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TERMS 

ACRONYMS AND ABBREVIATIONS 

Common acronyms, abbreviations, and units of measurements may not be included here as it is 
assumed the reader is familiar with their meaning. 

AAI Atomic Alchemy Inc. 

ALARA as low as reasonably achievable 

DANK deuterium-augmented nuclear kinetics 

ESF engineered safety feature 

HEPA high-efficiency particulate air 

NFPA National Fire Protection Association 

SAR Safety Analysis Report 

SNM special nuclear material 

VIPR Versatile Isotope Production Reactor 

WPS  water purification and storage system 

 

  



 CHAPTER 9 
AUXILIARY SYSTEMS 

AAI-PSAR-09 (NP) 
Rev 0 

Page 9-5 
 

 

9 AUXILIARY SYSTEMS 

9.0 INTRODUCTION 

This chapter of the Safety Analysis Report (SAR) summarizes the auxiliary systems of the Versatile 
Isotope Production Reactor (VIPR) and the associated production facility. Auxiliary systems are those 
systems not fully described in other chapters of the SAR that are important to the safe operation and 
shutdown of the reactor and production processes and to the protection of the health and safety of 
the public, the facility staff, and the environment. The descriptions of the preliminary design of these 
systems herein support an understanding of the design and functions of the systems, emphasizing 
those aspects that could affect the reactor and its safety features, radiation exposures, and the control 
or release of radioactive material. 

Atomic Alchemy Inc. (AAI) demonstrates herein that the auxiliary systems of the facility are capable of 
performing their intended functions without compromising reactor operation, the ability to safely shut 
down the reactor, or the integrity of special nuclear material (SNM) processes during normal 
operations and under accident conditions. 

9.1 HEATING, VENTILATION, AND AIR CONDITIONING SYSTEMS 

The ventilation system is designed to ensure that temperature, relative humidity, and air exchange 
rates are within the design-basis limits for personnel and equipment and to ensure that all normal 
sources of airborne radioactive material are controlled so that occupational doses do not exceed the 
requirements of Title 10, CFR, Part 20, "Standards for Protection Against Radiation.” The system design 
is consistent with AAI's as low as reasonably achievable (ALARA) program, discussed in Chapter 11. 

The facility design features ensure that airflow and relative pressure will prevent inadvertent diffusion 
or other uncontrolled release of airborne radioactive material from the reactor confinement or the 
greater facility. The facility is also designed and operated to ensure that no uncontrolled release of 
airborne radioactive material to the unrestricted environment can occur. 

The analyses of system operations show that planned releases of airborne radioactive material to the 
unrestricted environment will not expose the public to doses that exceed the limits of 10 CFR Part 20. 
A detailed airborne exposure analysis is provided in Chapter 11. 

9.1.1 Design Basis 

The ventilation system is designed to provide confinement of hazardous chemical fumes and airborne 
radiological materials and conditioning of the environment for facility personnel and equipment. The 
design basis of the ventilation system includes: 

• Confining hazardous chemical fumes 

• Preventing release and dispersal of airborne radioactive materials to protect health and 
minimize danger to life or property 

• Maintaining dose uptake through inhalation to levels ALARA 

• Providing ventilation air and conditioning the facility environment for workers or occupants 
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• Providing makeup air and conditioning the facility environment for processes and electrical 

equipment 

Additional information on the design basis is provided in Chapter 3, Section 3.5. A description of the 
engineered safety features of the ventilation system related to the reactor confinement can be found 
in Chapter 6. 

9.1.2 System Description 

The facility ventilation system is designed to control airflow and contamination by creating a negative 
pressurization in the reactor confinement area. A supply air system will provide outdoor air to the 
confinement area. The main facility will have a separate exhaust system from the confinement exhaust 
system to maintain confinement pressurization. Supply air will be conditioned using filters, heater coils, 
and cooling coils to meet the requirements of each space. Abatement technologies, primarily 
high-efficiency particulate air (HEPA) filtration and activated carbon, will be used to ensure that air 
exhausted to the atmosphere meets 40 CFR Part 61, "National Emission Standards for Hazardous Air 
Pollutants" and applicable state law. An air supply handling unit will consist of an outdoor air louver, 
filters, cooling coil, heating coil, heat recovery coil, isolation dampers, and a fan. 

A stack monitoring and sampling system will be employed to demonstrate compliance with the stated 
regulatory requirements for exhaust in the confinement area. The ventilation system will include the 
air supply, process ventilation, and exhaust air systems and associated filters, fans, dampers, ducts, 
and control instrumentation. The supply air system will draw in and condition fresh air and distribute it 
throughout the facility.  

