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¥Sr ' strontium-89

s strontium-90

*Mo molybdenum-99

20Th thorium-230

Zlpg protactinium-231

23py protactinium-233

2y uranium-233

2y uranium-235

“"Np neptunium-237

Z8pyy plutonium-238

28y uranium-238§

9Py plutonium-239

240py plutonium-240

*1Am americium-241

ALARA as low as reasonably achievable

CFR Code of Federal Regulations

DBF design basis fire

DOT U.S. Department of Transportation

H, hydrogen gas

HEGA high-efficiency gas adsorption

HEPA high-efficiency particulate air

HIC high-integrity container

HNO; nitric acid

HVAC heating, ventilation, and air conditioning
IBC International Building Code

ICP-MS inductively coupled plasma mass spectrometry
IROFS item relied on for safety

IRU iodine removal unit

IX ion exchange

Kr krypton

LAN local area network

LEU low-enriched uranium

Mo molybdenum

NaOH sodium hydroxide :
NESHAP National Emission Standards for Hazardous Air Pollutants
NFPA National Fire Protection Association
NO, nitrogen oxide

NRC U.S. Nuclear Regulatory Commission
NWMI Northwest Medical Isotopes, LLC
PFHA preliminary fire hazards analysis
RCA radiologically controlled area

RPF Radioisotope Production Facility
SNM special nuclear material

U uranium

U.S. United States

U.S.C.. United States Code

VoIlP Voice over Internet Protocol

Xe xenon
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Units

°C degrees Celsius
°F degrees Fahrenheit
u micron

cm centimeter

em’ square centimeter
ft feet

i square feet

ft cubic feet

gal gallon

gmol gram-mol

hr hour

in. inch

in.? square inch

kg kilogram

L liter

Ib pound

m meter

M molar

m’ square meter
m’ cubic meter
min minute

mm millimeter

W watt

wt% , weight percent
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9.0 RADIOISOTOPE PRODUCTION FACILITY AUXILIARY SYSTEMS

This chapter provides the descriptions of the auxiliary systems for the Northwest Medical Isotopes, LLC
(NWMI) Radioisotope Production Facility (RPF) that have not been addressed in previous chapters.
These auxiliary systems are important to the safe operation of the RPF and to protect the health and safety
of workers, the public, and environment. The chapter is organized in accordance with NUREG-1537,
Guidelines for Preparing and Reviewing Applications for the Licensing of Non-Power Reactors — Format
and Content, as augmented by the Final Interim Staff Guidance Augmenting NUREG-1537, “Guidelines
Jor Preparing and Reviewing Applications for the Licensing of Non-Power Reactors,” Parts 1 and 2, for
Licensing Radioisotope Production Facilities and Aqueous Homogeneous Reactors (NRC, 2012).

The RPF auxiliary systems include the following:

* Heating and ventilation, and air conditioning (HVAC) systems

* Fire protection systems

*  Communication systems

* Possession and use of byproduct, source, and special nuclear material

*  Cover gas control in the closed primary coolant system

*  Other auxiliary systems, including utility systems, control and storage of radioactive waste,
analytical laboratory, and chemical supply

For each auxiliary system, a description is provided of the system’s capability to function as designed
without compromising RPF operations and to shut down the RPF during normal operations or under RPF
accident conditions. Each auxiliary system description includes:

* Design basis

*  System description

*  Operational analysis and safety function

* Instrumentation and control requirements

¢ Required technical specifications and their bases, including testing and surveillance

9.1 HEATING VENTILATION AND AIR CONDITIONING SYSTEMS

The RPF HVAC system, also referred to as 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, Code of Federal Regulations, Part 20, “Standards for
Protection Against Radiation” (10 CFR 20). The system design is consistent with NWMI’s as low as
reasonably achievable (ALARA) program.

The RPF design features ensure that airflow and relative pressure will prevent inadvertent diffusion or
other uncontrolled release of airborne radioactive material from the RPF. 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 20 and the
NWMI ALARA program. NWMI’s ALARA program is discussed in Chapter 11.0, “Radiation
Protection Program and Waste Management,” and a detailed airborne exposure analysis is provided in
Chapter 11, Section 11.1.1.1.2.

9-1
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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 RPF 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 ingestion to levels ALARA
* Providing ventilation air and conditioning the RPF environment for workers or occupants
* Providing makeup air and condition the RPF environment for process and electrical equipment

The offgas treatment system will provide primary system functions to protect on-site and off-site
personnel from radiological and other industrial related hazards by:

*  Collecting the air in-leakage sweep from each of the numerous vessels and other components in
the main processes

* Segregating the numerous vessel vents into subsystems

* Directing the vessel vent subsystem that may contain iodine to abatement equipment to reduce
any iodine levels in the offgas stream

*  Collecting a special high-volume humid vessel vent stream from the waste handling system

* Merging the collected vent subsystems into the main facility ventilation system for further
treatment or filtration to remove entrained radionuclides

* Removing radionuclide particulate to comply with facility emission limits

* Providing airflow and negative pressure to the fission product offgas system and to ventilate RPF
vessels

Additional information on the design basis is provided in Chapter 3.0, “Design of Structures, Systems,
and Components.”

9.1.2 System Description

The facility ventilation system will maintain a series of cascading pressure zones to draw air from the
cleanest areas of the facility to the most contaminated areas. Zone IV will bé a clean zone that is
independent of the other ventilation zones. Zone IV will be slightly positively pressurized with respect to
the atmosphere. Zone III will be the cleanest of the potentially contaminated areas, with each subsequent
zone being more contaminated and having lower pressures.

A common supply air system will provide 100 percent outdoor air to all Zone III areas and some Zone Il
areas that require makeup air in addition to that cascaded from Zone III. Three separate exhaust systems
will maintain zone pressure differentials and containment: (1) the Zone I exhaust system will service the
hot cell, waste loading areas, target fabrication enclosures, and process offgas subsystems in Zone I

(2) the Zone II/III exhaust system will service exhaust flow needs from Zone II and Zone III in excess of
flow cascaded to interior zones; and (3) a laboratory exhaust system will service fume hoods in the
laboratory area.

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 61,
“National Emission Standards for Hazardous Air Pollutants” (NESHAP), and applicable State law.

9-2
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A stack monitoring and sampling system will be employed to demonstrate compliance with the stated
regulatory requirements for exhaust.

The RPF 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 stacks to the environment after being treated.

The safety functions of the ventilation systems will serve to protect workers, the public, and environment

by maintaining confinement barriers in a multiple

confinement barrier system.

The RPF will typically be ventilated such that
airflows travel from areas of lower potential for
contamination to areas of higher potential. The
ventilation system functions will include
temperature and air quality control to meet
production and worker needs.

Figure 9-1 through Figure 9-3 show the facility

confinement boundaries on the ground level (first

level), upper level (second level), and lower level
(basement), respectively. Table 9-1 defines the

confinement zone applicable to major spaces. The

zones are defined as follows:

Zone I, shown in pink, is the initial
confinement barrier and includes
gloveboxes, vessels, tanks, piping, hot
cells, and the Zone I exhaust subsystem.

Zone II, shown in orange, is the
secondary confinement subsystem and
includes the walls, floors, ceilings, and
doors of the laboratories with the
gloveboxes, HEPA filter rooms, and the
Zone II ventilation exhaust subsystem.
Laboratory gloveboxes and fume hoods
are also Zone II.

Zone I11, shown in green, is the tertiary
confinement barrier and includes the
walls floor, ceilings, and doors of the
corridor that surround the operating
galleries, and the mechanical mezzanine.

Zone IV, shown in blue, is the non-
confinement ventilation zone — the
positively pressurized areas served by

_unitary, non-safety, and commercial-

grade equipment. These areas will
include the administration support area,
truck bays, and maintenance utility areas.

Table 9-1. Facility Areas and Respective
Confinement Zones

Hot cells (production) 1

Analytical laboratory gloveboxes o1
{R&D hot cell-laboratory:hot cells ,
Target fabr1cat1on room and enclosures - II
lUtlllty TOOM. i o L
Analyt1cal laboratory room and hoods
IR&D hot cell laboratory room ‘and hoc
Waste loading hot cell
FMamtenance gallery 4 o ‘
‘Manipulator mamtenance room oo
{Exhaust filter'roor
Airlocks®
{Iradiated target basket teceipt.
Waste 10ad1ng truck bay

lChemlcaI supply room’
Comdors .
FDecontammanon roo
Loading docks e
I Waste'management loaditig ba
Irradiated target receipt truck bay
| Maintenance foom
Support staff areas

? Confinement zone of airlocks will be dependent
on the two adjacent zones being connected.
HIC high integrity container.
R&D research and development.
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[Proprietary Information]

Figure 9-1. Ground Level Confinement
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[Proprietary Information]

Figure 9-2. Upper Level Confinement
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[Proprietary Information]

Figure 9-3. Lower Level Confinement

9.1.2.1 Confinement

Confinement is an engineered safety feature of the HVAC system. 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., adequate 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.

The process vessel ventilation system will serve as the primary confinement pressure boundary and is
safety-related. The Zone I exhaust subsystem is an engineered safety feature that (along with shielding)
will create a secondary confinement boundary; enclosing the vessels and process offgas within the hot
cells. Confinement of the hot cells will be achieved through both the confinement ventilation system and
the shielding provided by the steel and concrete structures comprising the walls, roofs, penetrations, and
covers of the cells.

Secondary confinement will be accomplished by the zone boundaries, associated ventilation systems, and
HEPA filter plenums to filter exhaust air prior to discharge at the facility ventilation stacks. Secondary
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
been HEPA-filtered prior to exiting the facility (i.e., release to atmosphere). The safety aspects of the
confinement system are discussed in Chapter 6.0, “Engineered Safety Features,” Section 6.1, including
the design response to off-normal conditions (e.g., loss of power).
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9.1.2.2 Supply Air System

The RPF supply air system will provide conditioned air for facility workers and equipment and supply
makeup air for RPF exhaust air systems. The supply air system will provide filtered and conditioned air
to all Zone III spaces and some Zone II spaces at a ventilation rate of 100 percent outside air. The three
air supply handling units will be sized at 50 percent capacity each, for redundancy. Two of the three units
will be operating, while the third is on standby. If a single unit fails, the standby unit will start
automatically. Each unit will consist of an outdoor air louver, filters, cooling coil, heating coil, heat
recovery coil, isolation dampers, and a fan. ‘

Variable-speed fans will be modulated to control the pressure in the common air plenum. The heating
and cooling coils in each air-handling unit will be controlled based on a common supply air temperature
sensor. Reheat coils will be provided in the supply ducts to each space, as required, to further condition
the supply air, based on space temperature thermostats.

Outside air will be drawn into the RPF air supply system through air-handling units (Figure 9-4). The
units will normally supply a constant volume of conditioned air to the Zone II and Zone 111 areas of the
RPF.

Zone III air will be cascaded into Zone II areas through engineered leakage pathways by a negative
pressure differential, maintaining the desired pressure drop between the zones (Figure 9-4). Terminal unit
components in the supply duct system will include airflow control valves and reheat coils. The terminal
reheat coils will provide final tempering of the supply air to maintain the Zone II space temperature
setpoint. Zone II supply airflow control valves will operate in conjunction with exhaust valves to control
the pressure differential in each zone by maintaining a fixed difference between the total supply and
exhaust air flows for each Zone II space. Exhaust from Zone II will be expelled through the 23 meter (m)
(75-foot [ft]) high Zone II exhaust stack. Additional detailed information on the Zone II stack design will
be developed for the Operating License Application.

The isolation dampers and backdraft dampers in the supply duct system at the zone boundary (Figure 9-5)
will close when required to provide confinement at the zone boundary. The supply air system HVAC
controls will operate through the building management system.
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Figure 9-4. Ventilation System Diagram 1




%Rt I NWMI-2013-021, Rev. 0
o -:;-'-NWM Chapter 9.0 — Auxiliary Systems

o
2827 NORTHWEST MEDICAL ISOTOPES

[Proprietary Information]

Figure 9-5. Ventilation System Diagram 2
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9.1.2.3 Exhaust Air System

The RPF will have four exhaust air subsystems: Zone I exhaust, Zone II/III exhaust, laboratory exhaust,
and process offgas exhaust. Each exhaust system will be provided with two 100 percent capacity exhaust
fans and filter trains for complete redundancy on all exhaust subsystems. This redundancy is important to
ensure confinement ventilation pressure differentials are maintained at all times. [Proprietary
Information]. Exhaust ducts upstream of the filter trains will be round to minimize areas where
contamination can accumulate, and are sized to minimize particulate settling in the duct. Each exhaust
system will have a separate stack, with the exception of the process offgas subsystem, which will merge
with the Zone I exhaust stream. A stack monitoring and sampling system will be provided on each stack
to demonstrate compliance with applicable State law.

9.1.2.3.1 Zone I Exhaust System

The Zone I exhaust system will serve the hot cell, high-integrity container (HIC) loading area, and solid
waste loading area. This exhaust system will maintain Zone I spaces at negative pressure with respect to
atmosphere. The disassembly hot cell station will be maintained at a slightly lower pressure due to the
increased likelihood of contamination in that area. All makeup air to Zone I spaces will be cascaded from
Zone II spaces. Space temperature control will not be provided for Zone I spaces unless thermal loads are
expected to cause temperatures to exceed equipment operating ranges without additional cooling. HEPA
filters will be included on both the inlet and outlet ducts to Zone I. The outlet HEPA filters will minimize
the spread of contamination from the hot cell into the ductwork leading to the exhaust filter train. The
inlet HEPA filters will prevent contamination spread in case of an upset condition that results in positive
pressurization of Zone I spaces with respect to Zone II spaces. The process offgas subsystem will enter
the Zone I exhaust subsystem just upstream of the filter train.

The Zone I exhaust system will expel air from the hot cells and glovebox enclosures located within the
RPF. The system will also capture exhaust from the process vessel ventilation system. The Zone I hot
cell and glovebox enclosure will draw ventilation air from the surrounding Zone II spaces through HEPA
filters. The exhaust air from each cell will pass through local HEPA filters.

Negative space pressure in Zone I will be controlled through local exhaust airflow control valves for each
cell. The exhaust from the cells will collect in a Zone I system duct header and then be drawn through
final, testable, HEPA filters and carbon adsorbers prior to discharge into the exhaust stack. The speed of
the Zone I exhaust fans will be controlled to maintain a negative pressure setpoint in the Zone I exhaust
duct header. The exhaust fans will be fully redundant. If the operating fan fails, the standby fan will start
automatically. Exhaust from Zone I will be expelled through the 23 m (75-ft) high Zone I exhaust stack.
Detailed information on the Zone I stack design will be developed for the Operating License Application.

9.1.2.3.2 Zone IVIII Exhaust System

The Zone I/III exhaust system will serve the Zone II spaces and those Zone I1I spaces that do not provide
cascaded air flow into Zone II. This exhaust system will maintain Zone II spaces at negative pressure and
Zone III spaces at a less negative pressure with respect to atmosphere. Makeup air to Zone II spaces will
either be cascaded from Zone III spaces or supplied from the supply air subsystem to meet additional
space conditioning needs. All makeup air to Zone III spaces will be provided from the supply air
subsystem.
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The RPF Zone II exhaust system will expel air from the operating areas, workrooms, and fume hoods to
maintain confinement. This confinement is important to safety to protect facility workers from
radiological and hazardous chemical releases. The exhaust air from these spaces will collect in a Zone 11
exhaust header and will then be drawn through final, testable, HEPA filters and carbon adsorbers prior to
discharge into the exhaust stack (Figure 9-4). The exhaust fan speed will be controlled to maintain the
desired negative pressure in the RPF Zone II exhaust header. The exhaust fans will be fully redundant. If
the operating fan fails, the standby fan will start automatically.

Air flow control valves in the Zone II room exhaust duct system will operate in conjunction with the zone
supply valves to produce an offset between the exhaust and supply flow rates. The flow offset will enable
a negative space pressure. Flow control valves in the fume hood exhaust ducts will maintain a constant
volume through each fume hood. The control valves will automatically modulate to compensate for a
drop in air pressure due to loading of local filters.

9.1.2.3.3 Laboratory Exhaust System

The laboratory exhaust system will provide fume hood and glovebox exhaust capability. This essentially
is a Zone I system, but is separate from the main Zone I exhaust system to accommodate the large flow
fluctuations from changing fume hood positions. These highly variable flow conditions will be controlled
better through a separate exhaust system. This exhaust system will minimize the potential pressure
perturbations and control difficulties that could result from including the fume hoods on the main Zone I
exhaust system. Makeup air for increased fume hood exhaust flow will be supplied from the common
supply air system.

9.1.2.3.4 Process Offgas Treatment System

Due to the relatively short timeframe from neutron fission operations at a reactor to target dissolution and
processing in the RPF, there will be an amount of short-lived tellurium isotopes in some process streams.
The decay of these tellurium isotopes will create iodine isotopes. While most of these process streams
will not likely evolve any iodine species into the offgas, this event cannot be precluded. To ensure the
safety of the facility, the offgas from these special process streams will be collected and routed to an
iodine removal system. Figure 9-6 provides a flow diagram for the process vessel vent subsystems that
flow to the process vessel vent iodine removal unit (IRU).

The locations that are routed to the iodine removal subsystem include the following:

*  [Proprietary Information]
* [Proprietary Information]
* [Proprietary Information]
* [Proprietary Information]
* [Proprietary Information]
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[Proprietary Information]

Figure 9-6. Process Flow Diagram for Process Offgas Treatment

Iodine removal unit for target dissolution offgas system — This system in the tank hot cell will include
offgas from the target disassembly and the target dissolution offgas systems. ‘

* Target disassembly — [Proprietary Information].
* Target dissolution — [Proprietary Information).

After the offgas filter will be the dissolver offgas system’s vacuum pumps and tanks, then the stream will
flow through the secondary fission gas adsorbers and into the process vessel vent header.
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Iodine removal unit for uranium, molybdenum, and waste accumulation tanks —Some of the liquids
in the hot cell will contain tellurium isotopes that generate iodine isotopes during decay. A portion of the
iodine will remain in the dissolver solution. Although it is not likely that much of the iodine will evolve
into the offgas, these streams will be passed through an IRU before the process vessel vent header.

The expected offgas streams that feed this IRU will be from tank hot cell vessels, including the Mo feed
tanks, impure U collection and lag storage tanks, U recovery waste tanks, and the liquid waste handling
tanks. [Proprietary Information]. This offgas stream will flow into the process vessel vent header.

General vessel vent system — This header system will service the remaining vessels in the tank hot cell,
including the pure U lag storage tanks (14), recycled U collection tank, and tanks attributed to the

U concentrators. This offgas stream will flow into the process vessel vent header without additional
treatment.

High volume evaporative vent from waste handling — This system will service the three waste
solidification unit operations (low-dose liquid waste, high-dose liquid waste, and solid waste) and the
low-dose evaporation tanks.

The low-dose evaporation tanks will have high flowrate and elevated temperatures to allow water to
evaporate. The header will collect these humid air sweeps and dilute with additional air bleed to ensure
that the evaporated water does not condense in the ducting or pipes. This offgas stream will flow into the
process vessel vent header.

Target fabrication vent — The target fabrication area ventilation is required for confining: (1) offgas
from the dissolver and other process vessel, and (2) offgas from the calcination or reduction furnace
systems, where hydrogen will be diluted with air to less than the lower flammability limit. This offgas
stream will flow into the process vessel vent header. '

Process vessel vent iodine removal unit — The process vessel vent IRU (VV-SB-520) system will
consist of a sorbent bed of charcoal or activated carbon to remove iodine from the vessel vent gases. The
process vessel vent IRU is part of an item relied on for safety (IROFS) RS-03, “Hot Cell Secondary
Confinement Boundary.” Chapter 6.0, Section 6.2.1, and Chapter 13.0, “Accident Analysis,”

Section 13.2.2.8, provide additional detail on the safety function.

Process vessel vent filter — This treatment operation will consist of HEPA filtration and the exhaust fan
and will flow to the Zone I exhaust system.

9.1.2.4 Cleanroom Subsystem

The Mo purification hot cell cleanroom subsystem is designed to provide filtered and conditioned air at an
exchange rate to meet the standards of an ISO 14644-1, “Cleanrooms and Associated Controlled
Environments—Part 1: Classification of Air Cleanliness,” Class 8 cleanroom. The cleanroom will be
maintained at a slightly positive pressure relative to its surroundings to ensure that unfiltered air does not
infiltrate the cleanroom. Air inside the cleanroom will be continually recirculated through a dedicated
filtration system to remove internally generated contaminants. Air will be 100 percent recirculated, with
the only air exchange with the surroundings of the cleanroom occurring through exfiltration and makeup
air entering on the suction side of the fan. The cleanroom air handling unit and filters will be located
inside the hot cell and, therefore, must be remotely maintainable. Periodic cleanroom certification testing
will also need to be performed remotely with permanently installed instrumentation.
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9.1.2.5 Physical Layout and Location

All supply air handling units, supply fans, exhaust fans, and associated heat recovery coils will be located
in the mechanical/electrical area (supply air handler room) located on the second floor. This area will
house the Zone II and Zone III subsystem air-handling units and fans. The exhaust HEPA filter plenums
and exhaust fans will be located in the mechanical area on the second floor.

9.1.2.6 Principles of Operation

The RPF ventilation system will maintain the facility at the desired temperatures and negative
pressurization during normal operations. Supply air temperature from the air-handling units will be held
constant through the use of heating and cooling coils. Reheat coils will be provided to further temper
supply air to occupied areas based on local thermostat demand. The systems also have design features to
maintain constant overall building pressures, the Zone I header pressure, and Zone II exhaust header
pressures during normal operations. Local room pressurization will be obtained by the airflow offset
between supply and exhaust.

Supply airflows will be held constant through the use of supply fan variable-frequency drives and flow
measuring stations. Exhaust airflow will be controlled based on building pressure and exhaust header
pressure demands and to ensure that the HEPA filter plenum rated airflows are not exceeded. Variable-
frequency drives on the exhaust fans will be provided to maintain required exhaust flows when flow
resistance resulting from exhaust filter dirt loading increases.

Makeup air to maintain a constant air pressure differential between the Zone Il and Zone III areas will be
provided by the Zone III supply air. Zone III will provide overall building pressure control during normal
operations by modulation of the exhaust/return airflow path, while the supply air remains fixed.

Pressure and flow conditions for the process enclosures and laboratory ventilation will be manually
controlled using volume dampers and valves. Airflow control valves will be installed in each room’s
main supply and exhaust ducts to maintain laboratory design space pressure. These valves will be located
outside of the laboratory modules.

The Zone I exhaust system for each module will be adjusted manually using a valve located in the room
duct header near the air inlet end to maintain minimum vacuum pressure. A static pressure tap will be
located near the air inlet end of the header and will be attached to a magnehelic gauge to monitor the
header pressure relative to the laboratory module space pressure (on the radiologically controlled area
[RCA]-designed portion of the system). The system is designed to maintain the Zone I process
enclosures at their design pressure during normal operations and have the capacity to draw the required
inflow of air in the event of a design breach of an enclosure.

The Zone II exhaust system is designed to maintain the Zone II enclosures at their required pressure. A
balancing valve located in the exhaust duct of each enclosure will initially be partially closed. As the
enclosure’s local filter loads up and a drop in pressure increases across the filter, the valve will be
adjusted to reestablish flow in the design range. Differential pressure gauges will be provided at each
enclosure to monitor the filter pressure drop and measure the pressure drop across only the enclosure.
The enclosure’s pressure drop reading will be calibrated to its acceptable face velocity range to monitor
enclosure performance. ‘
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The Zone II supply air system is designed to provide the supply air volume rate required for each space.
The system will supply makeup air as required for the Zone I and II process enclosures, general exhaust,
and to maintain the design temperatures in the laboratories. [Proprietary Information] to prevent the
entrainment of potentially contaminated air back out of the process enclosures.

9.1.3 Operational Analysis and Safety Function

Chapter 11.0 and Chapter 13.0 provide an analysis of normal and off-normal operation of the RPF HVAC
system. Chapter 11.0, Section 11.1.1.1 presents that normal release analysis. Chapter 13.0, Section 13.2
evaluates various accident sequences that involve failure of the ventilation components, radiological
spills, and the release of high-dose solutions, vapors, or gases from within the hot cell liquid confinement,
secondary confinement, or shielding boundary.

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. Systems that will mitigate these releases include the primary confinement
and primary offgas treatment system, which will capture particulates, absorb iodine, and absorb Xe and
Kr and other gaseous radionuclides, to slow the release following decay to more stable isotopes. In the
target fabrication processes, uranium will be handled in physical forms that do not contribute to a high-
dose rate factor in airborne releases. Uranium solutions will also be processed in closed systems with
filtered process ventilation systems to remove the small amounts of activity normally released.

Item relied on for safety — Based on the Chapter 13.0 analysis, the hot cell secondary confinement
(Zone I exhaust ventilation subsystem) has been designated as an IROFS (RS-03, “Hot Cell Secondary
Confinement Boundary”). The operations, equipment, and components of this system will ensure the
confinement of hazardous materials during normal and abnormal conditions, including natural
phenomena, fires, and explosions. Components of the dissolver offgas subsystem and the process vessel
vent system have also been designated as IROFS. The safety functions of the confinement system are
discussed in more detail in Chapter 6.0, Section 6.1.

Chapter 13.0 evaluates a fire that could cause the carbon retention beds to ignite, leading to the release of
radionuclides into the RPF exhaust stack. Based on analysis of this accident, the exhaust stack height was
identified as an IROFS (FS-05, “Exhaust Stack Height”). This analysis is discussed in more detail in
Chapter 13.0. This passive engineered control is designed and fabricated with a fixed height for safe
release of gaseous effluents.
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9.14 Instrumentation and Control Requirements

Section 9.1.2.6 provides a general description Table 9-2. Indications for Ventilation System

of the operation of the RPF ventilation system. Parameters

Yentiaton system conirl ad monitoring i
discussed in Chapter 7.0, “Instrumentation and Equipment operating status
Control Systems.” Table 9-2 summarizes the quiprment op &

system parameters (in general) and whether [D_a;nper position status - L ‘ v }
they are monitored or alarmed. The system Exhaust header pressure ' 4 f v
sequence ef operation yvill b.e developeq anfi {'Fan speed - “ e :_ﬁ - ’
provided in the Operating License Application. *: - , T
Filter differential pressures v ; v
N - o e e - ..‘.,.{;_ e e e
9.1.5 Required Technical Specifications {Equlpment bearmwg~ y1brat1on 53{ -V L. v }
e . : v ? v
The technical specifications associated with the gq_ulpment bear e temperanaee_ R
ventilation system, if applicable, will be HEPA filter unit air inlet i v i v
discussed in Chapter 14.0, “Technical temperature - o : B
Specifications, as part of the Operating License HEPA filter unit airflow rate - v ;
Application. First-s stage e HEPA inlet ( :15 -V , v !
temperatwre - C0 o foc k]
Fan motor amperage ) v v
'lF an t@emal overload ' _,; R4 i . j
Zone 1 header pressure v : v
iéenell_ header pressure v L v ]
Confinement zone pressure v v
differentials i
HEPA = high-efficiency particulate air.
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92 MATERIAL HANDLING

The RPF does not handle or store reactor fuel. Material handling activities are discussed in Chapter 4.0,
“Radioisotope Production Facility Description,” Sections 4.3 and 4.4, and are analyzed in Chapter 13.0.
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9.3 FIRE PROTECTION SYSTEMS AND PROGRAMS

The fire protection system is designed to provide varying levels of notification of a fire event, suppress small
fires, and prevent small fires from becoming large fires. Notification of personnel will be achieved
through detection of a fire by automatic detection devices, manual pull stations, automatic sprinklers, and
the use of alarm devices that broadcast within the building and transmit signals to the central alarm station
and RPF control room. Suppression of fires will be accomplished through the use of automatic sprinklers
where appropriate. The suppression system will include all piping, valves, and fittings from the water
supply (i.e., water storage tanks or municipal hydrants) to the automatic sprinklers and standpipes in the
building.

9.3.1 Design Basis

The fire protection system design provides detection and suppression of fires in the RPF. The fire
protection system design basis includes:

* Providing varying levels of notification of a fire event and transmitting the notification to the site
central alarm station and RPF control room

* Suppressing small fires

* Preventing small fires from becoming large fires

Additional information on the design basis is provided in Chapter 3.0.

9.3.2 System Description

The fire protection system will provide detection and suppression of fires within the RPF, generation of
alarm signals indicating the presence and location of fires, and execution of commands appropriate for the
particular location of the fire.

A complete addressable fire alarm system, with both automatic and manual initiation, will be provided
throughout the RPF. Detection devices will report to a local alarm panel. All alarms (fire, supervisory
and trouble) will transmitted to the site central alarm station and RPF control room. Fire protection
system components will have fail-safe features and audible/visual alarms for operability and trouble
indication. '

The fire detection and alarm subsystem will include smoke detectors, heat detectors, water flow and
tamper switches, manual pull stations, horns and strobes, and a notification system. The building fire
suppression subsystem will include automatic sprinkler, HEPA filter plenum deluge water sprays, and
portable fire extinguishers. Water will be supplied from the exterior fire hydrant supply via connections
to the domestic water system. Firewater booster pumps will increase the system pressure in the fire
suppression subsystem piping.

Space has been reserved so that if required, the fire protection system can have a dedicated water storage
facility onsite. The need for dedicated storage will be dependent on the reliability and flow rate of the
city water supply. The storage tank capacity is anticipated to be [Proprietary Information], and will be
determined for the Operating License Application. If an on-site water storage system is found to be
necessary, an electric motor-driven fire pump will serve as the primary pressure source, and a redundant
diesel engine-driven fire pump will provide backup.
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Fire protection water will be distributed throughout the building via a gridded water system. Vertical
risers will supply various systems, with redundant risers also provided. From the vertical risers, the
automatic sprinkler part of the system will feed a series of sprinkler heads that have temperature-sensitive
links. When a set temperature is reached at the sprinkler head, the links will melt or break (depending on
type) and release water in an umbrella-shaped spray pattern.

The fire protection system is designed to provide a constant flow of water to an area experiencing a fire
for a minimum of 120 min. The size of that area will be determined using guidelines from the
International Fire Code (IFC, 2012). For sprinkler systems, the International Fire Code uses a design
based on the National Fire Protection Association (NFPA) 13, Standard for the Installation of Sprinkler
Systems. Fire hose stations will also provide flow for use in fighting fires.

Because water from the sprinklers may become contaminated with materials it contacts, areas where
hazardous materials are present are designed to hold firewater runoff for sampling prior to release to the
environment. Additional detailed information on the firewater runoff storage will be developed for the
Operating License Application.

The fire protection system is divided into two major subsystems. The subsystems and components are
categorized as follows:

° Fire suppression subsystem consisting of automatic sprinklers, a HEPA filter plenum deluge,
glovebox fire suppression, and fire hydrants
e  Fire detection and alarm subsystem consisting of:

— Controls (e.g., fire alarm control panel, subpanels, or devices used for control of devices)
— General area detection (e.g., room smoke and heat detectors, manual pull stations)

— Duct smoke detection for non-nuclear ventilation systems, glovebox heat detection

— HEPA filter plenum heat detection

— Fire suppression subsystem monitoring devices (e.g., waterflow switches, tamper switches,
fire pump, and water storage monitoring devices)

—  Occupant notification
— Alarm transmission to the central alarm station and RPF control room

9.3.2.1 Fire Suppression Subsystem

The fire suppression subsystem will include automatic sprinklers, HEPA filter plenum deluge, and fire
hydrants. The need for fire suppression in gloveboxes will be evaluated and additional information will
be provided in the Operating License Application. In addition to the automatic features of the fire
suppression subsystem, manual response capabilities will be provided by fire extinguishers with an
appropriate classification (discussed further in Section 9.3.2.3).

A 20.3 centimeter (cm) (8-inch [in.]) network of main piping (commonly called a grid) will be provided.
Vertical piping, referred to as risers and sized at 15.2 cm (6 in.), will be provided to support the fire
suppression subsystem components (sprinklers, HEPA filter plenum deluge, and hydrants). The RPF will
also be provided with redundant sprinkler risers. The connection between the risers and sprinkler piping
will be provided with control valves, check valves, waterflow switches, and a test/drain assembly for
detection of waterflow and system maintenance. Piping from the risers will support automatic sprinklers
located throughout the facility. The automatic sprinkler system is designed in accordance with NFPA 13.
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The HEPA filter plenum deluge will be also supplied by the 20.3 cm (8-in.) piping network and will be
part of a larger filter plenum fire safety design that includes fire screens, demisters, plenum drains, and
plenum dampers. The automatic feature will include a deluge valve that is activated via heat detectors in
the ducts serving the plenum. When high temperatures are sensed in the air stream, the heat detector will
send a signal to the fire alarm control panel, which in turn will send a signal to the deluge valve to
operate. Water will flow through the deluge valve into the leading portion of the plenum to cool the air
before it reaches the HEPA filters. The heat detectors and deluge valve for a particular plenum will be
paired such that only plenums that are experiencing high temperatures will react. A manual bypass
feature will be also provided to allow waterflow if the deluge valve fails to open.

