
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Event Number 
ISB4-4 

Mitigative Features - Attributes: Credited: 

TPPS beam trip and alarm on access violation. (EC)  

  

Planned analysis, assumption validations, and Risk/Opportunities:  Mitigated Consequences: 

Radiological 
Public: N/A 
WG1: N/A 
WG2: N/A 

Chemical 
Public: N/A 
WG1: N/A 
WG2: N/A 

ODH 
Public: N/A 
WG1: N/A 
WG2: N/A 

Notes: 
  

Mitigated Frequency 
Prevented 
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Event Number 
ISB4-5 

Event Description:  
A worker inadvertently remains in Corridor 202 when the beam becomes operational and receives a significant exposure from normal beam operations.   

Assumptions and Initial Conditions: 
1. Inherent operation of the beam due to losses generates a significant field in 

Corridor 202  during operation. (IC) 
2. The number of procedures and systems involved in this operation and for this event to 

occur reduces the likelihood of this event. (IC) 

Causes:   
1. Failure to follow Corridor 202 secure procedures and 

search/evict protocols prior to securing Corridor 202. 
2. Search and evict system failures. 
3. IPPS does not warn of imminent beam operation. 

Initiating 
Event 
Frequency 
U 

Unmitigated Impact on Systems:  
1. No unmitigated impact on systems. 

Unmitigated Consequences  

Radiological 
Public: N/A 
WG1: Moderate 
WG2: N/A 

Chemical 
Public: N/A 
WG1: N/A 
WG2: N/A 

ODH 
Public: N/A 
WG1: N/A 
WG2: N/A 

Safety Function: 
To assure that no personnel are in Corridor 202 during beam operation. 

Method of Detection:  

Speaker announcement.  

Audible alarm.  

  

Preventive Features - Attributes: Credited: 

TPPS audible alarm prior to beam on permits. (AC)  

TPPS Sweep and Evict Procedure - Proper procedures and training for the sweep and evict protocols prior to securing Corridor 202 before beam operations. 
(AC) 

X 
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Event Number 
ISB4-5 

Mitigative Features - Attributes: Credited: 

E-Stop in Corridor 202. (EC)  

Worker training and procedures. (AC)  

Planned analysis, assumption validations, and Risk/Opportunities:  Mitigated Consequences: 

Radiological 
Public: N/A 
WG1: N/A 
WG2: N/A 

Chemical 
Public: N/A 
WG1: N/A 
WG2: N/A 

ODH 
Public: N/A 
WG1: N/A 
WG2: N/A 

Notes: 
 

Mitigated Frequency 
Prevented 
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Event Number 
ISB4-6 

Event Description:  
A worker inadvertently enters Corridor 202 when the beam is operational and receives a significant exposure from normal beam operations.   

Assumptions and Initial Conditions: 
1. Inherent operation of the beam due to losses generates a significant field in the Bunker during operation. (IC) 
2. The number of procedures and systems involved in this operation and for this event to occur reduces the 

likelihood of this event. (IC) 

Causes:   
1. Failure of the TPPS to accomplish 

access control. 

Initiating 
Event 
Frequency 
A 

Unmitigated Impact on Systems:  
1. No unmitigated impact on systems. 

Unmitigated Consequences  

Radiological 
Public: N/A 
WG1: High 
WG2: N/A 

Chemical 
Public: N/A 
WG1: N/A 
WG2: N/A 

ODH 
Public: N/A 
WG1: N/A 
WG2: N/A 

Safety Function: 
To assure that no personnel can access Corridor 202 during beam operation. 

Method of Detection:  

TPPS Corridor 202 access detection and alarm.  

Preventive Features - Attributes: Credited: 

TPPS - Corridor 202 access control. (EC) X 
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Event Number 
ISB4-6 

Mitigative Features - Attributes: Credited: 

TPPS beam trip and alarm on access violation. (EC)  

  

Planned analysis, assumption validations, and Risk/Opportunities:  Mitigated Consequences: 

Radiological 
Public: N/A 
WG1: N/A 
WG2: N/A 

Chemical 
Public: N/A 
WG1: N/A 
WG2: N/A 

ODH 
Public: N/A 
WG1: N/A 
WG2: N/A 

Notes: 
1. Corridor 202 is required to be accessed to gain entry to the Bunker and GLS room.  

Mitigated Frequency 
Prevented 
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APPENDIX J. INSTRUMENT SYSTEMS AND CAVE (ISC) HAZARD EVENT TABLES 

Event Number 
ISC1-1 

Event Description:   
A small fire in the Instrument cave. 

Assumptions and Initial Conditions: 
1. Activated material is generally fixed or of small quantity and would not be released in a 

fire. (IC) 
2. Electrical circuits are localized and serve relatively few items. (DF) 
3. Event can occur either during beam operation or during maintenance operations. (IC) 
4. Beamline may be operating or shut down for maintenance. (IC) 
5. Fire in instrument cave limited to the area immediately adjacent to the fire. (IC) 

Causes:  
1. Electrical short. 
2. Electrical overload/overheat. 
3. Instrument failure (e.g., short). 
4. Maintenance failure 
5. Ignition by welding sparks or other unknown ignition source. 
6. Accumulation of combustibles. 

Initiating 
Event 
Frequency 
A 

Unmitigated Impact on Systems:  
1. Loss of electrical equipment powered by affected circuits leads to loss of research capability on Instrument. 
2. Fire could lead to equipment damage in the affected cave. 
3. Equipment damage from fire water and recovery from the water release in Instrument cave would lead to an extended 

loss of use of the affected cave. 
4. Fire could cause loss of neutron beam availability to the affected cave. 
5. If the fire is large enough it could activate the Instrument Hall sprinkler system and spray water on the equipment in 

the instrument hall with the associated damage to that equipment.  

Unmitigated Consequences  

Radiological 
Public: Negligible 
WG1: Negligible 
WG2: Negligible 

Chemical 
Public: N/A  
WG1: N/A 
WG2: N/A 

ODH 
Public: N/A 
WG1: N/A 
WG2: N/A 

Safety Function: 
To control the radiological consequences to workers from a fire in the Instrument cave(s). 

Method of Detection:  

Fire Detection and alarm.  

Visual.  

Audible.  

Abnormal conditions for Instrument monitoring.  

  

Preventive Features - Attributes: Credited: 

Instrument design and QA. (DF/AC)  

Procedures and training. (AC)  
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Event Number 
ISC4-1 

Mitigative Features - Attributes: Credited: 

The IPPS closes the operations shutter and/or terminates beam operations if the Instrument cave door opens while neutrons are present in the experiment 
area. (EC) 

 

Workers wearing alarming dosimeters will be warned of elevated radiation levels. (AC)  

Workers are trained to evacuate the cave if elevated radiation levels are detected or if the IPPS warns them of a hazard. (AC)  

  

  

Planned analysis, assumption validations, and Risk/Opportunities: 
1.  Determine operations shutter closing time period for each beamline. 
2. The experiment design is reviewed by the RSC and is only approved if a worker is unlikely to have time to get into the 

neutron beam path before the IPPS issues a fault trip to the TPPS which trips the proton beam in case of either 
inadvertent or deliberate entry into the cave with neutrons on. 

Mitigated Consequences: 

Radiological 
Public: N/A 
WG1: N/A 
WG2: N/A 

Chemical 
Public: N/A 
WG1: N/A 
WG2: N/A 

ODH 
Public: N/A 
WG1: N/A 
WG2: N/A 

Notes: 
   

Mitigated 
Frequency  
Prevented 
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Event Number 
ISC4-2 

Mitigative Features - Attributes: Credited: 

Area Radiation Monitors (ARM) and alarms. (Note 2) (EC)  

  

  

  

Planned analysis, assumption validations, and Risk/Opportunities: 
1. Shielding design and analysis to assure that the approved shielding configuration protects workers even in case of a 

beam obstruction. 

Mitigated Consequences: 

Radiological 
Public: N/A 
WG1: N/A 
WG2: N/A 

Chemical 
Public: N/A 
WG1: N/A 
WG2: N/A 

ODH 
Public: N/A 
WG1: N/A 
WG2: N/A 

Notes: 
1. Beamline shielding is intended to be modular to facilitate configuration changes should provide the required shielding for normal operation for the 

instrument beam line. 
2. The initial installation location for ARMs and IRMs will be identified during design and be verified or altered during commissioning and fault testing. The 

Radiation Safety Officer will make the final determination for their location and present this information to the Radiation Safety Committee for approval. 

Mitigated 
Frequency  
Prevented 
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Event Number 
ISC4-4 

Mitigative Features - Attributes: Credited: 

Area Radiation monitors and alarms. (Note 2) (EC)  

  

  

  

Planned analysis, assumption validations, and Risk/Opportunities: 
1. Shielding design and analysis to assure that the approved shielding configuration protects workers even in case of a 

beam obstruction. 
2. Neutronics calculation of consequences of a dropped object into the neutron beam line. 
3. Instrument review and approval of planned testing and installation by the Instrument Review Committee.  

Mitigated Consequences: 

Radiological 
Public: N/A 
WG1: N/A 
WG2: N/A 

Chemical 
Public: N/A 
WG1: N/A 
WG2: N/A 

ODH 
Public: N/A 
WG1: N/A 
WG2: N/A 

Notes: 
1. This event is directly applicable to the BWAVE and may be applicable to other instruments as well.  
2. The initial installation location for ARMs and IRMs will be identified during design and be verified or altered during commissioning and fault testing. The 

Radiation Safety Officer will make the final determination for their location and present this information to the Radiation Safety Committee for approval. 

Mitigated 
Frequency  
Prevented 
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Event Number 
ISC4-5  

Event Description: 
The overhead crane drops a heavy load onto an instrument cave or beam line.  The object could fall and damage the shielding causing material to fall into the beam path.  The 
blockage results in a radiation overexposure to nearby workers.   

Assumptions and Initial Conditions: 
1. Passive installed shielding is adequate to protect workers under other accident conditions. (IC) 
2. Workers are not permitted along beam path during beam operation. (IC/AC) 
3. Workers are not permitted in the instrument cave during beam operation. (IC) 

Causes:   
1. Failure to follow operational procedures. 
2. Failure to follow hoisting and rigging program 

requirements. 

Initiating 
Event 
Frequency 
A 

Unmitigated Impact on Systems:  
1. No unmitigated impact on systems from radiation exposure. 
2. Physical impact to impacted instrument and adjacent instruments could cause an extended loss of experiment time. 

Unmitigated Consequences: 

Radiological 
Public: N/A 
WG1: High 
WG2: Negligible 

Chemical 
Public: N/A 
WG1: N/A 
WG2: N/A 

ODH 
Public: N/A 
WG1: N/A 
WG2: N/A 

Safety Function: 
Assure that crane operations can not drop heavy objects onto the STS instruments or beam lines.  

Method of Detection:  

Visual.  

Area Radiation Monitors and alarms. (Note 3)  

Preventive Features - Attributes: Credited: 

Critical lift procedures to assure the lifts over this area are safely executed.  (AC)  
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APPENDIX K. LEAK COLLECTION SYSTEMS (LCS) 

HAZARD EVENT TABLES 

 

The LCS is mainly addressed in the HPV.  See Figure K-1 below: 

 

 

 
Figure K-1. HPV configuration.  
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Event Number 
LCS2-1 

Event Description: 
Explosion in location served by the LCS.  

Assumptions and Initial Conditions: 
1. Proton beam operating and cooling water at equilibrium activity for short lived isotopes. (IC) 
2. LCS collects leaks and spills from the core vessel drain, GLS cavity drain, target drive room drain, bulk shielding 

drain, and area drains from the bunker. (DF) 
3. Piping from the bulk shielding, pipe pans, and bunker are routed to the HPV and gravity drain but are instrumented 

and valved off (including a blind flange) and only opened when required to sample and drain the line. (See Note 2) 
(DF) 

4. The core vessel drain is connected to the core vessel drain tank and is normally isolated, but during maintenance 
periods or during helium operation can drain the core vessel to permit continued operation. (DF) 

5. Leaks from the GLS and Delay Tank locations in the HPV will drop to the HPV floor, and from there flow 
downslope to a tank pit, where the water will collect for disposal. (DF) 

6. Leaks from the pump room go to the sloped floor, and from there to a tank pit. (DF) 
7. Radiological release includes both surface contamination and activity in the drained LCS water.  

Causes: 
1. Inadvertent drainage of 

flammable liquid to LCS 
system.  

2. Breach of CMS releasing 
hydrogen to target drive 
room. 

3. Welding sparks. 
4. Other unknown ignition source. 

Initiating 
Event 
Frequency  

U 

Unmitigated Impact on Systems: 
1. Breach of collection tank. 
2. Damage to adjacent equipment. 
3. Possible initiator of target loss of cooling event if target cooling loop is damaged. 