A portion of the supply air will enter the process ventilation system through fume hoods, open-
front enclosures, gloveboxes, and hot cells, and will be removed with other exhaust air systems 
through the stack to the environment after being treated. The ventilation system supports defense-
in-depth by maintaining confinement barriers that limit the release of radioactive material, thereby 
protecting workers, the public, and the environment. While these functions contribute to the 
facility’s defense-in-depth strategy, the ventilation system is not classified as safety-related. The 
facility will be ventilated such that the confinement area is negatively pressurized. The ventilation 
system functions will include temperature and air quality control to meet production and worker 
needs. Figure 9-1 shows the confinement area with respect to the rest of the facility. 
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]SEC,ECI 

Figure 9-1: Reactor confinement map 

 

9.1.2.1 Confinement 

Confinement is an engineered safety feature of the portion of the HVAC system that interfaces with 
the reactor confinement structure. Confinement is the term used to describe the boundary that 
surrounds radioactive materials and the associated ventilation system. Confinement systems are 
designed to localize any release of radioactive material to controlled areas in normal operational states 
and to mitigate the consequences of design basis accidents. Radiation protection control features (e.g., 
shielding and confinement ventilation systems) minimize hazards associated with radioactive 
materials. The principal design and safety objective of the confinement system is to protect on-site 
personnel and the off-site public. The second design objective is to minimize the reliance on 
administrative or complex active engineering controls to provide a confinement system as simple and 
fail-safe as reasonably possible. 
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Confinement will be accomplished by the structural boundaries, associated ventilation systems, and 
HEPA filter plenums to filter exhaust air prior to discharge at the facility ventilation stacks. 
Confinement will also be accomplished through the use of bubble-tight isolation dampers. These 
dampers will isolate the ducts at the zone boundary under certain scenarios to ensure that all potential 
releases have either been HEPA-filtered prior to exiting the facility (i.e., release to atmosphere) or leak 
at a low enough rate that maintains doses outside of confinement below limits. The safety aspects of 
the confinement system are discussed in Chapter 6, "Engineered Safety Features," Section 6.2, 
including the design response to off-normal conditions (e.g., loss of power). 

9.1.3 Operational Analysis and Safety Function 

Chapter 11 and Chapter 13 provide an analysis of normal and off-normal operations involving the 
HVAC system. Chapter 11 contains information regarding the normal release of effluents. Chapter 13 
evaluates various accident sequences that involve radiological releases within the hot cell or reactor 
confinement area. 

9.1.3.1 Defense-in-Depth 

Failure of the air balance system is not in itself an accident but represents the failure of a system 
designed to mitigate other accidents that lead to an airborne release of radionuclides in the form of 
particulates or gases. In the event of failure of the reactor confinement ventilation, the system may be 
secured, if filtered radiation levels exceed limits, or for other reasons, and all potential contaminants 
will be held within the confinement structure.  

9.1.3.2 Safety-Related 

Based on the results of the analyses in Chapter 13, none of the ventilation systems are required to 
meet the definition of safety-related, as defined in Chapter 3. 

9.1.4 Instrumentation and Control Requirements 

Ventilation system control and monitoring is discussed in Chapter 7, "Instrumentation and Control 
Systems." The system sequence of operation will be developed and provided in the FSAR. 

9.1.5 Technical Specifications 

Potential variables, conditions, or other items that will be probable subjects of a technical specification 
associated with the ventilation systems are provided in Chapter 14, Appendix A. 

9.2 HANDLING AND STORAGE OF REACTOR FUEL 

This section describes the life cycle of reactor fuel from the time AAI takes title to until the fuel enters 
long-term storage or AAI relinquishes the title to it. The related physical protection safeguards of fuel 
will be addressed in Chapter 12 of the FSAR. 
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9.2.1 Reactor Fuel Cycle Description 

The reactor fuel cycle is similar to that of a power reactor in that it uses a multi-cycle shuffle pattern, is 
once-through, and will be stored onsite until a final disposition pathway is established. 

A reactor fuel cycle lasts approximately [ ]PROP. Fresh assemblies are placed in the corners of 
the reactor with once-used fuel shuffled to the “inner” fuel positions. After [ ]PROP, irradiated 
(or “used”) fuel is discharged to a used fuel pool for cooling. The fuel cycle is described in depth in 
Chapter 4, Section 4.5.1.2. 

The used fuel pool is designed with the capacity to hold used fuel from four VIPRs for 20 years of 
operation, or, equivalently, one VIPR for up to 80 years of operation. The used fuel pool and its 
associated systems of importance are further described in Section 9.2.1.2.1. After a sufficient cooling 
period, AAI may opt to leave used fuel in the pool for an extended period, remove it from the facility to 
be recycled into new fuel by Oklo Inc., AAI’s parent company that is currently in the pre-application 
process with the NRC to license and construct such a facility, or pursue other suitable pathways. 