A separate, manually activated feature is designed to spray directly on the HEPA filters and is intended to
only be used if the HEPA filter ignites. The manual feature will include a control valve connected via
piping to a spray nozzle directed at the HEPA filters.

The fire hydrants, located on the exterior of the building, will be supported by the 30.5 cm (12-in.)
municipal water supply line provided for the RPF. Two 8-in. connections will support the 20.3 cm (8-in.)
loop that surrounds the building. Four fire hydrants, one at each corner of the building, will be provided.
The fire hydrants are not designed for natural phenomenon hazards and cannot be relied on for seismic
accidents. The fire hydrant subsystem is designed in accordance with NFPA 24, Standard for the
Installation of Private Fire Service Mains and Their Appurtenances, and the International Fire Code
(IFC, 2012). The subsystem is designed to support fire flows of 5,680 L/min (1,500 gal/min) overall and
at least 1,893 L/min (500 gal/min) at each fire hydrant.

9.3.2.2 Fire Detection and Alarm Subsystem

The fire detection and alarm subsystem will provide a range of fire detection capabilities and notification
methods. The primary means of detection will be by monitoring the fire suppression system devices,
including flow switches that indicate release of water from automatic sprinklers or deluge valves, and
tamper switches that supervise valve position. Smoke and heat detection will be provided in specific
locations to provide detection of fires in spaces where water damage concerns warrant improved manual
intervention (e.g., computer server rooms), areas deserving additional life safety (e.g., egress locations),
or other safety-driven functions. As required by NFPA 101, Life Safety Code, and NFPA 72, National
Fire Alarm Code, smoke detection will be provided above the main fire alarm control panel and any
subpanels necessary to perform control functions for the system.

For ventilation units, smoke and heat detection will be provided in support of several safety aspects.
Smoke detectors will be provided in:

* Non-nuclear ventilation systems, in accordance with NFPA 90A, Standard for the Installation of
Air-Conditioning and Ventilating Systems, and the International Fire Code (IFC, 2012)

* Air intakes, to address smoke infiltration from wild land fires and fires in other facilities that
might spread smoke to the surrounding area

* Nuclear ventilation systems, to support shutdown and minimize the spread of contaminated
smoke to other areas of the RPF

Heat detectors will be provided in the Zone I and II ventilation system exhausts for both notification of
high temperatures and release of the automatic portion of the HEPA filter plenum deluge capability.
Control modules and relays will be integrated into the fire detection and alarm subsystem. Control
modules will provide signals for releasing the deluge valves for the HEPA filter plenum deluge capability,
and control methods will be integrated for shutdown of non-safety HVAC systems.
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Alarms received by the fire alarm control panel will be transmitted via a copper cable or fiber optic cable
network to monitoring stations in the RPF. The fire alarm control panel will also provide notification
through the facility-wide infrastructure to the central alarm station. The central alarm station will provide
data to the Columbia Fire Department for response. 7

The fire detection and alarm subsystem will receive its primary power supply from a dedicated circuit off
of the normal building power. Internal batteries will provide a secondary power source, with connection
to the standby generator. The batteries will be sized to provide 24 hours (hr) of backup power, plus

10 min of alarm power, as required by NFPA standards.

9.3.2.3 Fire Extinguishers

In addition to the automatic features of the fire suppression subsystem, manual response capabilities will
be provided via fire extinguishers with an appropriate classification. Fire extinguishers will be located
throughout the building, as required by NFPA 10, Standard for Portable Fire Extinguishers. Specific
extinguisher types, such as those for metal fires or particular chemicals, will be specified depending on
the hazard.

9.3.3 Operational Analysis and Safety Function

Chapter 13.0 identifies fire hazards and evaluates adverse events and accident sequences. The criticality
safety evaluations discussed in Chapter 6.0 include the impact of fire suppression water in its analysis.
Chapter 13.0 provides an evaluation of the accident sequences that involve either combustible solids or
liquids, or explosive gases, in close proximity to the high uranium process streams or the high-dose
process streams. As part of this analysis, an emergency purge gas system was identified to prevent
flammable concentration in process vessel headspaces. IROFS FS-03, “Process Vessel Emergency Purge
System,” is discussed in Chapter 13.0, Section 13.2.7, and in Chapter 6.0.

The following summarizes NWMI-2013-039, Preliminary Fire Hazards Analysis (PFHA), which was
prepared to demonstrate that the RPF will maintain the ability to perform safe-shutdown functions and
minimize radioactive material releases to the environment in the event of a fire. The PFHA objectives
were to:

* Consider potential in situ and transient fire hazards

* Determine the effects of a fire in any location in the RPF and the ability to safely shut down the
facility and/or minimize and control the release of radioactivity to the environment

* Specify measures for fire prevention, detection, suppression, and containment for each fire area
housing structures, systems, and components that are important to safety, in accordance with
U.S. Nuclear Regulatory Commission (NRC) guidelines and regulations

The PFHA assessed the fire hazards at the RPF, support facilities, and surrounding project site. The
analysis also assessed the fire safety criteria identified in NRC Regulatory Guide 1.189, Fire Protection
Jfor Nuclear Power Plants. The PFHA provided a consequence evaluation of a design basis fire (DBF)
scenario within each fire area, assuming the loss of automatic and manual fire suppression. The PFHA
also identified facility design features and fire hazard mitigating features for personnel safety and
property protection commensurate with the NRC criteria.
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9.3.3.1 Radioisotope Production Facility Fire Areas

The fire hazards, life safety considerations, fire protection features, and DBF for designated fire areas
within the RPF are discussed below.

The RPF will be subdivided into separate fire areas for the purposes of limiting the spread of fire,
protecting personnel, and limiting the consequential damage to the facility. Figure 9-7 and Figure 9-8
provide the delineation of fire areas on the first floor and second floor of the RPF, respectively. The
determination of fire area boundaries was based on consideration of the following:

* Types, quantities, density, and location of combustible materials
* Location and configuration of equipment

* Consequences of inoperable equipment

* Location of fire detection and suppression systems

*  Personnel safety and exit requirements

Fire areas will typically be bounded by 2-hr fire-rated barriers to separate:

* Processing areas and radioactive material storage areas from each other and adjacent areas

* Rooms with major concentrations of electrical and mechanical equipment from adjacent areas
*  Computer and control rooms from adjacent areas

* Maintenance shops from adjacent areas

* Combustible storage areas from adjacent areas

* Fan rooms and plenum chambers from adjacent areas

* Office areas from moderate and high fire hazard areas -

In one case, two fire areas will be separated by 3-hr fire-rated barrier walls. The fire-rated barrier design
and construction are in accordance with the International Building Code (IBC) (ICC, 2012) and
NFPA 221, Standard for High Challenge Fire Walls, Fire Walls, and Fire Barrier Walls.

Where fire-rated assemblies are partially or fully penetrated by pipes, ducts, conduits, raceways, or other
devices, fire-rated barrier material will be placed in and around the penetrations to maintain the fire-
resistance rating of the assembly. All openings in the fire barriers will be protected, consistent with the
designated fire-resistance rating of the barrier. Fire doors will be rated commensurate with the fire-rated
barrier in which they are installed, and comply with the requirements of NFPA 80, Standard for Fire
Doors and Other Opening Protectives.

9-22




ey NWMI-2013-021, Rev. 0
el AWM W W IVRE Chapter 9.0 — Auxiliary Systems

[Proprietary Information]

Figure 9-7. Life Safety Plan (First Floor)
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[Proprietary Information]

Figure 9-8. Life Safety Plan (Second Floor)
9.3.3.1.1 Hot Cell, Waste Handling, and Shipping Areas

As the most consequential fire area within the RPF, the hot cell area will be a single-story, non-
combustible, high bay structure. The footprint of this area will be approximately [Proprietary
Information]. The hot cell area will include parts of the irradiated target receipt bay and waste
management areas, Mo recovery and purification process, U recovery and recycle process, high bay
above the hot cell area, and operating and maintenance galleries. An overhead crane system will be used
to transfer radioactive materials between the different operations.

Life Safety Considerations

The hot cell area is anticipated to handle hazardous materials that exceed the maximum allowable
quantity limits established in the IBC (ICC, 2012). Therefore, the hot cell area will be designed as High
Hazard H-3 and/or H-4 occupancy in accordance with the IBC and will be provided with emergency
lighting, illuminated exit signs, automatic sprinklers, and an automatic and manually actuated fire alarm
system with audible and visual indicating devices as necessary.

The common path of egress travel for an H-3 occupancy equipped throughout with an automatic sprinkler
system will be 7.6 m (25 ft), in accordance with the IBC Section 1014.3. The exit access travel distance
for a fully sprinklered H-3 occupancy will be limited to 45.7 m (150 ft), in accordance with the IBC.
Dead-ends in corridors should not exceed 6.1 m (20 ft), in accordance with IBC Section 1018.4.

9-24




NWMI-2013-021, Rev. 0
Chapter 9.0 — Auxiliary Systems

o
*" NORTHWEST MEDIGAL ISOTOPES

Access to the crane platforms will be limited to maintenance and service personnel only. IBC

Section 505.3 defines equipment platforms as not being habitable and are considered to not be occupiable
space. Because the crane platforms will normally be unoccupied with limited access, these crane
platforms will not be required to meet IBC means of egress requirements.

Exposure Fire Potential/Potential for Fire Spread between Fire Areas

The hot cell, waste, handling and shipping areas will be separated from other fire areas of the building by
2-hr fire-rated barrier walls, with the exception of the wall between the production area and the
administrative area, which will have a 3-hr fire-rated barrier wall. Penetrations in the fire-rated barrier
walls will be protected with penetration seals, providing a fire rating equivalent to the barriers.

The hot cell area could be exposed to a fire in an adjacent fire area when the large access doors are
opened during radiological material transfer activities. The primary areas of concern include the interface
(open doors) between the unloading and waste truck bays with the production area. To prevent a fire
from spreading between these areas, administrative controls will be implemented that dictate personnel
procedures and limit combustibles around interface access doors. Fire spread between areas will be
therefore mitigated by personnel actions, limited combustibles, and fire-rated boundaries.

Fire Protection Features

The hot cell area requires the following fire protection features to provide a defense-in-depth approach to
fire protection. This approach will result in a fire being quickly detected and suppressed, which will
mitigate fire-induced damage.

* Automatic — Automatic sprinkler systems will be installed throughout the production area, with
the exception of the hot cell enclosure. Self-contained fire suppression systems may be located
on equipment such as cranes and forklifts. An automatic fire detection and alarm system will be -
installed throughout the production area. Analysis of the need for sprinklers in the hot cell area
and additional detailed information on these systems will be developed for the Operating License
Application.

*  Manual — Manual fire suppression will consist of portable fire extinguishers and Class I
standpipe system hose valves that will be provided within the production area. Manual fire alarm
pull stations will be provided at exits from the production area.

* Passive — Passive fire protection will be provided in the form of fire-rated construction to protect
the means of egress from the facility and separation between fire areas. Fuel traps will be
provided where the diesel-powered vehicles interface with the production area. Underhung
collection pans will be provided under the crane gearboxes.

Fire Hazards, Ignition Sources, and Design Basis Fire Scenarios

The following fire hazards and ignition sources were considered for evaluation of a DBF scenario within
the production area. '

* Scenario 1 — A fire starts within the irradiated target shipping cask that is caused by agitation and
spontaneous ignition of the pyrophoric uranium dust or particulate.

* Scenario 2 — A fire or explosion starts within a tank or exhaust system that is caused by the
uncontrolled accumulation of hydrogen gas. Hydrogen generation represents a fire hazard, where
the accident sequence is initiated by failure of the sweep gas subsystem.
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* Scenario 3 — A fire starts within the exhaust stack system that is caused by the ignition of the
carbon retention bed and/or HEPA filters.

* Scenario 4 — A fire starts adjacent to a semi-tractor trailer that is caused by the rupture of the fuel
tank and ignition of the unconfined (static) diesel spill.

* Scenario 5 — A fire starts on a diesel-driven forklift that is caused by the rupture of the fuel tank
and ignition of the unconfined (static) diesel spill.

* Scenario 6 — A fire starts in a crane collection pan that is caused by the rupture of the gearbox
and ignition of the confined (static) silicone oil pool.

The DBF scenario for the production area consists of a diesel fuel spill and ignition from an unknown
source caused by the operation of a semi-tractor trailer or forklift. The semi-tractor trailer is assumed to
have two 284 L (75-gal) diesel fuel tanks (568 L [150 gal total]), along with rubber tires, a battery, and
small amounts of other combustible material. A small amount of permanent combustibles, including
electrical cables, polyethylene tarps, isopropyl alcohol, vinyl, and trash bins, may also be present. These
combustibles will be limited by administrative controls.

The DBF scenario postulates that the entire contents of the fuel tanks will spill, forming an approximately
15.5 m (50-ft) diameter pool with a 3 millimeter (mm) (0.12-in.) depth, and will then ignite. The DBF
postulates that any combustibles located within the fuel spill diameter will also ignite and be completely
consumed (NWMI-2013-039).

Consequences of an Automatic Fire Suppression Failure

Failure of the automatic fire suppression system will cause a delay in responding to a fire, resulting in the
combustibles being completely consumed during the DBF. The adoption of administrative controls will
limit combustibles and minimize the spread of fire. However, smoke and hot gases could damage
equipment located within the production area.

The Columbia Fire Department will be notified of a fire by either actuation of a manual fire alarm pull
box station or the automatic smoke or temperature detection systems. The DBF would be contained
within the irradiated target receipt bay and operating gallery by the 2-hr rated fire walls. If the automatic
fire suppression system fails to operate, the fire department is expected to arrive well before the 2-hr fire
walls have failed and extinguish the fire using portable extinguishers or the hose stream supported by the
Class I standpipe system. The required response time of the fire department will be determined for the
Operating License Application.

Conclusion

While the DBF for this area is unlikely to result in a radiological release with the radioactive material
being contained in a U.S. Department of Transportation (DOT) Type B cask, the potential exists for a
release in some of the other scenarios described. Additional information, and a determination if the fire
protection systems in this fire area will be considered IROFS, will be provided in the Operating License
Application.

9.3.3.1.2 Target Fabrication Area

The target fabrication area will be located adjacent to the production area on the east side of the RPF and
will be a noncombustible structure with an industrial F-1 occupancy. Two-hour fire-rated barrier walls
will separate the target fabrication area from other fire areas of the building. Penetrations in the fire-rated
barrier walls will be protected with penetration seals, providing a fire rating equivalent to the barriers.
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The footprint of the target fabrication area will be [Proprietary Information] over most of the area. This
area will be dedicated to the production of low-enriched uranium (LEU) targets.

Life Safety Considerations

The target fabrication area is required to meet IBC life safety criteria (ICC, 2012) and will be provided
with emergency lighting, illuminated exit signs, automatic sprinklers, and an automatic and manually
actuated fire alarm system with audible and visual indicating devices as necessary.

An accessible means of egress will be provided in accordance with the IBC. Exit access will be provided
to the target fabrication area, with direct exit discharge from the RPF. The maximum distances to the exit
access in the target fabrication area will be within the following parameters for a High Hazard H-3
occupancy. The common path of egress travel for an H-3 occupancy equipped throughout with an
automatic sprinkler system will be 30.5 m (100 ft), in accordance with IBC Section 1014.3. The exit
access travel distance for a fully sprinklered F-1 occupancy will be limited to 76.2 m (250 ft), in
accordance with IBC Table 1016.2. Dead-ends in corridors will not exceed 15.2 m (50 ft), in accordance
with IBC Section 1018.4, Exception 2. No deviations from the IBC life safety criteria have been
identified.

Exposure Fire Potential/Potential for Fire Spread between Fire Areas

The target fabrication area could be exposed to a fire in an adjacent area when the large access doors are
opened during target transfer or waste shipping activities. The primary area of concern is an open
doorway to the production area.

To prevent a fire from spreading between these areas, administrative controls will be implemented that
dictate personnel procedures and limit combustibles around interface access doors. Additional
information on these controls will be provided in the Operating License Application. Fire spread between
areas will therefore be mitigated by personnel actions, limited combustibles, and 2-hr fire-rated
boundaries.

Fire Protection Features

The target fabrication area requires the following fire protection features to provide a defense-in-depth
approach to fire protection. This approach will result in a fire being quickly detected and suppressed,
reducing fire-induced damage.

* Automatic — An automatic fire suppression system will be installed throughout the target
fabrication area. An automatic fire detection and alarm system will be also installed throughout
the target fabrication area. The system specifics will be determined during detailed design and
included in the Operating License Application.

*  Manual — Manual fire suppression will be provided within the target fabrication area and consist
of portable fire extinguishers and Class I standpipe system hose valves. Manual fire alarm pull
stations will be provided at exits from the target fabrication area.

* Passive — Passive fire protection will be provided in the form of fire-rated construction to protect
the means of egress from the facility and separation between fire areas.
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Fire Hazards, Ignition Sources, and Design Basis Fire Scenarics

The following fire hazards and ignition sources were considered for evaluation of a DBF scenario within
the target fabrication area.

* Scenario 1 — A fire or explosion starts within the reduction subsystem, caused by ignition of a
nitrogen or hydrogen gas mixture by the high temperature created by the oven (determined to be
highly unlikely based on credible physical conditions [Chapter 13.0]).

*  Scenario 2 — A pyrophoric fire of uranium metal (determihed to be highly unlikely based on
credible physical conditions [Chapter 13.0]).

* Scenario 3 — A fire starts with combustible materials or equipment in the target fabrication area.

The DBF event was determined to be a fire of combustible materials such as paper products (Scenario 3).
The DBF for the target fabrication area involves ignition of in situ combustibles located within the area
caused by an electrical short circuit or a maintenance welding operation. The combustible loading of the
area was considered low. The fire also consumes other transient combustibles located within the area.

Consequences of an Automatic Fire Suppression Failure

Failure of the automatic fire suppression system will cause a delay in responding to a fire, resulting in the
combustibles being completely consumed during the DBF. The adoption of administrative controls will
limit combustibles and minimize the spread of fire. However, smoke and hot gases could damage
equipment located within the target fabrication area.

In the event of a fire, the Columbia Fire Department will be notified by either actuation of a manual fire
alarm pull box station or the automatic smoke or temperature detection systems. The DBF would be
contained within the target fabrication area by the 2-hr rated fire walls. If the automatic fire suppression
system fails to operate, the fire department is expected to arrive well before the 2-hr fire walls have failed
and extinguish the fire using portable extinguishers or the hose stream supported by the Class I standpipe
system. The required response time of the fire department will be determined for the Operating License
Application.

Conclusion

The above analysis and description show that the fire protection and life safety systems within the target
fabrication area are designed such that they will function in a manner, whether operational or not,
consistent with occupational safety and protection of the public and environment. Two of the three
scenarios described are considered highly unlikely. The DBF for this fire area would result in minimal or
no release to the public because of the low radiological source term and the fact that the standard
combustibles described are unlikely to be mixed with the LEU materials. Therefore, this system will
likely not be considered an IROFS. ‘

9.3.3.1.3 Administration and Support Area

The administration and support area will be located adjacent to the production area on the south side of
the RPF and will be a single-story, noncombustible structure with business (Group B) and assembly
(Group A-2) occupancies. The administration and support area will be Type IIB construction and
separated from the remainder of the RPF by 3-hr fire-rated barrier walls.
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The administration and support area will include the main entry and security access points, break room,
control room, conference room, men’s and women’s lavatories, and several small offices. The control
room will be separated from the remainder of the administration and support area by 2-hr fire-rated barrier
walls.

The operations performed within the administration and support areas will be consistent with office space
uses. The occupant load of the administration and support area will include non-production work staff.

Life Safety Considerations

The administration and support area is required to meet IBC life safety criteria (ICC, 2012) and will be
provided with emergency lighting, illuminated exit signs, automatic sprinklers, and an automatic and
manually actuated fire alarm system with audible and visual indicating devices as necessary.

An accessible means of egress will be provided to the area in accordance with the IBC. Exit access will
be provided to the administration and support area by one main exit at the front of the building and a
secondary exit located to the south side of the RPF. A break room will also be provided with an
additional exit. The maximum distances to the exit access within the administration and support area will
be within the following parameters. The travel distance for the common path of egress travel for a mixed
use business (B) and assembly (A-2) occupancy equipped throughout with an automatic sprinkler system
will be 23 m (75 ft), in accordance with IBC Table 1014.3. The exit access travel distance for a fully
sprinklered mixed-use business (B) and assembly (A-2) occupancy will be limited to 76 m (250 ft), in
accordance with IBC Table 1016.2. Dead-ends in corridors will not exceed 6.1 m (20 ft), in accordance
with IBC Section 1018.4.

Exposure Fire Potential/Potential for Fire Spread between Fire Areas

The administration and support area will be separated from other fire areas of the RPF by 3-hr fire-rated
barriers. Penetrations in the fire-rated barrier walls will be protected with penetration seals, providing a
fire rating equivalent to the barriers. Load-bearing structural elements are not required to be protected by
fire-resistive construction.

To prevent a fire from spreading between areas, administrative controls will be implemented that dictate
personnel procedures and limit combustibles around access doors. Fire spread between areas will be
therefore mitigated by personnel actions, limited combustibles, and 3-hr fire-rated boundaries.

Fire Protection Features

The administration and support area requires the following fire protection features to provide a defense-
in-depth approach to fire protection. This approach will result in a fire being quickly detected and
suppressed, reducing fire-induced damage.

* Automatic — An automatic wet-pipe sprinkler system will be installed throughout the
administration and support area. An automatic fire detection and alarm system will also be
installed throughout this area. Additional detailed information will be developed for the
Operating License Application.

* Manual — Manual fire suppression will be provided within the administration and support area
and consist of portable fire extinguishers and Class I standpipe system hose valves. Manual fire
alarm pull stations will be provided at the exits from the administration and support area.

*  Passive — Passive fire protection will be provided in the form of fire-rated construction to protect
the administration and support area from other occupied areas of the facility.
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Fire Hazards, Ignition Sources, and Design Basis Fire Scenarios

The DBF was determined to consist of ordinary combustibles (e.g. paper products and office furniture)
ignited within a closed office caused by an electrical short circuit. The combustible loading of the office
was considered low. The fire also consumes other transient combustibles located within the office and
spreads to nearby cubicles.

The DBF would result in the complete combustion of the combustible materials in the area of origin. No
credit was taken for fire suppression activities. The administration and support area was considered a
single fire area, and the result of the DBF was the complete loss of function of the area.

Consequences of an Automatic Fire Suppression Failure

Failure of the automatic fire suppression system will cause a delay in responding to a fire, resulting in the
combustibles being completely consumed during the DBF. The adoption of administrative controls will
limit combustibles and minimize the spread of fire. However, smoke and hot gases could damage
equipment located within the administrative and support area.

In the event of a fire, the Columbia Fire Department will be notified of a fire by either actuation of a
manual fire alarm pull box station or the automatic smoke or temperature detection systems. The DBF
would be contained within the administrative and support area by the 3-hr rated fire walls. If the
automatic fire suppression system fails to operate, the fire department is expected to arrive well before the
3-hr fire walls have failed and extinguish the fire using portable extinguishers or the hose stream
supported by the Class I standpipe system. The required response time of the fire department will be
determined for the Operating License Application.

Conclusion

The above analysis and description show that the fire protection and life safety systems within the
administration and support area are designed such that they will function in a manner, whether operational
or not, consistent with occupational safety and protection of the public and environment. Because this
fire area is not expected to contain anything other than check sources for instrumentation, no releases to
the public are expected to occur. Therefore, this system will likely not be considered an IROFS.
Additional detailed information will be developed for the Operating License Application.

9.3.3.1.4 Irradiated Target Receipt and Waste Management Truck Bay Areas

The irradiated target receipt and waste management truck bay areas will be located adjacent to the
production area on the north side of the RPF and will be a noncombustible enclosure that is considered a
storage S-2 occupancy area. The truck bay will be capable of accepting three semi-tractor trailers at the
same time. Each truck bay will be separated from the production area (cask unloading) by a 2-hr fire-
rated rollup door. The doors to the production area will be closed when the doors to the outside are open.

This area will be used for the receipt of irradiated LEU targets and shipments involved with the disposal
of radiological waste material. Radiological material will be transported in approved containers. The
casks will reside on the heavy-duty tractor-trailer for delivery and removal from the RPF. The heavy duty
tractor-trailer will be present when the retractable doors are open to the production area.
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Life Safety Considerations

The irradiated target receipt and waste management truck bay areas will be required to meet IBC life
safety criteria (ICC, 2012) and will be provided with emergency lighting, illuminated exit signs,
automatic sprinklers, and an automatic and manually actuated fire alarm system with audible and visual
indicating devices as necessary.

An accessible means of egress will be provided in accordance with the IBC. Exit access will be provided
to the truck bays. The maximum distances to the exit access within the truck bay will be established and
conform to IBC code based on industrial occupancies. The common path of egress travel for an S-1
occupancy equipped throughout with an automatic sprinkler system will be 30.5 m (100 ft), in accordance
with IBC Table 1014.3. The exit access travel distance for a fully sprinklered S-1 occupancy will be
limited to 76.2 m (250 ft), in accordance with IBC Table 1016.2. Dead-ends in corridors will not exceed
15.2 m (50 ft), in accordance with IBC Section 1018.4, Exception 2.

No deviations from the IBC life safety criteria have been identified.

Exposure Fire Potential/Potential for Fire Spread between Fire Areas

The irradiated target receipt and waste management truck bay areas will be separated from other fire areas
in the building by 2-hr fire-rated barriers. Penetrations in the fire-rated barrier walls will be protected
with penetration seals, providing a fire rating equivalent to the barriers. Load-bearing structural elements
are not required to be protected by fire-resistive construction, as indicated in the IBC (ICC, 2012).

The truck bay could be exposed to a fire in an adjacent fire area when the large access doors are opened to
attach or disconnect a trailer to or from a tractor. To prevent a fire from spreading between these areas,
administrative controls will be implemented that dictate personnel procedures and limit combustibles
around the interface access doors. Personnel actions, limited combustibles, and 2-hr fire-rated boundaries
will therefore mitigate fire spread between areas.

Fire Protection Features

The irradiated target receipt and waste management truck bay areas will require the following fire
protection features to provide a defense-in-depth approach to fire protection. This approach will result in
a fire being quickly detected and suppressed, reducing fire-induced damage.

* Automatic — An automatic sprinkler system will be installed throughout the truck bay area.
However, due to the large quantity of diesel fuel and number of tires on the heavy-duty tractor-
trailer, alternative suppression systems may be considered. An automatic fire detection and alarm
system will be installed throughout the truck bay area. Additional detailed information will be
developed for the Operating License Application.

*  Manual — Manual fire suppression will be provided within the truck bay area and consist of
portable fire extinguishers and Class I standpipe system hose valves. Manual fire alarm pull
stations will be provided within the truck drive-through.

* Passive — Passive fire protection will be provided in the form of fire-rated construction to protect
the means of egress from the facility and separation between fire areas. Built-in fuel traps and
sloped floors will be provided to control potential fuel spills within the area. The fuel traps and
sloped floors will also be used for containment of potentially contaminated firefighting water.
The fuel and/or water will drain to outdoor underground collection tanks for testing and removal.
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Fire Hazards, Ignition Sources, and Design Basis Fire Scenarios

The following fire hazards and ignition sources were considered for evaluation of a DBF scenario within
the truck bay area.

* Scenario 1 — A fire starts due to maintenance activities (e.g., spark ignition or open flame).
* Scenario 2 — A fire is caused by hot work (e.g., welding, flame, or plasma cutting).

Scenario 3 — A fire starts adjacent to a semi-tractor trailer that is caused by the rupture of the fuel
tank and ignition of the unconfined (static) diesel spill.

* Scenario 4 — A fire starts on a diesel-driven forklift that is caused by the rupture of the fuel tank
and ignition of the unconfined (static) diesel spill.

The DBF for the truck bay consists of a diesel fuel spill and ignition from an unknown source caused by
the operation of a diesel-powered semi-tractor trailer (Scenarios 3 and 4). The truck is assumed to have
two 284 L (75-gal) diesel fuel tanks, along with 32 hard rubber tires, a battery, and small amounts of other
combustible material. The truck may also carry some combustibles on noncombustible pallets when
supporting radiological material-handling operations. Administrative controls will be used to limit
temporary combustible items within the production area.

The DBF scenario postulates that the entire contents of the fuel tanks will spill and drain to the built-in
fuel trap. The area of the fire will be limited to the area of the built-in fuel trap trench, which was
estimated to be approximately 2.6 m* (28 ft*).

The results of the DBF were postulated as the complete combustion of the combustible materials in the
irradiated target receipt truck bay area. No credit was taken for fire suppression activities. The DBF fire
could result in the complete loss of function for the systems and/or equipment in the area.

Consequences of an Automatic Fire Suppression Failure

Failure of the automatic fire suppression system will cause a delay in responding to a fire, resulting in the
combustibles being completely consumed during the DBF. The adoption of administrative controls will
limit combustibles and minimize the spread of fire. However, smoke and hot gases could damage
equipment located within the truck bay area.

In the event of a fire, the Columbia Fire Department will be notified of a fire by either actuation of a
manual fire alarm pull box station or the automatic smoke or temperature detection systems. The DBF
would be contained within the truck bay area by the 2-hr rated fire walls. If the automatic fire
suppression system fails to operate, the fire department is expected to arrive well before the 2-hr fire walls
have failed and extinguish the fire using portable extinguishers or the hose stream supported by the

Class I standpipe system. The required response time of the fire department will be determined for the
Operating License Application.

Conclusion

The above analysis and description show that the fire protection and life safety systems within the truck
bay are designed such that they will function in a manner, whether operational or not, consistent with
occupational safety and protection of the public and environment. Because the radioactive material will
be contained in DOT Type B casks, a fire in this area should not result in a radiological release to the
public. Therefore, this system will likely not be considered an IROFS. Additional detailed information
will be developed for the Operating License Application.
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9.3.3.1.5 Laboratory Area

The laboratory area will be located adjacent to the production area on the west side of the RPF and will be
a single-story, noncombustible structure with a High Hazard H-3 and H-4 occupancy. The footprint of
the laboratory area will be approximately [Proprietary Information], with a ceiling height of [Proprietary
Information] over most of the area. This area will process and analyze quality and process control
samples during production of the molybdenum-99 (*’Mo) product, fabrication of targets for irradiation,
and processing of waste for disposal.

Typical RPF analysis will include:

* An inductively coupled plasma mass spectrometry (ICP-MS) to analyze mass quantities of
isotopic [Proprietary Information]

* A kinetic phosphorescence analyzer for [Proprietary Information]
*  Alpha spectroscopy for [Proprietary Information]
*  Beta activity by liquid scintillation spectrometry for strontium-89/strontium-90 (¥*Sr/*°Sr)

* Gamma energy analysis

A variety of gloveboxes and fume hoods will be located within the analytical laboratory area.

Life Safety Considerations

The laboratory area is required to meet IBC life safety criteria (ICC, 2012) and will be provided with
emergency lighting, illuminated exit signs, automatic sprinklers, and an automatic and manually actuated
fire alarm system with audible and visual indicating devices as necessary.

An accessible means of egress will be provided in accordance with the IBC. Exit access will be provided
to the laboratory area, with direct exit discharge from the RPF. The maximum distances to the exit access
within the laboratory area will be within the following parameters. The common path of egress travel for
a mixed High Hazard H-3 occupancy equipped throughout with an automatic sprinkler system will be

7.6 m (25 ft), in accordance with IBC Table 1014.3. The exit access travel distance for a fully sprinklered
mixed H-3 occupancy will be limited to 45.7 m (150 ft), in accordance with IBC Table 1016.2. Dead-
ends in corridors will not exceed 6.1 m (20 ft), in accordance with IBC Section 1018.4. No deviations
from the IBC life safety criteria have been identified.

Exposure Fire Potential/Potential for Fire Spread between Fire Areas

The laboratory area will be separated from other fire areas of the building by 2-hr fire-rated barriers.
Penetrations in the fire-rated barrier walls will be protected with penetration seals, providing a fire rating
equivalent to the barriers. The laboratory area could be exposed to a fire in an adjacent fire area when the
large access doors are opened during material transfer activities. The primary area of concern in this case
is an open doorway to the production area. To prevent a fire from spreading between these areas,
administrative controls will be implemented that dictate personnel procedures and limit combustibles
around the interface access doors. Fire spread between areas will therefore be mitigated by personnel
actions, limited combustibles, and 2-hr fire-rated boundaries.