Unmitigated Consequences 

Radiological  
Public: Negligible 
WG1: Low 
WG2: Negligible 

Chemical  
Public: N/A 
WG1: N/A 
WG2: N/A 

ODH 
Public: N/A 
WG1: N/A 
WG2: N/A 

Safety Function: 
Reduce probability of explosion in the LCS areas with the potential to release significant quantities radioactive coolant and surface contamination impacting WG1. 
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Event Number  
LCS2-1 

Notes: 
1. When building arrangement has been finalized the LCS events will need to be updated. 
2. The LCS tank is in a pit.  The pipe pans, bulk shielding liner, and bunker drain to pipes with leak detection. 
3. Some of these, e.g., the pipe pan drain, can be directed to the LLLW tank or to the drain tank, and those lines do not have blind flanges.  There will be 

small sampling valves so the blinds, where they exist, do not have to be removed for sampling.  The core vessel drain goes to the CV drain tank and does 
not have a blind. 

4. The LCS collects leaks in the leak collection tank (located in a pit within the HPV), in pipes with leak detection, or in one of the pits in the HPV. 

Mitigated 
Frequency  
U 
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Event Number  
LCS3-2 

Event Description: 
Plugged drain/line in LCS piping.  

Assumptions and Initial Conditions: 
1. Proton beam operating and cooling water at equilibrium activity for short lived isotopes. (IC) 
2. LCS collects leaks and spills from the core vessel drain, GLS cavity drain, target drive room drain, bulk shielding 

drain, and area drains from the bunker. (DF)  
3. Piping from the bulk shielding, pipe pans, and bunker are routed to the HPV and gravity drain but are instrumented 

and valved off (including a blind flange in some locations) and only opened when required to sample and drain the 
line. (See Note 2) (DF) 

4. The core vessel drain is connected to the core vessel drain tank and is normally isolated, but during maintenance 
periods or during helium operation can drain the core vessel to permit continued operation. (DF) 

5. Leaks from the GLS and Delay Tank locations in the HPV will drop to the HPV floor, and from there flow 
downslope to a tank pit, where the water will collect for disposal. (DF)  

6. Leaks from the pump room go to the sloped floor, and from there to a tank pit. (DF) 
7. Workers are not permitted in these areas during beam operation but could be there during shutdown. 

Causes: 
1. Debris plugs drain in LCS 

area. 
2. Debris accumulation in LCS 

piping plugs piping. 
3. Purge dam from construction not 

removed. 
4. Other unknown plug in line.  

Initiating 
Event 
Frequency  
A 

Unmitigated Impact on Systems: 
1. Accumulation of water in inaccessible areas such as bulk shielding, other secondary confinement areas served by 

LCS.  
2. Delay of operations for cleanup. 

Unmitigated Consequences 

Radiological  
Public: Negligible 
WG1: Negligible 
WG2: Negligible 

Chemical  
Public: N/A 
WG1: N/A 
WG2: N/A 

ODH 
Public: N/A 
WG1: N/A 
WG2: N/A 

Safety Function:  
Reduce probability of blockage or plugging of LCS piping leading to spread of contamination and worker radiological exposure above allowable limits. 

Method of Detection:  
Visual observation of water accumulation.   
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Event Number  
LCS3-3 

Event Description: 
LCS Collection system water prematurely pumped to Process or Sanitary waste. 

Assumptions and Initial Conditions: 
1. Proton beam operating and cooling water at equilibrium activity for short lived isotopes. (IC) 
2. LCS collects leaks and spills from the core vessel drain, GLS cavity drain, target drive room drain, bulk shielding 

drain, and area drains from the bunker. (DF) 
3. Piping from the bulk shielding, pipe pans, and bunker are routed to the HPV and gravity drain but are instrumented 

and valved off (including a blind flange in some locations) and only opened when required to sample and drain the 
line. (See Note 2) (DF) 

4. The core vessel drain is connected to the core vessel drain tank and is normally isolated, but during maintenance 
periods or during helium operation can drain the core vessel to permit continued operation. (DF) 

5. Leaks from the GLS and Delay Tank locations in the HPV will drop to the HPV floor, and from there flow 
downslope to a tank pit, where the water will collect for disposal. (DF)  

6. Leaks from the pump room go to the sloped floor, and from there to a tank pit. (DF) 
7. Discharge of LCS collection tank is hard piped to LLLW or to the cooling loops only (IC) 

Causes: 
1. Operator error. 
2. Piping design. 

Initiating 
Event 
Frequency  

BEU 

Unmitigated Impact on Systems: 
1. Discharge of activated cooling water to sanitary waste resulting in exposure of an uninvolved worker to 

radioactivity (requires multiple events). 

Unmitigated Consequences 

Radiological  
Public: Negligible 
WG1: Negligible 
WG2: Negligible 

Chemical  
Public: N/A 
WG1: N/A 
WG2: N/A 

ODH 
Public: N/A 
WG1: N/A 
WG2: N/A 

Safety Function:  
Reduce probability of LCS water being inadvertently released to the Process or Sanitary waste system. 

Method of Detection:  

Sampling of wastewater.  
Activity detected in sanitary waste at the ORNL outfall.   
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Event Number 
LCS 4-1 

Event Description: 
Direct Radiological exposure of personnel to activated cooling water in LCS collection tank, lines, pits, or HPV. 

Assumptions and Initial Conditions: 
1. Proton beam operating and cooling water at equilibrium activity for short lived isotopes immediately before 

shutdown and personnel access to the area. (IC) 
2. LCS collects leaks and spills from the core vessel drain, GLS cavity drain, target drive room drain, bulk shielding 

drain, and area drains from the bunker. (DF) 
3. Piping from the bulk shielding, pipe pans, and bunker are routed to the HPV and gravity drain but are 

instrumented and valved off (including a blind flange in some locations) and only opened when required to sample 
and drain the line. (See Note 3) (DF) 

4. The core vessel drain is connected to the core vessel drain tank and is normally isolated, but during maintenance 
periods or during helium operation can drain the core vessel to permit continued operation. (DF) 

5. Leaks from the GLS and Delay Tank locations in the HPV will drop to the HPV floor, and from there flow 
downslope to a tank pit, where the water will collect for disposal. (DF)  

6. Leaks from the pump room go to the sloped floor, and from there to a tank pit. (DF) 
7. Worker location in HPV. (IC) 
8. Workers are not permitted in the HPV during beam operation but could be there during shutdown. (IC/AC) 
9. The LCS collection tank is located in a controlled and shielded locations the HPV.  Access to the HPV requires 

PPS release for access. (See Note 2) (DF) 

Causes: 
1. Procedural violation where 

Personnel gain access to the 
LCS pits prior to authorization.  

Initiating 
Event 
Frequency 
A 

Unmitigated Impact on Systems: 
Excess dose to personnel. 

Unmitigated Consequences 

Radiological 
Public: N/A 
WG1: Moderate 
WG2: N/A 

Chemical  
Public: N/A 
WG1: N/A 
WG2: N/A 

ODH 
Public: N/A 
WG1: N/A 
WG2: N/A 

Safety Function:  
Prevent personnel radiological exposure above allowable levels. 

Method of Detection:  
Personnel surveys and dosimetry.   
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APPENDIX L. PROCESS WASTE (PW) 

HAZARD EVENT TABLES 
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APPENDIX M. REMOTE HANDLING (RH) 

HAZARD EVENT TABLES 

Component drying will occur in the Service Cell.  The Service Cell event scenarios (Appendix P) address 

events associated with Remote Handling of equipment out of the transfer cask or storage cask as well as 

component handling events in the PIE Cell.  

The initial evaluation of remote handling was performed assuming that a liner would be used in some of 

the transfer or storage casks.  Based on updated design considerations, a liner is no longer required.  

Therefore, a number of these events have been deleted or combined.  
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Table M.1: General Remote Handling Conditions 

Number Description Designation 

1 When the core vessel is open to the general atmosphere, the pressure in the core vessel is 
maintained at a slightly negative pressure to control contamination and assure that air flow is 
into the core vessel.  The exhaust is filtered prior to being exhausted. 

EC/DF 

2 When the core vessel is open to the general atmosphere, the core vessel exhaust is 
maintained at high enough flow to assure that the face velocity across the core vessel 
opening prevents contamination from leaving the core vessel.  The exhaust is filtered prior to 
being exhausted. 

EC 

3 The Drive Room roof beams are not required to be removed for target removal or MRA 
removal.   

DF 

4 Crane access to core vessel components is through hatches in the Target Drive Room roof. DF 

5 Components in a transfer cask will be lifted from the Target Drive  Room roof and transported 
to the Service Cell.  

IC 

6 Transport of the transfer cask with the overhead crane will maintain the cask at TBD height 
above the floor except when lifting from the Drive Room roof.  

AC 

7 The transfer cask will mate to the target drive room roof to permit crane access through the 
cask to reach the target segment or other component removal. 

IC 

8 Water (to the target segments) will not be removed prior to starting to lift items such as roof 
panels, supplemental shield or internal shield blocks.  Water from the target segment to be 
removed will be blown out to the maximum extent possible and water in the other segments 
will remain and provide active cooling to those segments.  Loop 2 cooling water flow will still 
be provided.  

AC 

9 The shield block design extends full height from above the target block up to approx. top of 
core vessel.  Target Shield blocks are split vertically.  There are  two removable target shield 
blocks.  These shield blocks are actively cooled and will have water disconnected and 
partially blown down prior to removal.  Target segment water cooling will still be in effect while 
target shield block removal is ongoing. 

DF/EC 

10 None of our transfer casks will employ a liner.  The perishable component will be removed 
directly from the core vessel and transfer into the cask.  Only the cask will require a closure 
(at the bottom interface).  All casks will be lifted by features on the cask.  The casks may or 
may not use a plug lid on the top to cover the component lifting interface opening 

DF 

11 During target removal and other non-CMS removal/replacement operations, hydrogen can 
remain in the CMS.   

IC 
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Event Number  
RH3-9a 

Event Description: 
Failure to close the Transfer Cask Gamma Shield door (partially) with a drop of the target within the cask or partially out of the cask.  Note failure to close the Transfer 
Cask Gamma Shield door and disconnecting the Ziplift or crane hook would have the same consequences as RH3-3, 4, 5 or 7 

Assumptions and Initial Conditions: 
1. Additional Assumptions and Initial Conditions for Target Removal from the Core Vessel and 

into the Transfer or Storage Cask are contained in Table M-1. 
2. Coolant from the target segment has been drained and blown down per target removal 

requirements and only residual coolant remains in the segment. (IC).  
3. Transfer or  storage cask is in place and the lift is through the cask. (IC) 
4. The integral Transfer Cask Gamma Shield door on the cask is open/closed manually. (DF) 
5. Either a Ziplift or other attachment mechanism may be used to accomplish the lift. (AC) 
6. A portable hoist is mounted on top of the cask and used to lift the component into the cask. (IC) 
7. Ziplift cannot be disconnected under load. (IC). 

Causes: 
1. Operator error  
2. Mechanical failure of Gamma Shield Door drive 

mechanism. 
3. Failure to lift the component totally into the cask. 
4. Gamma door sensor failure.   
5. Hoisting and rigging configuration does not 

permit the component to be lifted fully into the 
cask preventing door closure. 

6. Operator error in closing the Gamma Shield 
Door. 

Initiating 
Event 
Frequency  
A 

Unmitigated Impact on Systems: 
1. Transfer Cask Gamma Shield door damage.  
2. Inability to continue with activated component removal operation.  
3. Drop could wedge into the opening and prevent remote handling to continue. 

Unmitigated Consequences 

Radiological  
Public: Negligible 
WG1: Low 
WG2: Negligible. 

Chemical  
Public: N/A 
WG1: N/A 
WG2: N/A 

ODH 
Public: N/A  
WG1: N/A 
WG2: N/A 

Safety Function: 
Assure that the Transfer Cask Gamma Shield door is in place prior to disconnecting the crane hook or Ziplift or lifting the transfer cask and activated component has been pulled 
entirely into the transfer or storage cask.  

Method of Detection:  

Gamma Door sensor feedback  

Area Radiation Monitors (ARM) and alarms   

Rad Surveys  

Visual  

Inability to secure the cask bottom closure  

 
  





 

M
-2

2
 

Event Number  
RH3-9a 

Planned analysis, assumption validations, and Risk/Opportunities: 
1. The initial installation location for ARMs and IRMs will be identified during design and be verified or altered during 

commissioning and fault testing. The Radiation Safety Officer will make the final determination for their location 
and present this information to the Radiation Safety Committee for approval. 

Mitigated Consequences: 

Radiological 
Public: Negligible 
WG1: Low 
WG2: Negligible. 