9.2.1.1 New Reactor Fuel Storage 

New reactor fuel will be stored in a storage rack located in the reactor confinement. The rack is 
designed to store up to 64 fresh fuel assemblies in a rectangular arrangement 32 assemblies wide and 
2 assemblies long, with keff of less than 0.9 in all postulated conditions, including complete flooding 
with light water or optimal moderation by hydrogenated mist or foam. The center-to-center distance 
between the fuel assemblies is nominally 30 cm. Separation alone is sufficient to limit keff below a value 
of 0.9; however, a 0.25 cm thick stainless steel plate between storage rack cells is provided to further 
reduce keff and provide mechanical protection of installed fuel assemblies. 

9.2.1.2 Irradiated Reactor Fuel Storage 

9.2.1.2.1 Used Fuel Storage Pool 

The used fuel storage pool contains a storage rack with capacity for 384 fuel assemblies in a 
rectangular arrangement 24 assemblies wide and 16 assemblies long. Each cell in the storage rack 
is nominally 31 cm wide and 31 cm long, resulting in a center-to-center distance between adjacent 
fuel assemblies of 31 cm. This distance is sufficient to limit keff below a value of 0.9 and preclude 
the construction of a critical array in all postulated conditions, including: 

• Immersion in light water moderator at all densities, particularly full density and the optimal 
density resulting in maximal neutron multiplication 

• Immersion in light water moderator at all temperatures from nominal used fuel pool 
temperature up to and beyond the maximum normal used fuel pool operating temperature 

• Immersion in light water moderator of varying depths, ranging from normal depth above 
the used fuel to an entirely drained pool 

• Movement and placement of fuel assemblies within, around, and above the used fuel 
storage rack, both vertically and, where possible, horizontally 

In addition to the storage rack geometry, credit is taken for burnup of the used fuel. Although 
analyses show that the storage rack may be filled entirely with new fuel and maintain keff below a 
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value of 0.9 under nominal and a wide range of postulated conditions, keff may exceed this value 
under certain conditions. Accordingly, a minimum 800 pcm of reactivity is required to be removed 
by burnup of fuel, equivalent to approximately 30 days of full power operation in the VIPR core, 
before used fuel may be stored in the used fuel storage pool. 

A minimum 25 cm gap is provided on all sides of the storage rack to reduce radiation fluence in the 
pool walls and provide access to all storage rack cells. Dimensions of the used fuel storage rack and 
pool are given in Table 9-1: 

Table 9-1: Used fuel storage rack and pool dimensions 

Parameter Value Unit 

Storage Rack, Width [ ]PROP,ECI m 

Storage Rack, Length [ ]PROP,ECI m 

Pool, Width [ ]PROP,ECI m 

Pool, Length [ ]PROP,ECI m 

Pool, Depth [ ]PROP,ECI m 

 

9.2.1.2.2 Reactor Pool Used Fuel Storage 

Fuel may be temporarily stored in a linear storage rack, with the capacity for 4 fuel assemblies, 
located at the wall of each VIPR pool. Each used fuel storage rack relies on the geometric 
arrangement of the fuel assemblies to limit keff below 0.9. The center-to-center distance between 
the fuel assemblies is nominally 24 cm. Separation alone is sufficient to limit keff below a value of 
0.9; however, a 1 cm thick stainless-steel plate between storage rack cells is provided to further 
reduce keff and provide mechanical protection of installed fuel assemblies. Fresh fuel assemblies 
may be stored in the linear storage rack during refueling operations or in the event of repairs in or 
near the VIPR core. 

9.2.1.3 Fuel Handling Tools 

Tools are provided for handling individual assemblies and for manipulating other core components 
such as reflectors and core grid plate plugs. All fuel handling tools are provided with the capability of 
being locked and secured when not in use. 

9.2.2 SNM-Bearing Irradiation Target Cycle Description 

The SNM cycle in the AAI facility follows a simple, well-established and proven pathway of target 
fabrication, irradiation, isotope extraction, and uranium re-formation. 

9.2.2.1 Irradiation Target Handling Tools 

Tools are provided for the manual manipulation of unirradiated and irradiated uranium targets, 
including loading into the VIPR core, removal from the VIPR core, and transportation to the target 
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processing module. All target handling tools are provided with the capability of being locked and 
secured when not in use. 

9.3 FIRE PROTECTION SYSTEMS AND PROGRAMS 

9.3.1 Design Basis 

The fire protection system at the AAI site will utilize the design criteria of National Fire Protection 
Association (NFPA) 801, “Standard for Fire Protection for Facilities Handling Radioactive Materials.” 
Other nationally recognized codes and standards, as applicable, may be used in the design of the fire 
protection system in order to achieve reasonable assurance of fire safety. The facility fire protection 
system is designed to: 

• Prevent fire initiation by controlling, separating, and limiting the quantities of combustibles and 
sources of ignition. 

• Isolate combustible materials and limit the spread of fire by subdividing the AAI facility into fire 
areas separated by fire barriers. 

• Provide confidence that failure or inadvertent operation of the fire protection system cannot 
prevent the AAI facility’s safety functions from being performed. 