Fire Protection Features

The laboratory area requires the following fire protection features to provide a defense-in-depth approach
to fire protection. This approach will result in a fire being quickly detected and suppressed, reducing fire-
induced damage.
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*  Automatic — An automatic fire suppression system will be designed and installed throughout the
laboratory area. An automatic fire detection and alarm system will also be installed throughout
the laboratory area. The system specifics will be determined during detailed design and provided
in the Operating License Application.

*  Manual — Manual fire suppression will be provided within the laboratory area and consist of
portable fire extinguishers and Class I standpipe system hose valves. Manual fire alarm pull
stations will be provided at the exits from the laboratory area.

* Passive — Passive fire protection will be provided in the form of fire-rated construction to protect
the means of egress from the facility and separation between fire areas.

Fire Hazards, Ignition Sources, and Design Basis Fire Scenarios

The DBF scenario for the laboratory area will be developed for the Operating License Application.

Consequences of an Automatic Fire Suppression Failure

The consequences of the failure of the automatic fire suppression system in the laboratory area will be
determined for the Operating License Application.

Conclusion

More analysis is needed to determine if the fire protection system in this area would be considered an
IROFS. Additional detailed information will be developed for the Operating License Application.

9.3.3.1.6 Utility Areas

Utility areas (e.g., electrical rooms, mechanical rooms, fire riser rooms, etc.) will be noncombustible
spaces separated from other fire areas by fire-rated barrier walls. The footprint of each utility room will
vary, but will be classified as utility (Group U) occupancies in accordance with the IBC (ICC, 2012).
These utility areas will include rooms that house electrical equipment (e.g., power and lighting panels,
transformers, and associated operations equipment distribution systems) and other common industrial
equipment (e.g., air handling units, boilers, fans, pumps, and associated piping distribution systems).
Personnel will not normally occupy the utility areas.

Life Safety Considerations

The utility areas are required to meet IBC life safety and means of egress criteria (ICC, 2012) and will be
provided with emergency lighting, illuminated exit signs, automatic sprinklers, and an automatic and
manually actuated fire alarm system with audible and visual indicating devices as necessary.

An accessible means of egress will be provided in accordance with the IBC. The maximum distances to
the exit access within the utility areas will be within the following parameters for utility occupancies. The
common path of egress travel for a utility occupancy equipped throughout with an automatic sprinkler
system will be 22.9 m (75 ft), in accordance with IBC Table 1014.3. The exit access travel distance for a
fully sprinklered utility occupancy will be limited to 121.9 m (400 ft), in accordance with IBC Table 1016.1.
Dead-ends in corridors will not exceed 15.2 m (50 ft), in accordance with IBC Section 1018.4,

Exception 2.

Exposure Fire Potential/Potential for Fire Spread between Fire Areas

For the purpose of this analysis, the utility areas are each considered separate areas, each with 2-hr fire-
rated barrier walls used to limit the spread of fire.
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HEPA filters and exhaust carbon beds will be encased by stainless steel housings that can be isolated
from the inlet and outlet ductwork by isolation dampers. Fire detectors will also be provided in each
HEPA filter housing and inlet ductwork. Therefore, isolation dampers will prevent the fire from
propagating from the filter housing to other fire areas.

Fire Protection Features

The utility areas require the following fire protection features to provide a defense-in-depth approach to
fire protection. This approach results in a fire being quickly detected and suppressed, reducing fire-
induced damage.

* Automatic — An automatic wet-pipe sprinkler or other approved fire suppression system will be
installed throughout each utility area. An automatic fire detection and alarm system will also be
installed throughout each utility area. Additional detailed information will be developed for the
Operating License Application.

* Manual — Manual fire suppression will be provided within each utility area that consists of
portable fire extinguishers.

* Passive — Passive fire protection will be provided in the form of fire-rated construction to protect
separation between fire areas. Isolation dampers will be provided in the inlet and outlet of each
HEPA filter housing to prevent fire from spreading to other fire areas.

Fire Hazards, Ignition Sources, and Design Basis Fire Scenarios

The following were considered DBF scenarios for the utility areas.

* Scenario 1 — A fire starts due to maintenance activities, ignited from a spark or open flame.
* Scenario 2 — A fire starts from overheated electrical systems and equipment.

* Scenario 3 — A fire starts in or near a transformer.

* Scenario 4 — A natural gas leak occurs.

The DBF for the utility area consists of a natural gas leak resulting in an explosive mixture of natural gas
and a detonation or deflagration. Additional information for this accident sequence will be provided in
the Operating License Application.

Consequences of an Automatic Fire Suppression Failure

The consequences of a failure of the automatic fire suppression system in the utility area will be
determined for the Operating License Application.

Conclusion

More analysis is needed to determine if the fire protection system in this area should be considered an
IROFS. Additional detailed information will be developed for the Operating License Application.

9.3.3.2 Other Radioisotope Production Facility Systems
9.3.3.2.1 Ventilation and Smoke Management

The ventilation system requirements for the RPF must satisfy the process, building, safety, and regulatory
requirements unique to the *’Mo production process. To assist in the confinement of airborne radioactive
contamination, the RPF ventilation system is designed to create pressure gradients and cause air to flow
from areas of lesser contamination potential to areas of greater contamination potential. Confinement
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zone exhaust ductwork will have fire dampers consistent with NFPA 45, Standard on Fire Protection for
Laboratories Using Chemicals, and will be constructed to maintain fire ratings where ducting penetrates
fire-rated barriers, as appropriate. The confinement ventilation systems will also include HEPA and high-
efficiency gas adsorption (HEGA) filtration systems located in a dedicated mechanical area. The Zone I
ventilation system will comprise the secondary confinement boundary and be classified as an IROFS
(RS-03). Chapter 13.0 provides additional information on the accident analysis that identified this
IROFS.

A combination of passive and active smoke management strategies will be used to minimize the spread of
smoke, maintain tenable conditions for the evacuation of building occupants, and limit the damage caused
by smoke. These strategies will be designed in accordance with NFPA 92, Standard for Smoke Control
Systems. The smoke control methods for each fire area will be developed for the Operating License
Application.

9.3.3.2.2 HEPA Filtration Systems

The HEPA filters and housings are a component of the hot cell secondary confinement boundary that will
be classified as an IROFS (RS-03). The HEPA filters are expected to contain low levels of radiological
material and will be located in designated fire areas. The filter housings are expected to be large, with a
maximum size being approximately [Proprietary Information] in face area. The large filter face area will
require automatic and manual sprinklers in the plenum housings and contaminated water collection or
retention. In addition, the HEPA filter housings will be located within 2-hr fire-rated barrier walls that
are protected by automatic sprinkler systems.

9.3.3.2.3 Crane Superstructure

The structural steel supporting the facility overhead crane has been classified as an IROFS (FS-02,
“Overhead Cranes™). Therefore, the crane superstructure must remain standing during and after a fire
event to prevent damage to irradiated material. Additional detailed information will be developed for the
Operating License Application.

9.3.3.2.4 Security and Safegnard Components

Security systems are discussed in Chapter 12.0, “Conduct of Operations.”

9.3.3.3 Architectural Features

The codes and standards applicable to the RPF are defined in Chapter 3.0. The objectives of the NRC fire
protection program will primarily be achieved through compliance with prescriptive criteria, as defined
by the PFHA (NWMI-2013-039).

Types of Construction

All structures within the RPF complex confines will be constructed of Type IIB, noncombustible
material, as defined by IBC Chapter 6 (ICC, 2012). Additional detailed information will be developed for
the Operating License Application.

9.3.4 Instrumentation and Control Requirements

The fire protection system will report the status of the fire protection equipment to the central alarm
station and the RPF control room, with sufficient information to identify the general location and progress
of a fire within the protected area boundaries. Initiating devices for the fire detection and alarm
subsystem, which will include monitoring devices for the fire suppression subsystem, will indicate the
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presence of a fire within the facility. Once an initiating device activates, signals will be sent to the fire
alarm control panel. The fire alarm control panel will transmit signals to the central alarm station and
perform any ancillary functions, such as shutting down the ventilation equipment or actuating the deluge
valves.

As required by NFPA 101 and NFPA 72, smoke detection will be provided above the main fire alarm
contro] panel and any subpanels necessary to perform control functions for the system. For ventilation
units, smoke and heat detection will be provided in support of several safety aspects. Smoke detectors
will be provided in non-nuclear ventilation systems in accordance with NFPA 90A and the IFC. Smoke
detectors will also be provided in air intakes to address smoke infiltration from wildland fires and fires in
other facilities that might spread smoke to the surrounding area.

Smoke detection will be provided in ventilation systems servicing potentially contaminated zones to
support shutdown and minimize the spread of contaminated smoke to other areas of the RPF. Heat
detectors will be provided in these ventilation system exhausts for both notification of high temperatures
and release of the automatic portion of the HEPA filter plenum deluge subsystem.

Control modules and relays will be integrated into the fire detection and alarm subsystem to initiate
reactions required for safety. Control modules will provide signals for releasing of deluge valves on the
HEPA filter plenum deluge subsystem. Control methods will also be integrated for shutdown of the
HVAC systems. Shutdown of electrical equipment or computers will also occur as deemed necessary by
the design effort.

Alarms received by the fire alarm control panel will be transmitted via a copper cable or fiber optic cable
network to monitoring stations in the RPF. The fire alarm control panel will also provide notification
through the sitewide infrastructure to the central alarm station. The alarm stations will provide data to the
Columbia Fire Department for response.

System Monitoring

The fire protection system will be monitored by the fire alarm control panel, which will transmit signals
to the central alarm station via a digital alarm communicator transmitter and to the RPF control room.
Command and control functions will be exclusively available at the fire alarm control panel. Localized
monitoring of the various fire pumps will occur at the respective pump controllers.

Control Capability and Locations

The fire detection and alarm subsystem will be controlled exclusively from the fire alarm control panel.
Numerous devices in the fire suppression subsystem can be operated manually. The fire pumps can be
started manually via their respective controllers. Valves and hydrants will be turned manually, and no air
or electrically operated valves will be provided. Deluge valves for the HEPA filter plenum water spray
can be activated manually, in addition to the bypass valves that are integrated into the design.

Automatic and Manual Actions

The fire detection and alarm subsystem is intended to operate automatically. Manual intervention will be
required for some operations, such as shutdown of outside air intake fans or dampers, due to the need to
avoid false activation or to maintain operational status in emergency conditions.

The fire suppression subsystem will be split between automatic and manual operations. The sprinkler
systems (including the pumps) and the demister section of the HEPA filter plenum deluge subsystem are
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designed to operate automatically. The filter section of the plenum deluge subsystem and fire hydrants
are designed for manual operation. Certain portions, however, can be operated manually as necessary.

The demister section of the HEPA filter plenum deluge subsystem will have a manual bypass and a
manual actuator as part of the deluge valve. Portable fire extinguishers will be manually operated.

Maintenance and testing activities on both systems will require manual interaction. The maintenance and
testing requirements included in NFPA 25, Standard for the Inspection, Testing, and Maintenance of
Water-Based Fire Protection Systems, and NFPA 72 require manual operation of valves, starting of
pumps, testing of circuits with meters, and other functions that necessitate manual actions.

Interlocks, Bypasses, and Permissives

The fire protection system, as designed, will not be subject to external interlocks, bypasses, or
permissives (i.e., those outside the system itself). There will be inherent interlocks, bypasses, and
permissives within the various fire protection system equipment, which will be designed to the criteria
and requirements discussed in Chapter 3.0. For example, the fire detection and alarm subsystem can be
controlled via passwords and allow for bypassing certain functions; however, the passwords will be
limited to testing technicians and are not available to general building personnel. Thus, there will be no
ability for the system to be locally manipulated without proper authorization. Additional information will
be provided in Chapter 7.0 for the Operating License Application.

9.3.5 Required Technical Specifications

The technical specifications associated with the fire protection systems, if applicable, will be discussed in
Chapter 14.0 as part of the Operating License Application.
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94 COMMUNICATION SYSTEMS

The RPF communication systems will relay information during normal and emergency conditions for
general operations and emergencies within the RPF. These systems are designed to enable the RPF
operator on duty to be in communication with the supervisor on duty, health physics staff, and other
personnel required by the technical specifications, and to enable the operator, or other staff, to announce
the existence of an emergency in all areas of the RPF complex. Two-way communication will be
provided between all operational areas and the control room.

9.4.1 Design Basis

The communications system design basis is to provide communications during normal and emergency
conditions between vital areas of the RPF and the Administration Building. This communications
capability will include the ability of operators or other designated staff members to announce an
emergency in all areas of the RPF and provide two-way communications between all operational areas
and the control room. Design of the telecommunication system also complies with Electronic Industries
Alliance and Telecommunications Industry Association requirements. Additional information on the
communications system design basis is provided in Chapter 3.0.

9.4.2 System Description

The communication system is designed to provide two-way communication between the RPF control
room and other site locations necessary for safe RPF operations. This system will provide

(1) communications capability between RPF operators, their supervisor, health physics personnel, and
other personnel as required by the technical specification, and (2) the ability to make facility-wide
emergency announcements and summon emergency assistance.

The telephone and data/local area network (LAN) telecommunications system will include a service
entrance communications room. The service provider’s outside plant optical fiber will terminate on a
wall-mounted service provider entrance patch panel. An optional outside plant copper telephone cable
from the service provider will terminate at the wall-mounted overvoltage entrance protection terminal
modules for use in legacy non-Voice over Internet Protocol (VoIP)-based equipment. The main entrance
room will be connected with a telecommunications room with fiber and copper backbone cable. The
telecommunications room will support the offices, laboratory area, target fabrication area, shipping and
receiving areas, and other required telephone and data/LAN outlets. Grounding of the telecommunication
system will comply with Telecommunications Industry Association and NFPA requirements. The
process control system will be physically separated from and not connected to the communication system.
Additional information will be provided in the Operating License Application.

9.4.3 Operational Analysis and Safety Function

Chapter 13.0 identifies and evaluates adverse events and accident sequences. The accident analysis has
not identified the need to credit the communication system. The communication system is designed such
that it will function in a manner, whether operational or not, consistent with occupational safety and
protection of the public and environment.
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9.4.4 Instrumentation and Control Requirements

Chapter 7.0 discusses the instrumentation and control requirements associated with the communication
systems.

9.4.5 Required Technical Specifications

The technical specifications associated with the communication systems, if applicable, will be discussed
in Chapter 14.0 as part of the Operating License Application.
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9.5 POSSESSION AND USE OF BYPRODUCT, SOURCE, AND SPECIAL NUCLEAR
MATERIAL

The RPF is designed to ensure that:

* No uncontrolled release of radioactive materials (solid, liquid, or airborne) from the facilities can
oceur

*  Personnel exposures to radiation, including ingestion or inhalation, do not exceed limiting values
in 10 CFR 20, as defined in Chapter 11.0, and are consistent with the NWMI ALARA program.

The operating procedures developed for the Operating License Application will ensure that only
radioactive byproducts handled by the RPF are permitted, unless specifically authorized by the 10 CFR 50,
“Domestic Licensing of Production and Utilization Facilities,” license or an additional license.

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
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 NWMI ALARA program. Additional
information on the design basis is provided in Chapter 3.0.

9.5.2 System Description

SNM is defined by Title I of the Afomic Energy Act of 1954 (42 U.S.C. 2011 et seq.) as plutonium,
uranium-233 (233U), or uranium enriched in the isotopes 23U or ®°U. The RPF will receive, store, and
process fresh unirradiated uranium metal and irradiated uranium with an enrichment of 19.75 weight
percent (wt%) +0.20 wt% *U (LEU).

Byproduct material, as defined by the Atomic Energy Act, is radioactive material (except SNM) yielded
in or made radioactive by exposure to radiation incident to the process of producing or using SNM. As
defined by NRC regulations, byproduct material includes any radioactive material (except enriched
uranium or plutonium) produced by a nuclear reactor. The RPF will handle byproduct material during the
separation of *’Mo and the recycling of the irradiated LEU.

Source material is defined as the element thorium or the element uranium, provided that the uranium has
not been enriched in the isotope °U. Source materials will not be present in the RPF.

9.5.2.1 Special Nuclear Materials

SNM will be handled in two areas of the RPF: the target fabrication and irradiated material areas (i.e. hot
cells). The target fabrication area SNM inventory is listed in Chapter 4.0, Table 4-1, and the irradiated
material area SNM inventory is provided in Chapter 4.0, Table 4-2.

Chapter 4.0 also provides a description of the design of spaces and equipment to ensure that there is no
uncontrolled release of radioactive materials (solid, liquid, or airborne) from the RPF and that personnel
exposures to radiation, including ingestion or inhalation, do not exceed limiting values in 10 CFR 20
consistent with the RPF ALARA program, as described in Chapter 11.0. Associated procedures are
defined in Chapter 12.0. The NWMI emergency preparedness and physical security plans are provided in
Chapter 12.0, Appendix A and B, respectively. Fire protection provisions are described in Section 9.3.2.1.
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9.5.2.2 Byproduct Materials

Byproduct materials handled in the RPF include *’Mo and radioactive waste materials. A description of
the Mo recovery process design is provided in Chapter 4.0, Section 4.3.5. A description of the waste
processing design is provided in Chapter 11.0, Section 11.2. A detailed inventory of byproduct materials
within each of the main systems within the RPF is provided in the following chapters:

* Target fabrication — Chapter 4.0, Section 4.4.2

* Target receipt and disassembly — Chapter 4.0, Sections 4.3.2 and 4.3.3
* Target dissolution — Chapter 4.0, Section 4.3.4

* Molybdenum recovery and purification — Chapter 4.0, Section 4.3.5

*  Uranium recovery and recycle — Chapter 4 0, Section 4.4.1

¢ Waste handling — Chapter 11.0, Section 11.2

Chapter 4.0 and Section 9.7.2 provide descriptions of the design of spaces and equipment to ensure that
there is no uncontrolled release of radioactive materials (solid, liquid, or airborne) from the RPF and that
personnel exposures to radiation, including ingestion or inhalation, do not exceed limiting values in

10 CFR 20 consistent with the NWMI ALARA program (Chapter 11.0). Associated procedures will be
defined in Chapter 12.0, as part of the Operating License Application.

9.5.3 Operational Analysis and Safety Function

The criticality safety of SNM is discussed in Chapters 4.0 and 6.0, and the material control and
accounting of SNM is discussed in Chapter 12.0, Section 12.13. The byproduct materials associated with
the RPF process are addressed in Chapter 4.0, and byproduct materials within the waste processing and
storage areas are described'in Section 9.7.2 and Chapter 11.0, Section 11.2.

9.5.4 Instrumentation and Control Requirements

Instrumentation and control requirements for the processes associated with the possession and use of
byproduct materials and SNM are discussed in Chapter 7.0 and Chapter 12.0, Section 12.13.

9.5.5 Required Technical Specifications

The technical specifications associated with the possession and use of byproduct materials and SNM, if
applicable, will be discussed in Chapter 14.0 as part of the Operating License Application.
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9.6 COVER GAS CONTROL IN CLOSED PRIMARY COOLANT SYSTEMS

As discussed in Section 9.7.1.2.2, the RPF provides cooling water to numerous process tanks. The
radiolytic decomposition of water within this system could result in the production of hydrogen (H,) and
oxygen mixtures. This section provides a discussion of the cover gas control system within the process
coolant system.

9.6.1 Design Basis

The system design basis is to ensure that the hydrogen concentration in the coolant system is less than

25 percent of the lower flammability limit of 5 percent H,, so that no uncontrolled release of radioactive
material can occur and that gases within the system do not reach explosive levels. Additional information
on the design basis of cover gas control in the closed primary coolant system is provided in Chapter 3.0.

9.6.2 System Description

The process chilled water system is described in Section 9.7.1.2.2. The accumulation of combustible
gases within this system will be controlled by the “sweep” gas system that is described in

Section 9.7.1.2.6. Gases entrained in the chilled water system will be released in the cooling water
collection tanks. Hydrogen, which is the primary component of evolved combustible gases, diffuses very
rapidly and will be diluted by the airflow provided by the sweep gas flow.

The plant air supply system (described in Section 9.7.1.2.4) will provide low-flow [Proprietary
Information] purge gases to Tanks TK-420 and TK-320. The process vessel vent system will collect the
purge gas from each of the tanks and merge the collected vent subsystems into the main facility
ventilation system for treatment and filtration. These systems will work together to prevent explosive gas
mixtures from developing.

9.6.3 Operational Analysis and Safety Function

Chapter 13.0 evaluates the accident sequences that involve either combustible solids or liquids, or
explosive gases, in close proximity to the high uranium process streams or the high-dose process streams.
This analysis determined that if the purge air system was not operational, a hydrogen-air concentration in
selected tanks could rise above 25 percent of the lower explosive limit, and an ignition source could cause
a deflagration or detonation, resulting in the release of radionuclides into the air. The tanks associated
with the cooling system are not anticipated to require IROFS controls.

9.6.4 Instrumentation and Control Requirements

Instrumentation and control requirements for the cover gas control in the closed primary coolant system
are discussed in Chapter 7.0.

9.6.5 Required Technical Specifications

The technical specifications associated with the cover gas control in the closed primary coolant system, if
applicable, will be discussed in Chapter 14.0 as part of the Operating License Application.
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9.7 OTHER AUXILIARY SYSTEMS

Other RPF auxiliary systems that are important to the safety of workers, the public, and environment will
include the following:

* Process utilities

* Control and storage of radioactive waste (waste management)
*  Analytical laboratory

*  Chemical supply

The followings subsections describe these auxiliary systems, including their design basis, system
description, operational analysis and safety function, instrumentation and control requirements, and
technical specifications.

9.7.1 Utility Systems

The utility systems will provide heating, cooling, process water, compressed gases, instrument, motive
force, and other functions to support uranium processing, waste handling, and ventilation. The utility
systems will include the following subsystems:

*  Process steam

*  Process chilled water

* Demineralized water

* Plant and instrument air

*  Gas supply, which supplies nitrogen, helium, hydrogen, and oxygen
*  Purge/sweep gas

The utility systems are designed to ensure that any potential malfunctions do not cause accidents in the
RPF or an uncontrolled release of radioactivity. The systems are designed to ensure that in the event
radioactive material is released by the operation of one of these systems, potential radiation exposures
would not exceed the limits of 10 CFR 20 and are consistent with the NWMI ALARA program. No
function or malfunction of the auxiliary systems will interfere with or prevent safe shutdown of the RPF.

9.7.1.1 Design Basis
The utility systems design basis is to provide:
*  Saturated steam at 1.7 kilograms (kg)/square centimeters (cm?) (25 poundg [Ib]/square inch [in?])
and 4.2 kg/cm’ (60 1b/in’) gauge to various process equipment

*  Chilled water to various process equipment at no greater than 10 C (50 F) during normal
operations

* Demineralized water to the process steam and cooling water systems

* Plant air for instrument air, air-diaphragm pump power, mechanical tools, and grouting material
conveyor

¢ Instrument air for bubblers and valve actuation

*  Gas supply, including nitrogen, helium, and hydrogen to the reduction furnace, and nitrogen and
oxygen to the dissolvers

*  Purge/sweep gases provide adequate flow such that the accumulation of combustible gases is
below hazardous concentrations and reduces radiological hazards due to accumulation of gaseous
fission products

Additional information on the utility systems design basis is provided in Chapter 3.0.
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9.7.1.2 System Description

Figure 9-9 shows the second floor mechanical utility area where the process steam, chilled process water,
demineralized water, and plant or instrument supply air units will be housed. Helium, hydrogen, and
oxygen will be provided by bottled gases located near the point of use either in the laboratory area or the
target fabrication area. Nitrogen will be provided by a tube trailer for nitrogen located outside of the
laboratory area.

[Proprietary Information]

Figure 9-9. Second Floor Mechanical Utility Area
9.7.1.2.1 Process Steam

The process steam system will be divided into a medium-pressure central heating loop (Figure 9-10) and a
low-pressure secondary loop within the hot cell (Figure 9-11). Medium pressure steam will be generated by
a natural gas-fired boiler (ST-H-100). Low-pressure steam in the secondary loop will be generated by
medium-pressure steam in a shell-and-tube heat exchanger (ST-E-200). Medium-pressure steam will be at
least 4.2 kg/cm? (60 Ib/in) gauge, to provide an adequate temperature differential to generate 1.7 kg/cm?

(25 Ib/in®) gauge steam for the low-pressure steam loop.
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Figure 9-10. Medium-Pressure Steam System
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Figure 9-11. Low-Pressure Steam System
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Low-pressure steam will be generated in a vertical shell-and-tube heat exchanger. Automatic blowdown
and makeup water streams will limit the content of sludge or dissolved solids in the boiler and steam
generation heat exchanger.

9.7.1.2.2 Chilled Water

Process Chilled Water

The process chilled water system is a central process chilled water loop that will cool the three secondary
loops:

*  One large geometry secondary loop in the hot cell (Figure 9-12)
*  One criticality-safe geometry secondary loop in the hot cell (Figure 9-13)
*  One criticality-safe geometry secondary loop in the target fabrication area (Figure 9-14).

The central process chilled water loop will rely on three air-cooled chillers, each sized to accommodate
50 percent of the process cooling demands (Figure 9-15). The secondary loops will be cooled by the
central chilled water system through plate-and-frame heat exchangers.

Several process demands will require cooling at less than the freezing point of water. These demands will
be met with water-cooled refrigerant chiller units, cooled by the secondary chilled water loops.

The chilled water system will operate with cascading pressure differentials. The central system will
operate at the highest pressure, and the secondary loops will operate at a pressure between the central
system and the process fluid. The large-geometry secondary loop in the hot cell will meet the cooling
demands where fissile material leaking through a heat exchanger is not a credible event. The other
cooling loops will be inherently criticality-safe by geometry, so active controls will not be required to
keep fissile material out of the chilled water return. At each process cooling demand where fissile
material may be present, conductivity sensors will monitor the chilled water return to detect heat
exchanger leaks.

Facility Chilled and Heating Water

The HVAC system will maintain the occupied space at 24°C (75°F) (summer) and 22°C (72°F) (winter),
with active ventilation to support workers and equipment. The facility chilled water and heating water
systems will provide heating and cooling media to the HVAC system.

The facility chilled water system (FCW) will supply the HVAC system with cooling water that is
circulated through the chilled water coils in the air-handling units. The air will be drawn across the coils
and cooled to be delivered to the RPF production area to maintain temperature. The FCW will provide
cooling water at a temperature of 9°C (48°F) to the HVAC air-handling unit cooling coils. There will be
three equal-sized facility chillers located adjacent to the RPF: two in operation and one spare.

The heating water system (HW) will supply the HVAC system with heating water that is circulated
through the heating water coils in the air handling units. The air will be drawn across the coils and cooled
to be delivered to the RPF production area to maintain temperature. The HW will provide heating water
at a temperature of 82°C (180°F) to the HVAC air-handling unit heating coils and reheat coils. The
heating water will be generated as a byproduct stream of the steam boilers.
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Figure 9-12. Chilled Water System Large Geometry Hot Cell Loop

9-50




N NWMI-2013-021, Rev. 0
Woed, Chapter 9.0 — Auxiliary Systems

" NORTHWEST MEDICAL ISOTOPES

[Proprietary Information]

Figure 9-13. Chilled Water System Critically Safe Hot Cell Loop
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Figure 9-14. Chilled Water System Target Fabrication Loop
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Figure 9-15. Process Chilled Water System
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9.7.1.2.3 Demineralized Water

Demineralized water will be produced by removing mineral ions from municipal water through an ion
exchange (IX) process (Figure 9-16). Water passes through anion and cation exchange media located in
separate IX tanks (DX-IX-100 and 110), and the demineralized water will accumulate in a storage tank
(DW-TK-120). A feed pump will provide the water at 4.2 kg/cm’ (60 1b/in”) gauge (DW-P-125) for RPF
process activities. The IX media will be regenerable using a strong acid and a strong base (DW-P-105
and 115). Acid and base will be fed from local chemical drums by toe pumps.

9,7.1.2.4 Plant and Instrument Air

Plant air will be provided for several activities (e.g., tool operation, pump power, purge gas in tanks,
valve actuation, and bubbler tank level measurement) (Figure 9-17). Small, advective flows of plant air
will be used throughout the RPF to prevent accumulation of combustible gases to hazardous
concentrations. Combustible gases will be evolved from process liquids due to exposure of these liquids
to ionizing radiation.

The plant air system will provide air to the instrument air subsystem. The instrument air subsystem will
use plant air that is filtered and dried (IA-V-110A, 110B, and IA-F-110). Plant air will be generated by a
compressor (PA-K-100) and cooled to near-ambient temperatures by an aftercooler (PA-E-100). The
lead/lag configuration can supply reduced flow after a single compressor failure. The plant air receiver
will provide buffer capacity to make up the difference between peak demand and compressor capacity
(PA-V-100).

Instrument air will be dried in regenerable desiccant beds to a dew point of no greater than -40°C (-40°F)
and filtered to a maximum 40 micron () particle size. The instrument air receiver will provide buffer
capacity (IA-V-120) to make up the difference between peak demand and compressor capacity.

9.7.1.2.5 Gas Supply

Gas supply of helium (Figure 9-18), hydrogen, and oxygen (Figure 9-19) will be supplied by standard gas
bottles. Nitrogen will be provided from a tube truck (Figure 9-18). The nominal capacity of the gas
bottles will be 8,495 L (300 ft}). The nitrogen will be fed from the tube truck (GS-Z-100) to the chemical
supply room where manifold piping will be used to distribute the gas. The primary use of nitrogen will
be in the reducing furnaces during target fabrication.

Helium, hydrogen, and oxygen gas bottles will be located near the points of use. Gas supply pressures
will be regulated to 1.7 kg/cm® (25 1b/in”) gauge at the bottle (Figure 9-19. Where lower pressures are
required, point-of-use gas regulators will be installed. Automatic gas cylinder changeover valves will
provide a continuous gas supply when one bottle (or rack of bottles) is empty, and alert the operator when
bottles need to be replaced. Hydrogen and oxygen gas bottles will be stored in ventilated gas cabinets
with 13 air changes/min to mitigate the risk of leaks. The ventilation demand will be 8.8 L/min

(250 ft*/min) air for each gas cabinet.
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Figure 9-16. Demineralized Water System
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Figure 9-17. Plant Air System
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Figure 9-18. Nitrogen and Helium Supply System
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Figure 9-19. Hydrogen and Oxygen Supply System
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9.7.1.2.6 Purge Gas

The plant air and nitrogen supply systems, described in Section 9.7.1.2.4 and Section 9.7.1.2.5, provide
purge gases to the required tanks. Depending on the tank, the purge gas will be provided through the
bubbler tank level measurement device or other means. The purge gas flow rates are specified as either
high flow for conditions of a large tank or high radioactivity, or low flow where the tank is small and
radioactivity is low. Table 9-3 provides the purge gas flows for both the high and low flow rates.

Table 9-3. Purge Gas Flows

Flow rate

Gas flow Units (basis)

High purge ffrfr‘::ﬁi;’] : Il.ff'.?,‘i.’,;“,',‘f,’,.y] [Proprietary Information]

[ s mmme e w o emmean @ s me s mmmen 4w = cesiam S e e o ey

roprletary Informatlon] ) - o - e

Y hroptietare 4
i |Pro nclary
[LOW plll'ge " Infonmuon] ? Inror‘:muon] 4

* NWMI-2013-CALC-005, Tank Air Bleed Estimate, Rev. A, Northwest Medical Isotopes, LLC, Corvalhs
Oregon, 2014.

> NWMI-2013-CALC-009, Uranium Purification System Equipment Sizing, Rev. B, Northwest Medical
Isotopes, LLC, Corvallis, Oregon, 2014.

H, = hydrogen gas. U = uranium.

The process vessel vent system will collect the purge gas from each of the vessels and treat it before
discharge to the Zone [ exhaust. The process vessel vent system merges the collected vent subsystems
into the main facility ventilation system for treatment and filtration. These systems will work together to
prevent explosive gas mixtures from developing in the headspace of the process vessels. The tanks
anticipated to require purge gas are listed in Table 9-4. Additional information on the purge gas system
will be developed for the Operating License Application.

Table 9-4. Tanks Requiring Purge Gas

DS-D-100 | Dissolver 1 UR-TK—120A Impure uranium collectlon tank 2A -

[I_j:g;l'_)-ZOO f ‘Dlssolver 2 W“ﬂ_»_'w e _UR TK—120B _Impure uranjum collection tank 2B ﬁ__z

DS-TK-800 Waste collect1on and sampling tank 1 |UR-TK-140A 'Impure uranium collectlon tank 3A

{DS-TK 820 ‘Waste collectlon and sampling tank 2 UR-TK-140B ;g‘Impure uranium collectlon tark 3B ]

MR-TK-100 : Feed tank 1A _ ~ JUR-TK- 1_60A ’ Impure uranjum collection tank 4A
g_l\i[Ii-TmK-MO Ti Feed tank lB “ A . U_R-TK-16OB i Impure uramum collectlon tan_k 4B1 » :
MR-TK-180 4 U solutlon collection tank - UR TK200 IX feed tank 1 B o
flViR—’FK 200 "F eed tank 2. ,wu o c i L—IkﬂfKBOb ;35(~W;éte collectlon tank 1 -« : ’
MR-TK-340 ' Waste collection tank ~ |UR-TK-920 'IX waste collection tank 2 )

[ o e+ i e i e s e 2t vz B e T e T i

‘UR TK-100A | Impure uranium collection tank 1A WH -TK-100 ,ngh dose waste collection tank |

O SRR |

UR-TK-100B Impure uranium collection tank 1B WH-TK-240 . High- -dose concentrate collection tank

IX = ion exchange. U = uranium.
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9.7.1.3 Operational Analysis and Safety Function

Chapter 13.0 evaluates the accident sequences that involve fissile solution or solid materials being
introduced into systems not normally designed to process these solutions or solid materials. The accident
analysis associated with utilities addresses fissile solution leaks across a mechanical boundary between
process vessels or backflows into a utility system.