Chemical 
Public: N/A 
WG1: N/A 
WG2: N/A 

ODH 
Public: N/A 
WG1: N/A 
WG2: N/A 

Notes: 
1. Sensors for the gamma door closure are TBD. 
2. Details of remote handling process including installation of top closure need to be defined.  The steps in this process could modify the potential for this 

event 
3. This event can also be considered a direct exposure event (i.e., RH4-X event). 
4. Worker exposure to recover from this event could be significant.   

Mitigated 
Frequency: 
A 
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Event Number  
RH3-9b 

Event Description: 
Failure to close the Target Drive Room Gamma Shield door (partially) with a drop of the target within the cask or partially out of the cask.  Note failure to close the Target 
Drive Room Gamma Shield door and disconnecting the Ziplift or crane hook would have the same consequences as RH3-3, 4, 5 or 7 

Assumptions and Initial Conditions: 
1. Additional Assumptions and Initial Conditions for Target Removal from the Core Vessel and 

into the Transfer or Storage Cask are contained in Table M-1. 
2. Coolant from the target segment has been drained and blown down per target removal 

requirements and only residual coolant remains in the segment. (IC).  
3. Transfer or  storage cask is in place and the lift is through the cask. (IC) 
4. The integral shield door on the cask is open/closed manually.  The Gamma Shield Door (that 

will reside at the high bay level) is motor driven.  (DF) 
5. Either a Ziplift or other attachment mechanism may be used to accomplish the lift. (AC) 
6. A portable hoist is mounted on top of the cask and used to lift the component into the cask. 

(IC) 
7. Ziplift cannot be disconnected under load (IC). 

Causes: 
1. Operator error  
2. Failure of Gamma Shield Door drive mechanism. 
3. Failure to lift the component totally into the cask. 
4. Gamma door sensor failure.   
5. Hoisting and rigging configuration does not 

permit the component to be lifted fully into the 
cask preventing door closure. 

6. Operator error in closing the Gamma Shield 
Door. 

Initiating 
Event 
Frequency  
A 

Unmitigated Impact on Systems: 
1. Target Drive Room Gamma Shield door damage.  
2. Inability to continue with activated component removal operation.  
3. Drop could wedge into the opening and prevent remote handling to continue. 

Unmitigated Consequences 

Radiological  
Public: Negligible 
WG1: Low 
WG2: Negligible. 

Chemical  
Public: N/A 
WG1: N/A 
WG2: N/A 

ODH 
Public: N/A  
WG1: N/A 
WG2: N/A 

Safety Function: 
Assure that the Target Drive Room Gamma Shield door is in place prior to disconnecting the crane hook or Ziplift or lifting the transfer cask and activated component has been 
pulled entirely into the transfer or storage cask.  

Method of Detection:  

Target Drive Room Gamma Shield sensor feedback  

Area Radiation Monitors (ARM) and alarms   

Rad Surveys  

Visual  

Inability to secure the  cask bottom closure  
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Event Number  
RH3-9b 

Planned analysis, assumption validations, and Risk/Opportunities: 
1. The initial installation location for ARMs and IRMs will be identified during design and be verified or altered during 

commissioning and fault testing. The Radiation Safety Officer will make the final determination for their location 
and present this information to the Radiation Safety Committee for approval. 

Mitigated Consequences: 

Radiological 
Public: Negligible 
WG1: Low 
WG2: Negligible. 

Chemical 
Public: N/A 
WG1: N/A 
WG2: N/A 

ODH 
Public: N/A 
WG1: N/A 
WG2: N/A 

Notes: 
1. Sensors for the Target Drive Room Gamma Shield door closure are TBD. 
2. Details of remote handling process including installation of top closure need to be defined.  The steps in this process could modify the potential for this 

event 
3. This event can also be considered a direct exposure event (i.e., RH4-X event). 
4. Worker exposure to recover from this event could be significant.   

Mitigated 
Frequency: 
A 
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Event Number  
RH3-9c 

Event Description: 
Failure to close the Core Vessel Lid Gamma Shield door (partially) with a drop of the target within the cask or partially out of the cask.  Note failure to close the Core 
Vessel Lid Gamma Shield door and disconnecting the Ziplift or crane hook would have the same consequences as RH3-3, 4, 5 or 7 

Assumptions and Initial Conditions: 
1. Additional Assumptions and Initial Conditions for Target Removal from the Core Vessel and 

into the Transfer or Storage Cask are contained in Table M-1. 
2. Coolant from the target segment has been drained and blown down per target removal 

requirements and only residual coolant remains in the segment. (IC).  
3. Transfer or  storage cask is in place and the lift is through the cask. (IC) 
4. The Core Vessel Lid Gamma Shield Door is motor driven.  (DF) 
5. Either a Ziplift or other attachment mechanism may be used to accomplish the lift. (AC) 
6. A portable hoist is mounted on top of the cask and used to lift the component into the cask. 

(IC) 
7. Ziplift cannot be disconnected under load (IC). 

Causes: 
1. Operator error  
2. Failure of Core Vessel Lid Gamma Shield Door 

drive mechanism. 
3. Failure to lift the component totally out of the core 

vessel. 
4. Core Vessel Lid Gamma Shield door sensor failure.   
5. Hoisting and rigging configuration does not permit 

the component to be lifted fully into the cask 
preventing door closure. 

6. Operator error in closing the Gamma Shield Door. 

Initiating 
Event 
Frequency  
A 

Unmitigated Impact on Systems: 
1. Core Vessel Lid Gamma Shield a door damage.  
2. Inability to continue with activated component removal operation.  
3. Drop could wedge into the opening and prevent remote handling to continue. 

Unmitigated Consequences 

Radiological  
Public: Negligible 
WG1: Low 
WG2: Negligible. 

Chemical  
Public: N/A 
WG1: N/A 
WG2: N/A 

ODH 
Public: N/A  
WG1: N/A 
WG2: N/A 

Safety Function: 
Assure that the Core Vessel Lid Gamma Shield door is in place prior to disconnecting the crane hook or Ziplift or lifting the transfer cask and activated component has been 
pulled entirely into the transfer or storage cask.  

Method of Detection:  

Core Vessel Lid Gamma Shield Door sensor feedback  

Area Radiation Monitors (ARM) and alarms   

Rad Surveys  

Visual  

Inability to secure the cask bottom closure  
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Event Number  
RH3-9c 

Planned analysis, assumption validations, and Risk/Opportunities: 
1. The initial installation location for ARMs and IRMs will be identified during design and be verified or altered during 

commissioning and fault testing. The Radiation Safety Officer will make the final determination for their location 
and present this information to the Radiation Safety Committee for approval. 

Mitigated Consequences: 

Radiological 
Public: Negligible 
WG1: Low 
WG2: Negligible. 

Chemical 
Public: N/A 
WG1: N/A 
WG2: N/A 

ODH 
Public: N/A 
WG1: N/A 
WG2: N/A 

Notes: 
1. Sensors for the Core Vessel Lid Gamma Shield door closure are TBD. 
2. Details of remote handling process including installation of top closure need to be defined.  The steps in this process could modify the potential for this 

event 
3. This event can also be considered a direct exposure event (i.e., RH4-X event). 
4. Worker exposure to recover from this event could be significant.   

Mitigated 
Frequency: 
A 
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Event Number  
RH3-23 (Event Deleted as an MRA extraction fixture is no longer required in the design) 

Event Description: 
Drop of MRA extraction fixture when preparing to pull the MRA away from the target system 
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APPENDIX N. CONTACT AND REMOTE WASTE HANDLING AND 

DECONTAMINATION AREA (RW)  

HAZARD EVENT TABLES 

 
Once the detailed Target Building layout is completed and the location for contact and remote handled waste is identified, these 
events must be reevaluated. 
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APPENDIX N. CONTACT AND REMOTE WASTE HANDLING AND DECONTAMINATION AREA (RW) HAZARD EVENT 

TABLES 

Event Number 
RW1-1 

Event Description:  
During Contact Waste Handling, release of radiological material due to localized fire in the Contact Handled (CH) Waste Handling Area. 

Assumptions and Initial Conditions: 
1. Solid contact handled waste stored and/or packaged according to ORNL waste management procedures, 

contains bounding equilibrium nuclides from the material in the container (See Note 1). (IC) 

2. Waste originates from the HPV, high bay, PIE Cell, or Service Cell systems. (IC) 
3. This event is assumed to occur in an area that is likely to have surface contamination and may involve 

equipment that contains significant quantities of radioactive material. (IC) 
4. Decontamination activities are to be completed in the Service or PIE Cell. (IC) 
5. Contact handled waste could be in containers within various parts of the Target Building but would be low 

activity waste as high activity will be handled in the Service or PIE Cell. (IC) 
6. Vehicle caused fires are addressed in TG1-3. (IC) 
7. Remote handling of activated components from the core vessel (e.g., target segment) is addressed in the RH 

event tables. (IC) 

Causes: 
1. Electrical short. 
2. Thermal energy from electrical 

equipment. 
3. Friction from bearings, gears, 

motors, and power tools. 
4. Hydraulic fluid leaks from forklift 

and is ignited. 
5. Human error. 
6. Combustibles in facility. 
7. Other ignition source. 
8. Cleaning agents contact other 

materials and produce flammable 
fumes. 

Initiating 
Event 
Frequency  
A 

Unmitigated Impact on Systems: 
1. Shutdown of the affected area due to damage and contamination.  
2. Potential for damage to surrounding operating areas or equipment.  

Unmitigated Consequences 

Radiological  
Public: Negligible 
WG1: Low 
WG2: Negligible 

Chemical  
Public: N/A  
WG1: N/A 
WG2: N/A 

ODH 
Public: N/A  
WG1: N/A 
WG2: N/A 

Safety Function:  
Reduce probability of fire occurrence leading to a release of radiological material from contact handled waste above allowable limits. 

Method of Detection:  
Fire detection system.  
Visual.  
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Event Number 
RW1-2 

Event Description: 
Release of radiological material as the result of a fire involving the liquid waste shipping truck during loading of waste. 

Assumptions and Initial Conditions: 
1. System operating so that radionuclides in it are at equilibrium for 700 kW operation and at 

maximum activity anticipated. (IC) 
2. Water released to LLLW tanks initially goes through the leak collection tanks or is pumped from the 

cooling loops, thus preventing short-cooled water from entering the LLLW system.  (i.e., Nothing 
goes to the LLLW automatically.) (DF) 

3. This event assumes that the fire is confined to the immediate area of the truck loading area and 
releases only the material that is being loaded onto the truck. (IC) 

4. The truck could be located either in the building or outside. (IC) 
5. Vehicle caused fires are addressed in TG1-3. (IC) 
6. Remote handling of activated components from the core vessel (e.g., target segment) is addressed 

in the RH event tables. (IC) 

7. Waste originates from the HPV, high bay, PIE Cell, or Service Cell systems. (IC) 

Causes: 
1. Electrical short. 
2. Batteries in the truck generate hydrogen gas. 
3. Flammables (e.g., truck fuel). 
4. Other unidentified ignition sources. 
5. Miscellaneous combustibles in area. 
6. Worker error. 

Initiating 
Event 
Frequency  
A 

Unmitigated Impact on Systems: 
1. Shutdown of the affected area. 
2. Potential for damage to surrounding operating areas or equipment.  

Unmitigated Consequences 

Radiological  
Public: Negligible 
WG1: Low 
WG2: Negligible 

Chemical  
Public: N/A  
WG1: N/A 
WG2: N/A 

ODH 
Public: N/A  
WG1: N/A 
WG2: N/A 

Safety Function:  
Reduce probability of fire occurrence from the liquid waste shipping truck during loading of waste that could result in release of radiological material above allowable limits. 

Method of Detection:  
Visual.  
Fire detection system.  
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Event Number 
RW2-2 

Event Description: 
Release of radiological material due to explosion or fire involving ion exchange resin in the HPV or Service Cell. 

Assumptions and Initial Conditions: 
1. Solid contact handled waste stored and/or packaged according to ORNL waste management procedures, contains 

bounding equilibrium nuclides from the material in the container, (IC) 
2. Waste stored and/or packaged according to ORNL waste management procedures. (IC) 
3. Contains bounding equilibrium nuclides from the material in the container (See Note 1). (IC) 
4. Waste originates from cooling water system.  
5. IX resin could be in the IX column or resin storage tank in the HPV or waste container cask/container in the Service 

cell. (IC) 
6. Resin could react with a strong oxidizer. (IC) 
7. Cleaning agents (e.g., strong oxidizer) are permitted in either the HPV or Service Cell only after evaluation of specific 

use and potential for interaction with resin (AC/IC) 
8. Ion exchange resin is not required to be maintained wet to prevent autoignition of the resin. The radionuclide inventory 

is not high enough for this to occur. (DF/IC) 
9. Two IX Columns are used in operation and when one column is spent, it is allowed to decay for nominally 6 months 

prior to sluicing from that column to the resin storage tank where it is allowed to decay further. (AC/IC) 
10. The spent IX Column is drained to the Resin Storage Tank in a Pit to allow further decay time before shipment. (IC/AC) 

Causes: 
1. Other ignition source. 