• Preclude the loss of structural support, due to warping or distortion of AAI facility structural 
members caused by the heat from a fire, to the extent that such a failure could adversely affect 
safe shutdown capabilities. 

• Provide firefighting personnel access and life safety escape routes for each fire area. 

• Minimize exposure to personnel and releases to the environment of radioactivity or hazardous 
chemicals as a result of a fire. 

• The fire protection system is classified as a non-safety-related, non-seismic system. The fire 
protection system is not required to remain functional following an accident or the most severe 
natural phenomena. 

• Maintain fire pump design capacity with two independent fire pumps, each rated 100 percent 
capacity. The pumps are fully redundant, and each can sustain full system operation in the 
event of the other’s failure. 

This fire protection strategy adopts a defense-in-depth approach consistent with 10 CFR 50.48 and 
the fire protection criteria outlined in NUREG-1537. Specifically, the design and programmatic 
controls address prevention, detection, suppression, and post-fire safe conditions. The approach 
ensures that fire protection measures do not compromise the reactor’s ability to shut down safely 
or maintain safe shutdown conditions, consistent with fire protection systems being classified as 
non-safety-related. This alignment with regulatory expectations provides reasonable assurance 
that fire hazards will not adversely affect public health and safety or the environment. 

9.3.2 System Description 

The fire protection system and program are designed to protect the facility and staff and to mitigate 
any property loss in the event of a fire. The system provides two primary functions: (1) detection, 
which affords an early warning of an actual or potential fire condition by a combination of heat, smoke, 
and remote manual devices, and (2) suppression, which incorporates a normal sprinkler system with a 
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pre-action system that is used in areas with sensitive electronic equipment, and a deluge, non-freezing 
system used in the cooling tower. It should be noted that fire protection is not required to accomplish 
a safe shut down of the reactor or to maintain a safe shutdown condition. 

The fire detection subsystem contains automatic and manual means of initiation and is a combination 
of thermal, photoelectronic, and ionization-type sensors, flow switches, and manual pull stations. A 
central control station, located in the administration building, and a repeater station, located in the 
reactor control room, monitor each system component. These stations will annunciate alarms for any 
component not in its normal condition. 

Fire water is supplied from two separate freshwater storage tanks. There are two, 100 percent capacity 
fire pumps. The lead pump is electric motor-driven and the secondary pump is diesel engine-driven. 
The fire water tanks are permanently connected to the fire pumps’ suction piping and are configured 
to allow suction from either or both tanks. Piping between the fire water sources and fire pumps is 
designed in accordance with NFPA 20 (NFPA, 2022), Standard for the Installation of Stationary Pumps 
for Fire Protection. A failure in one tank or its associated piping will not cause both tanks to drain. 
Sprinkler and standpipe systems are supplied by connections from the yard main. In addition, fire 
extinguishers are strategically located throughout the facility. 

9.3.3 Operational Analysis and Safety Function 

The building is constructed of noncombustible materials such as steel and concrete. Interior walls may 
be mostly concrete block. Exits from the facility meet the requirements of the NFPA 101, "Life Safety 
Code." All areas in the facility have access to at least two exits. 

A safe shutdown analysis specific to fire scenarios has been considered as part of the facility’s fire 
protection program. For this non-power reactor, a safe and stable shutdown state is defined as the 
reactor in a subcritical condition with core cooling assured by the reactor pool inventory and natural 
convection. Reactivity control is maintained by gravity-drop control rods, which are fail-safe and do not 
require power or operator action. Core cooling is provided by the large volume of reactor pool water, 
which is passive and unaffected by fire. Fire impacts on instrumentation and power systems do not 
prevent achievement or maintain safe shutdown. As such, a formal post-fire shutdown strategy will be 
developed based on maintaining access to the reactor pool and ensuring no fire-induced failure of 
physical barriers or components critical to these functions. 

The main risk that a fire poses with respect to radiological release is from the storage of fresh fuel. 
Fresh fuel will either reside in a fire-rate enclosure or stored underwater in the canal or a reactor pool. 
This information will be finalized for the FSAR. 

A circuit analysis will be performed as part of the overall fire protection program to evaluate the 
potential effects of fire-induced circuit faults such as hot shorts, shorts to ground, and open circuits. 
The analysis will focus on circuits that support systems or components relevant to achieving and 
maintaining a safe shutdown condition, including reactivity control and post-shutdown monitoring. The 
fail-safe nature of the reactor protection system, including gravity-operated control rods, ensures that 
loss of electrical power or control signals will result in shutdown. Any circuits identified as critical to 
fire response or post-fire monitoring will be assessed for exposure to fire zones, physical separation, 
protective routing, or redundancy. Results of the circuit analysis will be incorporated into the post-fire 
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safe shutdown strategy to ensure that no credible fire scenario compromises the ability to reach or 
maintain a safe condition. 

The fire protection program will be fully developed and explained in the FSAR and will incorporate any 
pertinent operational procedures. 