Defense-in-depth — The tank and vessel walls will be made of corrosion-resistant materials and have wall
thicknesses that are rated for long service with harsh acidic or basic chemicals.

Items relied on for safety — Based on the analysis conducted in Chapter 13.0, Section 13.2, the following
IROFS are implemented.

* IROFS CS-10, “Closed Safe Geometry Heating/Cooling Loop with Monitoring and Alarm”
* IROFS CS-20, “Evaporator/Concentrator Condensate Monitoring”

* IROFS CS-27, “Closed Heating/Cooling Loop with Monitoring and Alarm”

* JROFS FS-03, “Process Vessel Emergency Purge System”

¢ JROFS CS-18, “Backflow Prevention Device”

The analyses that identified these IROFS and the associated system descriptions are addressed in
Chapter 13.0 and Chapter 6.0, respectively.

9.7.1.4 Instrumentation and Control Requirements

Instrumentation and control requirements for the processes associated with the utility system are
discussed in Chapter 7.0.

9.7.1.5 Required Technical Specifications

The technical specifications associated with the utility system, if applicable, will be discussed in
Chapter 14.0 as part of the Operating License Application.

9.7.2 Control and Storage of Radioactive Waste

The radioactive waste control and storage systems are designed to ensure that (1) any potential
malfunctions do not cause accidents in the RPF or uncontrolled release of radioactivity, and (2) in the
event radioactive material is released by the operation of one of these systems, potential radiation
exposures would not exceed the limits of 10 CFR 20 and remain consistent with the NWMI ALARA
program. No function or malfunction of the auxiliary systems will interfere with or prevent safe
shutdown of the RPF.

9.7.2.1 Design Basis

The waste handling system design basis provides:

* Lag storage capability for liquid waste, divided into high-dose and low-dose source terms

* Safely transit solid waste from hot cells to a waste encapsulation area

°  Capability to solidify low-dose liquid waste and load drums

* Capability to solidify high-dose liquid waste and load HICs

* Capability to encapsulate solid waste in drums

*  Capability to handle and load a waste shipping cask with radiological waste drums or containers
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* Storage space for Class A radioactive waste
* Storage space for decay of high-dose waste in HICs to meet DOT shipping requirements

Additional information on the waste handling system design basis is provided in Chapter 3.0.

9.7.2.2 System Description

To fulfill the design basis, the control and storage of radioactive waste will include the following
functions:

* High-dose liquid waste handling (collection, concentration, and solidification)

* Low-dose liquid waste handling (collection, evaporation, recycle and solidification)
* Spent resin dewatering

* Solid waste encapsulation

High-dose waste decay

High-dose waste handling

Waste handling

Waste staging and storage building (Class A storage)

These functions are described in detail in the following subsections.
9.7.2.2.1 High-Dose Liquid Waste Handling

Figure 9-20 shows the location in the hot cell area where the high-dose liquid waste will be processed.
High-dose liquid waste will be collected in the high-dose waste collection tank (shown in Figure 9-21),
which will provide the needed handling capacity to match the volume of wastewater generated by the
upstream processes. Chapter 4.0 provides descriptions of the high-dose liquid streams that are directed to
the collection tank. Caustic solution will be added as needed to neutralize the excess acidity. The liquid
will be forwarded to the high-dose waste concentrator, where water is evaporated from the high-dose
liquid, condensed, and directed to the condensate collection tank. The evaporator bottoms will be
directed to a high-dose concentrate collection tank.

Figure 9-22 shows the arrangement of the high-dose waste handling equipment. A HIC will be
transferred into the high-dose waste treatment hot cell through the HIC transfer drawer, and docked with
the high-dose solidification mixer. Solidification agent will be transferred to the designated bin from the
distribution hopper, which will be loaded by operators in the low-dose waste solidification area. High-
dose liquid waste concentrate from the waste concentrate collection tank and solidification agent will be
metered into the HIC by the high-dose solidification mixer that may consist of an in-line mixer or a
sacrificial paddle within the HIC. After filling and mixing are complete, the high-dose solidification
mixer will be disengaged, and the HIC lidded and prepared for transfer to the high-dose waste decay
subsystem for storage.
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Figure 9-20. High-Dose Liquid Waste Solidification Subsystem
and Low-Dose Collection Tank Location
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Figure 9-21. Simplified Waste Handling Process Flow Diagram

[Proprietary Information]

Figure 9-22. High-Dose Waste Treatment and Handling Equipment Arrangement
9.7.2.2.2 Low-Dose Liquid Waste Handling

Figure 9-20 shows the location of the low-dose liquid waste collection tank. Low-dose condensate from
the high-dose concentrator will be held in the condensate collection tank (Figure 9-21). Chapter 4.0
provides descriptions of the low-dose liquid streams that will be directed to the collection tank. Low-dose
liquid received from other upstream processes, combined with the low-dose condensate not recycled, will
be transferred to the low-dose waste collection tank where the contents of the tank will be neutralized
using sodium hydroxide (NaOH). Once neutralized, the low-dose waste will then be forwarded to the
first of two evaporation tanks located on the second floor (Figure 9-23). In these heated tanks, the liquid
will be held at elevated temperatures (60°C [140°F]), and high rates of ventilation air will be passed
through the tank. The heated tank contents, plus the high rate of ventilation, will evaporate excess water,
reducing the volume of solid waste generated.
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[Proprietary Information]

Figure 9-23. Low-Dose Liquid Waste Evaporation System Location

The concentrated low-dose liquid waste will be transferred to the low-dose waste solidification area
(Figure 9-24), where the waste will be metered into a drum that has been placed in the low-dose
solidification hood (WH-EN-600). Samples will be collected for analysis to ensure compliance with
waste acceptance criteria. Solidification agent will be metered into the drum by the low-dose
solidification mixer. A pre-installed sacrificial paddle within the drum will mix the materials. After
filling and mixing are complete, the low-dose solidification mixer will be disengaged, and the drum
removed from the low-dose solidification hood by the drum handler. The drum will be lidded at the drum
lidding station. With time, the mixture will solidify within the waste drum. The filled waste drum will be
loaded onto a shipping pallet and transferred by pallet jack to the shipping and receiving airlock door.
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Figure 9-24. Low-Dose Liquid Waste Solidification Equipment Arrangement
9.7.2.2.3 Spent Resin Dewatering

Spent resin dewatering will be conducted in the high-dose waste treatment hot cell. Figure 9-25 provides
the flow diagram for the spent resin dewatering subsystem. This subsystem will transfer uranium
recovery and recycle system spent IX resin slurry from the spent resin collection tanks located in the tank
hot cell (Figure 9-26) to the dewatering filling head in the high-dose waste treatment hot cell

(Figure 9-22). The dewatering filler head will remove liquid from the resin. Dry resin will be collected
in a waste drum, and the liquid returned to the low-dose waste collection tank.

The solid waste drum transfer drawer (WH-TP-810) (Figure 9-22) will be opened, and the high-dose
waste handling crane will be used to lift the drum and place it in the solid waste drum scan for
characterization. After characterization is complete, the drum will be transferred by the high-dose waste
handling crane from the solid waste drum scan feed conveyor and placed into a five-drum rack. As
determined by characterization, the drum will either be held for decay storage or transferred to the high-
dose waste handling system for transfer to a shipping cask.

[Proprietary Information]

Figure 9-25. Spent Resin Dewatering Operational Flow Diagram
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Figure 9-26. Spent Resin Collection Tanks Location
9.7.2.2.4 Solid Waste Encapsulation

Figure 9-27 provides the flow diagram for the solid waste encapsulation subsystem. Operators will enter
the maintenance gallery and retrieve the solid waste drum cart from the waste collection port and transfer
the drum cart into the high-dose waste treatment hot cell (Figure 9-22). The solid waste drum access port
will be opened, and the solid waste encapsulation grout mixer (WH-Z-800) filling nozzle will be docked
for waste encapsulation. After the grout filling is complete, the solid waste encapsulation grout mixer
filling nozzle will be removed, and the solid waste drum access port closed. The solid waste drum
transfer drawer will be opened, and the high-dose waste handling crane will be used to lift the drum and
place it in the solid waste drum scan for characterization. After characterization is complete, the drum will
be transferred by the high-dose waste handling crane from the solid waste drum scan feed conveyor and
placed into a five-drum rack. As determined by the drum’s characterization, the drum will either be held
for decay storage or transferred to the high-dose waste handling subsystem for transfer to a shipping cask.
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Figure 9-27. Solid Waste Encapsulation Operational Flow Diagram
9.7.2.2.5 High-Dose Waste Decay

Figure 9-28 provides the flow diagram for the high-dose waste decay subsystem. This subsystem will
provide lag storage capability for solidified liquid waste and the five-drum racks with high-dose source
terms. After HICs or five-drum racks have been filled and lidded in the high-dose waste treatment hot
cell, they will be transferred to the high-dose waste decay subsystem.

[Proprietary Information]

Figure 9-28. High-Dose Waste Decay Operational Flow Diagram

The high-dose waste decay cell lift (WH-L-900) (Figure 9-29) will lower the HIC or five-drum rack into
the high-dose waste decay cell, where the high-dose waste decay cell conveyor (WH-CN-900) will
transfer the HIC or five-drum rack to its decay storage position. The HIC or five-drum rack will remain
in storage for a set amount time to allow for short-lived radioisotopes in the waste to decay to lower
levels. When the HIC or five-drum rack has decayed to an acceptable activity level, the high-dose waste
decay cell conveyor (WH-CN-900) will transfer the HIC or five-drum rack to the high-dose waste decay
cell lift, where the HIC or rack will be raised into the high-dose waste treatment hot cell and then
transferred to the high-dose waste handling area.

9-68




2 N NWMI-2013-021, Rev. 0
I I Chapter 9.0 — Auxiliary Systems

oo
" NORTHWEST MEDICAL 1SOTOPES

[Proprietary Information]

Figure 9-29. High Dose Waste Decay Cell Equipment Arrangement

9.7.2.2.6 High-Dose Waste Handling

Figure 9-30 provides the flow diagram for the

high-dose waste handling subsystem. This

subsystem will provide the capability to remotely [Proprietary Information]

transfer high-dose waste containers into a shipping

cask. When a HIC or two five-drum racks are

ready for shipment, the high-dose waste handling

crane will be used to open the high-dose waste Figure 9-30. High Dose Waste Handling
shipping transfer port (WH-TP-1000) and then Operational Flow Diagram
transfer the HIC or two five-drum racks, from

within the high-dose waste handling area, through the high-dose waste shipping transfer port, and into a
shipping cask.
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9.7.2.2.7 Waste Handling

The simplified operational flow diagram for the waste handling subsystem is shown in Figure 9-31.

[Proprietary Information]

Figure 9-31. Waste Handling Flow Diagram

The waste handling subsystem will have multiple material handling capabilities. The liquid high-dose
radiological waste and solid radiological waste handling will begin with the arrival of a truck and lowboy
trailer transporting an empty DOT-approved cask (Figure 9-32). The truck, trailer, and shipping cask will
enter the RPF to the waste management loading bay via an exterior facility high-bay door. The shipping
cask will then be documented for material tracking and accountability per the safeguards and security
system requirements. Operators will use the utility system’s truck bay spray wand for any necessary
wash-down of the truck, trailer, or shipping cask while located in the waste management loading bay.
The operators will remove the shipping cask’s upper impact limiter using the waste shipping overhead
crane (WH-L-1100) (Figure 9-32). The upper impact limiter will be placed in the designated impact
limiter landing zone and secured. Operators will unbolt the lid and prepare the DOT-approved shipping
cask for loading per the cask loading and unloading procedure. At this point, the truck, trailer, and
shipping cask will enter the waste loading area via a high-bay door. The trailer containing the DOT-
approved shipping cask will be positioned below the high-dose waste shipping transfer port
(WH-TP-1000) of the contaminated waste system. The truck will be disconnected from the trailer and
exit the RPF via the high-bay doors in which the vehicle entered. All high-bay doors will be verified as
closed and the shipping cask will then be in position and ready for loading per the contaminated waste
system procedures.

9-70




.,.;;:;.;;';;;'__ NWMI-2013-021, Rev. 0
Beelts ‘ ~ Chapter 9.0 — Auxiliary Systems
-»_ .0+ NORTHWEST MEDICAL ISOTOPES

[Proprietary Information]

Figure 9-32. Waste Handling Equipment Arrangement

After the DOT-approved cask has been loaded, the shipping cask will be separated from the high-dose
waste shipping transfer port (WH-TP-1000). The truck will enter the RPF into the waste management
loading bay via an exterior facility high-bay door, and operators will use the utility system’s truck bay
overhead spray wand for any necessary wash-down of the truck while located in the waste management

. loading bay. The truck will then enter the waste loading area via a high-bay door. The truck will be
connected to the trailer and exit to the waste loading area in the waste management loading bay. At this
point, the facility process control and communications system will allow operators to replace the shipping
cask’s upper impact limiter using the waste shipping overhead crane (WH-L-1100). The shipping cask
will be documented for material tracking and accountability per the safeguards and security system
requirements (Chapter 12.0). The truck, trailer, and shipping cask will exit the RPF through the high-bay
doors in which the vehicle entered.

The liquid low-dose radiological waste handling process will begin with the arrival of a truck transporting
the empty waste drum pallets to the fresh and unirradiated shipping and receiving area. The receiving
area door will be opened, and the truck will be docked to the receiving bay, allowing for transfer of the
waste drum pallets into the RPF. Pallet-loaded empty waste drums will be unloaded from the truck using
the waste handling pallet jack (WH-PH-1100). All unloaded empty waste drum pallets will then be
documented for material tracking and accountability per the safeguards and security system requirements.
The pallet jack carrying an empty waste drum pallet will be transferred to the shipping and receiving
airlock door, where the empty waste drums will enter the contaminated waste system for loading.

After the waste drums have been loaded with liquid low-dose radiological waste and re-palletized, a pallet
containing full waste drums will be transferred via-the waste handling pallet jack (WH-PH-1100) from the
shipping and receiving airlock door to the waste loading area. The waste handling forklift (WH-PH-1110)
will then enter the waste management loading bay via an exterior facility high-bay door.
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A waste shipping truck will also enter the waste management loading bay via an exterior facility high-bay
door. Operators will open the high-bay door to the waste loading area and use the forklift to load the
waste drum pallet into the truck. The shipping truck will then be documented for material tracking and
accountability per the safeguards and security system requirements. The truck containing the waste
pallets will exit the RPF through the high-bay doors in which the vehicle entered.

9.7.2.2.8 Waste Staging and Storage Building (Class A Storage)

The Waste Staging and Storage Building will be approximately [Proprietary Information] and will
provide additional waste storage and shipping preparation for Class A radioactive waste prior to disposal.

9.7.2.3 Operational Analysis and Safety Function

Chapter 13.0, Section 13.2 evaluates the accident sequences that involve fissile solution or solid materials
being introduced into systems not normally designed to process these solutions or solid materials. The
waste handling system is not geometrically safe; therefore, a number of IROFS have been identified.

* IROFS RS-01, “Hot Cell Liquid Confinement Boundary”
* IROFS RS-03, “Hot Cell Secondary Confinement Boundary”
e IROFS RS-04, “Hot Cell Shielding Boundary”

* TROFS RS-08, “Sample and Analysis of Low Dose Waste Tank Dose Rate Prior to Transfer
Outside the Hot Cell Shielding Boundary”

* JROFS RS-10, “Active Radiation Monitoring and Isolation of Low Dose Waste Transfer”
* JTROFS CS-14, “Active Discharge Monitoring and Isolation”
* IROFS CS-15, “Independent Active Discharge Monitoring and Isolation”

* IROFS CS-16, “Sampling and Analysis of Uranium Mass or Concentration Prior to Discharge or
Disposal”

* IROFS CS-17, “Independent Sampling and Analysis of U Concentration Prior to Discharge or
Disposal”

* JROFS CS-18, “Backflow Prevention Device”

° IROFS CS-21, “Visual Inspection of Accessible Surfaces for Foreign Debris”

* IROFS CS-22, “Gram Estimator Survey of Accessible Surfaces for Gamma Activity”
* IROFS CS-23, “Non-Destructive Assay (NDA) of Items with Inaccessible Surfaces”
* JROFS CS-24, “Independent NDA of Items with Inaccessible Surfaces”

* IROFS C8-25, “Target Housing Weighing Prior to Disposal”

* IROFS CS-26, “Active Discharge Monitoring and Isolation”

¢ JROFS FS-01, “Enhanced Lift Procedure”

* TROFS FS-02, “Overhead Cranes”

Additional information on the analyses that identified these IROFS is provided in Chapter 13.0.
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9.7.2.4 Instrumentation and Control Requirements

Instrumentation and control requirements for the processes associated with the control and storage of
radioactive waste are discussed in Chapter 7.0.

9.7.2.5 Required Technical Specifications

The technical specifications associated with the control and storage of radioactive waste, if applicable,
will be discussed in Chapter 14.0 as part of the Operating License Application.

9.7.3 Analytical Laboratory

The analytical laboratory will support production of the Mo product and recycle of uranium. Samples
from the process will be collected, transported to the laboratory, and prepared in the laboratory
gloveboxes and hoods, depending on the analysis to be performed.

9.7.3.1 Design Basis

The RPF analytical laboratory design basis is to provide on-site analysis to support the production of
%Mo product and fabrication of targets for irradiation. This analysis will be used to determine (1) mass,
concentration and purity of SNM, (2) concentration of *Mo product and product impurities, (3) process
stream chemical and radionuclide concentrations, and (4) chemical and radionuclide analysis for waste
handling and disposition. Analysis will be required to:

*  Verify acceptable *’Mo product to ship

*  Confirm uranium content

* Determine adjustments for feed tanks and other associated adjustments

*  Verify that recycled uranium product complies with product specification
* Ensure compliance with waste acceptance criteria

9.7.3.2 System Description
The RPF analytical laboratory space will include the following:

* Hoods to complete sample preparation, waste handling, and standards preparation

* Hoods for specialty instruments, including an ICP-MS and kinetic phosphorescence analyzer
*  Glovebox for ICP-MS

*  Gloveboxes for sample delivery and preparation prior to sample transfer to hoods

* Countertops for the gamma spectroscopy system, low-energy photon spectroscopy, alpha
spectroscopy system, liquid scintillation system, and beta-counting system

* Storage for chemical and laboratory supplies

*  Benchtop systems, such as balances, pH meters, and ion-chromatography

The analytical laboratory layout is presented in Figure 9-33 and provides space for eight hoods, four
gloveboxes, and two countertops.

[Proprietary Information]

Figure 9-33. Analytical Laboratory Layout
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Analytical instrumentation will include the ICP-MS, kinetic phosphorescence analyzer, gamma energy
analysis, alpha spectroscopy, liquid scintillation spectrometry, and gamma energy analysis.

9.7.3.3 Operational Analysis and Safety Function

Chapter 13.0 evaluates the accident sequences that involve miscellaneous chemical safety process upsets
in areas without significant fissile or high-dose licensed material present (chemical storage areas and the
laboratory). The accidents analyzed that are associated with the analytical laboratory include Accident
Sequence S.R.31, “Chemical Burns from Contaminated Solutions During Sample Analysis.” No
laboratory IROFS have been identified.

Defense-in-depth — Operators and laboratory technicians will follow set protocols on sampling and
analysis to identify the sampling locations, sampling techniques, containers to be used, transport routes to
take, analysis procedures, reagents to use, equipment requirements, and disposal protocol for the sample
residue material. Each of these procedures will be evaluated for standard safety protocols, including
requirements in the safety datasheets for the chemicals used and safety requirements for the equipment
used.
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9.7.3.4 Instrumentation and Control Requirements

Instrumentation and control requirements for the processes associated with the analytical laboratory will
be discussed in Chapter 7.0 as part of the Operating License Application.

9.7.3.5 Required Technical Specifications

The technical specifications associated with the analytical laboratory, if applicable, will be discussed in
Chapter 14.0 as part of the Operating License Application.

9.74 Chemical Supply

The chemical supply system will include tanks supplying aqueous chemicals to the process systems,
flammable material storage cabinets used to segregate incompatible materials, and storage of chemical
solids used in the process systems.

9.7.4.1 Design Basis

The chemical supply system design basis is to provide chemical solutions mixed to the required
concentrations that are used within the target fabrication, target dissolution, Mo recovery and purification,
and waste management systems. The system will provide nitric acid, NaOH, reductant and NO, absorber
solutions, hydrogen peroxide, and fresh uranium IX resin.

9.7.4.2 System Description

Figure 9-34 shows the layout of the chemical supply room within the RPF. Tanks are sized to provide
support to the process requirements.

9.7.4.2.1 Subsystem 100, Nitric Acid

Subsystem 100 will consist of five tanks that provide the following functions:
* [Proprietary Information]
*  [Proprietary Information]
*  [Proprietary Information]
*  [Proprietary Information]
*  [Proprietary Information]
* [Proprietary Information]
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[Proprietary Information]

Figure 9-34. Chemical Supply Room Equipment Layout
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Figure 9-35 provides the flow diagram for Subsystem 100, and Table 9-5 provides a summary description
of the tanks in this subsystem.

[Proprietary Information]

Figure 9-35. Nitric Acid Flow Diagram
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Table 9-5.

Tank number Chemical
CS-TK-100 [Proprietary Information]
Eg-TK-13:0 I - “[Proprietary Information]. };
- v - ST
CS-TK-150A [Proprietary Information]

[CS-TK-150B

[Proprletary Infonnatlon] ) g

= s i b

CS-TK-180A

CS-TK-300
CS$TK320 - |

CS—TK-600A/B/C/D

CS-TK-180B - |

[Proprletary Informatlon]

[Proprletary Infonnatlon] §)[

[Propnetary Infonnatwn]

Information] !
|
R

[Proprietary Information]

volume

(L)

Working

Total volume

(L)

Subsystem 100, Nitric Acid Tank Sizes

NWMI-2013-021, Rev. 0
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Diameter

(in.)

L
A

,x;f_ .o

[Proprietary [Proprietary 120

Informatxon] Infonnatlon] .

s et oy s 24 b £ RS oot e b et A ot A i
[Propnetary i [Proprletaty | 12 20 1
Information] i Information] i ]
[Proprietary [Proprietary 84 83
Information] Information] |
[Proprietary i [Proprietary i 84
Information] ﬂ Informatlon] i -

[Proprietary [Propnetary 84

Infonnatlon] Informatxon]

[Propnetary 7 [Proprleta.ry ' ’ 84 2

Information] i - Information] .
[Proprietary {Proprietary 18 :

Information) Informatlon] ;

[Prop.r;e\térym ’ E[ [Propnetaxy i 18 i 21

Information] ¥  Information] o ‘

HNO,; = nitric acid.

9.7.4.2.2 Subsystem 200, Sodium Hydroxide

ion exchange.

Subsystem 200 will consist of three tanks that provide the following functions:

* [Proprietary Information]

*  [Proprietary Information]

*  [Proprietary Information]

[Proprietary Information] Figure 9-36 provides the flow diagram for the NaOH subsystem, and Table 9-6

provides a summary description of the tanks in this subsystem.
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[Proprietary Information]

Figure 9-36. Sodium Hydroxide Flow Diagram

;,(,T'anlé(‘_.n‘umbe[;

[Proprietary Information]

“Working

volume

Table 9-6. Subsystem 200, Sodium Hydroxide Tank Sizes

‘Total = * [

vélume

R

Diameter
*ofindeas |.

CS-TK-200 | [Proprietary | [Proprietary

i ) . Information] | Information]

CS-TK+230. [Proprietary -1, 7. [Proptiet

T (.- Information] - Information
27

CS-TK-260

[Proprietary Information]

[Proprietary
Information]

[Proprietary
Information]

NaOH =

sodium hydroxide.
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9.7.4.2.3 Subsystem 300, Reductant and NO, Absorber Solutions

Subsystem 300 will consist of three tanks that provide the following functions:
*  [Proprietary Information]
*  [Proprietary Information]

Table 9-7 provides a summary description of the tanks in Subsystem 300.

Table 9-7. Subsystem 300, Reductant and Nitrogen Oxide Absorber Solutions Tank Sizes

Working
volume - Total volume | Diameter
.Chemical, . AL L e (iny)

[Proprietary 18
Information]

. Tank-number
CS-TK-300

[Proprietary
Information]

MN[Eroprletary .
Information]..

[Proprietary Information]

CS-TK=320.7

[Proprietary [Proprietary

[Proprietary Information] i :
i  Information] !  Information]

CS-TK-340

NO, = nitrogen oxide.

9.74.2.4 Subsystem 400, Hydrogen Peroxide

Subsystem 400 will provide the following
functions:

¢ [Proprietary Information] [Proprietary Information]
°  [Proprietary Information]

Figure 9-37 provides the flow diagram for the
hydrogen peroxide subsystem. The subsystem
will consist of one tank (CS-TK-400), which is
summarized in Table 9-8.

Figure 9-37. Hydrogen Peroxide Flow Diagram

Table 9-8. Subsystem 400, Hydrogen Peroxide Tank Sizes

i T T B otking | - Totalolurel]- T "
150 Chemlcal B T 7 "Ly © . | Diamiéter (in.y | " Héight{in.) =
i § - " : - P —
1 ; [Proprietary : [Proprietary ' ;
! Hydrogen perOXIde : Information] ‘ Information] 9 ; 12
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9.7.4.2.5 Subsystem 600, Fresh Uranium Ion Exchange Resin

Subsystem 600 will consist of four tanks (one tank to support each uranium IX column) that provide the
following functions:

*  [Proprietary Information]
* [Proprietary Information]
*  [Proprietary Information]

Table 9-9 provides a summary description of the tanks in Subsystem 600.

Table 9-9. Subsystem 600, Fresh Uranium Ion Exchange Resin Tank Sizes

Working

volume Total volume | Diameter
Tank number Chemical (L) (in.)

CS-TK-600A | [Proprietary Information] [Proprietary [Proprietary

Information] Information]

[Proprietary ) [Proprietary
Information] Information]

IX ion exchange.

These tanks will support preparation of fresh resin for addition to an IX column after spent resin has been
removed. A description of the fresh resin makeup activity is summarized as follows:

¢ [Proprietary Information]
*  [Proprietary Information]
* [Proprietary Information]
* [Proprietary Information]
* [Proprietary Information]

Once resin has been prepared by fines removal and washing, the makeup tank will be adjusted to contain
a total volume [Proprietary Information]. The makeup tank low-speed agitator will be started to suspend
the resin inventory, and the valve opened to route the suspension to an IX column.
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9.7.4.3 Operational Analysis and Safety Function

Chapter 13.0 evaluates accident sequences that involve miscellaneous chemical safety process upsets in
areas without significant fissile or high-dose licensed material present (e.g., chemical storage areas and
the laboratory). The backflow of fissile or radioactive solutions into auxiliary systems (e.g., chemical
supply) was also analyzed and two preventive IROFS identified.

Defense-in-depth - NWMI will comply with U.S. Environmental Protection Agency and Occupational
Safety and Health Administration regulations for the design, construction, and operation of chemical
preparation and storage areas in the RPF. Chemical handling procedures will be provided to operators to
ensure safe handling of chemicals according to applicable regulatory requirements and consistent with the
material safety datasheets.

Items relied on for safety — Based on the analysis conducted in Chapter 13.0, Section 13.2, the following
IROFS will be implemented:

¢ (CS-18, “Backflow Prevention Device”
*  CS-19, “Safe Geometry Day Tanks”

9.7.4.4 Instrumentation and Control Requirements

Instrumentation and control requirements for the processes associated with the chemical supply system
will be discussed in Chapter 7.0 as part of the Operating License Application.

9.7.4.5 Required Technical Specifications

The technical specifications associated with the chemical supply system, if applicable, will be discussed
in Chapter 14.0 as part of the Operating License Application.
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10.0 EXPERIMENTAL FACILITIES

This chapter of the Construction Permit Application addressing experimental facilities is not applicable to
the Northwest Medical Isotopes, LLC Radioisotope Production Facility.
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TERMS
Acronyms and Abbreviations
“Mo molybdenum-99
131 iodine-131
ALARA as low as reasonably achievable
ANS American Nuclear Society
ANSI American National Standards Institute
CAM continuous air monitor
CFR Code of Federal Regulations
CGA Compressed Gas Association
COO Chief Operating Officer
DAC derived air concentration
DOT U.S. Department of Transportation
EO1 end of irradiation
EPA U.S. Environment Protection Agency
HEPA high-efficiency particulate air
HVAC heating, ventilation, and air conditioning
ICRP International Commission on Radiological Protection
Kr krypton
LEU low-enriched uranium
Mo molybdenum
MURR University of Missouri Research Reactor
NAVLAP National Voluntary Laboratory Accreditation
NCRP National Council on Radiation Protection and Measurements
NIOSH National Institute of Occupational Safety and Health
NIST National Institute of Standards and Technology
NRC U.S. Nuclear Regulatory Commission
NWMI Northwest Medical Isotopes, LLC
QAPP Quality Assurance Program Plan
RPF Radioisotope Production Facility
RWP radiation work permit
SH&L safety, health, and licensing
TEDE total effective dose equivalent
TLD thermoluminescent dosimeter
U.s. United States
Xe xenon
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Units

Bq becquerel

Ci curie

cm centimeter

cm? square centimeter
dpm disintegrations per minute
ft feet

ft3 cubic feet

gal gallon

hr hour

in inch

L liter

m meter

m’ cubic meter

mg milligram

mrem millirem

mSv millisievert

rem roentgen equivalent in man
Sv sievert

wk week

yr year
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11.0 RADIATION PROTECTION AND WASTE MANAGEMENT

This chapter describes the Northwest Medical Isotopes, LLC (NWMI) radiation protection and waste
management programs that are applied to the design of the Radioisotope Production Facility (RPF) and
associated equipment and facility operations. The radiation protection program provides a complete list
of all expected radiation and radioactive sources, including airborne, liquid, and solid sources. The
radiation protection program also requires the development and implementation of procedures, identifies
monitoring instrumentation and techniques, and specifies practices to be employed to verify compliance
with the radiation dose limits and other applicable requirements. The basis and plans used to develop
procedures for assessing and controlling radioactive wastes and the ALARA (as low as reasonable
achievable) program are included.

This section also establishes the waste management program for radioactive wastes resulting from normal
operations and maintenance of the RPF, including the required procedures to ensure that radiation
exposures and releases of radioactive materials are adequately assessed and controlled. The waste
management program addresses the following elements:

11.1

Philosophy and approach to waste management

Basis of procedures and technical specifications

Organization, staffing, and associated training

Document control and records management

Review and audit committees for radioactive waste management activities
Plans for shipping, disposal, and long-term waste storage

RADIATION PROTECTION

The section identifies the sources of radiation within the RPF, including the physical and chemical form,
type (e.g., neutron, gamma), curie strength or exposure rates, energy level, encapsulation (sealed or
unsealed), use, storage conditions and locations, and planned program for disposal of the radioactive
material.

11.1.1

Radiation Sources

The RPF produces molybdenum-99 (*?’Mo) from low-enriched uranium (LEU) irradiated by a network of
university research reactors. The primary RPF operations will include:

Receiving LEU from the U.S. Department of Energy

Producing LEU target materials and fabrication of targets

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

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

Recovering and recycling LEU to minimize radioactive, mixed, and hazardous waste generation
Treating and packaging wastes generated by RPF processes to enable transport and disposal

Along with the production of Mo, radioactive fission and activation products and actinides are also
produced.

Chapter 4.0, “Radioisotope Production Facility Description,” Table 4-41, provides a summary of the
estimated total radioactivity in curies (Ci) from fission products and actinides contained within each batch
of irradiated LEU targets entering the RPF. The irradiated LEU targets entering the RPF provide the
majority of radiation sources within the RPF.
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This section identifies the source and nature of airborne, liquid, and solid radioactive materials within the
RPF, including the types of radiation emitted (alpha, beta, gamma, and neutron).