Initiating 
Event 
Frequency  
BEU 

Unmitigated Impact on Systems: 
1. Shutdown of the affected area due to contamination and equipment damage. 
2. Potential for significant damage to surrounding operating areas or equipment 

Unmitigated Consequences 

Radiological  
Public: Negligible 
WG1: Low 
WG2: Negligible 

Chemical  
Public: 
N/A  
WG1: N/A 
WG2: N/A 

ODH 
Public: N/A  
WG1: N/A 
WG2: N/A 

Safety Function:  
Reduce probability of explosion or fire involving ion exchange resin in the HPV or Service Cell resulting in a release of radiological material above allowable limits. 

Method of Detection:  
Visual.   
Differential pressure alarms associated with ventilation system.  
Audible.  
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Event Number 
RW3-6 (Event Deleted as the evaporator in the LLLW system has been deleted.) 

Event Description: 
LLLW Evaporator overflow or boil over. 
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APPENDIX O. STORAGE PAD (SP)  

HAZARD EVENT TABLES 

 

Currently no storage pad is planned for use in storing spent target or other activated components from the 

core vessel.  All of these items are planned to be housed in the Service Cell or in appropriate casks within 

the Target Building.  Components originating in the Core Vessel will be housed in the Service Cell and 

will not be housed in the High Bay.  Items will remain in those locations until declared as waste and 

scheduled for shipment off site as waste.  The events in Appendix O are retained in this issue of the STS 

Hazard Analysis as a place holder should a later project decision is made to include a storage pad in the 

project scope.  
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APPENDIX P. SERVICE CELL (SS) 

AND PIE CELL (SSP) HAZARD EVENT TABLES 

This appendix has been divided into two sections: SS events covering the Service Cell and SSP event 

covering the PIE Cell.    Also see the events in the RH tables for transport of activated components into 

and out of the Service Cell and PIE Cell.  
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APPENDIX P. SERVICE CELL (SS) AND PIE CELL (SSP) HAZARD EVENT TABLES 

Event Number  

SS1-1  

Event Description: 

Localized fire in Service cell. 

Assumptions and Initial Conditions: 

1. Assume spent target is stored in the service cell; contains 10 y equilibrium nuclides from 
tungsten target. (IC) 

2. Fire is assumed to breach target shroud and exit service cell to surrounding areas. (IC) 
3. In addition to the spent target segments, spent/disposable items from the core vessel as 

well as spent IX Resin. (IC) 
4. Only one component or IX Resin transfer operation will occur in the Service Cell at a 

time. (AC) 
5. Spent/disposable components or IX Resin (other than the operation noted in Item 4 

above) are contained in covered pits within the Service Cell.(AC/DF)  

Causes: 

1. Excess combustible inventory. 
2. Cleaning or decontamination agents contact other materials 

and produce flammable fumes. 
3. Electrical equipment short. 
4. Thermal energy from electrical equipment. 
5. Friction from bearings, gears, motors, and power tools. 
6. Human error. 
7. Other ignition source. 

Initiating 
Event 
Frequency  

U 

Unmitigated Impact on Systems: 

1. Shutdown of the affected area. 
2. Potential for damage to surrounding operating areas or equipment. 
3. Release of Ta/W, off-gases and/or contamination. 
4. Plugging of primary filters from smoke. 
5. Contamination of surrounding areas. 

Unmitigated Consequences 

Radiological  

Public: Negligible 

WG1: Moderate 

WG2: Low 

Chemical  

Public: N/A 

WG1: N/A 

WG2: N/A 

ODH 

Public: N/A 

WG1: N/A 

WG2: N/A 

Safety Function: 

Prevent a fire in the Service Cell from releasing significant quantities of radiological material to WG1 above allowable limits.  

Method of Detection:  

Fire detection system.  
Visual.  

Loss of instrument signals.  
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Event Number  

SS2-2  

Event Description: 

Breach of hydrogen transfer piping to cryogenic moderator system allows hydrogen to escape to the High Bay and into Service Cell and PIE Cell. 

Assumptions and Initial Conditions: 

1. Hydrogen cloud is drawn into the service cell SCE via inlet air ductwork, is ignited in the 

service cell and explodes. (IC) 
2. Assume spent target is stored in the service cell; contains 10 y equilibrium nuclides from 

tungsten target. (IC) 

Causes: 
1. Impact by 50T high bay crane load as the result of crane 

failure or operator error. 

2. Failure of the hydrogen piping due to corrosion. 

3. Piping damaged during installation or maintenance. 

4. Cracking at welds as the result of long- term vibration. 

Initiating 
Event 
Frequency  

BEU 

Unmitigated Impact on Systems: 

1. Damage to Service Cell components and confinement. 
2. Release of Ta/W, off-gases and/or contamination. 
3. Plugging of primary filters from smoke. 

Unmitigated Consequences 

Radiological  

Public: Low 

WG1: Moderate 

WG2: Low 

Chemical  

Public: N/A 

WG1: N/A 

WG2: N/A 

ODH 

Public: N/A 

WG1: N/A 

WG2: N/A 

Safety Function: 

Prevent a hydrogen transfer piping to cryogenic moderator system breach that allows hydrogen to escape to the High Bay and into Service Cell and PIE Cell. 

Method of Detection:  

Hydrogen monitoring instrumentation.   
Loss of hydrogen system pressure detected by instrumentation.   
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Event Number  

SS2-3  

Event Description: 

Explosive (natural) gas from leak is drawn into target building through air supply system intakes and is deposited into High Bay, Service Cell, and PIE Cell. 

Assumptions and Initial Conditions: 

1. Explosive gas cloud is drawn into the service cell via ventilation system inlet air ductwork, is 

ignited in the service cell. (IC) 
2. Assume spent target is stored in the service cell; contains 10 y equilibrium nuclides from 

tungsten target. (IC) 

Note: this event assumes the natural gas line is located such that its breach cannot affect the 
target facility, and that no natural gas is piped into the target facility. 

Causes: 

1. Operator error. 

2. Piping failure due to impact, corrosion, material defect, 
improper maintenance.  

3. Ignition source: spark, thermal source, unidentified ignition 
source. 

Initiating 
Event 
Frequency  

BEU 

Unmitigated Impact on Systems: 

1. Damage to Service Cell components and confinement. 
2. Release of Ta/W, off gases, and/or contamination. 
3. Plugging of primary filters from smoke. 

Unmitigated Consequences 

Radiological  
Public: N/A 
WG1: N/A 
WG2: N/A 

Chemical  
Public: N/A 
WG1: N/A 
WG2: N/A 

ODH 
Public: N/A 
WG1: N/A 
WG2: N/A 

Safety Function: 

Assure that the natural gas is not routed into or near the Target Building.  

Method of Detection:  

Odor of gas.  
Audible.  

Explosion visible.  
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Event Number  

SS3-1  

Event Description: 

Loss of confinement from service cell due to inadequate ventilation during a target transfer or manipulation in the service cell. 

Assumptions and Initial Conditions: 

1. Assume spent target is stored in the service cell; contains 10 y equilibrium nuclides from 

tungsten target. (IC) 
2. In addition to the spent target segments, spent/disposable items from the core vessel as well 

as spent IX Resin. (IC) 
3. Only one component or IX Resin transfer operation will occur in the Service Cell at a time. (AC) 
4. Spent/disposable components or IX Resin (other than the operation noted in Item 2 above) are 

contained in covered pits within the Service Cell.(AC/DF) 

Causes: 

1. Loss of local SCE. 

2. Inadequate service cell/maintenance. 
3. Open area too large for SCE to adequately contain. 
4. Leakage of airborne radiological material through 

improperly sealed or degraded concrete penetrations in 
the 
a.  Service Cell walls. 
b. SCE and offgas ducting. 
c. Remote manipulator seals. 
d. Shielded window seals. 
e. Cell access plugs. 
f. Doors to Service Cell. 

Initiating 
Event 
Frequency  

A 

Unmitigated Impact on Systems: 

1. Allows leakage of radiological material to occupied areas.  
2. Release of contamination outside the Service Cell into occupied areas.  
3. Decontamination and cleanup effort required. 

Unmitigated Consequences 

Radiological  
Public: Negligible 
WG1: Low 
WG2: Negligible 

Chemical  
Public: N/A  
WG1: N/A 
WG2: N/A 

ODH 
Public: N/A  
WG1: N/A 
WG2: N/A 

Safety Function: 

Assure that Service Cell confinement is maintained to limit contamination spread out of the Service Cell. 

Method of Detection:  

Service cell negative pressure sensors.  
SCE instrumentation.  

Contamination surveys and periodic air activity surveys in areas adjacent to Service Cell.  
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Event Number  

SS3-2  

Event Description: 

The in cell target lifting device (either the Service Cell Crane or a portable hoist drops the target segment when lowering into a service cell pit. 

Assumptions and Initial Conditions: 

1. The lifting device or rigging fails and drops the segment. (IC) 

2. Breach of spent target shroud. (IC) 
3. Assume spent target contains 10 y equilibrium nuclides from tungsten target. (IC) 
4. Component is transferred into and out of the pit via a cask. (AC) 
5. Personnel are in the cell during this activity. (IC) 
6. The SCE and HOG systems are assumed to be operational during this operation. (IC) 

Causes: 

1. Speed control electric short. 

2. Hoist failure. 
3. Rigging failure. 
4. Operator error. 

Initiating 
Event 
Frequency  

A 

Unmitigated Impact on Systems: 

1. Release of target material, confined gases, and/or contamination. 
2. Damage to in-cell components (service cell crane or other equipment). 
3. Difficult and expensive recovery required. 
4. Direct radiation exposure during recovery efforts. 

Unmitigated Consequences 

Radiological  
Public: Negligible 
WG1: Moderate 
WG2: Negligible 

Chemical  
Public: N/A  
WG1: N/A 
WG2: N/A 

ODH 
Public: N/A  
WG1: N/A 
WG2: N/A 

Safety Function: 

Prevent a target segment drop that results in release of radiological material above allowable limits when handling in the service cell.  

Method of Detection:  

Erratic operation of drive motor in operating gallery.  
Impact vibration.  

In-cell cameras.  

Visual.  

Audible.  
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Event Number  

SS3-4  

Event Description: 

Vacuum pump connection line leaks gas to the service cell during spent target, PBW, MRA, or TVP drying operations. 

Assumptions and Initial Conditions: 
1. Assume spent target, PBW, MRA, or TVP is stored in the service cell; contains bounding equilibrium 

nuclides for that component from operating the tungsten target. (See Note 2) (IC) 
2. Vacuum pumping and processing is performed in the HPV. (DF) 
3. Flexible connections will be provided in the Service Cell to connect to the equipment for drying. (DF) 
4. Personnel are permitted in the Service Cell during component drying operations. (AC) 
5. Connections in the Service Cell are all in vacuum during drying operation. (DF)  

Causes: 
1. Discharge line leakage or disconnected.  
2. Operator error. 

Initiating 
Event 
Frequency  

A 

Unmitigated Impact on Systems: 
1. Airborne activity with exposure to operating staff. 
2. Contamination of surrounding operating areas or equipment. 
3. Release of off-gas and tritium oxides to service cell and SCE. 
4. Contamination of surrounding areas. 

Unmitigated Consequences 

Radiological  

Public: Negligible 

WG1: Negligible 

WG2: Negligible 

Chemical  

Public: N/A 

WG1: N/A 

WG2: N/A 

ODH 

Public: N/A 

WG1: N/A 

WG2: N/A 

Safety Function: 

Prevent a release of significant quantities of radiological material above allowable limits to the Service Cell during component drying.  

Method of Detection:  

Audible.  

Visual  

Radiation monitoring of personnel if potential contamination.  

RCT routine monitoring for contamination.   
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Event Number  

SS3-5  

Event Description: 

Shear jams when shearing spent target piping or TVP components during size reduction for waste disposal purposes. 

Assumptions and Initial Conditions: 

1. Assume spent target, PBW, MRA, or TVP is stored in the service cell; contains bounding 
equilibrium nuclides for that component from operating the tungsten target. (See Note 2) (IC) 

Causes: 

1. Wear on mechanism. 
2. Operator error. 
3. Low hydraulic pressure/ leak of hydraulic fluid. 
4. Misalignment of shear to workpiece. 

Initiating 
Event 
Frequency  

U 

Unmitigated Impact on Systems: 

1. Airborne activity with exposure to operating staff. 
2. Exposure to personnel during recovery operations. 

Unmitigated Consequences 

Radiological  

Public: Negligible 

WG1: Negligible 

WG2: Negligible 

Chemical  

Public: N/A 

WG1: N/A 

WG2: N/A 

ODH 

Public: N/A 

WG1: N/A 

WG2: N/A 

Safety Function: 

Prevent a release of significant quantities of radiological material to the Service Cell during shearing or other size reduction operations.  