9.3.4 Instrumentation and Control Requirements 

Fire damage to I&C systems is discussed in Chapter 7, Section 7.3.2.3. I&C requirements specific to the 
fire protection system will be provided in the FSAR. 

9.4 COMMUNICATIONS SYSTEMS 

The communication systems enable reliable communications during normal operations, emergency 
situations, and security incidents, They connect essential areas of the AAI facility with remote 
locations, as well as with emergency and security personnel. The systems are designed such that a 
failure of any system does not impair the ability of the other systems to function. This is accomplished 
through the use of diverse technologies as described in Subsections 9.4.1 (normal communications) 
and 9.4.2 (off-site communications) below. 

Redundancy is further supported through the use of cellular, wireless, digital, and video-based 
communication tools that offer resilient alternatives in case traditional systems are compromised. 

A more detailed description of the communication systems, including drawings and specifications of 
the principal components will be provided in the FSAR. 

9.4.1 Normal Communication 

The facility utilizes a communication system that provides paging, alarming, and party-line voice 
communications. Stations for this system are located throughout the facility. The system provides 
communications between any two areas of the facility. The stations are modular in design for ease of 
replacement. In an emergency, this system is used to alert personnel. 

In addition to the hardwired systems, the facility supports wireless and digital communication 
platforms, including video-based systems and digital devices capable of relaying instrumentation 
signals, email, and other data. These systems enhance operational coordination and response 
capabilities. 

9.4.1.1 Private Exchange Line 

A private exchange system is provided in various areas of the facility. These phones serve as a backup 
to the normal communications system. The system is tied to the commercial telephone system, which 
serves as the main off-site communications channel. The system is powered separately from the 
normal communications system. 

Wireless and cellular service options may also supplement this system to ensure communication 
resilience in the event of wired infrastructure failure. 
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9.4.1.2 Radio System 

Hand-held portable radios operating on ultra-high frequency bands are provided. These radios are 
powered by replaceable, rechargeable battery packs and once charged are independent of facility 
power until recharging is needed. Base station radios for communication with the portable radios are 
provided for the facility. 

9.4.2 Off-Site Communications 

9.4.2.1 Telephone System 

Commercial telephones are provided in normally-manned areas. These phones allow personnel to 
contact any outside telephone number in case of an emergency. In the event of loss of commercial 
telephone infrastructure, cellular and digital communication platforms serve as alternative means of 
off-site communication. 

9.4.2.2 Testing Requirements 

The design of the communications systems permits routine testing and inspection without disruption 
to normal communications. Testing is performed on an appropriate basis to detect and correct any 
problems or degradation of the communications systems. 

9.4.3 Technical Specifications 

There are no potential variables, conditions, or other items that will be probable subjects of a technical 
specification associated with the communication systems. For a complete description of 
communications, the system also includes communication tools designated for emergency and physical 
security purposes. These tools support coordination between response teams and facility management 
without the inclusion of safeguards or proprietary information. 

9.5 POSSESSION AND USE OF BYPRODUCT, SOURCE, AND SPECIAL NUCLEAR MATERIAL 

AAI intends to adopt the broadest interpretation of the materials and areas authorized under its 10 
CFR Part 50 reactor license. This interpretation allows for the receipt, possession, and use of materials 
produced by the reactor or otherwise authorized by the license in the reactor room and contiguous 
operational spaces. AAI's approach supports the use of these spaces for processing, packaging, and 
conducting experiments with byproduct, source, and special nuclear materials to meet customer and 
research demands. This interpretation is consistent with the acknowledgments and guidance provided 
in NUREG-1537 and the facility’s licensing basis. AAI will implement and maintain all necessary 
administrative and technical controls to ensure full compliance with applicable NRC regulations. The 
FSAR will outline how the physical security and emergency plans apply to the licensed spaces and 
possession of byproduct materials. 

9.5.1 Design Basis 

The design basis for the possession and use of special nuclear material (SNM) and byproduct material is 
to ensure that no uncontrolled release of radioactive materials (solid, liquid, or airborne) from the 
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facilities can occur and that personnel exposures to radiation, including ingestion or inhalation, do not 
exceed limiting values in 10 CFR 20, and are consistent with the AAI ALARA program. 

9.5.2 Material Description 

AAI operations may involve the handling or possession of byproduct materials, source materials, and 
special nuclear materials, as described below. 

9.5.2.1 Byproduct Materials 

Byproduct material, as defined by the Atomic Energy Act and NRC regulations, is any radioactive 
material, excluding special nuclear material (SNM), enriched uranium, or plutonium, that is produced 
in or made radioactive by exposure to radiation during the use of SNM or by operation of a nuclear 
reactor. Byproduct material may be present within transportation packaging or in the reactor 
confinement area in the form of irradiation targets. 