11.1.1.1  Airborne Radiation Sources

Airborne radioactive sources within the RPF will consist of radioactive gases produced during recovery
and purification of ?Mo. Radioactive gases will originate from three areas in the RPF, which are shown
in Figure 11-1:

* Target fabrication area

* Tank hot cell area, including:
- Disassembly and dissolution of irradiated LEU targets
- Molybdenum (Mo) recovery and purification
- LEU recovery and recycle

* Waste management area

A description of these areas and associated processes are provided in Chapter 4.0, Section 4.1.2.
Airborne radiation sources from process offgases are treated in two systems prior to discharge: the
process vessel vent system, and the Zone 1 exhaust system.

Details of the process offgas system are provided in Chapter 9.0, Section 9.1.2. The process offgas
system is designed to ensure that airborne radioactive releases are maintained at levels less than those
defined in Table 2 of Title 10, Code of Federal Regulations, Part 20 (10 CFR 20), “Standards for
Protection Against Radiation,” Appendix B, “Annual Limits on Intake (ALIs) and Derived Air
Concentrations (DACs) of Radionuclides for Occupational Exposure; Effluent Concentrations;
Concentrations for Release to Sewerage.”

Administration
and support area

 10CFRT0

10 CFR 50

Figure 11-1. Radioisotope Production Facility Airborne Radiation Source Areas
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11.1.1.1.1 Gaseous Radioactive Source

During normal operating conditions, airborne or gaseous radioactive materials will be contained within
closed systems consisting of piping components and tanks. Table 11-1 provides source term information
for the gaseous radioactive sources within the RPF (Barrington, 2015, and [Proprietary Information]).
This source is based on the gaseous effluent prior to entering the process vessel vent system.

Table 11-1. Gaseous Radioactive Source (2 pages)

Principal Radloactlwty Princi pal Radioactivity
Isotope radiations (Cilwk) Isotope radiations (Citwk)
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Table 11-1. Gaseous Radioactive Source (2 pages)

Principal Radioactivity Principal Radioactivity
Isotope radiations (Cifwk) Isotope radiations (Ci/wk)
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Sources: Barrington, C., 2015, “NWMI Release #11 — Process Vessel Ventilation (PVV) System Estimate,” (memorandum to
| G. Dunford, May 26), AEM Consulting, LLC, Richland, Washington, 2015, and [Proprietary Information].
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11.1.1.1.2 Release of Airborne Radionuclides

10 CFR 20.1101, “Radiation Protection Programs,” paragraph (d) requires the licensee to “implement the
ALARA requirements of 10 CFR 20.1101(b), and notwithstanding the requirements in 10 CFR 20.1301, a
constraint on air emissions of radioactive material to the environment, excluding radon-222 and its
daughter products, shall be established by licensees other than those subject to 10 CFR 50.34(a), such that
the individual member of the public likely to receive the highest dose will not be expected to receive a
total effective dose equivalent (TEDE) in excess of 0.1 millisievert (mSv) (10 millirem [mrem]) per year
from these emissions.”

Regulatory Guide 4.20, Constraint on Releases of Airborne Radioactive Materials to the Environment for
Licensees Other than Power Reactors, provides guidance on methods that the U.S. Nuclear Regulatory
Commission (NRC) considers acceptable for meeting the constraint on airborne emissions of radioactive
material to the environment, as described in 10 CFR 20.1101(d). In 1996, the NRC added this constraint
to 10 CFR 20 to remove dual regulation by the NRC and the U.S. Environmental Protection Agency
(EPA) and to provide an “ample margin of safety” to the public from airborne emissions of radioactive
material to the environment. As previously noted, the defined TEDE to a member of the public is not
expected to exceed 0.1 mSv (10 mrem) per year from gaseous emissions released from the RPF into the
unrestricted area. If a licensee subject to this requirement exceeds this dose constraint, the licensee shall
report the exceedance as provided in 10 CFR 20.2203, “Reports of Exposures, Radiation Levels, and
Concentrations of Radioactive Material Exceeding the Constraints or Limits,” and promptly take
appropriate corrective action to ensure against recurrence.

Regulatory Guide 4.20 notes that one method that the NRC staff considers acceptable for demonstrating
compliance with 10 CFR 20.1101(d) is the use of computer codes. To evaluate the dose associated with
air emissions from the RPF and to ensure rates will meet the requirements of 10 CFR 20.1101(d), the
COMPLY computer model, Version 1.6, that assesses dose from airborne releases using varying amounts
of site-specific information in four screening levels, was used. In Level 1, the simplest level, only the
quantity of radioactive material processed during the monitoring period is entered. The calculations are
based on generic parameters. Level 4 produces a more representative dose estimate and provides for a
more complete treatment of air dispersion by requiring the greatest amount of site-specific information.
Licensees that do not pass at the lowest level in COMPLY must move to the next higher level until they
can demonstrate compliance. The bases for the methods used in COMPLY are:

» EPA 520/1-89-002, A Guide for Determining Compliance with the Clean Air Act Standards for
Radionuclide Emissions from NRC-Licensed and Non-DOE Federal Facilities

* EPA 520/1-89-003, Users Guide for the COMPLY Code

Level 4 of the COMPLY code was used to demonstrate compliance with 10 CFR 20.1101(d) for the RPF.
Table 11-2 provides the gaseous radionuclide stack release source term input to COMPLY. The source
term was developed by combining the effluent from each of the systems that is vented to the process
vessel vent system and applying decontamination factors for each of the treatment subsystems (iodine
absorbers, high-efficiency particulate air [HEPA] filters, etc.) (Barrington, 2015).

The source term developed is based on irradiated LEU targets beginning to be processed in the RPF at
[Proprietary Information] for systems downstream of the impure uranium lag storage tanks. The
radionuclide decay provided by the noble gases ([Proprietary Information] target dissolver offgas
adsorption beds has been included. The source term is expected to bound the normal releases.
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Table 11-2. Radionuclide Stack Release Source Term Input to COMPLY (2 pages)
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Table 11-2. Radionuclide Stack Release Source Term Input to COMPLY (2 pages)

0

Chapter 11.0 — Radiation Protection and Waste Management

Release rate Release rate Release rate
Isotope (Cilyr) Isotope (Cilyr) Isotope (Cilyr)

97Nb [Proprietary Infurmauon] 129Sb ' 1.14E-05 QSZr . [Proprietary Information]

|' o 97mNb ' .< ‘[Propnetary Infonnauon] ’ 151 Sm - L 6 84E 08 T 97Zr o [Propnelary Inrurmauon] i
147Nd [Proprielary Informaliun] 153G m 9 .44E-06 Total Cl ' [Proprietary Information]

! 236mNp " [Proprietary Information] 1569 m T 6.20E-07

Sources: Barrington, C., 2015, “NWMI Release #11 — Process Vessel Ventilation (PVV) System Estimate,” (memorandum to
G. Dunford, May 26), AEM Consulting, LLC, Richland, Washington, 2015, and [Proprietary Information]

The weekly radionuclides (Ci/week) generated for the maximum dose case were multiplied by 52 weeks
to obtain the release rates in Ci/year (yr) The radionuclide releases were adjusted to conservatively account
for one HEPA filter in the Zone I heating, ventilation, and air conditioning (HVAC) offgas treatment
system (Chapter 9, “Auxiliary Systems,” Section 9.1.2.2) in accordance with EPA 520/1-89-003, which
recommends that radionuclide particulate releases be reduced by an adjustment factor of 0.01. The noble
gases and iodine releases were not reduced in the analysis. The following radionuclides were not

available in the COMPLY database: 1*™Ba, 1*"™Ba, 133m], 97mNb, 236mNp, 234mpy 112pq 144mpy 106Rp 128Gh,

128me and 98mY.

The following assumptions were used in the development of the analysis:
* Meteorological data — COMPLY meteorological wind rose file for Columbia
* Stack data — Stack height 22.9 meter (m) (75 feet [ft]), diameter of 0.86 m (34 inches [in.])
* Building data — Height 19.8 m (65 ft), width 24.4 m (80 ft), length 76.2 m (250 ft)

* Receptor location — Nearest receptor locations is the RPF fence line at 9.1 m (30 ft) from the
stack

» Agricultural data — Food sources (e.g., milk, meat, vegetables) assumed to be home grown at
receptor location

The maximum dose to the public from the normal operational stack releases was calculated to be 0.036

mSv/yr (3.6 mrem/yr) at 9.1 m (30 ft) from the RPF. The results of the COMPLY analysis determine that

the requirement of 10 CFR 20.1101(d) will be met for the RPF, such that air emissions of radioactive
material to the environment will not result in an member of the public receiving a TEDE in excess of
0.1 mSv/yr (10 mrem/yr) from these emissions.

11.1.1.2 Liquid Radioactive Sources

Liquid radioactive sources within the RPF will consist of process fluids created during Mo recovery and
purification, liquids created during the recycling of LEU, and liquids resulting from the treatment of
offgases. A detailed description of the RPF processes and associated locations are provided in Chapter 4.0,
Section 4.3. Details of the process vessel vent system are provided in Chapter 9.0, Section 9.1.

During normal operating conditions, liquid radioactive materials will be contained within closed systems
consisting of piping components and tanks. There will be no radioactive liquid discharges from the RPF
into the sanitary sewer or the environment. Any liquid radioactive waste will be treated and/or solidified
prior to being packaged and shipped to a disposal facility. Table 11-3 provides source term information
for the liquid radioactive source. This source is based on the liquid in the target dissolver based on
[Proprietary Information]. This source term is considered bounding [Proprietary Information].
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Table 11-3. Liquid Radioactive Source (2 pages)

7 Radioactivity _ Radioactivity
Isotope Principal radiations (Cilwk) Isotope | Principal radiations (Ci/wk)
. 241 Am o [Proprietary Information] 2401'_)u A [Propritary Information]
‘ 136mB a v [Proprietary Informali(;n] 241 Pu B_ [Proprietary Informa'liun] '
l37mB a ¥ [Proprietary an(;rmalion] 103mRh v [Proprietary Information]
ISQB a ﬁ' [Proprictary Inf;)rmalion] IOSRh ) B_ [Proprietary Information]
‘ 140B a B_ [Proprietary Information] 106Rh B_ V[Pmprielary Information]
i} : T 14_1 C e T B' S A[P.rloprieiar)-' ‘Iflf(;m‘u;iich] ’ 166mRh ‘ B_ o T [Pror‘)rie—lar; %ni‘orm&l&ohj
143C e ﬁ_ [Proprietary Information] IOSRu B_ [Proprietary Information]
; 144C e B_ [Proprietary Ix;formalion] 105 Ru B_ [Propﬁela;y Informat io n]
134C S B_ [Propriel-ary Infonnz;lion] 166Ru ’ B_ [Proprietary Information])
‘ E I34mvc S ¥ [Proprietary Information] ’ IZZSb B_ [Proprietary Information] ‘
j ' 13GCS B_ [Proprietary fnfc;rmalion] 124 Sb ) B_ [Proprietary Informali(;ni
} 5 137CS B_ [Proprietary Information} 125 Sb ﬁ_ [Proprietary Information] '
155Eu B' [Proprictary Information] ) 126 Sb B_ [Proprietary Informaliu;ﬂ
156Eu B' [Proprietary Information] 127 Sb B_ [Proprietary Information]
157Eu B_- [{Proprietary Ini’ormalion] 128 Sb B_ [Proprietary Informatiokn]
;A ) iZQI b_ [};;oprielaryllnli)rmalion] v 128me ’ B_ [Propdélary Information] |
: l - 1301 ﬁ_ [Proprietary Information] . 129 Sb B_ [Proprietary Information]
i : ) 13 II ’ ‘ B: M[Propriclary Inf(;rmation] . 115 1 Sm B_ [Proprietary Informali'on]' R
| I 1 3 2 . B' ) [Proprietary [nf;)-rmalicn] 153 S m B_ {Proprietary Information]
1 132mI ) B_ [Propriélary Information) 156 Sm B_ [Proprietary Informali-on]
\ 1331 B_- A [Proprietary Informali.on] | 89 Sr - B_ [Pmpriémry Informalvion]
\ 1 33mI - Y [Proprietary Information] 90 Sr B_ [Px:oinrietary Information)]
1 . 1341 B_ [Proprietary Information] 91 Sr B_ [Prop;'ielary Information]
‘ E 1351 B_ [Proprietary Information] 9ZSr B_ [Proprietary Information] |
1 83mKI Y - [Proprietary Information] 99TC B_ [Proprietary Infm'mﬂlion]A
,l - SSKI B_ ’ {Proprietary Info;malion] 99mTc B__ [Proprietary Informat}on] '
iiSmI(r ﬂ_ [Proprictary Information] 12511;'1"e Y [Proprietary Informalior;]
! 87KI' B B_ [i’roprielary Inlzonnalion] 127Te ‘ h B_ [Pr op}iclary Information] 2
SBKr B_ ) [Proprietary 'Informalion] 127m'1'*e - B_ [Proprietary Information]
, 140La . ’ I3_ {Proprietary Information] IigTC ﬁ_ [Proprietary Information]
. 141 La B_ [i’roprielary Infﬁrmalio;xl : 129mTe B_ [Pn:oprietary Information]
‘ ! 142La . ﬁ_ [Pmpricla;'y Inft;rmalinn] 131 Te ﬁ_ [Proprictary Information]
i 99M0 B_ [Pro-prielary Infor;naliun] 131 mTe ) B_ [Proprietary Information]
1 95Nb B_ ~ {Proprietary Ir;formaliun] ’ 132T6 B_ [Propﬁélary Information)
} 95mNb B_ [Proprictary Information) 133Te B_ [Proprictary Inl‘orme;lion]
96Nb B' [Proprietary Information) ’ l33mTe » B_ [Proprictary Information)
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Table 11-3. Liquid Radioactive Source (2 pages)

Radioactivity Radioactivity
Isotope Pnnmpal radiations (Ci/wk) Isotope Prlnmpal radiations (Cilwk)

97Nb [Proprietary Information] 134Te [Proprietary Information]
97r.an ) ,Y - [Propnefary In‘forma‘u?rt] 232U o ' [Propnetary Intormatmn]
I47Nd B_ [Proprietary Information] 234U o [Proprietary Information]
236m ~__ [I;roprielar;"Infur‘mal-ion']A T 2‘35‘ : T . [i’ro‘p}ie.:taryv In}ormati(;n] :
Np B U a : |
237Np o [Proprietary Information] 236U o {Proprietary Information]
! 238 A [Proprietary Ini’ormaiio‘n_] ’ 237 - [Proprietary infonﬁation] !
! Np p- U p g .
239Np B_ [Proprietary Information] 238U o [Proprietary Information}
1 . . _— S e s
| 233P a B_ [Proprietary Information] 13 lmX e ¥ [Proprietary Information]
234P a [3_ [Proprietary Information] 133)(e B_ [Proprietary Information]
! . : . I - LT . - . !
%’ 2?4mPa Y [Proprietary Informau(?n] ' 133m)(e ’ ¥ [Proprietary Infom-'lauon] :
IIZPd B- [Proprietary Information] 135Xe B [Proprietary Information]
’ ‘ 1471)1.n B_ [P}oprielary Information] 135mXe B ’ [Propriétary Information] |
1481)In B_ [Proprietary Information] 89mY Y {Proprietary Information]
L [ - - R T T T T .- ";
: ' I48um- ¥ ‘ ] [Proprietary Infonflauon] ) 90Y - B ) [Proprietary In.lormatlon‘]
149Pm B_ [Proprietary Information] 90mY B [Proprietary Information]
: ISOP m B__ [Proprietary Informationj 91 Y ' B__ [l;rl;prietar;' Information]
15 IPm B_ [Proprietary Information] 91mY ¥ [Proprietary Information]
. 1421)r B_ [Proprietary Information] 92Y B [Proprietary Information]
1431)r B__ [Proprietary Information] 93Y B [Proprietary Information]
- X hiy . iy . - o N . 3 N o
! 1441)r B_ [Proprietary Information] 93Zr B__ (Proprietary Information]
144mPr B_ {Proprietary Information] QSZI. B [Proprietary Information]
; i45Pr ’ B_ [Proprietary Information] ' 97ZI' B [Pfoprielary informalion]
238Pu o [Proprietary Information]
| 239Pu } o [Proprietary Information] Total Cl :  [Proprietary Information]

Source: D004, filtered dissolver product, in [Proprietary Information]

o

§

alpha. ¥ = gamma.
beta.

1l

11.1.1.3 Solid Radioactive Sources

Solid radioactive sources within the RPF will consist of fresh LEU, irradiated LEU targets, LEU target
material, and solidified waste. Details on these processes are provided in Chapter 4.0. During normal
operating conditions, solid radioactive sources will be contained within tanks and shielded hot cells, all
within restricted areas. Table 11-4 summarizes the solid radioactive source term in the RPF. This source
term is based on the cumulative total of high- and low-dose waste, encapsulated waste, and one batch of
[Proprietary Information].
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Radioactivity
(Cifwk)

2.73E-10
2.88E+00

1.65B+01

2.15E+04
8.18E+03
4.07E+03

© 1.91E+04

5.63E+02

 276E-03

6.43E-02
7.19E+00
1.71E+01

' 5.77B-01

1.77E+01

2.16E+01

2.09E-06

743E-01

4.4TE+03
1.12E+04
3.06E+01

© 221E+04
1.43E+03
2.62E+04

2.10E+04

1.81E+03

1.10E+00

423E+03

8.62E+03
1.18E+04
6.49E+03
1.93E+04
1.96E+04

 L6SE+04

5.98E+02

| 2.08E+01
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Table 11-4. Solid Radioactive Source (2 pages)

Isotope
240pyy

241Pu

103mRh

105Rh
106Rh

1 O6mRh

10§Ru

IOSRu

106Ry

lZZSb

124‘Si)‘ N

IZSSb

126G

i27sb
12861,
128mgt,
129G}
151§
153§ m
1565m
89gy

QOSr

92 Sr

99TC

99mTc

125m?re

127"1*e

127,

129Te

. 129mTg

131Te

BlmTe

132Te

133T€

 Principle radiations
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1.43E-05
5.17E-06
1.88E+03
3.13E+03
4.6TE+01
6.22E+00
1.88E+03
3.31E+03

- 3.33E+01

1.83E-03
4.21E-03
8.85E-01

LIBE+00

3.66E+02

© 7.48E+01

1.13E+03

1.83E+03

3.36E-01

 4.86E+02

5.16E+01
2.35E+03
1.69E+01

' 1.95E+04

1.99E+04
1.76E-03 |
1.43E+04

. 2.93B-02

2.93E+02

' 4.84E+00

1.55E+03
6.70E+01
8.62E+03

 1.32E+403

1.09E+04
1.25E+04 |




-.-'-"-'-"-'-.-_N I NWMI-2013-021, Rev. 0
: Chapter 11.0 — Radiation Protection and Waste Management

> NORTHWEST MEDICAL ISOTOPES

Table 11-4. Solid Radioactive Source (2 pages)

Radijoactivity"' : ) | Radioactivity
Isotope | Principle radiations (Ci/wk) ~ Isotope Principle radiations (Ci/wk)
9Nb B- 1.79E+00 13mTe B- 1.13E+04

LNy B- . 202B+04 | Te B 2.34B+04 |
9N y 1.91E+04 22y o 5.69E-08

LN B 3208403 |  BU L © 538E-02
236mNp B 53307 | U o 2 46E-03

. PNp o LI2B06 | U o 8.28E-04 |
28Np B- 3.56E-02 w1y B- 3.31E+02

L PNp B- 1.68B+04 | WU o 1.55E-03
33py B- 1.29E-06 B3imxe y 7.89E+00

| Ppa B 600E-06 | "Xe B © 1.09E+04
2impy Y 468E03 |  1mXe Ty 5.16E+02

| uzpg B- | 44TER01 | Xe B- 177E+04 |
4P B- 3.38E+01 135mye B 3.90E+03
spm B 1.39E-01 omy oy 220E01 |
148mpyy v 3.05E-02 S0y B 1.28E+01

| py B CBAB03 | my B | LISE+03 |
150p B- 246E400 | Y B- 249E+403

. slpm B C138Es03 | my Ty L14B+04
wpr B- 1.37B-02 oy | B- 2.01E+04

WPy B- 6.23E+03 ' B 2.12E404 |
144y B- 5.64E+02 %7 B- 326E-04

| tsdmpp B 793B100 | %u B 2.66E+03
145py B 131E+04 77 B- 2.01E+04

| BEpy .« . 519B06 | |TomlCi © 5.65E405
mpy o 1.57E-02

Source: [Proprietary Information] and [Proprietary Information].

o = alpha. Y = gamma.

§ = beta.

11.1.2  Radiation Protection Program

NWMI management is committed to protecting RPF workers, the public, and environment from
unacceptable exposure to radiation sources. NWMTI’s policy is to conduct radiological operations in a
manner that ensures the health and safety of employees, contractors, and the public. In achieving this
objective, NWMI will ensure that radiation exposure to workers and the public, and releases of
radioactivity to the environment, are maintained below regulatory limits. Deliberate actions will be taken
to further reduce exposures and releases in accordance with a process focused on keeping exposures and
releases ALARA.

11-11
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NWMI is fully committed to implementing the NWMI radiation protection program to consistently reflect
this policy. The NWMI radiation protection program will also meet the requirements of 10 CFR 20 and
10 CFR 19, “Notices, Instructions, and Reports to Workers: Inspection and Investigations.”

The radiation protection program will be developed, documented, and implemented commensurate with
the risks posed by RPF operations. NWMI will use, to the extent practicable, procedures and engineering

controls based on sound radiation protection principles to achieve occupational doses and doses to the
public that are ALARA.

The radiation protection program content and implementation will be reviewed at least annually, as
required by 10 CFR 20. 1101(c) In addition, in accordance with 10 CFR 20.1101(d), constraints on
atmospheric releases will be established for the RPF such that no member of the public would be
expected to receive a TEDE in excess of 0.1 mSv/yr (10 mrem/yr) from these releases.

The NWMI RPF administrative Table 11-5. Estimated Radioisotope Production Facility
exposure limits have been set below Controlled and Restricted Area Dose Rates

the limits specified in 10 CFR 20 to
exposure limits are not exceeded

and to emphasize ALARA iTarget fabrlcatlon area . 0.0003 mSv/hr 0 03 mrem/hr

principles. The administrative Irradiated target recelpt area | 0.005 mSv/hr | 0.5 mrem/hr
exposure limit (TEDE) for the RPF 05
is defined as 0.02 Sv/yr (2 roentgen
equivalent in man [rem]/yr). The

!Hot cell operatlng and mamtenance 0. 005 mSv/hr 0.5 mrem/hr -
| galleries . » ’

Waste managernent oading area

i

ALARA goal and dose INVESHGAtON - oo woime - oo s S s e St st e e e 3 e e

level is set at 5 mSv/yr (500 Utlityarea
mrem/yr). Table 11-5 provides a Laboratory area
conservative estimate of the dose

| 0.005mSv/hr | 0.5 mrem/hr

fAdmmlstratloﬁ aﬁd support area .‘f', 0 B . ,‘M ) )

rates during normal operations for
occupied areas. The high and very high radiation areas presented in Chapter 4, Section 4.2 will not be
occupied by personnel during normal operations. Dose rates outside the controlled area are anticipated to
be below 0.02 mSv (2 mrem) in any 1 hr and 0.001 Sv/yr (0.1 rem/yr) in accordance with

10 CFR 20.1302, “Compliance with Dose Limits for Individual Members of the Public.”

To ensure that RPF personnel are protected, the radiation protection program will require surveillance of
and control over the radiation exposure of personnel.

The radiation exposure policy and control measures for personnel will be established based on the
requirements of 10 CFR 20 and the guidance of applicable regulatory guides. Recommendations from the
International Commission on Radiological Protection (ICRP) and the National Council on Radiation
Protection and Measurements (NCRP) will also be used in the formulation and evolution of the RPF
radiation protection program.

11.1.2.1 Responsibilities of Key Program Personnel

This section provides the organizational structure of the NWMI radiation protection program, including
the responsibilities of key personnel. Chapter 12.0, “Conduct of Operations,” provides additional
information on the facility management and technical organization. The NWMI Chief Operating Officer
(COO) will have overall responsibility-for the operation of the RPF, including radiation protection.
Detailed program procedures will be provided in the Operating License Application.

11-12
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11.1.2.1.1 Plant Manager

The Plant Manager will report to the COO and have direct responsibility for safe operation of the RPF,
including the protection of workers and the public against radiation exposure resulting from facility
operations and materials. Other responsibilities will include:

* Ensuring compliance with applicable NRC, State, and local regulations and license/permits
* Implementing the RPF conduct of operations program
* Establishing and managing the required training programs to support the operations organization

11.1.2.1.2 Safety, Health and Licensing Manager

The Safety, Health, and Licensing (SH&L) Manager will report to the COO, with overall responsibility
for the development and implementation of programs addressing worker safety and health, NRC
licensing, and State and local permitting (including monitoring compliance with those licenses and
permits). Other responsibilities will include nuclear criticality safety, radiation protection/chemistry,
environmental protection, integrated safety analysis, industrial hygiene and safety, chemical safety, fire
protection, security, and emergency preparedness. With respect to operations, the SH&L Manager will be
responsible to confirm the safety of those operations, and will have the authority to order facility
shutdown for RPF operations that are judged to be unsafe for continued operations or noncompliant with
applicable regulatory requirements and to approve restart of operations.

11.1.2.1.3 Radiation Protection Manager

The Radiation Protection Manager will report to the SH&L Manager and have responsibility for the
development and implementation of programs to limit personnel radiological exposures and

* environmental impacts associated with facility operations, including the ALARA program. Other
responsibilities include implementation of the chemistry analysis programs and procedures for the RPF.
In matters involving radiological protection, the Radiation Protection Manager will have direct access to
the COO. The Radiation Protection Manager, supported by his staff, will be responsible for:

* Establishing and implementing RPF radiation protection program
* Serving as Radiation Safety Officer
*  Generating and maintaining procedures associated with radiation protection program

* Reviewing and auditing the efficacy of the program in complying with NRC and other
government regulations and applicable regulatory guides

*  Adequately staffing the Radiation Protection group to implement the radiation protection program

* Establishing and maintaining the ALARA program and ensuring personnel follow ALARA
principles

* Establishing and maintaining a respirator usage program
*  Monitoring worker doses, both internal and external

*  Complying with radioactive materials possession limits
* Overseeing handling and disposal of radioactive wastes

*  Performing calibration and quality assurance of all radiological instrumentation (e.g., verification
of required lower limits of detection or alarm levels)

* Establishing and maintaining a radiation safety training program

11-13
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» Performing annual audits of the radiation protection program
» Establishing and maintaining the radiological environmental monitoring program

» Posting restricted areas and developing associated occupancy guidelines (e.g., radiation, airborne
radioactivity, high radiation, and contaminated areas)

11.1.2.1.4 Operations Manager

The Operations Manager will report to the Plant Manager and have responsibility for day-to-day RPF
operations activities. Inherent in this responsibility is the assurance that operations are conducted safely
and in compliance with license conditions.

11.1.2.1.5 Employees

NWMI employees will be responsible for conducting work safely and to follow the rules, regulations, and
procedures that have been established for their protection and the protection of the public. Personnel
whose duties require working with radioactive material, entering radiation areas, controlling facility
operations that could affect effluent releases, or directing the activities of others, are trained such that they
understand and effectively carry out their responsibilities.

11.1.2.2  Staffing of the Radiation Protection Program

Only suitably trained radiation protection personnel will be employed at the RPF. For example, the
Radjation Protection Manager will have a bachelor’s degree (or equivalent), as a minimum, in an
engineering or scientific field and 4 years of applicable nuclear experience. Other members of the
radiation protection staff will be trained and qualified consistent with the guidance provided in American
National Standards Institute (ANSI)/American Nuclear Society (ANS) 15.11, Radiation Protection at
Research Reactor Facilities. NWMI management is committed to providing sufficient resources in terms
of staffing and equipment to implement an effective radiation protection program.

11.1.2.3 Independence of the Radiation Protection Program

The radiation protection program will be independent of the RPF’s routine operations. This independence
ensures that radiation protection personnel maintain their objectivity and are focused on implementing
sound radiation protection principles necessary to achieve occupational doses and doses to the public that
are ALARA. As noted in Section 11.1.2.1.3, the Radiation Protection Manager has direct access to the
COO for matters involving radiological protection.

11.1.2.4 Radiation Safety Committee

A Radiation Safety Committee will meet periodically to review the status of projects, measure
performance, look for trends, and review radiation safety aspects of facility operations, in accordance
with 10 CFR 20.1101(c). The Radiation Protection Manager will chair the Radiation Safety Committee.
The other Radiation Safety Committee members come from quality assurance, operations, maintenance,
and technical support, as deemed appropriate by the Plant Manager.

The objectives of the Radiation Safety Committee will be to maintain a high standard of radiation
protection in all facility operations. The Radiation Safety Committee will review the content and
implementation of the radiation protection program at a working level and strive to improve the program
by reviewing exposure trends, the results of audits, regulatory inspections, worker suggestions, survey
results, and exposure incidents. The maximum interval between meetings may not exceed 180 days. A
written report of each Radiation Safety Committee meeting will be forwarded to all managers.
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11.1.2.5 Training Programs

The design and implementation of the radiation protection training program will comply with the
requirements of 10 CFR 19.12, “Instruction to Workers.” Records will be maintained in accordance with
10 CFR 20.2110, “Form of Record.” The development and implementation of the radiation protection
training program will be consistent with the guidance provided in the following regulatory guidance
documents:

e ASTM E1168-95, Radiological Protection Training for Nuclear Facility Workers
* ANSVANS 15.11, Radiation Protection at Research Reactor Facilities

* Regulatory Guide 8.10, Operating Philosophy for Maintaining Occupational Radiation
Exposures As Low As Is Reasonably Achievable

* Regulatory Guide 8.13, Instructions Concerning Prenatal Radiation Exposure
* Regulatory Guide 8.29, Instructions Concerning Risks from Occupational Radiation Exposure

All personnel and visitors entering restricted areas, as described in Section 11.1.5.5, will receive training
that is commensurate with the radiological hazard to which they may be exposed. Visitors will be
provided with trained escorts who have received radiation protection training.

The level of radiation protection training will be based on the potential radiological health risks associated
with the employee’s work responsibilities and incorporate the provisions of 10 CFR 19.12. In accordance
with 10 CFR 19.12, any individual working at the facility who is likely to receive a dose in excess of

1 mSv (100 mrem) in one year will be:

* Kept informed of the storage, transfer, or use of radioactive material

e Instructed in health protection problems associated with exposure to radiation and radioactive
material, in procedures to minimize exposure, and in the purposes and functions of protective
devices employed

* Required to observe, to the extent within the worker’s control, the applicable provisions of NRC
regulations and licenses for protection of personnel from exposure to radiation and radioactive
material

» Instructed of the responsibility to promptly report to facility management any condition that may
cause a violation of NRC regulations and licenses, or unnecessary exposure to radiation and
radioactive material

 Instructed in the appropriate response to warnings made in the event of any unusual occurrence or
malfunction that may involve exposure to radiation and radioactive material

*  Advised of the various notifications and reports to individuals that a worker may request in
accordance with 10 CFR 19.13, “Notifications and Reports to Individuals.”

The radiation protection training program will take into consideration a worker’s normally assigned work
activities. Abnormal situations involving exposure to radiation and radioactive material, which can
reasonably be expected to occur during the life of the facility, will also be evaluated and factored into the
training. The extent of these instructions will be commensurate with the radiological health protection
considerations appropriate for the workplace.

Personnel who have previously been trained for radiological, chemical, industrial, and criticality safety
will receive (retraining) refresher training at least annually. The retraining program will review procedure
changes and any updates and changes in required skills. Changes to the training resulting from incidents
potentially compromising safety or changes to the facility or processes will be incorporated as required.
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Records of training are maintained in accordance with the NWMI records management system, which is
described in the RPF Quality Assurance Program Plan (QAPP) (Chapter 12.0, Appendix C). Training
programs will be established in accordance with Chapter 12.0, Section 12.10. The radiation protection
sections of the training program are evaluated at least annually. The program content will be reviewed to
ensure that it remains current and is adequate to ensure worker safety.

Radiation Protection Training

The radiation protection training program will emphasize the importance placed on radiological safety of
workers and the public. In-depth radiation protection training will be provided for the various types of
job functions (e.g., production operator, radiation protection technician, contractor personnel)
commensurate with the radiation safety responsibilities associated with each position. Visitors to any of
the RPF production areas will be trained commensurate with the planned activities and will be escorted by
trained personnel while in those areas.

Personnel access procedures will be defined to ensure the completion of formal radiological safety
training prior to being allowed unescorted access into the restricted areas. Training sessions covering
safety, radiation protection, and emergency procedures will be conducted on a regular basis to
accommodate new employees or those requiring retraining. Retraining will be conducted when necessary
to address changes in policies, procedures, and requirements.