Method of Detection:  

Air activity monitor in the stack.  

Radiation monitoring of personnel if potential contamination.  

RCT routine monitoring for radiation dose rates and contamination.   
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Event Number  

SS4-1  

Event Description: 

Roof access hatch/plug to the service cell is opened while a source is present and unshielded in the service cell and radiation controls are not implemented for personnel in the 

High Bay. 

Assumptions and Initial Conditions: 

1. Assume spent target is stored in the service cell; contains 10 y equilibrium nuclides from 
tungsten target. 

Causes: 

1. Worker error. 
2. Failure to follow procedures. 

Initiating 
Event 
Frequency  

A 

Unmitigated Impact on Systems: 

1. Event has no impact on systems but has significant potential consequences to personnel.  
2. Excessive worker exposure to radiation from the service cell. 

Unmitigated Consequences 

Radiological  
Public: Negligible 
WG1: High 
WG2: Negligible 

Chemical  
Public: N/A  
WG1: N/A 
WG2: N/A 

ODH 
Public: N/A  
WG1: N/A  
WG2: N/A 

Safety Function: 

Prevent worker exposure above allowable limits  from components within the service cell with the roof hatch/pug open.  

Method of Detection:  

Visual.  

Audible.  

High radiation alarm in the area.  
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Event Number  

SS4-2  

Event Description: 

Load drops into service cell from: 1) high bay crane or 2) in-cell crane. 

Assumptions and Initial Conditions: 

1. Load is dropped into the service cell while lowering the transfer cask. (IC)  
2. Load is dropped from in-cell crane. (IC) 
3. Assume spent target is stored in the service cell; contains 10 y equilibrium nuclides from 

tungsten target. (IC) 

Causes: 

1. Operator error. 
2. Crane mechanical or electronic control failure. 
3. Hoisting or rigging fault.  

Initiating 
Event 
Frequency  

A 

Unmitigated Impact on Systems: 

1. High radiation in the high bay.  
2. Damage to transfer cask, pits, waste cask, waste liner or other components. 
3. Potential increased radiation in the adjacent areas. 
4. Service Cell and PIE Cell operations prevented until repairs are completed. 
5. Potential for release of target material, remaining cooling water, and/or contamination. 
6. High exposure during recovery operations. 

Unmitigated Consequences 

Radiological  
Public: Negligible 
WG1: High 

WG2: Negligible 

Chemical  
Public: N/A  
WG1: N/A 

WG2: N/A 

ODH 
Public: N/A  
WG1: N/A  

WG2: N/A 

Safety Function: 

Prevent a load drop or suspended load into or inside the service cell.  

Method of Detection:  

Visual.  
Audible.  

High radiation alarm in High Bay.   
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Event Number  

SS4-3  

Event Description: 

Service Cell personnel access door is opened inadvertently while a source is present and unshielded in the service cell. 

Assumptions and Initial Conditions: 

1. Assume spent target is stored in the service cell; contains 10 y equilibrium nuclides from 
tungsten target. (IC) 

Causes: 

1. Worker error.  

Initiating 
Event 
Frequency  

A 

Unmitigated Impact on Systems: 

1. Event has no impact on systems but has a potentially significant consequences to personnel.  
2. Excessive worker exposure to radiation from the service cell. 

Unmitigated Consequences 

Radiological  
Public: Negligible 
WG1: High 
WG2: Negligible 

Chemical  
Public: N/A  
WG1: N/A 
WG2: N/A 

ODH 
Public: N/A  
WG1: N/A  
WG2: N/A 

Safety Function: 

Prevent a worker from entering the service cell and receiving exposure from components above allowable limits within the service cell.  

Method of Detection:  

Visual.  
Audible.  

PPS Service Cell Door interlock system prevents door operation when a source is present.  

High Area Radiation Monitor (ARM) alarm.  
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Event Number  

SS4-4  

Event Description: 

Cannot retrieve piping section, target foot, or stored spent PBW, TVP or MRA from storage pit. 

Assumptions and Initial Conditions: 

1. Assume spent target, PBW, MRA, or TVP is stored in the service cell; contains bounding 
equilibrium nuclides for that component from operating the tungsten target. (See Note 2) (IC) 

Causes: 

1. Damage to lifting hardware or in-cell crane. 
2. Piping or component lands outside of disposal liner. 
3. Piping or component too long for disposal liner. 
4. Operator error. 

Initiating 
Event 
Frequency  

U 

Unmitigated Impact on Systems: 

1. Exposure to personnel during recovery operations. 
2. Operational impact on Service Cell operations.  
3. Potential damage to service cell liner.  

Unmitigated Consequences 

Radiological  

Public: Negligible 

WG1: Negligible 

WG2: Negligible 

Chemical  

Public: N/A 

WG1: N/A 

WG2: N/A 

ODH 

Public: N/A 

WG1: N/A 

WG2: N/A 

Safety Function: 

Prevent a component from being trapped in a Service Cell pit in a condition that precludes its removal using normal operational practices.  

Method of Detection:  

Visual   
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Event Number  

SS4-6  

Event Description: 

Excess exposure during target, PBW, TVP, or MRA handling in service cell. 

Assumptions and Initial Conditions: 

1. Assume spent target, PBW, MRA, or TVP is stored in the service cell; contains bounding equilibrium nuclides for that 
component from operating the tungsten target. (See Note 2) (IC) 

2. Normal handling of components in the Service Cell and personnel are in the Service Cell. (IC) 

Causes: 

1. Inadvertent crane operation. 
2. Operator error. 
3. Personnel are in the service cell 

when they are not permitted.  
4. Inadequate procedures  

Initiating 
Event 
Frequency  

A 

Unmitigated Impact on Systems: 

1. Exposure to personnel during operations. 

Unmitigated Consequences 

Radiological  

Public: Negligible 

WG1: Moderate 

WG2: Negligible 

Chemical  

Public: N/A 

WG1: N/A 

WG2: N/A 

ODH 

Public: N/A 

WG1: N/A 

WG2: N/A 

Safety Function: 

Prevent an exposure to personnel above allowable limits in the Service Cell during target, PBW, TVP, or MRA handling.  

Method of Detection:  

High radiation alarm in the area.  

Worker worn dosemeters.    
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Event Number  

SS4-7  

Event Description: 

Inadequate dewatering of IX resin prior to shipment offsite. 

Assumptions and Initial Conditions: 

1. Assume spent target, PBW, MRA, or TVP is stored in the service cell; contains bounding 
equilibrium nuclides for that component from operating the tungsten target. (See Note 2) (IC) 

Causes: 

1. Shipping package malfunctions causing package to 
not drain. 

2. Inadequate vacuum. 
3. Operator error. 

Initiating 
Event 
Frequency  

A 

Unmitigated Impact on Systems: 

1. Violation of DOE/DOT regulations impacting future waste handling operations. 
2. Possible worker exposure during recovery. 

Unmitigated Consequences 

Radiological  

Public: Negligible 

WG1: Negligible 

WG2: Negligible 

Chemical  

Public: N/A 

WG1: N/A 

WG2: N/A 

ODH 

Public: N/A 

WG1: N/A 

WG2: N/A 

Safety Function: 

Ensure that IX resin shipping packages meets shipping requirements prior to shipment offsite. 

Method of Detection:  

Shipping inspection.    
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Event Number  

SS5-1  

Event Description: 

Localized fire in Service Cell. (See SS1-1 for radiological exposure evaluation) 

Assumptions and Initial Conditions: 

1. Assume spent target is stored in the service cell; contains 10 y equilibrium nuclides 

from tungsten target. (IC) 
2. Fire is assumed to breach target shroud and exit service cell to surrounding areas. (IC) 
3. In addition to the spent target segments, spent/disposable items from the core vessel 

as well as spent IX Resin. (IC) 
4. Only one component or IX Resin transfer operation will occur in the Service Cell at a 

time. (AC) 
5. Spent/disposable components or IX Resin (other than the operation noted in Item 4 

above) are contained in covered pits within the Service Cell.(AC/DF) 

Causes: 

1. Excess combustible inventory. 

2. Cleaning or decontamination agents contact other materials 
and produce flammable fumes. 

3. Electrical equipment short. 
4. Thermal energy from electrical equipment. 
5. Friction from bearings, gears, motors, and power tools. 
6. Human error. 
7. Other ignition source. 

Initiating 
Event 
Frequency  

U 

Unmitigated Impact on Systems: 

1. Shutdown of the affected area. 
2. Potential for damage to surrounding operating areas or equipment. 
3. Release of activated component material and/or contamination. 
4. Contamination of surrounding areas. 

Unmitigated Consequences 

Radiological  

Public: Negligible 

WG1: Moderate 

WG2: Negligible 

Chemical  

Public: N/A 

WG1: N/A 

WG2: N/A 

ODH 

Public: N/A 

WG1: Low 

WG2: N/A 

Safety Function: 

Prevent a fire in the Service Cell from releasing significant quantities of radiological material to WG1 above allowable limits. 

Method of Detection:  

Fire detection system.  
Visual.  

Loss of instrument signals.  
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Event Number  

SSP1-1  

Planned analysis, assumption validations, and Risk/Opportunities: 

1. Perform consequence evaluations. 
2. Project Fire Hazard Analysis (PFHA). 

3. Assessment of fires per NFPA 801.   
4. Analysis to determine the maximum fire size that could exist in the PIE Cell to permit an evaluation of the potential 

for release of significant quantities of radiological material or breach target stainless steel shell. 

Mitigated Consequences: 

Radiological  

Public: Negligible 

WG1: Low 

WG2: Negligible 

Chemical  

Public: N/A 

WG1: N/A 

WG2: N/A 

ODH 

Public: N/A 

WG1: Low 

WG2: N/A 

Notes:  Mitigated 

Frequency  

U 
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Event Number  

SSP3-1  

Event Description: 

Loss of confinement from PIE Cell. 

Assumptions and Initial Conditions: 

1. Assume spent target component in the PIE Cell; contains 10 y equilibrium 
nuclides from tungsten target. (IC) 

2. Assessment includes contamination only. (IC) 
3. No operations in the PIE Cell will create airborne particulate from grinding 

and cutting. (IC/AC) 
4. Workers are permitted in the Service Cell during PIE operations. (IC) 

Causes: 

1. Loss of SCE. 
2. Inadequate PIE Cell/maintenance. 
3. Leakage of airborne radiological material through improperly sealed or 

degraded concrete penetrations in the 
a.  PIE Cell walls. 
b. PCE and offgas ducting. 
c. Remote manipulator seals. 
d. Shielded window seals. 
e. Cell access plugs. 
f. .Small equipment pass-through   

Initiating 
Event 
Frequency  

A 

Unmitigated Impact on Systems: 

1. Uncontrolled release of radiological material to occupied areas.  
2. Release of contamination outside the PIE Cell into occupied areas.  
3. Decontamination and cleanup effort required. 

Unmitigated Consequences 

Radiological  
Public: Negligible 
WG1: Negligible 
WG2: Negligible 

Chemical  
Public: N/A  
WG1: N/A 
WG2: N/A 

ODH 
Public: N/A  
WG1: N/A 
WG2: N/A 

Safety Function: 

Assure that PIE Cell confinement is maintained to limit contamination spread out of the PIE Cell. 

Method of Detection:  

PIE Cell negative pressure sensors.  
PCE instrumentation.  

Contamination surveys and periodic air activity surveys in areas adjacent to PIE Cell.  
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Event Number  

SSP4-1  

Event Description: 

Access hatch to the PIE Cell is opened inadvertently prior to verification that activation and contamination levels permit opening or entry. 

Assumptions and Initial Conditions: 

1. Assume spent components in the PIE Cell; contains bounding equilibrium nuclides from 
the material (See Note 1). (IC) 

Causes: 

1. Worker error.  

Initiating 
Event 
Frequency  

A 

Unmitigated Impact on Systems: 

1. Event has no impact on systems but has significant consequences to personnel.  
2. Excessive worker exposure to radiation from the PIE Cell. 

Unmitigated Consequences 

Radiological  
Public: Negligible 
WG1: High 
WG2: Negligible 

Chemical  
Public: N/A  
WG1: N/A 
WG2: N/A 

ODH 
Public: N/A  
WG1: N/A  
WG2: N/A 

Safety Function: 

Prevent personnel exposure from opening PIE Cell access hatch prior to verification that activation and contamination levels permit opening or entry. 

Method of Detection:  

Visual.  
Audible.  

Service cell radiation monitor  
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Event Number  

SSP4-2  

Event Description: 

Load suspended from PIE Cell crane swings during sudden lateral movement of crane trolley. 