All byproduct material will be handled and processed within the processing facility, with the exception 
of encapsulated material within the reactor or transfer canal. AAI will utilize a variety of processes 
when processing byproduct materials. IAEA-TECDOC-1340, “Manual for Reactor Produced 
Radioisotopes” provides numerous examples of well-established byproduct material processes which 
may be referenced to support the development of AAI processes. 

9.5.2.2 Source Materials 

Source material is defined as natural uranium or thorium or depleted uranium that is not suitable for 
use as reactor fuel, per 10 CFR 40, “Domestic Licensing of Source Material.” Various irradiations and 
processing activities involving source material may be conducted throughout the operational lifetime 
of the facility. Depleted uranium may also be used as shielding material in certain types of 
radioisotope-bearing packages, as is common for radioisotope generators. 

9.5.2.3 Special Nuclear Materials 

Special nuclear material is defined by Title I of the Atomic Energy Act of 1954 (42 U.S.C. 2011 et seq.) as 
plutonium, U-233, or uranium enriched in the isotopes U-233 or U-235. The AAI facility will receive, 
store, and process fresh, unirradiated uranium dioxide-based reactor fuel. 

Excluding the receipt of material in the shipping and handling area, special nuclear material (reactor 
fuel) will primarily be handled in the reactor confinement area. 

9.5.3 Technical Specifications 

Potential variables, conditions, or other items that will be probable subjects of a technical specification 
associated with the possession and use of byproduct, source, and SNM are provided in Chapter 14. 

9.6 COVER GAS CONTROL IN CLOSED PRIMARY COOLANT SYSTEMS 

The VIPR does not utilize a cover gas in the primary coolant system. 
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9.7 OTHER AUXILIARY SYSTEMS 

This section describes auxiliary systems pertinent to reactor operations which are not captured in 
other chapters of the PSAR. 

9.7.1 Used Fuel Pool Cleanup System 

The used fuel pool cleanup system is a non-safety-related system designed to maintain water purity 
and control chemical conditions in the used fuel pool. Its primary function is to prevent corrosion of 
system components by continuously purifying the water and maintaining acceptable chemistry. 

Water purity is monitored in the used fuel pool and maintained within the limits recommended in 
NUREG-1537: 

• Electric conductivity ≤ 5 μS/cm 

• Potential hydrogen (pH) between 5.5 and 7.5 

This will be done by a pipe running water from the top of the used fuel pool into a series of micron 
filters and a demineralizer mixed bed resin column as seen in Figure 9-2 The sizing of the filters and 
demineralizer resin tank will be sized to allow a wide range of flow rates through the system. 

 

Figure 9-2: Used fuel pool cleanup system. 

The sizing of the filters will be done in accordance with the manufacture recommendation of 1 to 25 
micrometer. The demineralizer resin tank will be sized to allow a wide range of flow rates through the 
system to ensure the design basis of the water purity is maintained. 
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The cleanup system is in the reactor confinement module of the facility adjacent to the used fuel pool. 
The system uses stainless steel piping to draw water from the top of the pool at a flow rate between 8 
and 30 m3/h. The water is passed through a gate valve into a strainer to a single stage centrifugal 
pump. The pump discharges into a micron filter and into the demineralizing resin tank. The tank water 
is then passed through a second filter and returned to the top of the used fuel pool. 

The resin tank has separate flanged connections for the replacement or recharging of the resin. The 
replacement of the filter and resin will be done in a manner commensurate with their importance to 
safety and the potential exposure to radiation from radioactive material buildup in the demineralizer. 
Procedures will be in place to limit the radiation exposure when changing the filters and resin. The 
used resin and filters are managed as radioactive waste. 

9.7.2 Used Fuel Pool Makeup Water System 

The WPS is designed to replace water that is lost through small leaks or evaporation in the pool. The 
WPS takes water from a storage tank and passes it through a reverse osmosis filtration system. A 
separate storage tank is used for the purified water and is available to the used fuel pool. The reverse 
osmosis water storage tank is also connected to the cleanup system that will further filter and 
demineralize the water that enters the used fuel pool as seen in Figure 9-2 and Figure 9-3 

 

Figure 9-3: Used fuel pool makeup water system 

 

The conductivity of the reverse osmosis water storage tank is constantly measured to ensure that the 
reverse osmosis process is functioning correctly. The WPS is only connected to the cleanup system 
when the pool water needs to be added within the low pool limit set points. 

9.7.3 Reflector Systems 

9.7.3.1 Reflector Coolant System 

The VIPR core is surrounded by a tank of liquid heavy water (D2O) called the deuterium-augmented 
nuclear kinetics (DANK) tank, or simply the reflector. The primary function of this tank is neutron 
reflection, with additional roles including neutron moderation and providing an alternative method for 
rapid reactor shutdown. 

The reflector system is closed to the atmosphere and connected to a dump tank, which allows for 
volume expansion and contraction as a result of temperature variation. 
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All surfaces in contact with the D2O are either stainless steel, rubber, or aluminum. All free surfaces 
are blanketed with helium. The helium is circulated through a recombiner to prevent the buildup of 
radiolytically-produced gases. 