Specific topics covered in the training program are listed in Chapter 12.0, Section 12.10. The training
provided will include the requirements of 10 CFR 19. Individuals attending these training classes must
pass an initial examination covering the training contents to ensure an understanding of the requirements
and to determine the effectiveness of the training. The effectiveness and adequacy of the training
program curriculum and instructors will also be evaluated by audits performed by personnel responsible
for safety and radiation protection.

If contractor employees are required to perform tasks in the restricted areas or controlled areas of the
facility, formal training for these individuals will be designed to address the type of work being
performed. In addition to applicable radiation safety topics, training contents may include radiation work
permits (RWP), special bioassay sampling, and special precautions for activities performed.

Instructors approved by the Radiation Protection Manager will be responsible for conducting the radiation
protection training program. The Radiation Protection Manager will be responsible for establishing and
maintaining radiation protection training for all personnel, including contractor personnel who may be
working at the facility. Records will be maintained by the Training Manager for each employee to
document the training date, scope of the training, identity of the trainer(s), any test results, and other
associated information.

Individuals requiring unescorted access to a restricted area receive annual retraining. Contents of the
formal radiation protection training program will be reviewed and updated at least annually by the SH&L
Manager and Radiation Protection Manager to ensure that the programs are current and adequate.

11.1.2.6 Document Control

The RPF document control program is described in the RPF QAPP (Chapter 12.0, Appendix C).

11.1.2.7 Audits

The radiation protection program will be audited annually, at a minimum, to review all functional
elements of the program. This function is performed to meet the requirements of 10 CFR 20.1101(c).
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The audit activity is led by the Radiation Protection Manager, with the results being sent to the Radiation
Safety Committee, COO, SH&L Manager, and Plant Manager for review. The corrective action program
is used to address any deficiencies identified during the audit. Details on the corrective action plan are
provided in the NWMI QAPP (Chapter 12.0, Appendix C).

11.1.2.8 Radiation Work Control Procedures

All work performed in restricted areas will be performed under an RWP. The procedures controlling
RWPs will be consistent with the guidance provided in Regulatory Guide 8.10. An RWP may also be
required whenever the Radiation Protection Manager deems that one is necessary or when activities
involve licensed materials not covered by operating procedures where radioactivity levels are likely to
exceed airborne radioactivity limits. Routine and nonroutine activities will be performed under an RWP
that provides a description of the work to be performed (i.e., defines the authorized activities). The RWP
will summarize the results of recent dose rate surveys, contamination surveys, airborne radioactivity
results, and other relevant information.

Precautions to be taken by those performing the task, including personal protective equipment to be worn
while working (e.g., gloves, respirators, personnel monitoring devices), stay-times or dose limits for work
in the area, recordkeeping requirements (e.g., time or dose spent on job), and the attendance of a radiation
protection technician during the work, will be defined in the RWP. The Radiation Protection Manager or
designee will approve the RWP. The designee must meet the requirements of Section 11.1.2.2.

The RWPs will have a predetermined period of validity, with a specified expiration or termination time.
Standing RWPs will be issued for routinely performed activities, such as tours of the RPF by shift
personnel.

Determining the need for issuing and closing out an RWP will be the responsibility of the Radiation
Protection Manager, or designee. The RWP procedures will require the following:

» Reviewing planned activities, changes to activities inside restricted areas, or work with licensed
materials for the potential to cause radiation exposures that exceed action levels or produce
radioactive contamination. This review is also the responsibility of the Radiation Protection
Manager, or designee.

» Specifying requirements for any necessary safety controls, personnel monitoring devices,
protective clothing, respiratory protective equipment, and air sampling equipment, and the
attendance of radiation protection technicians at the work location

» Posting RWPs at access points to restricted areas, with copies of current RWPs posted at the work
area location

*  (Clearly defining and limiting the work activities to which the RWPs apply

e Closing out the RWP when the applicable work activity for which it was written is completed and
terminated

e Retaining the RWP as a record at least for the life of the facility

11.1.2.9 Recordkeeping

For additional program commitments applicable to records and reports, the RPF will meet the
requirements of the following regulations:

* 10 CFR 20 Subpart L, “Records,” and Subpart M, “Reports”
* 10CFR 50.71, “Maintenance of Records, Making of Reports”
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e« 10 CFR 70.51, “Records Requirements”
o ANSI 15.8, Quality Assurance Program Requirements for Research Reactors
e ANSYVANS 15.11, Radiation Protection at Research Reactor Facilities

The NWMI records management program is described in the NWMI QAPP (Chapter 12.0, Appendix C).
NWMI will maintain records of the radiation protection program (including program provisions, audits,
and reviews of the program content and implementation), radiation survey results (air sampling,
bioassays, external-exposure data from monitoring of individuals;, internal intakes of radioactive
material), and results of corrective action program referrals, RWPs, and planned special exposures.

By procedure, NWMI will report to the NRC any event that results in an occupational exposure to
radiation exceeding the dose limits in 10 CFR 20 within the time specified in 10 CFR 20.2202,
“Notification of Incidents.”. NWMI will prepare and submit an annual report of the results of individual
monitoring to the NRC, as required by 10 CFR 20.2206, “Reports of Individual Monitoring.”

11.1.3 ALARA Program

This section provides a discussion of the NWMI' ALARA program, as required by 10 CFR 20.1101.
11.1.3.1 ALARA Policy

NWMI management is committed to the ALARA philosophy for radiological operations. NWMI’s
policy is to conduct radiological operations in a manner that will ensure the health and safety of its
employees, contractors, and the public. In achieving this objective, NWMI will ensure that radiation
exposure to workers and the public, and releases of radioactivity to the environment, are maintained
below regulatory limits. Deliberate actions will be taken to further reduce exposures and releases in
accordance with a process focused on keeping exposures or releases ALARA. NWMI is fully committed
to implementing an ALARA program that consistently reflects this policy.

11.1.3.2 Approach to ALARA Program

As stated in the ALARA policy, NWMI management is committed to the implementation of an ALARA
program. The objective of the program will be to make every reasonable effort to maintain facility
exposures to radiation as far below the dose limits of 10 CFR 20.1201, “Occupational Dose Limits,” as
practical, and to maintain radiation exposures to the public below the dose constraints of 10 CFR 20.1301,
“Dose Limits for Individual Members of the Public.” Annual doses to personnel will be maintained
ALARA. In addition, the annual collective dose to personnel (i.e., the sum of all annual individual doses,
expressed in person-Sv or person-rem) will be maintained ALARA. The dose equivalent to the
embryo/fetus will be maintained below the limits of 10 CFR 20.1208, “Dose Equivalent to an
Embryo/Fetus.”

The goals of the ALARA program are to ensure occupational exposures and environmental releases are as
far below regulatory limits as reasonably achievable. The RPF design incorporates ALARA principles.
As systems, components, and process areas are designed, radiation protection staff will evaluate the
potential dose to workers and the public and provide suggested approaches to reducing dose.

Areas where facility personnel are expected to spend significant time are designed so that dose rates are
maintained ALARA. The areas with higher doses rates will be minimized. Radiation areas will be
established to minimize the spread of contamination and reduce unnecessary exposure of personnel to
radiation. The potential radiation area designations within the RPF are shown in Figure 11-2,

Figure 11-3, and Figure 11-4.
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[Proprietary Information]

Figure 11-2. Radioisotope Production Facility Radiation Zones (First Floor)
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[Proprietary Information]

Figure 11-3. Radioisotope Production Facility Radiation Zones (Second Floor)

[Proprietary Information]

Figure 11-4. Radioisotope Production Faciiity Radiation Zones (Basement)
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The design and implementation of the ALARA program will be consistent with the guidance provided in:

* Regulatory Guide 8.2, Administrative Practices in Radiation Surveys and Monitoring

*  Regulatory Guide 8.13, Instructions Concerning Prenatal Radiation Exposure :

* Regulatory Guide 8.29, Instruction Concerning Risks from Occupational Radiation Exposure
* Regulatory Guide 8.37, ALARA Levels for Effluents from Materials Facilities

The operation of the RPF will be consistent with the guidance provided in Regulatory Guide 8.10. The
guidance of Regulatory Guide 4.21, Minimization of Contamination and Radioactive Waste Generation:
Life-Cycle Planning, will be followed to minimize, to the extent practicable, contamination of the facility
and the environment, facilitate eventual decommissioning, and minimize, to the extent practicable, the
generation of radioactive waste.

The radiation protection program will ensure that a comprehensive and effective programis implemented
and document that policies are established to ensure that ALARA goals are met. Facility procedures will
be written to incorporate ALARA principles into routine operations of the RPF and ensure that exposures
are consistent with 10 CFR 20.1201 limits.

The Radiation Protection Manager will be responsible for implementing the ALARA program and
ensuring that adequate resources are committed to support an effective program. An annual ALARA
program evaluation report will be prepared that summarizes (1) radiological exposure and effluent release
data for trends, (2) audits and inspections, (3) use, maintenance, and surveillance of equipment used for
exposure and effluent control, and (4) other issues, as appropriate, that may influence the effectiveness of
the radiation protection and ALARA programs. Copies of the report will be submitted to the COO,
Radiation Safety Committee, and Plant Manager.

The Radiation Safety Committee will review the effectiveness of the ALARA program at least every
quarter and determine if exposures, releases, and contamination levels are in accordance with ALARA
principles. The committee will also evaluate the results of assessments made by the Radiation Protection
organization and reports of facility radiation levels, contamination levels, and employee exposures for
identified categories of workers and types of operations. The committee will be responsible for ensuring
that the occupational radiation exposure dose limits of 10 CFR 20.1201 are not exceeded under normal
operations and for evaluating alternatives to improve the effectiveness of equipment used for exposure
control. The committee will determine if there are any upward trends in personnel exposures,
environmental releases, and/or facility contamination levels.

11.1.4 Radiation Monitoring and Surveying

Radiation monitoring and surveys will be conducted to (1) determine radiation levels, concentrations of
radioactive materials, and potential radiological hazards that could be present in the facility, and (2) detect
releases of radioactive material from facility equipment and operations. Radiation surveys will focus on
those areas of the facility where the occupational radiation dose limits could potentially be exceeded.
Measurements of airborne radioactive material and/or bioassays will be used to determine that internal
occupational exposures to radiation do not exceed the dose limits specified in 10 CFR 20, Subpart C,
“Occupational Dose Limits.” NWMI has established written procedures to ensure compliance with the
requirements of 10 CFR 20, Subpart F, “Surveys and Monitoring.”

The radiation survey and monitoring programs will be consistent with the guidance provided in the
following references:

* Regulatory Guide 8.2, Administrative Practices in Radiation Surveys and Monitoring

* Regulatory Guide 8.4, Personnel Monitoring Device—Direct-Reading Pocket Dosimeters
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» Regulatory Guide 8.7, Instructions for Recording and Reporting Occupational Radiation
Exposure Data

~* Regulatory Guide 8.9, Acceptable Concepts, Models, Equations, and Assumptions for a Bioassay
Program

« Regulatory Guide 8.25, Air Sampling in the Workplace

* Regulatory Guide 8.34, Monitoring Criteria and Methods to Calculate Occupational Radiation
Doses

* ANSINI13.1, Guide to Sampling Airborne Radioactive Materials in Nuclear Facilities
* ANSINI13.6, Practice for Occupational Radiation Exposure Records Systems
* ANSIN13.11, Dosimetry-Personnel Dosimetry Performance-Criteria for Testing

* ANSIN13.27, Performance Requirements for Pocket-Sized Alarm Dosimeters and Alarm
Ratemeters

*  ANSI N323, Radiation Protection Instrumentation Test and Calibration
e ANSI/ANS 15.11, Radiation Protection at Research Reactors

* ANSUHPS N13.22, Bioassay Program for Uranium

* ANSI/HPS N13.30, Performance Criteria for Radiobioassay

* NUREG-1400, Air Sampling in the Workplace

The procedures will include program objectives, sampling procedures, and data analysis methods.
Equipment selection will be based on the type of radiation being monitored. The procedures will be
developed for each instrument used, including the frequency and method of calibration, and the
maintenance and calibration requirements. Specific types of instruments used in the facility are discussed
in Section 11.1.4.1. The survey program procedures will also specify the frequency of measurements and
the recordkeeping and reporting requirements. Additional information on radiation monitoring and
surveys will be provided in the Operating License Application.

All personnel who enter restricted areas will be required to wear National Voluntary Laboratory
Accreditation (NAVLAP)-compliant personnel dosimeters. Personnel will also be required to survey
themselves prior to exiting restricted areas that may have the potential for contamination.

Continuous airborne radioactivity monitors will provide indication of the airborne activity levels in the
restricted areas of the facility. When deemed necessary, portable air samplers may be used to collect a
sample on filter paper for subsequent analysis in the laboratory. Monitor data will be collected for regular
analysis and documentation. Monitors will be equipped with alarms. The alarms activate when airborne
radioactivity levels exceed predetermined limits. The limits will be set with consideration given to both
toxicity and radioactivity. The volume of air sampled may have to be adjusted to ensure adequate
sensitivity with minimum sampling time. The operating history of the RPF, changes in technology,
changes in room functions and design, and changes in regulations may necessitate adjustment of the
monitors.

Calibrations will be performed in accordance with written established procedures and documented prior
to the initial use of each airflow measurement instrument (used to measure flow rates for air or effluent
sampling) and each radioactivity measurement instrument. Periodic operability checks will also be
performed in accordance with established written procedures. ‘
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Calibrations will be performed and documented on each airflow measurement and radioactivity
measurement instrument, as follows:

* At least annually (or according to manufacturers’ recommendations, whichever is more frequent)
* After failing an operability check

* After modifications or repairs to the instrument that could affect its proper response

*  When the instrument is believed to have been damaged

Unreliable instruments will be removed from service until repairs are completed. Portal monitors, hand
and foot monitors, and friskers will have the required sensitivity to detect alpha contamination on
personnel to ensure that radioactive materials do not spread to the areas outside of the restricted areas.
Instruments will be calibrated with sources that are within +5 percent of the reference value and are
traceable to the National Institute of Standards and Technology (NIST) or equivalent.

The background and efficiency of laboratory counting instruments, when used for radiation protection
purposes, will be determined daily. This determination may be less frequent only if necessary due to long
counting intervals.

11.1.4.1 Monitoring Equipment

The following subsections provide the procedures and equipment used at the RPF to routinely monitor
and sample workplaces and other accessible locations to identify and control potential sources of radiation
exposure and release.

11.1.4.1.1 Personnel Monitoring

Three basic types of personnel monitoring equipment will be used at the facility: count rate meters
(friskers), hand and foot monitors, and portal monitors.

Friskers — These devices typically consist of a handheld Thermo Scientific HP 210 (or equivalent) probe
connected to an RM-25 (or equivalent) count rate meter. Instructions for the use of these instruments will
be posted in a prominent location near the instrument. Handheld friskers will typically be placed in
locations where conditions restrict the use of other monitors or for short-term use, as necessary, to ensure
effective control of the spread of contamination.

Hand and foot monitors — These devices typically consist of multiple detectors arranged to monitor only
hands and feet. Instructions for the use of these monitors will be prominently posted on or near the
instrument. Hand and foot monitors will be used in applications where pass-throughs are frequent and
where hand and foot monitoring is the major requirement.

Portal monitors — Portal monitors can quickly scan large surface areas of the body. Portal monitors will
typically use large area beta and/or gamma sensitive detectors to monitor personnel passing through.
Additional detectors will be provided to monitor the hands, head, and feet. These monitors may be used
where the number of personnel exiting an area, available space, etc., makes their use advantageous.

11.1.4.1.2  Air Monitoring

Continuous air monitors (CAM) will be provided within the RPF to provide indication of airborne
activity. The CAMs will be operated to collect continuous samples. Portable CAMs may also be
deployed when deemed necessary (e.g., non-standard maintenance activities). CAMs will be equipped
with alarms. The alarm will be activated when airborne radioactivity levels exceed predetermined limits.
The limits will be set with consideration given to both toxicity and radioactivity. The volume of air
sampled may have to be adjusted to ensure adequate sensitivity with minimum sampling time.

11-23




a3 NWM I NWMI-2013-021, Rev. 0
. Chapter 11.0 — Radiation Protection and Waste Management

7" NORTHWEST MEDICAL ISOTOPES

The operating history of the facility, along with changes in technology, room functions and design, and
regulations, may necessitate adjustment of the monitors.

The exhaust stacks will be provided with continuous monitors for noble gases, particulate, and iodine.
The stack monitoring system design basis is to continuously monitor the radioactive stack releases.
Additional information on air monitoring will be provided in the Operating License Application.

11.1.4.1.3 Radioactive Liquid Monitoring

The RPF will not discharge radioactive liquids; therefore, the RPF will not have liquid effluent monitors.
The monitoring of liquids within the RPF process systems is discussed in Chapter 4.0.

11.1.4.2 Technical Specifications

Technical specifications associated with the contamination control are provided in Chapter 14.0,
“Technical Specifications” and will be developed as part of the Operating License Application.

11.1.5 Radiation Exposure Control and Dosimeter

The RPF is designed to prevent uncontrolled radiation releases to work areas or the environment during
normal operations. This is accomplished through the process design and shielding discussed in Chapter 4.0
and the facility HVAC system design discussed in Chapter 9.0.

The goal of maintaining occupational internal and external radiation exposures ALARA encompasses an
individual’s dose and the collective dose of the entire working population. Because the TEDE is the sum of
the internal and external exposures, the radiation protection program addresses both contamination
control and external radiation protection. The following sections provide examples of how the RPF is
designed to incorporate ALLARA principles.

11.1.5.1 Process Design for ALARA

Examples of process design and operating considerations that will be implemented to reduce personnel
radiation exposures include the following:

» Processing irradiated targets and purification of Mo under subatmospheric pressure (additional
details are provided in Chapter 9.0, Section 9.1)

* Limiting constant direct contact of personnel with radiological materials (additional detail
provided in Chapter 4.0, Section 4.2)

* Ensuring equipment and components are designed to include reliability, availability,
maintainability, inspectability, constructability, and other design features to reduce or eliminate
the need for repair or preventive maintenance

* Providing design redundancy of equipment or components to reduce the need for immediate
repair when radiation levels may be high or when there is no feasible method available to reduce
radiation levels

* Designing equipment and piping to minimize the accumulation of radioactive materials

*  Providing for draining, flushing, or, if necessary, remote cleaning or decontamination of
equipment containing radioactive materials
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*  Designing airflow rates at exhausted enclosures and close-capture points, when in use, to
preclude escape of airborne radioactive gases and particles and to minimize the potential for
intake by workers. Airflow rates will be checked monthly when in use and after modification of
any hood, exhausted enclosure, close-capture point equipment, or ventilation system serving these
barriers. Additional detail is provided in Chapter 9.0, Section 9.1. -

* Handling accidental radioactive contamination by using the personnel decontamination room. A
hand-washing sink and a shower will be provided for contamination removal.

11.1.5.2  Facility Design for ALARA

Examples of facility design and operating considerations that are being implemented to reduce personnel
radiation exposures include the following:

* Incorporating ease of maintenance or repair, including ease of disassembly and modularization of
components for replacement or removal to a lower radiation area for repair or disposal

* Providing the ability to remotely or mechanically operate, repair, service, monitor, or inspect
equipment

* Laying out the facility so that access to a given area does not require passing through a higher
radiation zone area

* Providing the ability to operate equipment from accessible areas both during normal and off-
normal operating conditions

* Providing areas outside of high radiation areas that equipment can be moved to for service
* Incorporating ease of decontamination of potentially contaminated areas

* Providing control systems so that process controls (e.g., essential instrumentation and controls)
will be from the lowest radiation zone practicable

»  Controlling HVAC system contamination by maintaining ventilation air flow patterns from areas
of lower radioactivity to areas of higher radioactivity

* Requiring self-monitoring when exiting restricted areas; if contamination is detected, facility
personnel will be required to notify radiation protection staff

° Training facility personnel in emergency evacuation procedures per the Emergency Preparedness
Plan (Chapter 12.0, Appendix B)

All personnel whose duties require entry into restricted areas will wear individual external dosimetry
devices (e.g., passive dosimeters such as thermoluminescent dosimeters [TLD] that are sensitive to beta,
gamma, and neutron radiation). External dosimetry devices will be evaluated at least quarterly to
ascertain external exposures.

11.1.5.3  Control of Entry

The RPF will include areas locked to limit access, and alarms and signals that alert workers to or prevent
unauthorized entry into radiation areas, high radiation areas, and very high radiation areas. Additional
information on control of entry will be provided in the Operating License Application.
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11.1.5.4 Protective Equipment and Materials

Personnel working within the restricted area will be required to wear appropriate personal protective clothing.
Protective clothing, as prescribed by the RWP, will be selected based on the contamination level in the
work area, anticipated work activity, worker health considerations, and consideration for nonradiological
hazards present. Protective clothing of the following types will be made readily available as necessary:

»  Cloth and disposable coveralls

* Nonpermeable coveralls (plastic/rubberized)
*  Rubber and disposable shoe covers
* Rubber and disposable gloves

* Cotton liners

¢ Cloth and disposable hoods

¢ Full-face particulate respirators

* Eye goggles

» Face shields

*  Supplied-air respirators

*  Self-contained breathing apparatus

Areas requiring protective clothing will be posted at each of the associated entry points. Radiation
protection management and technical staff will be responsible for determining the need for protective
clothing in each work area and documenting the requirements in the RWP.

Based on air sampling results and work evolutions, the Radiological Protection Manager will select the
appropriate respiratory protection required. Airborne radioactivity concentrations will be minimized to
the extent practical by the use of engineered controls (e.g., containment, ventilation). When establishing
radiological controls for work involving potential airborne radioactivity, the first consideration will be to
use techniques that help prevent or reduce the potential for airborne radioactivity and maintain loose
surface contamination in controlled areas within ALARA levels. Respiratory protection equipment
requirements will be specified on the area RWP.

10 CFR 20, Subpart H, “Respiratory Protection and Controls to Restrict Internal Exposure in Restricted
Areas,” defines the required elements of the facility respiratory protection program. Additional
information on implementing and maintaining the respirator program are provided in Section 11.3.

11.1.5.5 Radiological Areas

Radiological areas will be established to control (1) the spread of contamination, (2) personnel access to
avoid unnecessary exposure of personnel to radiation, and (3) access to radioactive sources present in the
facility. Table 11-5 lists the general dose rate estimates for the RPF. These dose estimates are based on
shielding calculations (NWMI-2015-SHIELD-001, Radioisotope Production Facility Shielding Analysis).
Areas where facility personnel spend substantial amounts of time are designed, in accordance with
ALARA principles, to minimize the exposure received when routine tasks are performed. The
radiological areas within the RPF are shown in Figure 11-2 through Figure 11-4 (Section 11.1.3.2). The
following subsections provide the definitions of each of these areas and a description of how the RPF
radiation protection program will be implemented to protect workers and the public.

11.1.5.5.1 Restricted Areas

The NRC defines a restricted area as an area in which access is limited by the licensee for the purpose of
protecting individuals against undue risks from exposure to radiation and radioactive materials. Within
the RPF, access to and egress from a restricted area will be through a radiation protection control point.
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Monitoring equipment will be located at these points. All personnel will be required to self-monitor prior
to exiting restricted areas that have the potential for contamination. Personnel who have not been trained
in radiation protection procedures will not be allowed to access a restricted area without escort by trained
personnel.

Additional temporary or permanent areas may be defined within the restricted area, including radiation
areas, high radiation areas, airborne radioactivity areas, and contaminated areas. The radiation areas
shown in Figure 11-2, Figure 11-3, and Figure 11-4 comprise the restricted areas within the RPF. These
areas are defined in 10 CFR 20.1003, “Definitions.” The entire basement and second story areas will be
restricted. The areas will be posted in accordance with the requirements of 10 CFR 20 to inform workers
of the potential hazards in the area and to help prevent the spread of contamination.

Radiation area — A radiation area (shown in green in Section 11.1.3.2, Figure 11-2 and Figure 11-3) is
where radiation levels could result in an individual receiving a dose equivalent in excess of 0.05 mSv
(5 mrem) in 1 hr at 30 centimeters (cm) (11.8 in.) from the radiation source or from any surface that the
radiation penetrates.

High radiation area — A high radiation area (shown in tan in Figure 11-2 and Figure 11-3) is an area
accessible to individuals, in which radiation levels could result in an individual receiving a dose
equivalent in excess of 1 mSv (100 mrem) in 1 hr at 30 cm (11.8 in.) from the radiation source or from
any surface that the radiation penetrates. Within the RPF, these areas will not normally be accessible to
individuals during routine operations.

Very high radiation area — The NRC defines very high radiation areas (shown in pink in Figure 11-2,
Figure 11-3, and Figure 11-4) as areas accessible to individuals, in which radiation levels exceed 5 sievert
(Sv) (500 rem) in 1 hr at 1 m from the source or from any surface that the radiation penetrates

(10 CFR 20.1003). The hot cells within the RPF (not normally accessible) are an example of a very high
radiation area. The hot cells will be radiologically shielded and isolated from access to individuals by the
use of engineered physical barriers, including structural shield blocks and locked shield doors.

Airborne radioactivity area — An airborne radioactive area is an area, room, or enclosure where airborne
radioactive materials either exist in concentrations that exceed the derived air concentrations (DAC)
specified in 10 CEFR 20, Appendix B, or where an individual present in the area without respiratory
protection equipment could exceed, during the hours the individual is present in a week, an intake of

0.6 percent of the annual limit on intake or 12 DAC-hr. There are no identified permanent airborne
radioactive areas with the RPF.

11.1.5.5.2 Controlled Area

The NRC defines a controlled area as an area outside of a restricted area but inside the site boundary, in
which the licensee can limit access for any reason. For the RPF, the controlled area is the area within the
perimeter fence but outside the restricted area and the Administrative Building, as shown in Figure 11-5.
The area fence will limit public access to the controlled area of the site. Training for access to a
controlled area will be provided commensurate with the radiological hazard.
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Site visitors will include delivery people, site
visitors, and service personnel who are
temporary, transient occupants of the
controlled area. Area monitoring will
demonstrate compliance with public exposure
limits for such visitors. All NWMI personnel
or contractor employees who work only in the
controlled area will be subject to the exposure
limits for the public, as stated in

10 CFR 20.1301.

11.1.5.5.3 Unrestricted Areas

The NRC defines an unrestricted area as an
area that is not controlled or limited by the
licensee. For the RPF, the areas not
specifically included within the definition of
restricted and controlled areas will be
considered unrestricted areas, as shown in
Figure 11-5. These areas can be accessed by
facility personnel and by the public. The

Unrestricted area

unrestricted area is governed by the limits in N . Controlled area
10 CFR 20.1301, with the TEDE to . .
individuals from the licensed operation not to Figure 11-5. Controlled and Unrestricted Areas

exceed 1 mSv (100 mrem) in a year (exclusive
of background radiation) nor exceed 0.02 mSv (2 mrem) in any one hour.

11.1.5.6  Personnel Monitoring and Assessment of Internal and External Dose

The following subsections describe personnel monitoring and provide an assessment of internal and
external dose.

11.1.5.6.1 Internal Dose

Internal exposures for selected personnel are evaluated via direct bioassay (e.g. in vivo body counting),
indirect bioassay (e.g., urinalysis), or an equivalent technique.

For soluble (Class D) uranium, 10 CFR 20.1201(e) limits worker intake to no more than 10 milligrams
(mg) of soluble uranium in a week. This limit is to protect workers from the toxic chemical effects of
inhaling Class D uranium. The RPF annual administrative limit for the TEDE will be 0.02 Sv (2 rem).
Internal doses will be evaluated at least annually.

Continuous air monitoring in airborne radioactivity areas may be performed to complement the bioassay
program. Alarm setpoints on the CAMs in the airborne radioactivity areas may be used to provide an
indication that internal exposures may be approaching the action limit.

If the facility annual administrative limit is exceeded, as determined from bioassay results, an
investigation will be performed to determine what types of activities may have contributed to the
worker’s internal exposure. The action limit is based on ALARA principles. This investigation may
include procedural reviews, efficiency studies of the air-handling system, and work practices, and the
results will be documented.
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11.1.5.6.2 External Dose

External dose will primarily be received from the fission products produced from irradiated targets and
associated processing. The radionuclides of significance are identified in Section 11.1.1. All personnel
whose duties require entry into restricted areas will wear individual external dosimetry devices (€.g.,
passive dosimeters such as TLDs that are sensitive to beta, gamma, and neutron radiation). External
dosimetry devices will be evaluated at least quarterly to ascertain external exposures. The ALARA goal
on radiation exposure is set at 5 mSv/yr (500 mrem/yr) based on an administrative limit of 10 percent of
the NRC limit of 0.05 Sv/yr (5 rem/yr) given in 10 CFR 20.1201.

If 25 percent of the ALARA goal (1.25 mSv [125 mrem]) is exceeded in any quarter, an investigation will
be performed to determine what types of activities may have contributed to the worker’s external
exposure. This investigation may include procedural reviews, efficiency studies of the air-handling
system, cylinder storage protocol, and work practices, and the results will be documented.

The Radiation Protection Manager will be informed whenever an administrative limit is exceeded. The
Radiation Protection Manager will be responsible for determining the need for and recommending
investigations or corrective actions to the responsible manager(s). Copies of the Radiation Protection
Manager’s recommendations will be provided to the Radiation Safety Committee.

11.1.6 Contamination Control

Contamination will consist of two types:

* Loose (removable) contamination, which can be removed from surfaces by smears and may
contribute to airborne radioactivity and/or personnel contamination from routine activities. Loose
contamination poses both an internal and external radiation hazard.

¢ Fixed contamination, which is not smearable and may only be reduced by using approved
decontamination techniques, procedures, and equipment. Fixed contamination does not readily
contribute to airborne radioactivity and/or personnel contamination from routine activities. Fixed
contamination poses an external radiation hazard.

When establishing radiological controls for work involving potential loose or airborne contamination, the
first consideration is to use techniques that will help prevent or reduce the potential for airborne
radioactivity and to maintain loose surface contamination in controlled areas within ALARA levels.

11.1.6.1 Routine Monitoring to Detect Contamination

Contamination survey monitoring will be performed for all process areas and areas in which radioactive
materials are handled or stored. Surveys will include routine checks of non-process areas, including areas
normally not contaminated. Monitoring will include direct radiation and removable contamination
measurements.” Survey procedures will be based on the potential for contamination of an area and.
operational experience. All restricted areas will be surveyed at least weekly. The change rooms will be
surveyed at least daily. Various instruments, such as proportional counters and thin window Geiger-
Mueller tubes, will be used at the RPF to evaluate contamination levels. Additional information on
routine contamination survey monitoring will be provided in the Operating License Application.
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11.1.6.2 Access Control to Contaminated Areas

The access control program will be established to ensure that:
» Signs, labels, and other access controls are properly posted and operative
o Restricted areas prevent spread of contamination and have appropriate signage

» Step-off pads, change facilities, protective clothing facilities, and personnel monitoring
instruments are provided in sufficient quantities and locations

For other areas, access control will be managed by administrative methods. Access to certain areas may
be physically prevented for security reasons. Personnel who have not been trained in radiation protection
procedures will not be allowed access to a restricted area without escort by other trained personnel.

Access to and egress from a restricted area will be through one of the monitor stations at the particular
restricted area boundary. Access to and egress from each radiation area, contaminated area, or airborne
radioactivity area within the restricted area may also be individually controlled. A contamination monitor
(e.g., frisker, hand and foot monitor, or portal monitor), step-off pad, and container for any discarded
protective clothing may be provided at the egress point from certain areas to prevent the spread of
contamination.

Action levels for skin and personal clothing contamination at the point of egress from restricted areas and
any additional designated areas within the restricted area (e.g., a contaminated area that is provided with a
step-off pad and contamination monitor) will not exceed 2.5 becquerel (Bq)/100 square centimeter (cm?)
(150 disintegrations per minute [dpm]/100 cm?) alpha or beta/gamma contamination (corrected for
background).

Clothing contaminated above egress limits will not be released unless laundered to within these limits. If
skin or other parts of the body are contaminated above egress limits, reasonable steps that exclude
abrasion or other damage will be undertaken to effect decontamination.

Areas that are designated as high radiation and very high radiation areas will not be accessible to
individuals during routine operation of the RPF. These areas will be radiologically shielded and isolated
from access to individuals by the use of engineered physical barriers that include structural shield blocks
and/or locked shield doors.