Assumptions and Initial Conditions: 

1. Load swings into shielded viewing window, partially or fully shattering the window. (IC) 
2. Assume spent target component in the PIE Cell; contains 10 y equilibrium nuclides from 

tungsten target. (IC) 

Causes: 

1. Operator error. 
2. Crane mechanical or electronic control failure. 

Initiating 
Event 
Frequency  

A 

Unmitigated Impact on Systems: 

1. High radiation in Service Cell operating gallery. 
2. Potential increased radiation in the adjacent areas.  
3. Shield window replacement required. 
4. This event has significant consequences to personnel in the operating gallery if they cannot immediately evacuate 

excessive worker exposure to radiation.  
5. Potential for release of target component material and/or contamination. 
6. Personnel are permitted in the Service Cell during PIE Cell operations. (IC) 

Unmitigated Consequences 

Radiological  
Public: Negligible 
WG1: High 

WG2: Negligible 

Chemical  
Public: N/A  
WG1: N/A 

WG2: N/A 

ODH 
Public: N/A  
WG1: N/A  

WG2: N/A 

Safety Function: 

Prevent a Load suspended from the PIE Cell crane from impacting a viewing window.  

Method of Detection:  

Visual.  
Audible.  

High radiation alarm in operating gallery.  
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Event Number  

SSP4-3  

Event Description: 

Excess exposure during inspection/leak testing of target foot. 

Assumptions and Initial Conditions: 

1. Assume spent target contains 10 y equilibrium nuclides from tungsten target. (IC) 
2. Personnel are in the Service Cell and not in the PIE cell during this operation. (IC) 

Causes: 

1. Backup of leak test fluid. 
2. Target foot jams in exposed location. 
3. Inadequate shielding.  
4. Operator error. 

Initiating 
Event 
Frequency  

U 

Unmitigated Impact on Systems: 

1. Service Cell contamination impacting operations in this area.  
2. Exposure to personnel during operations. 
3. Exposure to personnel during recovery operations. 
4. Contamination release to operator gallery. 

Unmitigated Consequences 

Radiological  

Public: Negligible 

WG1: Negligible 

WG2: Negligible 

Chemical  

Public: N/A 

WG1: N/A 

WG2: N/A 

ODH 

Public: N/A 

WG1: N/A 

WG2: N/A 

Safety Function: 

Prevent a radiological exposure above allowable limits to personnel  in the Service Cell during inspection/leak testing of the target foot.  

Method of Detection:  

Visual.  

Audible.  

High radiation alarm in the area.  
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Event Number  

SSP5-1  

Event Description: 

Localized fire in PIE Cell. (See SSP1-1 for radiological exposure evaluation) 

Assumptions and Initial Conditions: 

1. Assume one spent target component in the PIE Cell; contains 10 y equilibrium 
nuclides from tungsten target. (IC) 

2. Fire is assumed to breach target shroud and exit PIE Cell to surrounding areas. (IC) 
3. Personnel are assumed to be in the Service Cell while PIE Cell operations occur. (IC) 
4. Fire detection system detects fire in service cell and actuates water mist system while 

personnel are in the service cell (IC) 

Causes: 

1. Excess combustible inventory. 
2. Cleaning or decontamination agents contact other materials 

and produce flammable fumes. 
3. Electrical equipment short. 
4. Thermal energy from electrical equipment. 
5. Friction from bearings, gears, motors, and power tools. 
6. Human error. 
7. Other ignition source. 

Initiating 
Event 
Frequency  

U 

Unmitigated Impact on Systems: 

1. Shutdown of the affected area. 
2. Potential for damage to surrounding operating areas or equipment. 
3. Release of activated component material and/or contamination. 
4. Plugging of in-cell filters from smoke. 
5. Contamination of surrounding areas. 

Unmitigated Consequences 

Radiological  

Public: Negligible 

WG1: Moderate 

WG2: Negligible 

Chemical  

Public: N/A 

WG1: N/A 

WG2: N/A 

ODH 

Public: N/A 

WG1: Low 

WG2: N/A 

Safety Function: 

Prevent a fire in the PIE Cell from releasing significant quantities of radiological material with water mist system causing an ODH hazard.  

Method of Detection:  

Fire detection system.  
Visual.  

Loss of instrument signals.  
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APPENDIX Q. TRUCK BAY (TB) 

HAZARD EVENT TABLES 
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APPENDIX R. TARGET, DRIVE, AND SUPPORT SYSTEMS (TS) 

HAZARD EVENT TABLES 

 

The initial evaluation of target systems was based on a solid monolithic target. Since that evaluation, the 

target design has evolved to a segmented solid target.  The segmented target design is included in the 

events in this appendix.  The analyses to date have determined that the potential consequences from 

postulated event scenarios would be less than that for the solid monolithic target.  Additionally, target and 

MRA replacement will be much simpler with this design, thus minimizing the potential for certain types 

of events.  The bounding accident evaluations have maintained the initial solid monolithic target 

consequences to permit alternate target designs (including alternate segmented target configurations) that 

may have consequences higher than the current design.  
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APPENDIX R. TARGET, DRIVE, AND SUPPORT SYSTEMS (TS) HAZARD EVENT TABLES 

Event Number 
TS3-2  

Event Description: 
Rotating target locked rotor 

Assumptions and Initial Conditions: 
1. Rotation stops within 1 second. (IC) 
2. Cooling flow continues initially until cooling boundary fails. (IC) 
3. Beam stays on. (IC) 
4. Core vessel operating in inert helium near atmospheric pressure or in vacuum. (IC) 
5. Without rotation, the high heat flux damages the target cooling boundary and causes a loss of cooling. (IC) 
6. After loss of cooling with beam trip decay heat cannot raise target temperature to 800 C threshold for 

tungsten/steam reaction. (DF) 
7. Core vessel ullage, burst disk designed with a rating of less than +7.35 PSIG and vent system designed to 

limit peak core vessel pressure to below 15 psig even with rapid water loss from the target and/or credible 
hydrogen moderator failures.  (DF) 

8. Neutron beam windows remain intact throughout event. (IC) 
9. Two segments of tungsten assumed vaporized. (IC) 

Causes: 
1. Bearing failure. 
2. Motor failure. 
3. Support failure shifts shielding 

and target disk together.  
4. Foreign object between target 

disk and shielding. 
5. Loss of power to the drive 

system. 
6. Control system inadvertently 

turns off drive. 
7. Operator error. 

Initiating 
Event 
Frequency  
A 

Unmitigated Impact on Systems:  
1. Possible moderator vessel failure and hydrogen release after local target block collapses/fails.  
2. Hydrogen and water vapor vents through core vessel burst disk and hydrogen safe vent.  
3. Possible Loop 1 pressure vent through burst disk.  
4. Bulk of water released from target retained in ullage, Core Vessel Drain Line, and drain tank. 
5. Extended loss of STS use. 

Unmitigated Consequences 

Radiological 
Public: Low 
WG1: Moderate 
WG2: Low 

Chemical 
Public: N/A 
WG1: N/A 
WG2: N/A 

ODH 
Public: N/A  
WG1: N/A 
WG2: N/A 

Safety Function:  
Prevent target rotation failure from leading to a target failure and release of radiological material above allowable limits.  

Method of Detection:  

Rotation sensor.  
Drive motor sensor.  
Loop 1 out of range flow, temperature, or pressure..  
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Event Number 
TS3-3  

Event Description: 
Rotating target separation of one or two segments from segment seismic restraint module. 

Assumptions and Initial Conditions: 
1. Rotation stops within 1 second. (IC) 
2. Cooling flow bypasses target and goes to core vessel. (IC) 
3. Beam stays on. (IC) 
4. Core vessel operating in inert helium near atmospheric pressure or in vacuum. (IC) 
5. After loss of cooling with beam trip decay heat cannot raise target temperature to 800 C 

threshold for tungsten/steam reaction. (DF) 
6. Core vessel ullage, burst disk designed with a rating of less than +7.35 PSIG and vent 

system designed to limit peak core vessel pressure to below 15 psig even with rapid 
water loss from the target and/or credible hydrogen moderator failures.  (DF) 

7. Neutron beam windows remain intact throughout event. (IC) 
8. Two segments of tungsten assumed vaporized. (IC) 
9. Segmented Target design. (DF) (See Note 1) 

Causes: 
1. Failed connection due to material defect or radiation 

damage or corrosion.  

Initiating 
Event 
Frequency 
EU  

Unmitigated Impact on Systems: 
1. Possible moderator vessel failure and hydrogen release after local target block collapses.  
2. Possible damage to shielding if impacted by segment.  
3. Bulk of water released from target retained in ullage, Core Vessel Drain Line, and drain tank.  
4. Extended loss of STS use. 

Unmitigated Consequences 

Radiological 
Public: Low 
WG1: Moderate 
WG2: Low 

Chemical 
Public: N/A 
WG1: N/A 
WG2: N/A 

ODH 
Public: N/A  
WG1: N/A 
WG2: N/A 

Safety Function:  
Prevent target segment seismic restraint module failure leading to a release of radiological material above allowable limits.  

Method of Detection:  

Loop 1 out of range flow, temperature, or pressure.  
Drive motor sensor.  
TVP -Target viewing periscope.  
Core vessel liquid detection probe.  
Core vessel burst disk actuation notification in the control room.  
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Event Number 
TS3-4   

Event Description:  
Loss of cooling flow leading to a release of activated Cooling Water into Core Vessel.  

Assumptions and Initial Conditions: 
1. Target rotation continues (IC) 
2. Core vessel operating in helium near atmospheric pressure or in vacuum (IC) 
3. Core vessel ullage, burst disk designed with a rating of less than +7.35 PSIG and vent 

system designed to limit peak core vessel pressure to below 15 psig even with rapid 
water loss from the target and/or credible hydrogen moderator failures.  (DF) 

4. Target rotation continues so whole target heats from beam until loss of target block 
strength at elevated temperatures causes disk to collapse onto steel shielding and 
stops rotation (IC) 

5. Half of tungsten assumed vaporized (See Note 5) (IC) 
6. Event assumes that the cooling channels for the target segments are on the outside of 

the target block and not in the immediate vicinity of the tungsten.  (DF) 

Causes: 
1. Loss of material integrity caused by manufacturing 

error, high coolant pressure, material fatigue caused 
by thermal cycles or corrosion.  

2. Loss of Pump electrical power.  
3. Sudden pump failure; damage to coupling; sudden 

bearing failure. 
4. Worn or failing pump or motor components results. 

in efficiency reduction  
5. Motor speed controller failure. 
6. Operator error 

Initiating 
Event 
Frequency  
A 

Unmitigated Impact on Systems: 
1. Possible moderator vessel failure and hydrogen release after target block collapses.  
2. Hydrogen and water vapor vents through core vessel burst disk and hydrogen safe vent.  
3. Bulk of water released from target retained in ullage, Core Vessel Drain Line, and drain tank. 

Unmitigated Consequences 

Radiological 
Public: Low 
WG1: Moderate 
WG2: Low 

Chemical 
Public: N/A 
WG1: N/A 
WG2: N/A 

ODH 
Public: N/A  
WG1: N/A 
WG2: N/A 

Safety Function:  
Prevent activity release above allowable limits from target damaged by overheating from a loss of cooling water flow. 

Method of Detection:  

Loop 1 GLS tank level change  
Core vessel burst disk actuation notification in the control room.  
Loop 1 flow change  
RGA on core vessel off-gas   
Activation detected by monitoring in the STS Stack  
Core Vessel leak detection probe  
Core vessel pressure change when in vacuum mode  
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Event Number 
TS3-4 

Notes: 
1. As target overheats, slumping target could cause a release of hydrogen into the inert core vessel atmosphere. 
2. Initial analysis shows that the target will not reach failure for nominally 5 minutes with continued rotation, no cooling, and the beam on.  
3. Loss of cooling or partial loss of cooling to a single segment is addressed in Event TS3-12.  
4. Proton beam window will not fail for nominally an hour so that it is not impacted by this event and does not provide a passive beam trip. 
5. The Inconel shell and cooling channels may not lose enough strength unit after exceeding 800 C to cause failure.  Therefore, assuming half of the 

tungsten as a source term is likely conservative but does not impact the assumed unmitigated consequences.  
6. With the target reaching temperatures of nominally 800 C before failure, any water in the target would be boiled off or drained off (depending on the 

event) and only a potential steam environment in the core vessel is credible. Note that much of the water/steam in the core vessel would be cooled by the 
surrounding shielding and core vessel components.  Once the target stops rotating it is assumed that target segments not in the beam path will quickly 
cool below 800 C limiting any potential participation in any steam tungsten reaction. 

7. The burst disk designed with a rating of less than +7.35 PSIG and vent system designed to limit peak core vessel pressure to below 15 psig even with 
rapid water loss from the target and/or credible hydrogen moderator failures. 