D2O is circulated through the reflector system by means of forced convection, the purpose of which is 
to remove heat resulting from the absorption of photons in the D2O. This heat is transferred to the 
secondary reflector coolant system via a heat exchanger. The reflector coolant system is capable of 
continuously removing the fraction of the fission energy (2-3%) that is deposited in the D2O. A cleanup 
system is used to maintain the purity of the D2O. 

As a backup reactor shutdown mechanism, the DANK tank can be rapidly drained into a dump tank, 
introducing negative reactivity and making the reactor subcritical. 

The DANK tank extends axially beyond the extent of the VIPR fuel assemblies; the tank is filled with 
heavy water to a level above to the upper end of the fuel elements in the core. 

9.7.3.1.1 Design Bases/Functional Requirements 

The purpose of the reflector coolant system is to remove the heat deposited in the reflector by 
photon absorption when the reactor is operated continuously at full steady state power. In 
addition, this system provides an alternate means for the rapid shutdown of the reactor. 

9.7.3.1.2 System Flow Path 

The flow path of the reflector coolant system will be provided in the FSAR. 

9.7.3.1.3 Heat Removal Considerations 

The heat captured in the DANK tank, and subsequently removed by the reflector coolant system, is 
about 3% of the VIPR fission power. In the case of a loss of forced D2O convection flow, this heat 
would ultimately be conducted through the reflector tank walls into the light water coolant of the 
reactor pool, boiling in the reflector tank is anticipated to occur; a reactor scram on low D2O flow is 
therefore provided. 

9.7.3.1.4 Control and Safety Instrumentation 

Reflector coolant system control and monitoring is part of the facility control system discussed in 
Chapter 7, "Instrumentation and Control Systems." 

9.7.3.1.5 Special Features 

The DANK tank will have the ability to be emptied into a dump tank. The dump tank is located on a 
side near the reactor pool. The heavy water from the DANK tank will be pumped into the dump 
tank as needed. The amount of D2O pumped is determined by the free volume in the dump tank. 
The level in the dump tank is maintained such that only approximately 60 cm of the reflector is 
pumped. The negative reactivity associated with this loss of reflector is sufficient to shut the 
reactor down. 

In the event of a reflector dump, the D2O will flood the dump tank and seek its own level in the 
dump tank's helium vent line which connects to the void above the reflector's normal level. The 
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system's suction and return lines are located so that full convection can be maintained even in the 
"dump condition." 

9.7.3.1.6 Radiation Exposure 

The reflector coolant system does not contribute significantly to the production of N-16 and Ar-41 
because the reflector is a closed system. Additionally, the components of the reflector system are 
situated on the side of the reactor pool to which access is restricted. Hence radiation exposure 
from these sources is precluded. The principal radiation hazard associated with the heavy-water 
reflector is tritium (H-3), which is produced by the activation of deuterium and removed by decay. 
However, because the half-life of H-3 is 12.2 years, the concentration will rise nearly linearly and 
without bound. The presence of H-3 in the heavy water necessitates precautions to minimize 
exposure during both routine maintenance and unforeseen events, such as a spill of heavy water. 
These precautions include: 

• Operating the reflector coolant system as a closed system, 

• Employing a leak detection system to identify any leakage, and 

• Diluting the reflector with clean D2O to prevent excess H-3 concentrations, specific 
concentration limit will be identified in the FSAR. 

9.7.3.1.7 Radiation Monitors 

There are no radiation monitors specific to the reflector system. 

9.7.3.1.8 Auxiliary Systems 

The only auxiliary system that uses the heavy water coolant is the reflector coolant cleanup system 
described in Section 9.7.3.2. 

9.7.3.1.9 Radiation Shielding 

Shielding for the reflector coolant system is the same as that for the primary coolant system. 

9.7.3.1.10 Leak Detection 

Leak detection systems will be described in the FSAR. 

9.7.3.1.11 Coolant Radioactivity and Sampling 

The heavy water will be sampled at frequencies described in the FSAR for gross activity and H-3. 
Airborne H-3 activity is verified at frequencies described in the FSAR. 