11.1.6.3 Anti-Contamination Techniques

The RPF is designed to limit contamination, with processes and equipment that contain radioactive
material designed to require as little maintenance as possible to ensure personnel radiation exposures are
ALARA. Additional exposure reductions will be achieved by:

* Removing as much radioactive material as possible from equipment and area prior to
maintenance, thereby reducing the intensity of the radiation field

» Providing adequate space for ease of maintenance to reduce the length of time required to
complete the task, thereby reducing time of exposure

» Preparing and using procedures that include specifications for tools and equipment needed to
complete assigned work activities

e Conducting proper job planning, including practice on mockups
* Reviewing previous similar jobs

» Identifying highest contamination areas and communicating that information to workers prior to
start of work.
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11.1.6.4 Monitoring and Handling Contaminated Equipment and Components Outside
Contaminated Areas

The RPF processes and equipment that contain radioactive material are designed to require as little
maintenance as possible to ensure that personnel radiation exposures are ALARA. Additional
contamination controls are described in Section 11.1.6.3. )

11.1.6.5 Criteria for Classification of Contaminated Material, Equipment, and Working Areas

Contaminated material and equipment that are removed from a restricted area will be appropriately
packaged in preapproved containers, inventoried, and monitored prior to release. The specific criteria for
classifying contaminated materials and equipment will be provided in the Operating License Application.
Classification of the working areas is provided in Section 11.1.5.5.

11.1.6.6  Training Programs

Details on the training program associated with the radiation protection program are discussed in
Section 11.1.2.5.

11.1.6.7 Recordkeeping

Recordkeeping requirements associated with the radiation protection program are discussed in
Section 11.1.2.9.

11.1.6.8  Technical Specifications

As determined in Chapter 13.0, “Accident Analysis,” the RPF is designed to control contamination
consistent with occupational safety and protection of the public and environment. Contamination control
will likely not require a technical specification.

Environmental Monitoring: The radiological environmental monitoring program will meet
10 CFR 20.1302. The radiological environmental monitoring program will be used to verify:

» Effectiveness of plant measures are used to control release of radioactive material

* Measurable concentrations of radioactive materials and levels of radiation are not higher than
expected based on effluent measurements and modeling of environmental exposure pathways.

Methods for establishing and conducting environmental monitoring are provided in Regulatory Guide 4.1,
Radiological Environmental Monitoring for Nuclear Power Plants. Regulatory Guide 4.1 refers to
NUREG-1301, Offsite Dose Calculation Manual Guidance: Standard Radiological Effluent Controls for
Pressurized Water Reactors, for detailed guidance on conducting effluent and environmental monitoring.
Although Regulatory Guide 4.1 and NUREG-1301 are written for nuclear power plants, due to the
similarities between airborne releases of radioactivity from nuclear power plants and those released from
the RPF, the guidance provided in Regulatory Guide 4.1 and NUREG-1301 was considered when
developing radiological environmental monitoring for the RPF. Specifically, guidance provided in Figure 1
of Regulatory Guide 4.1 and Table 3.12-1 of NUREG-1301 was considered when determining which
exposure pathways to sample, sample locations, types of samples, and sample frequencies for the RPF.
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11.1.6.9  Verification of Compliance

Environmental monitoring data will be compared against permits and environmental reports, as
appropriate, to ensure compliance. As described above, methods for establishing and conducting
environmental monitoring are provided in Regulatory Guide 4.1. Regulatory Guide 4.1 refers to
NUREG-1301 for detailed guidance on conducting effluent and environmental monitoring.

11.1.6.10 Identification of Potential Impacts

Potential impacts of the RPF on the environment are addressed in Chapter 19.0, “Environmental Review.”

11.1.6.11 Establishment of Baseline Environmental Quality

Background radiation values will be obtained during the baseline environmental survey by monitoring
TLDs at multiple locations (Section 11.1.6.12.2). This survey will be conducted prior to construction and
prior to RPF operation.

11.1.6.12 Environmental Surveillance Program

The following radiation exposure pathways will be considered for monitoring under the NWMI
radiological environmental monitoring program:

*  Waterborne exposure pathway

* Direct radiation exposure pathway monitoring using TLDs

e Airborne exposure pathway monitored using continuous air samples
* Ingestion exposure pathway

11.1.6.12.1 Waterborne Exposure Pathway Monitoring

The proposed RPF is designed to have zero liquid discharge from the radiologically controlled area, with
no release of water from the facility to the adjacent environment that would affect surface water

(e.g., Gans Creek). As such, surface water sampling will not be included in the radiological
environmental monitoring plan. Similarly, aquatic life in the rivers is not expected to accumulate
detectable levels of radioactivity, and sampling of fish or other aquatic creatures for the ingestion pathway
will not be included in the radiological environmental monitoring plan.

The groundwater aquifer beneath the proposed RPF site is the Mississippian aquifer (also referred to as
the Kimmswick-Potosi aquifer), which is discussed in detail in Chapter 19.0, Section 19.3.4.2. There are
no defined liquid effluent release pathways, and the groundwater is not expected to be contaminated due
to operation of the RPF. Therefore, groundwater sampling will not be included in the radiological
environmental monitoring plan.

11.1.6.12.2 Direct Exposure Pathway Monitoring

TLDs will provide measurements of direct radiation from radioactive materials located at the RPF,
radioactivity in airborne effluent, and deposition of airborne radioactivity onto the ground. NUREG-1301
recommends 40 TLD locations, consisting of an inner ring and outer ring of TLDs, with one TLD located
in each ring at each of the 16 meteorological sectors (i.e., a total of 32 TLDs) and the remainder located at
special interest areas. NUREG-1301 also recommends that at least one TLD be located a significant
distance from the facility as a control station to measure background radiation dose.

At the RPF, seven TLDs will be located outside at entry points to the building where personnel may
congregate or spend time outside of the RPF building. An additional TLD will be located on the outside
wall near the target fabrication area to evaluate direct radiation from the hot cells and waste management
area. The location of the on-site TLDs is shown in Figure 11-6.
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TLDs will also be located at the site boundary (the perimeter of the lot) to evaluate the direct radiation
dose. Sixteen TLDs will be placed on the lot line, with a TLD placed at all four corners of Lot 15, and the
remaining TLDs placed at approximately equal distances from each other. The sixteen TLDs will provide
adequate coverage to ensure that direct doses to neighboring facilities on adjoining lots can be monitored
and evaluated. The location of the perimeter TLDs is shown in Figure 11-6.

An additional TLD will serve as a control and will be located offsite at a significant distance from the
RPF such that it represents a background dose. One TLD location will be provided with two TLDs so
that data quality can be determined.

11.1.6.12.3 Airborne Exposure Pathway Monitoring

Airborne effluent releases from the RPF will contribute to off-site doses. The airborne effluent exhaust
from the vent stacks is expected to contain measurable quantities of noble gas radioactivity (e.g., Xe and
Kr). Radioactive iodine, radioactive particulates, and tritium could also be present in the airborne effluent
exhaust. However, most of the off-site exposure due to airborne effluent releases will be associated with
noble gas and radioactive iodine releases.
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Environmental airborne sampling will be performed to identify and quantify particulates and radioactive
iodine in airborne effluents. Regulatory Position C.3.b of Regulatory Guide 4.1 indicates that airborne
sampling should always be included in the environmental monitoring programs for nuclear power plants.
Since the RPF includes airborne effluent releases and radioactivity in the airborne effluent can result in
measurable off-site doses, the radiological environmental monitoring program will include airborne
sampling.

The guidance provided in Table 3.12-1 of NUREG-1301 was used to establish locations for airborne
sample acquisition, sampling frequency, and type of sample analysis. Continuous air sample locations
will be specified in accordance with the guidance provided in Table 3.12-1 of NUREG-1301. The CAMs
that are used to obtain continuous air samples will include a radioiodine canister for weekly iodine-131
(*'1) analysis, and a particulate sampler that is analyzed for gross beta activity and for quarterly isotopic
analysis.

Four CAMs (air samplers) will be located near the facility fence line, with one CAM being located in the
direction of the prevailing wind (e.g., north-northwest) and the other three CAMs being located in the
remaining cardinal directions (e.g., 90 degrees) from the first CAM location (i.e., west-southwest, south-
southeast, and east-northeast). The CAM locations are shown in Figure 11-6. An additional CAM will
be located a sufficient distance from the RPF, in the least prevalent wind direction, to provide background
information for airborne activity.

11.1.6.12.4 Ingestion Exposure Pathway Monitoring

NUREG-1301 suggests sampling of various biological media (biota monitoring) to indirectly assess doses
due to particulate and iodine ingestion. This type of monitoring may include sampling of soils and broad-
leafed plants, fish, meat, or milk. Considering that particulates and iodine radionuclides are not expected
to be present in measurable quantities within the RPF airborne effluent releases, biota monitoring will not
be performed. In the event that environmental airborne sample results indicate the presence of iodine or
particulates in measurable quantities, or if the effluent monitor sample results indicate the presence of
iodine or particulates in quantities large enough to result in a calculated dose at the property line that
exceeds 10 percent of the dose constraint (i.e., 1 mrem/yr), a sampling campaign will be undertaken.

Milk is an important food product that contributes to the radiation dose to people, most notably from
radioactive iodine. If biota sampling is determined to be required as a result of radioactive iodine and
particulate activity measured during effluent monitoring or air sampling, milk sampling will be performed
following the guidance provided in Table 3.12-1 of NUREG-1301 (e.g., sampling frequency and type of
sample analysis). Cow and/or goat milk samples will be obtained from dairy production sites on a semi-
monthly basis (when animals are on pasture) and on a monthly basis (at other times). A gamma isotopic
analysis and '*'T analysis will be performed on the samples. Since milk samples are considered a better
indicator of radioactive iodine in the environment than vegetation, as long as milk samples are obtained,
vegetation sampling (e.g., broad leaf vegetation) is not expected to be included in the exposure pathway
sampling, in accordance with guidance provided in Table 3.12-1 of NUREG-1301.
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11.2 RADIOACTIVE WASTE MANAGEMENT

Radioactive waste management activities associated with the RPF liquid, gaseous, and solid waste
systems will be performed in accordance with approved written procedures. A detailed description of the
sources, types, and approximate quantities of waste within the proposed RPF is provided in Chapter 19.0,
Section 19.2.7.

The Plant Manager will have responsibility for preparation and implementation of the radioactive waste
management procedures.

11.2.1 Radioactive Waste Management Program

The following subsections provide a description of the radioactive waste management program, including
the philosophy and objectives. Organizational information is provided relative to the Waste Management
organization. A detailed NWMI organization chart is provided in Chapter 12.0, Section 12.1.

11.2.1.1 Waste Management Policy

NWMI management is committed to the ALARA philosophy for radioactive waste management.
NWDMT’s policy is to conduct waste management operations in a manner that ensures the health and safety
of employees, contractors, and the public, and to comply with all Federal, State, and local laws and
regulations for generation, storage, packaging, transportation, and disposal of wastes generated at the
RPF.

11.2.1.2 Waste Management Procedures

Radioactive waste management procedures will be developed and reviewed in accordance with the RPF
procedure program, as discussed in Chapter 12.0, Section 12.3. These procedures will provide for the
efficient and safe conduct of operations of the waste management program. Additional information on
waste management procedures will be provided in the Operating License Application.

11.2.1.3 Organizational Responsibilities

11.2.1.3.1 Plant Manager

The Plant Manager will report to the COO and have direct responsibility for the safe operation of the
RPF, including the protection of workers and the public against radiation exposure resulting from facility
operations and materials. Other responsibilities will include:

*  Ensuring compliance with applicable NRC, State, and local regulations and license/permits

* Implementing the RPF conduct of operations program
» Establishing and managing the required training programs to support the operations organization

11.2.1.3.2 Waste Management Lead

The Waste Management lead will report to the Plant Manager and have responsibility for supporting
development of the waste management policy and procedures, and implementing those procedures to
process, package, and ship waste from the RPF. Additional responsibilities will include providing
technical support for the design of equipment and processes, conducting self-assessments of waste
management practices, and ensuring compliance with procedures.
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11.2.1.4 Training

The radioactive waste management training program will be closely coordinated with the radiation
protection training program to emphasize the importance placed on radiological safety of RPF personnel
and the public. In-depth waste management training will be provided for the various types of job
functions (e.g., operator, waste technician, and waste shipper) commensurate with responsibilities
associated with each position and conducted in accordance with the procedures defined in Chapter 12.0.
Additional information on training will be provided in the Operating License Application.

11.2.1.5 Document Control and Recordkeeping

Document control and recordkeeping will be in accordance with the procedures defined in the QAPP
(Chapter 12.0, Appendix C) and will include waste manifests, andits, and program reviews. Additional
information on document control and recordkeeping will be provided in the Operating License
Application.

11.2.1.6 Reviews and Audits

Audits of the RPF radioactive waste management program will be conducted, at a minimum, on an annual
basis to review the functional and safety elements of the waste management program. An additional
component of these audits will be to evaluate efforts to minimize the production of radioactive wastes.
Additional detail on the NWMI review and audit function is provided in Chapter 12.0.

11.2.1.7 Technical Specifications

As discussed in Chapter 13.0, the RPF waste management processes are designed with a focus on
occupational safety and protection of the public and the environment. The technical specifications
associated with waste management area, if applicable, will be discussed in Chapter 14.0 as part of the
Operating License Application.

11.2.2 Radioactive Waste Management Controls

The NRC divides low-level radioactive waste into three different classes: A, B, and C. These classes are
based on waste concentration and the half-lives and types of radionuclides in the waste.

* Class A— Waste consisting of radionuclides with the shortest half-lives and lowest
concentrations, with radioactivity levels that return to background levels within 100 years

* Classes B and C — Waste containing greater concentrations of radionuclides with longer half-
lives, fading to background levels in less than 500 years (must meet stricter disposal requirements
than Class A waste)

*  Greater than Class C — Waste exceeds the requirements for Class C waste and is the
responsibility of the U.S. Department of Energy under Federal law

Descriptions of the RPF processes that will produce radioactive waste are provided in Chapter 4.0.
NWMI will implement pollution prevention and waste minimization activities that review associated
processes and procedures to ensure that the kinds and amounts of waste generated are minimized.

Waste management control will include methods to:

* Avoid inadvertent exposure of personnel or uncontrolled escape of the radioactive materials
* Maintain continuous control of radioactive materials that require treatment and management as
waste
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11.2.2.1 Waste Designation

The RPF will generate class A, B, and C low-level radioactive waste. Greater than Class C waste will not
be produced in the RPF. The Class A waste is low-dose waste, while Class B and C wastes are high-dose
waste.

The waste handling system for the generated wastes is discussed in Chapter 9.0, Section 9.7.4. High-dose
liquids will be designated as waste once the liquids are collected in the waste concentrate collection tank.
The low-dose condensate from the high-dose concentrator held in the condensate collection tank will be
used as much as practical by the uranium recovery process. Low-dose liquids will be designated as waste
once the liquids are collected in the low-dose evaporation tank. Solids will be designated as waste once
the solid materials are loaded into waste drums.

11.2.2.2 Waste Management Procedures

Radioactive waste management operating procedures are discussed in Section 11.2.1.2. These procedures
ensure proper identification, characterization, and separate treatment of radioactive wastes. Additional
information on waste management procedures will be provided in the Operating License Application.

11.2.2.3 Airborne Radioactive Waste Management

The RPF will not directly produce airborne radioactive waste. Chapter 9.0, Section 9.1, provides a
detailed description of the process vessel vent system and the Zone I and Zone Il HVAC treatment
systems. Liquid waste resulting from these processes will be directed to the high-dose waste collection
tank and processed through the high-dose waste treatment system, where the waste will be solidified.

11.2.3 Release of Radioactive Waste

This section discusses the methods used to identify, characterize, package, and transport waste offsite
from the RPF. The majority of the radioactive waste being shipped from the RPF will require special
containers to provide for the protection of the public and environment. Each of these containers is
designed to meet applicable NRC and U.S. Department of Transportation (DOT) standards. In general,
waste released from the RPF will be processed and packaged to meet the waste acceptance criteria of an
established disposal facility. The processing and packaging of routine waste is described in Chapter 9.0,
Section 9.7.4. Table 11-6 summarizes the types waste generated and annual generation rate for the RPF.
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Table 11-6. Waste Produced in the Radioisotope Production Facility

ngh dose Solid 200,000 L (52,834 gal)
Low-dose . . _ If"Sohd- o A' 150,000 L (39,625 gal) |
Target claddmg materxals from dlsassembly encapsulated in cernent Solid ! C | 1,100L (290 gal)
lExchange resins and other sohd waste - ) Solld . é N i ~1 350 L (365 gal) ¥
Solid wastes encapsulated in cement : Solid o A X 000 L (2 113 gal)
[HEPAfiters 77T TUsolid , AorC . 28mP (977 £6)
Carbon solid . AorC - 0.14m (5.1
lodimeabsomption  Usdid’ ¢ 006m@ify
Silicone oil i Liquid : A 100L (26 gal)
\LabPack " Liqud’ A 10L@6g)
Solvent } Liquid - A 200 L (53 gal)

2 Volume represents changeout of carbon beds every two years (1/2).
b Volume represent changeout of iodine absorption beds every five years (1/5).

HEPA = high-efficiency particulate air.

11.2.3.1 Solid Radioactive Waste

The majority of solid waste produced in the RPF will be the high- and low-dose waste discussed in
Chapter 9.0. Samples of this waste will be analyzed in the RPF laboratory to ensure that the waste meets
the disposal facility waste acceptance criteria. This waste will be stored for radioactive decay to meet
shipping and disposal requirements, and then packaged in approved transportation casks for transport to
the disposal facility.

The RPF will also produce intermittent waste that includes HEPA filters, carbon absorption beds, and
zeolite absorption beds. Samples of these wastes will be analyzed within the RPF laboratory to ensure
that the waste meets the disposal facility waste acceptance criteria. These wastes will be encapsulated
and packaged in appropriate waste containers for disposal. Depending on the location and use, HEPA
filters are anticipated to have a changeout frequency from monthly to every 2 years. The iodine adsorber
beds are designed to last 5 years before requiring changeout. Carbon beds have a 2-year design life.

Table 11-7, Table 11-8, and Table 11-9 list the low-dose radioactive waste sources, high-dose radioactive
waste sources, and encapsulated solid radioactive waste sources, respectively.

11.2.3.2 Liquid Radioactive Waste

The RPF does not release any radioactive liquid waste. As discussed in Chapter 9.0, Section 9.7, high-
and low-dose liquid waste will be solidified prior to release.

11.2.3.3 Gaseous Radioactive Waste

Gases from the RPF process and HVAC system will be processed as described in Chapters 4.0 and 9.0,
respectively. The offgas system is designed to filter and/or retain these isotopes in the facility until the
resulting release is at levels less than those defined in Table 2 of 10 CFR 20, Appendix B. The gaseous
radioactive emissions will be released through the RPF’s three exhaust stacks. Monitoring of the effluent
is described in Section 11.1.4.1.2.
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Table 11-7. Low-Dose Radioactive Waste Sources

. Radioactivity: ' Radioactivity Radioactivity
Isotope (Ci/wk) Isotope (Ci/wk) Isotope (Cilwk)

1AM 2.26E-15 29Np 6.92E-04 895y 8.91E-03

. lsmBg L77E06 | Pa COLOSE-LL | %St 7.44E-05
137mB, 7.11E-05 284py 4.10E-11 9ISy 2.00E-17

'~ WBa  175E-02 B4mpy 3.15E-08 S %Te LO6E-08,
“iCe 144E-02 i12pg | 245E-11 99m e 7.06E-04

| 143Ce 4.29B-06 WPm 242B-04 | 1®vTe 2.29E-07
144 2.42E-03 148pm 8.17E-08 127 9.62E-05
e 1.21E-08 148mpyy 1.11E-07 T 2.93E-05
136Cs " 1.58E-05 149pm 3.96E-05 1297 1.53E-04

% 137Cs 7.52B-05 - 1s1py 5.56E-08 129m e 239E-04

155Ey 2.54E-06 142py 141E-15 131Te 2.31E-08

| 156Ey 4.67E-05 143py © 1.89E-02 131m T 1.03E-07
IS7Ey 1.95E-14 144py 2.42E-03 127e 1.09E-03

op 7.96E-12 | i4mpr 3.39E-05 - oWy 785E12

1301 2.36E-18 28py 3.37E-11 247 7.40E-06
LB 417E03 29py 9.06E-08 65y 3.38E-07
1132 7.61B-04 240py 6.41E-11 26y 1.14E-07

139] 6.88E-09 |  Pu  231E11 | U 534E03

8Ky 2.94E-10 103mRy  6.77E-03 238y 2.13B-07
Mo, 2.01E-02 105R 16306 |  BinXe © 3.87E-09
Mo 3.12E-05 106Ry 1.44E-04 ES 2.58E-07

; BNb 4.47E-03 103Ru 6.78E-03 |  mXe © 320E-10
9SmNb 1.21B-04 106Ry 1.44B-04 somy 8.29E-07
9Nb . 5.04E-12 2gp 73811 | %Y © 743E-05

97Nb 2.02E-10 124G 1.63E-08 oy 1.02B-02

! 9ImNb 1.78E-10 - sgh 4.28E-06 91my 1.27B-17
N 5.95E-03 126G 2.46E-06 9y 1.80E-16

| e 1.89E-18 1278} 7.36E-05 9%7r 1.51E-09
27Np 7.04E-11 518 m 1.71E-06 9%7r 1.04E-02
ZENp  7.23E-10 13Sm 226806 | Yz 1.87E-10

Total Ci 1.44E-01

Source: W017, solidified low-dose concentrate, in [Proprietary Information].
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Table 11-8. High-Dose Radioactive Waste Sources

- Radioactivity Radioactivity
Isotope (Cilwk) Isotope (Ci/wk) Isotope (Ci/wk)
A 2.52E-10 23p, . 1.20B06 B  9.93E+02
| impy C197B-01 | P'Pa  457B06 g T 830E400 |
' =y 7.92E+00 234mpy, 3.51E-03 gy 220E12
| ™Ba 195E+03 |  %pd . 273B06 |  ¥Tc . LISE03 |
14°Ba 1.60E+03 7P 2.70E+01 99mTc 7.87E+01
Cowe e | siee | Em asem
1930e 270E+02 |  Msmpp 1.24B-02 12 e 1.07E+01
| wies 1.35E-03  ¥Pm 441E+00 2ImTe 327B+00 |
136Cs 1.76E+00 Sipm 6.19E-03 29T 1.71E+01
| wes 1 83900 Jwpr T ISTE0 i 266B+01
ISEy 2.83E-01 143py " 2.11E+03 131 g 2.58E-03
| SEu 520E+00 Wpr . 270E+02 BimTe ' L14B02 |
TRy 2.18E-09 Mampr  378E400 2Te 1.22E+02
I SRy BEpy  371E-06 Cmy L 288E1 |
1307 2.63E-13 29py . 9.97E-03 24y 2.71E-05
LB 4.65E+02 WPy 7.06B-06. >y 124B-06 |
132  8.48E+01 21py 2.54E-06 26 4.17E-07
| w1 7eB04 | weRh o 7sas02 | UL 96E-02 |
. Egy 327E-05 Rh  182B01 sy 780B-07
| #ra  224B403 | %RE 161B+01 | ®mXe  431B04 |
%Mo 3.47E+00 3Ry  7.56E+02 13Xe | 2.87E-02
| N 498E+02 | ®™Ru | L6IE+0I | e 357805 |
osmNp 135B401 i22gp, '8.16E-06 % 524E-17
| eNb . 561B07 | - sb  18E03 | ®my 923B02 |
9N 2.25E-05 125gp, 4.77E-01 oy 8.28E+00
| mNb 198B-05 |  %h ' 2.74E-01 %y | LI3E+03 !
WINd  6.63E+02 1278, 8.20E+00 Stmy 1.41E-12
| meNp 351E-17 | ™sb ¢ LISE-S BY 0 201E-1
2INp 1.30E-09 SiSm o, 1.90E-01 %71 1.68E-04
COBNp ¢ 134E-08 Sm | 252E01 %Zr . LIGE#03
=Np 1.28E-02 1505m 3.68E-15 zr 2.09E-05
{ - ' | TotalGi  142E+04 |

Source: WO015, solidified high-dose concentrate, in [Proprietary Information].
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Table 11-9. Encapsulated Solid Radioactive Waste Sources

Radloactlwty Radioactivity Radioactivity
Isotope (Ci/wk) Isotope (Cilwk) Isotope (Ci/wk)

%1Am 4.07E-12 23pg 7.37E-08 89S  160E+01
136mB 3.18B-03 234py 5.676-05 90y ' 1.34E-01
et 1.28E-01 2impy 4.40B-08 gy 3.50E-14
139Ba 3.14B+01 | Mpd ' 435801 9T¢ 1.90E-05
1408 2.58E+01 17pm 1.47E-04 9ImTe 1.27E+00
i 4ce 7.72E-03 148py © 2.00E-04 125mTe 4.12E-04
WCe . 436B+00 148mpy 7.12E-02 T - 173E0
oY 218805 |  ™Pm  1.00E-04 2mTe 528802
136Cs 2.84E-02 151pm 2.53B-12 129T¢ 2.76B-01
137Cs 1.35E-01 t42py ' 3.40E+01 129m T 4.30B-01
By 4.57B-03 143py 4.36E+00 131 e 4.16B-05
. ISBu ' BA40E-02 144py 6.10B-02 3imTe 1.85E-04
1576y 3.51B-11 i#44mpy 5.99E-08 1327 1.97E+00
- 1.47E-08 CWpy 161B-04 22y 8.92E-10
130p 4.35E-15 29py 1.14E-07 24y 8.40B-04
| B 7.69E+00 | 20py 4.11E-08 »y 3.84E-05
132 1.40E-+00 2ipy 1.22E+01 236y 1.29E-05
1337 ' 1.27B-05 lmRR 2.04E-03 »1y ~ 6.07E-01
BKr 1.13E-02 105Rh 2.59B-01 28y 2.42E-05
I M, 3625401 SRR 122E+01 | BmXe  149B-01
Mo 1.31E+00 3Ry 2.59E-01 133X e 9.90E+00
| Nb 8.04E+00 106Ry 1.32E-07 13mYe 1.23E-02
9SmNTb 2.17E-01 122gy, 2.94E-05 135Ke 1.81E-14
%Nb - 9.06B-09 Mgh 7.70E-03 somy 1.49E-03
Nb 3.63E-07 1251 4.43B-03 oy 1.34E-01
9TmNb 3.20E-07 1265, ~ 1.32E-01 0y 1.83E+01
147Nd 1.07E+01 127}, 1.85E-17 tmy 2.28E-14
P memNp 153E-15 gh - 3.07B-03 sy 3.24E-13
B7Np 5.68E-08 5igm ' 4.07B-03 %37r 2.72B-06
28Np 5.83E-07 1538m 5.94E-17 57r 1.87E+01
9Np 5.58E-01 1568m 7.37E-08 977r 3.37B-07
; | e “ | TetalGi 2.42E+02

Source: W022 encapsulated waste in [Proprietary Information].
Note: This table does not include carbon beds, iodine absorption beds, or HEPA filters.

HEPA = high-efficiency particulate air.

11-41



NWMI-2013-021, Rev. 0
Chapter 11.0 — Radiation Protection and Waste Management

L0857 NORTHWEST MEDICAL ISOTOPES

11.3 RESPIRATORY PROTECTION PROGRAM

10 CFR 20, Subpart H, defines the required elements of the RPF respiratory protection and ventilation
programs. The use of engineering controls is preferred over the use of respirators to minimize radioactive
materials in the air. However, there may be a need for the following to control the concentrations of
radioactive material in the air to maintain the TEDE ALARA.

* Control of access

* Limitation of exposure times

» Use of respiratory protection equipment
*  Other controls

NWMT’s radiological respiratory protection program is designed to comply with the requirements of
ANSI Z-88.2, American National Standard for Respiratory Protection; 10 CFR 20, Subpart H; and

29 CFR 1910.134, “Respiratory Protection.” Respirators will only be issued if the Radiation Protection
Manager determines that engineering controls may be ineffective, the total effective dose will be reduced
by wearing respirators, and/or the physical stress of wearing a respirator will not interfere with workers’
health and safety.

If the decision is made to permit the use of respiratory protection equipment to limit the intake of
radioactive and hazardous materials, only National Institute of Occupational Safety and Health (NIOSH)-
certified equipment will be used.

The respiratory protection program will include the following elements:
* Air sampling to identify the potential hazard, select proper equipment, and estimate doses
* Surveys and when necessary, bioassays, to evaluate actual intakes

* Performance testing of respirators for operability (user seal-check for face-sealing devices and
functional check for others) immediately prior to each use

* Limitations on periods of respirator use and relief from respirator use

* Determination by a physician that the individual user is medically fit to use respiratory protection
equipment. This evaluation will be done prior to initial fitting of a face sealing respirator, before
the first field use of non-face sealing respirators, and either every 12 months thereafter, or
periodically at a frequency determined by a physician.

e A respirator fit test will require a minimum fit factor of at least 10 times the assigned protection
factor for negative pressure devices, and an overall fit factor of at least 500 for any positive
pressure, continuous flow, and pressure-demand devices. The fit testing will be performed before
the first field use of tight-fitting, face-sealing respirators. Subsequent testing will be performed at
least annually thereafter. Fit testing must be performed with the face-piece operating in the
negative pressure mode.

Personnel using respirators will be informed that they may leave the area at any time for relief from
respirator use in the event of equipment malfunction, physical or psychological distress, procedural or
communication failure, significant deterioration of operating conditions, or any other conditions that
might require such relief. Respirator used within the RPF will provide for vision correction and adequate
communication and allow for concurrent use of other safety or radiological protection equipment.
Radiological protection equipment will be used in such a way as to not interfere with the proper operation
of the respirator.
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Standby rescue personnel will be used whenever one-piece, atmosphere-supplying suits are in use.
Standby rescue personnel will also be available when any combination of supplied air respiratory
protection device and personnel protective equipment is in use that presents difficulty for the wearer to
remove the equipment. The standby personnel will be equipped with respiratory protection devices or
other apparatus appropriate for the potential hazards. The standby rescue personnel will observe and
maintain continuous communication with the workers (e.g., visual, voice, signal line, telephone, radio, or
other suitable means). The rescue personnel will be immediately available to assist the workers in case of
a failure of the air supply or for any other emergency. The Radiation Protection Manager, in consultation
with the SH&L Manager, will specify the number of standby rescue personnel that must be immediately
available to assist all users of this type of equipment and to provide effective emergency rescue if needed.

Atmosphere-supplying respirators will be supplied with respirable air of a quality that meets or exceeds
the specifications of Compressed Gas Association (CGA) G-7, “Compressed Air for Human Respiration,”
and G-7.1, “Commodity Specification for Air,” and the requirements included in the regulations of the
Occupational Safety and Health Administration, 29 CFR 1910.134(1)(1)(ii)(A) through (E).

No objects, materials, or substances (e.g., facial hair), or any conditions that interfere with the face-to-
face-piece seal or valve function, and that are under the control of the respirator wearer, will be allowed
between the skin of the wearer’s face and the sealing surface of a tight-fitting respirator face-piece. The
dose to individuals from the intake of airborne radioactive material will be estimated by dividing the
ambient air concentration outside the respirator by the assigned protection factor. If the actual dose is
later found to be greater than that estimated initially, the corrected value will be used. If the dose is later
found to be less than the estimated dose, the lower corrected value may be used.

Records of the respiratory protection program (including training for respirator use and maintenance) will
be maintained in accordance with the NWMI records management program, as described in
Section 11.1.6.7.

The radiological respiratory protection program will include written procedures for each of the following:

*  Monitoring, including air sampling and bioassays

e Supervision and training of respirator users

» Fit testing

* Respirator selection

¢ Breathing air quality

* Inventory and control

e Storage, issuance, maintenance, repair, testing, and quality assurance of respiratory protection
equipment

* Recordkeeping

Respiratory protection procedures will be revised as necessary whenever changes are made to the facility,
processing, or equipment.
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12.0 INTRODUCTION

12.1 ORGANIZATION

This section describes the Northwest Medical Isotopes, LLC (NWMI) operational structure, functional
responsibilities, levels of authority, and interfaces for establishing, executing, and verifying the
organizational structure for the Radioisotope Production Facility (RPF). The organizational structure
identifies internal and external functions for NWMI, including interface responsibilities for multiple
organizations. The organizational structure facilitates the execution of the conduct of operations program.
Conduct of operations is a philosophy of working in a formalized, disciplined manner to achieve
operational excellence. The conduct of operations program emphasizes safety in every aspect of plant
operations. The organizational aspects of the RPF radiation protection program, safety program, staffing,
and selection and training of personnel are also discussed in this section.

12.1.1 Structure

Functional levels and assignments of responsibility have been developed by NWMI for the RPF. The
functional levels and titles used in the Quality Assurance Program Plan (QAPP) are not intended to define
a specific organization or to completely define the responsibilities of each level of organization.
Responsibilities for various levels of the NWMI organization will be described in the administrative
section of Chapter 14.0, “Technical Specifications,” and will comply with American National Standards
Institute/American Nuclear Society (ANSI/ANS)-15.1, The Development of Technical Specifications for
Research Reactors.

The NWMI RPF organization consists of personnel responsible for design, construction, operation, and
maintenance of the RPF. The significant functional levels of the organization are presented in

Figure 12-1 and are described below. Additional detail of the NWMI organization will be provided in the
Operating License Application.