8. The leak detection instrumentation is not in the core vessel, but in a drain from the core vessel to the Core Vessel Drain Tank.  The Core Vessel Drain 
Tank is isolated from the Core Vessel and drain line by a valve.  The Core Vessel Drain provides three levels of action.  Low level detection on initial leak 
and alarm in the control room; MPS trip on high level; and TPS trip on high-high level.  The drain line is closed during vacuum operation downstream of 
the leak detection. During helium operation it is possible to continue operation with a small leak in the water systems using applicable procedures to 
permit this off normal condition. 

Mitigated 
Frequency 
A 
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Event Number 
TS3-5  

Event Description: 
Loss of Heat Sink resulting in a release of activated Cooling Water into the core vessel due to overheating of Target 

Assumptions and Initial Conditions: 
1. Failure in tower cooling loop causes primary loop temperatures to increase until 

boiling and loss of target cooling occurs (IC) 
2. Target block temperature increases until structural failure of target block (primarily the 

Inconel) occurs (IC) 
3. Target rotation continues so whole target heats from beam until loss of target block 

strength at elevated temperatures causes disk to collapse onto steel shielding and 
stops rotation (IC) 

4. With beam remaining on, 50% of tungsten assumed vaporized. (See Note 4)  (IC) 
5. Core vessel operating in inert helium near atmospheric pressure or in vacuum (IC) 
6. After loss of cooling with beam trip decay heat cannot raise target temperature to 

800 C threshold for tungsten/steam reaction (DF) 
7. Core vessel ullage, burst disk designed with a rating of less than +7.35 PSIG and vent 

system designed to limit peak core vessel pressure to below 15 psig even with rapid 
water loss from the target and/or credible hydrogen moderator failures.  (DF) 

8. Neutron beam windows remain intact throughout event. (See Note 4) (IC) 
9. Failure in tower cooling loop causes primary loop temperatures to increase until 

boiling and loss of target cooling occurs (IC) 
10. Loop 1 heat exchanger is a double plate heat exchanger requiring a failure of both 

plates to allow leakage between Loop 1 primary cooling water and the tower cooling 
water. (DF) 

11. Event assumes that the cooling channels for the target segments are on the outside of 
the target block and not in the immediate vicinity of the tungsten.  (DF) 

Causes: 
1. Loss of power to tower cooling pumps. 
2. Tower cooling pump failure. 
3. Loss of cooling tower or cooling tower water supply. 
4. Partial Loss of Flow in the  tower cooling water loop. 

5. Leak or break in the tower cooling water loop (LOCA 

in the tower cooling water loop). 
6. Loss of material integrity.  
7. Flow blockage by loose material or debris in the loop. 
8. Foreign material left during maintenance.  
9. Maintenance error. 
10. Damage to tower water loop piping. 
11. Operator error. 

Initiating 
Event 
Frequency  
U 

Unmitigated Impact on Systems:  
1. Possible moderator vessel failure and hydrogen release after target block collapses.  
2. Hydrogen and water vapor vents through core vessel burst disk and hydrogen safe vent. Bulk of water released 

from target retained in ullage, Core Vessel Drain Line, and drain tank. 
3. Hydrogen and water increase core vessel pressure until burst disk relieves.  
4. Air in leakage may cause deflagration with hydrogen with additional low-pressure powder discharges.  
5. Bounding case is 50% of target material is vaporized and released by low pressure powder discharges.  

Unmitigated Consequences 

Radiological 
Public: Low 
WG1: Moderate 
WG2: Low 

Chemical 
Public: N/A 
WG1: N/A 
WG2: N/A 

ODH 
Public: N/A  
WG1: N/A 
WG2: N/A 
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Event Number 
TS3-7  

Event Description: 
 Release of activated Target cooling water into Core Vessel due to catastrophic failure of target cooling line/channels. 

Assumptions and Initial Conditions: 
1. Target rotation continues so whole target heats from beam until loss of target block strength at 

elevated temperatures causes disk to collapse onto steel shielding and stops rotation. (IC) 
2. Beam operation is assumed to continue. (IC) 
3. Half of tungsten assumed vaporized. (See Note 5) (IC) 
4. Core vessel operating in inert helium near atmospheric pressure or in vacuum (IC) 
5. Core vessel ullage, burst disk designed with a rating of less than +7.35 PSIG and vent system 

designed to limit peak core vessel pressure to below 15 psig even with rapid water loss from the 
target and/or credible hydrogen moderator failures.  (DF) 

6. Neutron beam windows remain intact throughout event (See Note 4) (IC) 
7. Loss of cooling could lead to a failure of the hydrogen moderator system. (IC) 
8. Event assumes that the cooling channels for the target segments are on the outside of the target 

block and not in the immediate vicinity of the tungsten.  (DF) 

Causes: 
Loss of material integrity: 
1. Manufacturing error. 
2. High Coolant pressure. 
3. Material fatigue caused by thermal cycles. 
4. Weld failure. 
5. Radiation damage to material. 

Initiating 
Event 
Frequency  
U 

Unmitigated Impact on Systems:  
1. Possible moderator vessel failure and hydrogen release after target block collapses  
2. Hydrogen and water vapor vents through core vessel burst disk and hydrogen safe vent.  
3. Bulk of water released from target retained in ullage, Core Vessel Drain Line, and drain tank. 

Unmitigated Consequences 

Radiological 
Public: Low 
WG1: Moderate 
WG2: Low 

Chemical 
Public: N/A 
WG1: N/A 
WG2: N/A 

ODH 
Public: N/A  
WG1: N/A 
WG2: N/A 

Safety Function:  
Prevent radiological material release above allowable limits from target cooling line/channel failure 

Method of Detection:  

Core Vessel leak detection probe  
Target cooling loop gas liquid separator tank water level  
Target cooling loop return flow and temperature  
Core vessel pressure change  
RGA on core vessel off-gas  
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Event Number  
TS3-7   

Planned analysis, assumption validations, and Risk/Opportunities: 
1. Accident (consequence) analysis including on site and off-site dose estimates. 
2. Set point analysis for beam trip system. 
3. Core vessel pressure response for rapid water boundary failure with following moderator boundary failure. 
4. Document the time to failure for a rotating target with no cooling and beam on. 

Mitigated Consequences: 

Radiological 
Public: Negligible 
WG1: Low 
WG2: Negligible 

Chemical 
Public: N/A 
WG1: N/A 
WG2: N/A 

ODH 
Public: N/A  
WG1: N/A 
WG2: N/A 

Notes: 
1. As target overheats, slumping target could cause a release of hydrogen into the inert core vessel atmosphere. 
2. Initial analysis shows that the target will not reach failure for nominally 5 minutes with continued rotation, no cooling, and the beam on.  
3. Loss of cooling or partial loss of cooling to a single segment is addressed in Event TS3-12.  
4. Proton beam window will not fail for nominally an hour so that it is not impacted by this event and does not provide a passive beam trip. 
5. The Inconel shell and cooling channels may not lose enough strength unit after exceeding 800 C to cause failure.  Therefore, assuming half of the 

tungsten as a source term is likely conservative but does not impact the assumed unmitigated consequences.  
6. With the target reaching temperatures of nominally 800 C before failure, any water in the target would be boiled off or drained off (depending on the 

event) and only a potential steam environment in the core vessel is credible. Note that much of the water/steam in the core vessel would be cooled by 
the surrounding shielding and core vessel components.  Once the target stops rotating it is assumed that target segments not in the beam path will 
quickly cool below 800 C limiting any potential participation in any steam tungsten reaction. 

7. The burst disk designed with a rating of less than +7.35 PSIG and vent system designed to limit peak core vessel pressure to below 15 psig even with 
rapid water loss from the target and/or credible hydrogen moderator failures. 

8. The leak detection instrumentation is not in the core vessel, but in a drain from the core vessel to the Core Vessel Drain Tank.  The Core Vessel Drain 
Tank is isolated from the Core Vessel and drain line by a valve.  The Core Vessel Drain provides three levels of action.  Low level detection on initial 
leak and alarm in the control room; MPS trip on high level; and TPS trip on high-high level.  The drain line is closed during vacuum operation 
downstream of the leak detection. During helium operation it is possible to continue operation with a small leak in the water systems using applicable 
procedures to permit this off normal condition. 

Mitigated 
Frequency 
U  
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Event Number 
TS3-8  

Event Description: 
Accelerator switching system fails and delivers more than 15 pulses per second to STS. 

Assumptions and Initial Conditions: 
1 Pulsed Dipole magnet power supply will not allow all ring pulses into the RTST. (DF) 
2 Loop 1 provides cooling water for the Target. (DF) 
3 Loop 2 provides cooling water for the Proton Beam Window, Collimator, TVP, CMS/MRA, and water-cooled 

shielding. (DF) 
4 Target rotation continues and cooling continues to the target. (IC) 
5 Core vessel operating in inert helium near atmospheric pressure or in vacuum. (IC) 
6 Proton beam window will not fail for nominally an hour (with or without cooling at normal beam power conditions) so 

that it is not likely to be impacted by this event. (DF) 
7 Proton beam remains on. (IC) 
8 Core vessel ullage, burst disk designed with a rating of less than +7.35 PSIG and vent system designed to limit peak 

core vessel pressure to below 15 psig even with rapid water loss from the target and/or credible hydrogen moderator 
failures.  (DF) 

Causes: 
1. Accelerator Switching 

system failure 

Initiating 
Event 
Frequency  
EU 

Unmitigated Impact on Systems: 
1. Possible moderator vessel damage and hydrogen release. 
2. Hydrogen and water vapor vents through core vessel burst disk and hydrogen safe vent.  

Unmitigated Consequences 

Radiological 
Public: Low 
WG1: Low 
WG2: Low 

Chemical 
Public: N/A 
WG1: N/A 
WG2: N/A 

ODH 
Public: N/A  
WG1: N/A 
WG2: N/A 

Safety Function:  
Prevent beam power above design from causing a radioactivity release from damaged target.  Prevent inadvertent personnel exposure above allowable limits to excessive 
radiation. 

Method of Detection:  

Beam on Target viewing periscope.   
Harp and Halo monitoring thermocouples.  
MPS beam current monitors.  
Core vessel liquid detection probe.  
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Event Number  
TS3-8  

Notes: 
1. Delay built into the MPS trip to provide recovery time prior to the required trip.  Delay time TBD. 
2. Should a credited control be needed, consideration is underway for an Engineering Control that will prevent the Pulsed Dipole switching frequency from 

significantly exceeding 15 Hz, thereby limiting the beam power on the STS to nominally 15 pulses/sec. 
3. Initial analysis shows that the target will not reach failure for nominally 5 minutes with continued rotation, no cooling, and the beam on.  
4. Proton beam window will not fail for nominally an hour so that it is not impacted by this event and does not provide a passive beam trip. 
5. Evaluation is of the target and moderator failures and the CMS, TS, and AS events are addressed in the applicable appendices. 
6. The burst disk designed with a rating of less than +7.35 PSIG and vent system designed to limit peak core vessel pressure to below 15 psig even with 

rapid water loss from the target and/or credible hydrogen moderator failures. 
7. The leak detection instrumentation is not in the core vessel, but in a drain from the core vessel to the Core Vessel Drain Tank.  The Core Vessel Drain 

Tank is isolated from the Core Vessel and drain line by a valve.  The Core Vessel Drain provides three levels of action.  Low level detection on initial leak 
and alarm in the control room; MPS trip on high level; and TPS trip on high-high level.  The drain line is closed during vacuum operation downstream of 
the leak detection. During helium operation it is possible to continue operation with a small leak in the water systems using applicable procedures to 
permit this off normal condition. 

Mitigated 
Frequency  
EU 
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Event Number  
TS3-9 

Planned analysis, assumption validations, and Risk/Opportunities: 
1.   

Mitigated Consequences: 

Radiological 
Public: N/A 
WG1: N/A 
WG2: N/A 

Chemical  
Public: N/A  
WG1: N/A 
WG2: N/A 

ODH 
Public: N/A  
WG1: N/A 
WG2: N/A 

Notes: 
1. See Event AIC3-1 for failure of proton beam window without target failure.  
2. Proton beam window will not fail for nominally an hour so that it is not impacted by this event and does not provide a passive beam trip. 
3. The leak detection instrumentation is not in the core vessel, but in a drain from the core vessel to the Core Vessel Drain Tank.  The Core Vessel Drain 

Tank is isolated from the Core Vessel and drain line by a valve.  The Core Vessel Drain provides three levels of action.  Low level detection on initial leak 
and alarm in the control room; MPS trip on high level; and TPS trip on high-high level.  The drain line is closed during vacuum operation downstream of 
the leak detection. During helium operation it is possible to continue operation with a small leak in the water systems using applicable procedures to 
permit this off normal condition. 

Mitigated 
Frequency  
BEU 
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Event Number  
TS3-11 (Event moved to CW3-1d) 

 
  







 

R
-3

1
 

Event Number 
TS3-13 

Event Description: 
Target Building only loss of electric power leading to loss of cooling for target, with the beam remaining on. Event only evaluates impact on Loop 1 cooled systems (target 
cooling).  Impact of this event on the PBW, TVP, MRA, reflector, and all Loop 2 water-cooled shielding is addressed in the Appendix A AIC events.  