9.7.3.1.12 D2 Concentration Limits 

In the report, "Flammability of Deuterium in Oxygen-Helium Mixtures," issued by the Explosives 
Research Center of the Bureau of Mines, it is shown that the volume percent of D2 gas needed for 
flammability is independent of the volume percent of O2 from 4 to 30% (Furno, Harris, Zabetakis 
1964). The data in this report gives the flammable concentration of D2 as 7.8 volume percent at 
25°C and 7.5 volume percent at 80°C. Linear extrapolation of these two points indicates a 
flammable concentration of 6.8 volume percent at a temperature of 200°C. These results are 
conservative because ignition in the tests was initiated at the base of the combustion tube. 
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Therefore, D2 gas in the space above the heavy water surfaces must not exceed 6% of the volume. 
Recombination of the disassociated D2 and O2 is accomplished by continuously circulating the 
helium from above the reflector through a catalytic recombiner. A constant flow through the 
combiner and a constant operation temperature are maintained. A rise in temperature in the 
recombiner is a result of the recombination process and is a positive indication that the recombiner 
is operating properly. The maximum temperature in the helium system will be less than 200°C 
under all foreseeable circumstances. Hence, it can be concluded that combustion will not occur if 
the D2 concentration is kept less than 6 volume percent. The described experiments cover the 
range of conditions and gaseous mixtures for VIPR operation. If the recombiner operation falls 
outside its specified range, and cannot be corrected within a timeframe to be reported in the FSAR, 
the reactor power shall be reduced to <100 kW. Continued reactor operation at <100 kW with the 
recombiner out of service is considered acceptable because the rate of D2O decomposition at this 
low power level is insignificant. 

9.7.3.2 Reflector Coolant Cleanup System 

9.7.3.2.1 Design Bases/Functional Requirements 

The principal purpose of the reflector coolant cleanup system is to maintain the purity of the heavy 
water within the specifications provided in the FSAR. The system fulfills other functions as well: 

• Maintain level of the D2O in the reflector tank. 

• Provide a surge volume to compensate for volume changes of the D2O. 

9.7.3.2.2 System Flow Path 

The reflector coolant cleanup system is essentially a separate, parallel system to the reflector 
coolant system. The flow path of the reflector coolant cleanup system will be provided in the FSAR. 

9.7.3.2.3 Specifications 

Specifications for the reflector coolant cleanup system will be provided in the FSAR. 

9.7.3.2.4 Instrumentation and Monitoring 

Reflector coolant cleanup system control and monitoring is part of the Facility Control System 
discussed in Chapter 7, "Instrumentation and Control Systems." 

9.7.3.2.5 Schedule for Ion Column Replacement 

The DANK tank is blanketed with helium. It is rarely necessary to open the system for maintenance. 
Hence, a given charge of resin will last for several years. There is no set schedule for replacement of 
the ion column. The ion exchange resin is not regenerated. Columns from the reflector system do 
not pose a radiation hazard except for H-3. Hence, no special shielding requirements are needed. 

9.7.3.2.6 Minimization of Exposure During Routine Operation 

The practices and procedures used to minimize exposure from the PCS and cleanup system are 
observed for the reflector system's ion column as well. However, there is little penetrating 
radiation associated with this column. 
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9.7.3.2.7 Minimization of Exposure During Accidents 

Leakage from the DANK tank is of concern because of the H-3 contained in the heavy water. The 
heavy water system is equipped with a leak detection system that will alarm to notify the operator 
of any moisture that may result from a leak. 

9.7.3.2.8 Prevention of Loss of Coolant 

In addition to leakage detection systems, level alarms would detect any significant leakage. Two 
outcomes associated with a loss of coolant are possible: 

• Leak rate less than heavy water flow: In this case, the DANK tank will remain at overflow. 
The first indication of the leak (other than the leak detection system) would be a low-level 
alarm on the dump tank. 

• Leak rate greater than heavy water flow: For this case, the DANK tank will not remain at 
overflow and an alarm will register as soon as overflow is lost. 

9.7.3.3 Reflector Coolant Sampling System 

The reflector coolant sampling system will be described in the FSAR. 

9.7.3.4 Reflector System Shutdown Cooling 

Reflector system shutdown cooling will be described in the FSAR. 

9.7.3.5 Heavy Water Helium Cover Gas System 

All free surfaces of the heavy water in the reflector and reflector coolant system are blanketed with 
helium. The purposes of this helium cover gas are to: 

• Prevent air with entrained H2O moisture from entering the system, coming in contact with the 
D2O, and degrading it. 

• Prevent the corrosion that would be caused by nitrous oxide formation from air in the presence 
of high radiation fields. 

• Provide an inert, non-radioactive vehicle to circulate the disassociated D2 and O2 from the 
reflector tank to the recombiner. 

Helium flows from a high-pressure manifold through reducers and an isolation valve to a constant 
pressure gasholder in the auxiliary alcove, which is where the reflector coolant systems are located. 
The helium is then distributed to all free surfaces in the reflector system. The volume in the gasholder 
is replenished automatically from the manifold. A relief valve will vent the gasholder to the ventilation 
exhaust if the gasholder level becomes too high. There are provisions for manually filling or venting the 
gasholder. Helium and any D2 and O2 from the disassociation of heavy water is circulated by a blower 
through a catalytic recombiner. The resultant D2O is gravity-fed to the reflector system storage tank as 
it forms. The D2 concentration in the helium cover gas must not exceed 6% by volume. If the 
recombiner is inoperable, reactor power must be lowered to 100 kW or less and the system sampled 
for D2 gas every hour. The D2 concentration may not exceed 1% whenever the recombiner is out-of-
commission. 
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