Assumptions and Initial Conditions: 
1. All power is lost in target building. (IC) 
2. Accelerator operation continues. (IC) 
3. Target rotation stops within 1 second. (IC) 
4. Loop 2 cools the PBW, TVP, MRA, reflector, and all Loop 2 water-cooled shielding. (DF) 
5. Loop 1 cools the target segments (DF) 
6. Proton beam window will not fail (melt) for nominally an hour without cooling so that it is not immediately impacted 

by this event and does not provide a timely passive beam trip. (DF) 
10. Core vessel operating in inert helium near atmospheric pressure or in vacuum. (DF/IC) 
11. Without rotation, the high heat flux damages the target cooling boundary and causes a loss of target segment 

cooling for the segment(s) with beam impact. (IC) 
12. After loss of cooling with beam trip decay heat cannot raise target temperature to 800 C threshold for 

tungsten/steam reaction. (DF) 
13. Core vessel ullage, burst disk designed with a rating of less than +7.35 PSIG and vent system designed to limit 

peak core vessel pressure to below 15 psig even with rapid water loss from the target and/or credible hydrogen 
moderator failures.  (DF) 

Causes 
1. Fault in feeder substation. 
2. Fault in power line to target 

building. 
3. Switching error. 
4. Software error. 
5. Overload. 
6. Another electrical outage. 

Initiating 
Event 
Frequency 
A 

Unmitigated Impact on Systems: 
1. Loop 1 Cooling water released to core vessel. 
2. Target cooling stops. (IC)  

Unmitigated Consequences 

Radiological  
Public: Negligible 
WG1: Moderate 
WG2: Negligible 

Chemical  
Public: N/A 
WG1: N/A 
WG2: N/A 

ODH 
Public: N/A 
WG1: N/A 
WG2: N/A 

Safety Function: 
Assure loss of power to the Target Building does not cause the target segments to overheat and fail.  

Method of Detection:  
Visual.  
UPS safety lighting.  
Multiple MPS signals and trips.  
Multiple TPS signals and trips.  
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Event Number 
TS3-13 

Notes: 
1. This event addresses failure of the target segment cooling.  Events impacting the PBW, TVP, MRA, reflector, and all Loop 2 water-cooled shielding are 

addressed in the AIC events. 
2. Target Building only loss of electric power would likely impact the Loop 1 and Loop 2 cooling systems as well as the multiple target system support 

systems as well as the Target Drive. Loos of Loop 2 is addressed separately in Appendix A to assure that the proper mitigation is provided in both cases.  
3. The burst disk designed with a rating of less than +7.35 PSIG and vent system designed to limit peak core vessel pressure to below 15 psig even with 

rapid water loss from the target and/or credible hydrogen moderator failures. 
4. The leak detection instrumentation is not in the core vessel, but in a drain from the core vessel to the Core Vessel Drain Tank.  The Core Vessel Drain 

Tank is isolated from the Core Vessel and drain line by a valve.  The Core Vessel Drain provides three levels of action.  Low level detection on initial leak 
and alarm in the control room; MPS trip on high level; and TPS trip on high-high level.  The drain line is closed during vacuum operation downstream of 
the leak detection. During helium operation it is possible to continue operation with a small leak in the water systems using applicable procedures to 
permit this off normal condition. 

Mitigated 
Frequency  
A 
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Event Number 
TS3-14  

Event Description: 
Target Drive Overspeed 

Assumptions and Initial Conditions: 
1. Target drive increases speed above allowable. (IC) 
2. Loop 1 Cooling flow continues. (IC) 
3. Beam stays on. (IC) 
4. Core vessel operating in inert helium near atmospheric pressure or in vacuum. (DF/IC) 
5. At maximum target drive speed, the target segments are driven outward and could contact shielding. (IC) 
6. At increased speed the hydraulic pressures impact target cooling flow in the segments causing flow 

stagnation in the target segment. (IC) 
7. Target segment flow stagnation causes overheating and steam blockage of flow. (IC) 
8. Beam impacts target segments and gaps between segments due to the lack of sequencing between target 

speed and beam pulses. (IC) 
9. Core vessel ullage, burst disk designed with a rating of less than +7.35 PSIG and vent system designed to 

limit peak core vessel pressure to below 15 psig even with rapid water loss from the target and/or credible 
hydrogen moderator failures.  (DF) 

Causes: 
1. Motor control failure. 
2. Control system inadvertently 

increases drive speed. 
3. Operator error. 

Initiating 
Event 
Frequency  
A 

Unmitigated Impact on Systems:  
1. Possible moderator vessel failure and hydrogen release after local target block fails.  
2. Hydrogen and water vapor vents through core vessel burst disk and hydrogen safe vent.  
3. Loop 1 pressure spike on steam formation in the target block, resulting in venting through the burst disk.  
4. Bulk of water released from target retained in ullage, Core Vessel Drain Line, and drain tank. 
5. Extended loss of STS use. 
6. On target block failure and impact on shielding, the rotor stops and this event is equivalent to TS3-2 above. 

Unmitigated Consequences 

Radiological 
Public: Low 
WG1: Moderate 
WG2: Low 

Chemical 
Public: N/A 
WG1: N/A 
WG2: N/A 

ODH 
Public: N/A  
WG1: N/A 
WG2: N/A 

Safety Function:  
Prevent target rotation increase from leading to a target failure and release of radiological material above allowable limits.  

Method of Detection:  

Rotation sensor.  
Drive motor sensor.  
Loop 1 out of range flow, temperature, or pressure.  
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Event Number 
TS3-16 

Event Description: 
Rotor stopped and beam travels though the gap between two target segments and impacts the target shaft and cooling water.  (See Note 3) 

Assumptions and Initial Conditions: 
1. Target rotation stops within 1 second. (IC) 
2. Cooling flow continues initially until cooling boundary fails. (IC) 
3. Beam stays on. (IC) 
4. Core vessel operating in inert helium near atmospheric pressure or in vacuum. (DF/IC) 
5. Without rotation, the high heat flux damages the target shaft and increases cooling water activity.  (IC) 
6. Without rotation, the high heat flux damages the cooling water boundary and causes a loss of cooling to all 

the target segments. (IC) 
7. After loss of cooling with beam trip decay heat cannot raise target temperature to 800 C threshold for 

tungsten/steam reaction. (DF) 
8. Core vessel ullage, burst disk designed with a rating of less than +7.35 PSIG and vent system designed to 

limit peak core vessel pressure to below 15 psig even with rapid water loss from the target and/or credible 
hydrogen moderator failures.  (DF) 

9. Neutron beam windows remain intact throughout event. (IC) 

Causes: 
1. Bearing failure. 
2. Motor failure. 
3. Support failure shifts 

shielding and target disk 
together. 

4. Foreign object between target 
disk and shielding. 

5. Loss of power to the drive 
system. 

6. Control system inadvertently 
turns off drive. 

7. Operator error. 

Initiating 
Event 
Frequency  
U 

Unmitigated Impact on Systems:  
1. Damage and failure of target shaft. 
2. Increase activity in loop 1 cooling system. 
3. Loop 1 pressure vents through the burst disk.  
4. Bulk of water released from cooling system retained in ullage, Core Vessel Drain Line, and drain tank. 
5. Extended loss of STS use. 

Unmitigated Consequences 

Radiological 
Public: Low 
WG1: Moderate 
WG2: Low 

Chemical 
Public: N/A 
WG1: N/A 
WG2: N/A 

ODH 
Public: N/A  
WG1: N/A 
WG2: N/A 

Safety Function:  
Mitigate the consequences of a target rotation failure with the beam impacting the target shaft and subsequent faults.  

Method of Detection:  

Rotation sensor.  
Drive motor sensor.  
Loop 1 activity.  
Loop 1 out of range flow, temperature, or pressure.  
Liquid level in Loop 1 GLS tank.  

  































S-1 

 

APPENDIX S. CORE VESSEL GENERAL AREA (VS) 

HAZARD EVENT TABLES 

  



S-2 

 

 



















 

S
-1

1
 

 

Event Number 
VS2-2  

Event Description: 
Hydrogen collects in core vessel drain tank in the HPV. 

Assumptions and Initial Conditions: 
1. Hydrogen released to the core vessel flows to core vessel drain tank and explodes. 

(IC) 
2. Personnel access to the HPV is restricted when the beam is on and before required 

dose level decay has occurred. (IC) 
3. Core vessel operating with inert core vessel atmosphere in either helium or vacuum 

mode of core vessel operation. (IC)  
4. The core vessel drain tank will be located in a covered pit in the HPV. (DF) 

5. See Note 1 for facility configuration and event progression considerations. (DF/IC) 

Causes: 
1. Failure of the moderator assembly or the hydrogen piping due 

to:  
a. material fatigue (e.g., vibration),  
b. damage to the moderator vessel during construction or 

maintenance, 
c. radiation damage to moderator vessel. 

2. Entrained hydrogen and radiolysis of water in the tank collects.  
3. Design, fabrication errors. 
4. Other TS or CM event that releases hydrogen to core vessel. 

Initiating 
Event 
Frequency  
EU 

Unmitigated Impact on Systems: 
1. Release of unreacted hydrogen to HPV.  
2. Damage to systems located in the HPV.  
3. Damage to target as in TS or CM events. but no release from target. 

Unmitigated Consequences 

Radiological 
Public: Negligible 
WG1: Low 
WG2: Negligible 

Chemical 
Public: N/A 
WG1: N/A 
WG2: N/A 

ODH 
Public: N/A 
WG1: N/A 
WG2: N/A 

Safety Function:  
Reduce potential for an explosion in the core vessel drain tank resulting in release of radioactive coolant and WG1 exposure above allowable limits.  

Method of Detection:  
Core Vessel downcomer level instrumentation.  
Loss of hydrogen pressure in cryogenic moderator system.  
Pressure monitoring in core vessel environment.  
Breach of moderator vessel could be indicated by monitors in cryo vacuum system.  
Drain tank level detection.   
Pressure monitoring in core vessel drain tank.  
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Event Number  
VS2-2  

Notes:  
1. Operation of the core vessel drain to the core vessel drain tank during operation will be dependent on the core vessel inerting and the leak size.  The drain 

line to the drain tank includes a P-Trap that will prevent gas from migrating to the drain tank (unless there is a pressure excursion in the core vessel that is 
significant enough to push water in the P-Trap out).  The valve in the drain line will normally be closed and opened temporarily to drain water from the core 
vessel.  Note that if the water level reaches the MPS or TPS trip levels, this will trip the beam.  During vacuum mode operations, small leaks are not likely 
to be noticed as the vacuum operation will evaporate any water in the core vessel.  If the leak is substantial, then the MPS and TPS trip levels would likely 
be reached.  During helium mode operation, leaks could accumulate in the core vessel downcomer and would alert the operator.  In this condition, the 
valve could be either cycled to drain the water from the core vessel or the valve could remain open with the P-Trap providing isolation between the two 
locations. These decisions would be based on operational considerations such as leak size, mode of operation, and time to the next outage.   

Mitigated 
Frequency  
U 
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Event Number 
VS4-1 

Event Description: 
Voids/cracks in concrete shielding result in abnormally high radiation levels in occupied areas of the target building. 

Assumptions and Initial Conditions: 
1. WG 1 consequence of moderate assumes worker in instrument 

hall is exposed to un-surveyed high radiation field. (IC) 
2. Beam on target. (IC) 

Causes: 
1. Improper concrete mixture or improper pouring and consolidation of shielding 

concrete during building construction causing lower attenuation or undetected 
voids.  

2. Inadequate repair of cracks in shielding concrete that occurred after curing due 
to concrete shrinkage, temperature changes or building settlement. 

3. Undetected streaming pathways. 
4. Inadequate shielding design. 
5. Inaccurate, incomplete or lack of area radiation survey.  
6. Undocumented or unauthorized shielding configuration change. 

Initiating 
Event 
Frequency  
A 

Unmitigated Impact on Systems: 
1. Shutdown of operations until shielding is repaired, replaced, or augmented. 

Unmitigated Consequences 

Radiological 
Public: Negligible 
WG1: High 
WG2: Negligible 

Chemical 
Public: N/A 
WG1: N/A 
WG2: N/A 

ODH 
Public: N/A 
WG1: N/A 
WG2: N/A 

Safety Function:  
Prevent personnel exposure above allowable levels in occupied areas of the target building. 

Method of Detection:  

Visible concrete voids following removal of concrete formwork.  

RCT radiation surveys detect unexpectedly high radiation levels in occupied areas during operation.   

Proper and periodic monitoring of operator personal dosimetry (self-reading pocket dosimeters) during operations.  

  

  