12.1.2 Responsibility

NWMI has the legal responsibility for holding the RPF operating license. The responsibilities of NWMI
management are identified in the following subsections.

12.1.2.1 Chief Executive Officer

The President and Chief Executive Officer (CEO) will report directly to the NWMI Board of Managers
and will be responsible for overall management and leadership, promoting continuous improvement of the
company, and establishing company policies to ensure that customer and company expectations are fully
met. The CEO will also provide direction to the COO and CFO to fulfill the organization’s
responsibilities.

12.1.2.2 Level 1
12.1.2.2.1 Chief Operating Officer

The Chief Operating Officer (COO) will report directly to the President and CEO for operational aspects
of the company, including safety, quality, security and safeguards, environmental stewardship, and
regulatory licensing and affairs. The COO will be responsible for ensuring the availability of
appropriately trained and skilled personnel to successfully meet the needs of NWMI projects and that
appropriate resources are allocated. The COO will assign priorities and responsibilities, and will maintain
personal involvement in all aspects of NWMI'’s operations.

12-1



" NORTHWEST

MEDICAL ISOTOPES

NWMI-2013-021, Rev. 0
Chapter 12 — Conduct of Operations

Board of : President
Managers and CEO

Chief Financial ‘
Officer

— General Counsel
— Finance
— Human Resources

Chief Operating

Officer

Irradiation Services ‘
Manager |

- Commnications
— Procurement
— Project Controls

Engineering

Manager

Project Managers j

QA Manager

Construction
Manager

Plant Manager

Operations

Procedures and
Manager Training Manager

— Shift Supervisors/
Operators
I I
MC&A Manager J M::;r;t:::g:e J}

Safety, Health. and §
Licensing Manager |

golaty, SemuRYy RaGibn

Startup Manager

and Emergency Wi
Preparedness i;:t::::p
Manager J

o Licensing and
Nuclear Criticality Compli
Safety Manager e

Manager
NWMI-1202_r03
Legend
'~ Executive Management B8 | evel 2 Manager
@ Level 1 Manager (NRC POC)
@B Level 2 Manager % Level 2 Manager
(Pre-Operations) Level 3 Manager

Figure 12-1. Northwest Medical Isotopes, LLC Organization Chart
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12.1.2.2.2 Chief Financial Officer

The Chief Financial Officer (CFO) will report to the CEO and have responsibility for all financial matters
for NWMI. The CFO will partner with senior leadership and the Board of Directors to develop and
implement financial strategies across the organization. Additional responsibilities will include legal,
finance, and human resources in support of NWMI projects.

12.1.2.3 Level 2

12.1.2.3.1 Safety, Health, and Licensing Manager

The Safety, Health, and Licensing (SH&L) Manager will report to the COO, with overall responsibility
for the development and implementation of programs addressing worker safety and health, U.S. Nuclear
Regulatory Commission (NRC) licensing, and State and local permitting (including monitoring
compliance with those licenses and permits). Other responsibilities will include nuclear criticality safety,
radiation protection/chemistry, environmental protection, integrated safety analysis, industrial hygiene
and safety, chemical safety, fire protection, security, and emergency preparedness. With respect to
operations, the SH&L Manager will be responsible to confirm the safety of those operations, and will
have the authority to order facility shutdown for RPF operations that are judged to be unsafe for
continued operations or noncompliant with applicable regulatory requirements and to approve restart of
operations.

12.1.2.3.2 [Engineering Manager

The Engineering Manager will report directly to the COO, with responsibility for site characterization,
facility design and the design control process, configuration management, engineering, and acceptance
test coordination, including test control of facility modifications. Other responsibilities will include:

* Ensuring that common design processes (e.g., standardization of work processes, design
methodologies, technologies, and systems and equipment) meet company and project needs

* Ensuring that each project managers is trained to the appropriate requirements prior to assuming
the role of project manager and performing such duties

* Developing and revising engineering procedures and project procedures
*  Overseeing records management and document control activities
*  Approving the disposition of nonconforming items when dispositioned as “repair” or “use-as-is”

during operations

12.1.2.3.3 Quality Assurance Manager

The QA Manager will report directly to the COO and will have independent oversight responsibility for
implementation of the QAPP. The QA Manager will be responsible for:

* Auditing for compliance with regulatory requirements and procedures through assessments and
technical reviews

* Monitoring organizational processes to ensure conformance to commitments and licensing
document requirements

* Maintaining sufficient independence from other priorities to identify issues affecting safety and
quality
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° Serving as a focal point for matters involving quality, with the authority to identify, initiate,
recommend, or provide solutions to those problems, verify implementation of the solutions, and
resolve any related concerns reported to employees, management, and/or NWMI customers

* Implementing training of all assigned project personnel

12.1.2.3.4 Plant Manager

The Plant Manager will report to the COO and have direct responsibility for the safe operation of the
RPF, including the protection of workers and the public against radiation exposure resulting from facility
operations and materials. Other responsibilities will include:

* Ensuring compliance with applicable NRC, State, and local regulations and license/permits
* Implementing the RPF conduct of operations program
* Establishing and managing the required training programs to support the operations organization

12.1.2.3.5 Construction Manager

The Construction Manager will report to the COO and have responsibility for managing construction and
future modifications to the RPF. This responsibility will include managing the activities of qualified
contractors who are tasked with the preparation of construction documents and construction of the
facility, including modifications and expansion.

12.1.2.3.6 Startup Manager

The Startup Manager will report to the COO and have responsibility for the overall preoperational and
startup test program for the RPE. Other responsibilities will include:

* Developing preoperational, startup, and operational test procedures

* Providing technical advice to personnel conducting the tests

* Briefing personnel responsible for RPF operations during the tests

* Ensuring that tests are performed in accordance with applicable procedures
* Preparing test reports

12.1.2.4 Level 3

12.1.2.4.1 Operations Manager

The Operations Manager will report to the Plant Manager and have responsibility for day-to-day RPF
operations activities. Inherent in this responsibility is the assurance that operations are conducted safely
and in compliance with license conditions.

12.1.2.4.2 Procedure and Training Manager

The Procedure and Training Manager will report to the Plant Manager, with responsibility for the
development, implementation, and administration of the RPF training programs, including maintenance of
the RPF training database. The training programs provided and/or coordinated by the Training Manager
will address qualifications of workers to perform work and identify safety training requirements. In
addition, the Procedure and Training Manager will be responsible for maintaining and updating facility
procedures.

12-4




NWMI-2013-021, Rev. 0
Chapter 12 — Conduct of Operations

B0 A
«» 4w+« NORTHWEST MEDICAL ISOTOPES

12.1.2.4.3 Material Control and Accountability Manager

The Material Control and Accountability Manager will report to the Plant Manager, with responsibility
for ensuring the proper implementation of the Nuclear Material Control and Accountability Plan. This
position will be separate from and independent of other departments to ensure a definite division between
the safeguards group and the other departments. In matters involving safeguards, the Safeguards Manager
will have direct access to the COO.

12.1.2.4.4 Maintenance Manager

The Maintenance Manager will be responsible for safe and reliable performance of preventive and
corrective maintenance and support services on structures, systems, and components (including items
relied on for safety [IROFS]). Other responsibilities include integrated planning and scheduling.

12.1.2.4.5 Nuclear Criticality Safety Manager

The Nuclear Criticality Safety Manager will report to the SH&L Licensing Manager and have
responsibility for the development and implementation of the nuclear criticality safety program. Other
responsibilities will include:

*  Performing nuclear criticality safety analyses and evaluations of applicable operations involving
special nuclear material (SNM) and changes to those operations

* Establishing limits and controls based on those analyses and evaluations

* Ensuring the proper incorporation of limits and controls into applicable procedures and
instructions

°  Monitoring plant compliance with nuclear criticality safety requirements

12.1.2.4.6 Radiation Protection Manager

The Radiation Protection Manager will report to the SH&L Manager and have responsibility for the
development and implementation of programs to limit personnel radiological exposures and
environmental impacts associated with facility operations, including the as low as reasonably achievable
(ALARA) program. Other responsibilities include implementation of the chemistry analysis programs
and procedures for the RPF. In matters involving radiological protection, the Radiation Protection
Manager will have direct access to the COO.

12.1.2.4.7 Safety, Security, and Emergency Preparedness Manager

The Safety, Security, and Emergency Preparedness Manager will report to the SH&L Manager, with
responsibility for and maintenance of the integrated safety analysis, industrial hygiene and safety,
chemical safety, fire protection, security, and emergency preparedness programs.

12.1.2.4.8 Licensing and Compliance Manager

The Licensing and Compliance Manager reports to the SH&L Manager, with responsibility for regulatory
oversight functions, regulatory and licensing/permitting compliance, facility change process, and
commitment management.
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12.1.2.4.9 Project Managers

Project managers will report directly to the Engineering Manager and have overall responsibility for
providing planning, management, and execution of NWMI projects in accordance with this QAPP and
established requirements. Project managers will be responsible for:

* Ensuring that all project personnel are properly trained and indoctrinated to perform their
intended duties

* Ensuring that all project personnel are provided with the proper information and tools, support,
and motivation to carry out their assigned duties

*  Ensuring that quality is integrated into daily work activities at the earliest time consistent with
established schedules, and periodically assessing their respective organizations to ensure adequate
and effective implementation of the QAPP

* Planning and accomplishing work affecting quality under suitably controlled conditions,
including the use of appropriate equipment and environmental conditions, and ensuring that the
prerequisites for the given activity have been satisfied

* Identifying opportunities for improvement and initiating actions to fully realize these
opportunities

* Periodically conducting management assessments of their respective organizations and projects to
ensure that company objectives and customer expectations are fully satisfied

* Verifying the achievement of quality by performing audits, assessments, or surveillances of
ongoing or completed activities

12.1.2.5 Other

12.1.2.6 Shift Supervisors

The shift supervisors will report to the Operations Manager. The shift supervisors will be responsible for
the safe operation of the RPF and will authorize day-to-day site activities, including:.

¢ Control of access to the facility

*  Work activities (e.g., work permits and execution of specific operations procedures)
* Deliveries and shipments

* Decisions to start or shutdown equipment

* Directing abnormal or emergency actions, including notifications

12.1.2.6.1 Operators

Senior operators and operators will be responsible for conforming to applicable rules, regulations, and
procedures for RPF operations. All operators will accept responsibility for safe and efficient operation of
an area of the facility when designated by the shift supervisor.

12.1.2.6.2 Employees

NWMI employees will be responsible for conducting work in accordance with the QAPP, company
policies, and implementing procedures. Employees will be encouraged to measure their own performance
and recommend quality improvements. Each NWMI employee working on a project will also be
responsible for the achievement and maintenance of quality within their assigned area of responsibility by
following the requirements of this QAPP and its implementing procedures.
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12.1.3 Staffing

NWMI will provide sufficient resources in personnel and materials to safely conduct operations. Facility
staffing considerations, including minimum staffing levels, allocation of control functions, overtime
restrictions, facility status updates during turnover between shifts, procedures, training, and availability of
senior operators during routine operations, will be defined in the Operating License Application.

12.1.4 Selection and Training of Personnel

NWMI will establish and maintain formal and informal indoctrination and training programs for
personnel performing, verifying, or managing facility operation activities to ensure that suitable
proficiency is achieved and maintained. The Procedures and Training Manager will be responsible to the
Plant Manager for development and implementation of training that ensures satisfactory operational
behavior and performance in the areas of nuclear, industrial, and radiological safety. ANSI/ANS 154,
Selection and Training of Personnel for Research Reactors, will be used in the selection and training of
personnel, as applicable. All records of personnel training and qualification will be maintained.

Personnel who are likely to receive an occupational dose in excess of 100 millirem (mrem) per year (in
accordance with Title 10, Code of Federal Regulations, Part 19.12, “Instruction to Workers,”

[10 CFR 19.12], paragraph [b]) will be kept informed, advised, and instructed per the requirements of
10 CFR 19.12(a)(1) through (6). Details of the training programs for facility personnel to meet the
requirements of 10 CFR 19, “Notices, Instructions and Reports to Workers: Inspection and
Investigations,” will be provided in the Operating License Application. The operator selection and
training program will conform to 10 CFR 50.54, “Conditions of Licenses,” paragraphs (i) and (i-1), as
appropriate for the RPF.

Required minimum qualifications for the RPF staff will be developed and provided in the Operating
License Application.

12.1.5 Radiation Safety

The radiation protection program will meet the requirements of 10 CFR 19 and 10 CFR 20, “Standards
for Protection Against Radiation,” and be consistent with the guidance provided in Regulatory Guide 8.2,
Guide for Administrative Practice in Radiation Surveys and Monitoring. NWMI will develop, document,
and implement the radiation protection program commensurate with the risks posed by the RPF.

Procedures and engineering controls will be developed, to the extent practicable, based on sound radiation
protection principles, to achieve occupational doses to workers and doses to members of the public that
are ALARA.

The radiation protection staff will report to the Radiation Protection Manager, who in turn will implement
the radiation protection program in support of ongoing RPF activities. The radiation protection program
content and implementation will be reviewed at least annually, as required by 10 CFR 20.1101,
“Radiation Protection Programs,” paragraph (c). NWMI will have sufficient staffing and equipment
resources to implement an effective radiation protection program.

Further details of the radiation protection program are provided in Chapter 11.0, “Radiation Protection
and Waste Management.” The authority of the radiation safety staff will be defined in the Operating
License Application.
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12.1.6 Production Facility Safety Program

The RPF safety program will be developed and integrated with the radiological safety and other facility
safety programs and will use the methods described in 10 CFR 50, “Domestic Licensing of Production
and Utilization Facilities;” 10 CFR 70.61, “Performance Requirements;” and 10 CFR 70.62, “Safety
Program and Integrated Safety Analysis,” as appropriate. Further details of the facility safety program
will be provided in the Operating License Application. Details will address the following:

* Complying with 10 CFR 50, 10 CFR 70.61, and 10 CFR 70.62

* Establishing a records management program

* Establishing criticality program and measures

* Identifying process safety information

* Identifying radiological, chemical, and facility hazards

* Establishing management measures

* Identifying potential accident sequences

* Applying radiological and chemical consequence and likelihood scenarios
* Designating IROFS

* Establishing and maintaining records
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12.2 REVIEW AND AUDIT ACTIVITIES

The Plant Manager will establish the Review and Audit Committee and ensure that the appropriate
technical expertise will be available for review and audit activities. Committee activities will be
summarized and reported to the COO. Independent audits of the RPF will be conducted periodically and
will be specified in the Operating License Application.

12.2.1 Composition and Qualifications

The Review and Audit Committee will be established with participants having the appropriate expertise
and experience. The committee will be designated by the Plant Manager and will provide NWMI
management an independent assessment of RPF operations. The minimum number and qualifications of
the committee members and the potential use of members from outside the organization will be identified
in the Operating License Application.

12.2.2 Charter and Rules

The charter and rules for the Review and Audit Committee will address the required meeting interval (at
least one per year), quorum required for meetings (not less than one-half the committee membership),
issuance of meeting minutes, and voting methods (e.g., facility personnel may never have a majority
vote). The details of the charter and rules will be developed for the Operating License Application.

12.2.3 Review Function

At a minimum, the following items will be reviewed by the Review and Audit Committee:

* Determinations that proposed changes in equipment, systems, test, experiments, or procedures are
allowed without prior authorization by the responsible authority

* New procedures and major revisions having safety significance, or proposed changes in
production facility equipment or systems having safety significance

* New experiments or classes of experiments that could affect reactivity or result in the release of
radioactivity

* Proposed changes in technical specifications or the operating license

* Violations of technical specifications or license, and internal procedures or instructions having
safety significance

* Changes of the RPF under 10 CFR 50.59, “Changes, Tests and Experiments”
* Radiation protection program

* Operating abnormalities having safety significance

* Reportable occurrences

*  Audit reports

Upon completion of a review, a written report of any findings and recommendations of the committees
will be provided to the COO.
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12.2.4 Audit Function

All aspects of facility operations (e.g., radiation protection and laboratory programs, emergency
preparedness plan, physical security plan, operator requalification plan) will be audited every two years,
at a minimum. Not all areas have to be audited at the same time, but all will be audited within the
designated intervals. Each audit will have a plan prepared and implemented. Discussions with personnel
and observation of operations will be used as appropriate. Individuals with immediate responsibility for
an area cannot perform an audit in their area of responsibility. NWMI will establish relationships with
outside expertise to participate in RPF audits. The following items are examples of potential andit
activities:

* Facility operations for conformance to technical specifications and operating license conditions
* Retraining and requalification program for RPF operating staff

* Results of action taken to correct those deficiencies that may occur in RPF equipment, systems,
structures, or methods of operations that affect nuclear safety

* Emergency preparedness plan and implementing procedures

Deficiencies identified during the audit wiil be entered into the NWMI corrective action program. The
details of the audit function will be provided in the Operating License Application.

12-10




NWMI-2013-021, Rev. 0
Chapter 12 — Conduct of Operations

" NORTHWEST MEDICAL ISOTOPES

12.3 PROCEDURES

Operating procedures will provide appropriate direction to ensure that the RPF is operated within its
design basis and in compliance with technical specifications. The Procedure and Training Manager will
be responsible for NWMI implementing procedures.

Operating procedures will be written, reviewed, approved by appropriate management, controlled, and
monitored to ensure that the content is technically correct and the wording and format are clear and
concise. Procedures will be prepared, approved, revised, canceled, and implemented in accordance with
the NWMI procedure program. Procedure changes, including substantive and minor changes and
temporary deviations to deal with special or unusual circumstances during RPF operations, will comply
with ANSI/ANS 15.1 requirements.

Document control will maintain the master procedures list and ensure that revisions are documented
appropriately, approved for release by authorized personnel, and distributed for use at the location where
the prescribed activity is performed. Document control will also retain and distribute procedures in
accordance with NWMI document control procedures.

The NWMI policy on use of procedures will be documented and clearly understood by NWMI personnel.
The extent of detail in a procedure will be dependent on the complexity of the task; experience, education,
and training of the users; and potential significance of the consequences of error. The process for making
changes and revisions to procedures will be documented. A controlled copy of all operations procedures
will be maintained in the control room or other designated area. All RPF activities will be performed in
accordance with approved implementing procedures.

The details of the RPF operating procedures function will be specified in the Operating License
Application.
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12.4 REQUIRED ACTIONS

Required actions to be taken in the event of an RPF safety limit violation or the occurrence of a reportable
event will be provided in the Operating License Application.
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12.5 REPORTS

A list of reports to be submitted to the NRC, and associated frequency, will be provided in the Operating
License Application. At a minimum, an annual report is anticipated to be required that will supply
information relative to changes made to the facility and procedures under the 10 CFR 50.59 process.

Other items discussed in the annual report may include:

* Results of environmental monitoring
*  Personnel exposures
* Generic operational parameters

12-13




NWMI-2013-021, Rev. 0
Chapter 12 — Conduct of Operations

>" NORTHWEST MEDICAL ISOTOPES

12.6 RECORDS

The records management program will define the process for managing RPF records and will be
consistent with the requirements of the applicable regulations. The records management program will
include the identification, generation, authentication, maintenance, and disposition of records and will be
provided in the Operating License Application.
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12.7 EMERGENCY PLANNING

The RPF Emergency Preparedness Plan will follow the guidance provided in ANSI/ANS 15.16,
Emergency Planning for Research Reactors, and Regulatory Guide 2.6, Emergency Planning for
Research and Test Reactors. NWMI will also use NUREG-0849, Standard Review Plan for the Review
and Evaluation of Emergency Plans for Research and Test Reactors, for guidance on emergency
planning. Details about the RPF will be included in the Operating License Application, per the guidelines
provided in NUREG-1520, Standard Review Plan for the Review of a License Application for a Fuel
Cycle Facility. A draft Emergency Preparedness Plan is provided in Appendix A to this chapter and will
be updated in the Operating License Application.
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12.8 SECURITY PLANNING

The RPF physical security plan will be developed using the guidance provided in Regulatory Guide 5.59,
Standard Format and Content for a Licensee Physical Security Plan for the Protection of Special Nuclear
Material of Moderate or Low Strategic Significance. A draft physical security plan is provided in
Appendix B to this chapter and will be updated in the Operating License Application.
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12.9 QUALITY ASSURANCE

This corporate QAPP describes the policies and requirements necessary to meet applicable federal
regulations and provides a description of the NWMI quality assurance (QA) program in a controlled
document based on 10 CFR 50.34, “Contents of Applications; Technical Information.” and associated
ANSI/ANS 15.8, Quality Assurance Program Requirements for Research Reactors; Regulatory

Guide 2.5, Quality Assurance Program Requirements for Research and Test Reactors;

10 CFR 70.64(a)(1), “Quality Standards and Records;” and ISO-9001, Quality Assurance Requirements.
This QAPP will apply to all nuclear, quality-related projects and activities that require conformance to a
nuclear QA program and will be the standard for all NWMI personnel to follow for compliance to those
requirements.

The QAPP is further intended to ensure that reliability and performance of NWMI products and services
are maximized through the application of effective and prudent business management practices
commensurate with the risk to workers, the public, and environment. NWMI has adopted a graded
approach to quality such that the level of analysis, verification/validation, documentation, and actions are
determined based on safety, quality, and/or project risk. This graded approach will determine the
appropriate level of effort necessary to attain and document the technical and quality requirements.

A draft QAPP is provided in Appendix C and will be updated for the Operating License Application.
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12.10 RADIOISOTOPE PRODUCTION FACILITY OPERATOR TRAINING AND
REQUALIFICATION

As set forth in 10 CFR 50.54(h) and (i), the license is subject to the provisions of the Act, and the licensee
may not permit the manipulation of the controls of any facility by anyone who is not authorized pursuant
to the regulations in 10 CFR 55, “Operator’s Licenses.” Although 10 CFR 55 only specifies the licensing
requirements for facility operators, without specifically addressing production facilities, the NRC has
determined that the same technical and safety considerations apply to operators of production facilities
and will apply the relevant 10 CFR 55 requirements to production facility operators by a license
condition.

The general and specific training requirements for licensing an RPF and facility operators will conform to
10 CFR 50.54 and 10 CFR 55, as applicable. NWMI’s training program will define the knowledge and
skills required for workers conducting safety-related operations with SNM. This training program will
address the following topics:

* Theory and principles of the radioisotope production processes involving SNM

Theory and principles of radioisotope extraction and purification processes

* RPF design and operating characteristics

* Instrumentation and control systems

* Engineered safety features

*  Technical specifications

* Criticality control features and management measures required for each process involving SNM
* Normal and emergency operating procedures

ANSI/ANS 15.4 provides additional guidance on training and qualification of personnel that may be
applicable to the RPF. In 10 CFR 50.54(i-1), the NRC requires the licensee to have an operator
requalification program in effect, which at a minimum meets the requirements of 10 CFR 55.59,
“Requalification,” paragraph (c), within 3 months after the operating license is issued. The regulations in
10 CFR 55 apply specifically to reactor operating licenses. With regard to production facilities, the
proposed operator training license conditions should comply with the same requirements of

10 CFR 50.54(i) and (i-1). NUREG-1537, Guidelines for Preparing and Reviewing Applications for the
Licensing of Non-Power Reactors — Format and Content, Part 2, Section 12.10b, presents specific
information about the content of a RPF training and qualification program. This RPF operator training
and requalification program will be described in the Operating License Application.
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12.11 STARTUP PLAN

Startup operations involving SNM in liquid or solid form, as appropriate, will be described in this section.
Operations with SNM may be subject to the requirements of 10 CFR 70, “Domestic Licensing of Special

Nuclear Material.” Applicable paragraphs of 10 CFR 70 may be incorporated into the 10 CFR 50 license
as license conditions.

Startup operations will be included in the safety program and integrated safety analysis, and IROFS will
be identified if necessary to meet integrated safety analysis performance requirements and to provide
assurance of adequate safety. The startup plan will be developed and described in the Operating License

Application.
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12.12 VACATED

This section has been vacated, per the final interim staff guidance augmenting NUREG-1537 (NRC,
2012).
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12.13 MATERIAL CONTROL AND ACCOUNTING PROGRAM

NWMI will present information about the material control and accountability (MC&A) program. The
description should be sufficient to ensure that the program can fulfill its functions per NUREG-1065,
Acceptable Standard Format and Content for the Fundamental Nuclear Material Control (FNMC) Plan
Required for Low-Enriched Uranium Facilities.

The information in this section will address the following:

* MC&A organization

* Measurements

* Measurement control program

*  Statistics

* Physical inventories

* Item control

* Shipper-receiver comparisons

* Assessment and review of the MC&A program

* Resolving indications of missing uranium or other SNM of significance
* Data to assist in the investigation and recovery of missing uranium
* Recordkeeping

The MC&A program will be described in the Operating License Application.
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Acronyms and Abbreviations

“Mo
AC
CDE
DAC
DOE
EAL
EPZ
ESC
FRMAP
LEU
MU
NOUE
NRC
NWMI
PA
PAG
PIO
RPF
RSO
SOp
TEDE
TLD

Units
ft?

hr
mR
mrem
rem

molybdenum-99

alternating current

committed dose equivalent
derived air concentration

U.S. Department of Energy
emergency action level
Emergency Planning Zone
Emergency Support Center
Federal Radiological Monitoring Assessment Plan
low-enriched uranium

University of Missouri
notification of unusual event

U.S. Nuclear Regulatory Commission
Northwest Medical Isotopes, LLC
public address

protective action guide

Public Information Officer
radioisotope production facility
Radiation Safety Officer

standard operating procedure
total effective dose equivalent
thermoluminescent dosimeter

square feet

hour

milliroentgen

millirem

roentgen equivalent in man
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Al1.0 INTRODUCTION

The Northwest Medical Isotopes (NWMI) Radioisotope Production Facility (RPF) is a 70,000 square foot
(ft?) facility located within on Lot 15 in Discovery Ridge, an emerging research park development north
of Discovery Ridge Drive in Columbia, Missouri. The complex includes several buildings: the RPF,
NWMI Administration Building, Waste Staging and Shipping Building, and Diesel Generator Building.
The purpose of the RPF is to provide a domestic, secure, and reliable supply of molybdenum-99 (*Mo)
for medical diagnostics. The RPF is owned and operated by NWMI under U.S. Nuclear Regulatory
Commission (NRC) License Number R-XXX (Docket Number XX-XXX).

The purpose of the RPF is to provide a national domestic supply of the isotope ?Mo. The process by
which this occurs involves:

* Receiving low-enriched uranium (LEU) from U.S. Department of Energy (DOE)

*  Producing LEU target materials and fabrication of targets

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

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

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

The objective of this Emergency Response Plan is to provide a plan of action for responding to
radiological and other emergencies and minimizing the consequences of such emergencies at the RPF.
The plan specifies emergency action levels for applicable classes of emergencies, in response to which
relevant parts of this plan will be activated.
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A2.0 DEFINITIONS

Action drill

' Administrative
‘Building
Annual

| Assessment actions

B1enn1a1

| Correctwe actions
Emergency

iErnergency action
level (EAL)

Emergency planning
zone (EPZ)
|:Emergency Support
:Center (BSC)
Emergency response
implementing
procedure (ERIP)
}Federal Radiological
iMonitoring
'Assessment Plan
|(FRMAP)

Monthly

| .
‘(Operatlons boundary

‘the operations boundary is the area within the fence.

A drill that tests the integrated capability of the emergency plan, or a component
thereof, and may include instruction periods to develop and maintain skills in a
partlcular operatlon

‘The western bu11d1ng in the RPF complex that houses business and administrative

services.

Every 12 months, with an interval not exceeding 15 months.

‘Those actions taken during or after an accident to obtain and process information

that is necessary when deciding whether to implement specific emergency
measures.

Every 24 months, w1th an 1nterva1 not exceedmg 30 months.

Those measures taken to ameliorate or terminate an emergency situation at or near
the source of the problem.

A condition that calls for immediate action, beyond the scope of normal operating
procedures to avoid an accident or to rmtlgate the consequences of one.

Rad1010g1ca1 dose rates spe01f1c concentratlons of alrborne waterborne or
surface-deposited radioactive materials, specific observations, or specific
instrument readings that may be used as thresholds for initiating specific

‘emergency measures (e.g., designating a particular class of emergency, initiating a:

notification procedure, or initiating a particular protective action).

The EPZ for the RPF is limited to the operations boundary and includes no
off-site areas.

The room(s) from which effective emergency control directions will be given.
This room is the RPF control room.

Procedures dedicated towards 1mp1ement1ng the emergency plan. They are not
considered to be part of the plan.

A federally sponsored plan to provide expeditious and effective radiological
“ assistance to those requesting it in the event of a radiological incident.

Every 4 weeks, with an interval not to exceed 6 weeks.

The area within the site boundary where the RPF Operations Manager has direct
authority over all the activities, and for which there are prearranged evacuation
procedures known to the personnel frequenting the area. For the RPF complex,
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Those persons for whom protective actions are being or would be taken in the
event of an emergency.

Those measures taken in anticipation of an uncontrolled release of radioactive
material, or after an uncontrolled release of radioactive material has occurred, for
the purpose of preventing or minimizing personnel radiation doses or dose
commitments that would otherwise be likely to occur if the actions were not
taken.

Projected radiation doses or dose commitments to individuals in the general
population that warrant protective action following a release of radioactive
material. Protective actions would be warranted provided the reduction in
individual dose expected to be achieved by carrying out the protective action is
not offset by excessive risks to individual safety in the process of taking the
protective action. The projected dose does not include the dose that has
unavoidably occurred prior to the assessment.

Every 3 months, with an interval not exceeding 4 months.

The eastern building in the RPF complex.

The buildings situated at Lot 15 of Discovery Ridge Research Park in Columbia,

Missouri, and include the RPF, NWMI Administration Building, Waste Staging

and Shipping Building, and Diesel Generator Building.

The team of individuals who will perform radiation dose rate, contamination, and
environmental surveys to assess the radiological conditions existing within the
site boundaries at the RPF complex.

Those actions taken after an emergency to restore the facility to a safe status. |

Every 6 months, with an interval not exceeding 7.5 months.

"The site boundary is that boundary, not necessarily having restrictive barriers,

surrounding the operations boundary wherein the RPF Operations Manager may
directly initiate emergency activities. The area within the site boundary may be
frequented by people unacquainted with RPF operations. The site boundary
consists of Lot 15 of Discovery Ridge Research Park.
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A3.0 ORGANIZATION AND RESPONSIBILITIES

A3.1 AUTHORITIES AND RESPONSIBILITIES OF GOVERNMENTAL AGENCIES

This section describes the authorities, responsibilities, and support functions of federal, state, county, and
local governmental agencies in an emergency situation. The information presented here pertains to any
class of emergency.

Specific responsibilities and emergency response actions of these agencies are described in Section A7.0.

Written support agreements have been obtained from the City of Columbia Police and Fire Departments,
Boone Hospital, and University Hospital to ensure a clear understanding of the emergency support
responsibilities of key support organizations.

A3.1.1 Federal Agencies

U.S. Nuclear Regulatory Commission

Title 10, Code of Federal Regulations, Part 20.2202, “Notification of Incidents,” and the RPF Technical
Specifications, as amended, outline requirements for the reporting of emergencies to the NRC.
Notification procedures (e.g., telephone, electronic messaging, written reports, etc.) will be implemented
as required in these documents. The NRC will assess the situation and determine if any further response
is required of the agency.

A3.1.2 State Agencies

Missouri Office of Emergency Coordination

Notification procedures (e.g., telephone, electronic messaging, written reports, etc.) will be implemented
as required by the Missouri Office of Emergency Coordination rules.

A3.1.3 County Agencies

Boone County Office of Emergency Management

The Boone County Office of Emergency Management will assist by providing emergency support mainly
in the form of transportation, communications, and equipment, when such assistance is sought by local
emergency support agencies. Notification of incidents will be conducted by City of Columbia Fire or
Police personnel or by the Boone County Sheriff's Department.

Boone County Sheriff's Department

The Boone County Sheriff's Department will assist in law enforcement activities as requested by the City
of Columbia Police Department. Notification of incidents to the Sheriff's Department will be initiated by
the Columbia Police Department, as deemed necessary.
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A3.14 Local Agencies

Boone Hospital Ambulance Service

The Boone Hospital Ambulance Service operates a local ambulance service and will provide
transportation for injured and/or contaminated personnel to the University Hospital in Columbia. The
decision as to the need to transport injured and/or contaminated personnel to a hospital will be made by
attending medical personnel with advice from the RPF Radiation Safety Officer (RSO).

City of Columbia Fire Department

The Columbia Fire Department will provide assistance during emergencies involving actual or potential
fire, explosions, or injuries.

City of Columbia Office of Emergency Management

The Office of Emergency Management for the City of Columbia will assist by providing emergency
support mainly in the form of transportation, communications, and equipment, when such assistance is
sought by local emergency support agencies. Notification of incidents will be conducted by the City of
Columbia Fire or Police personnel or by the Boone County Sheriff’s Department.

City of Columbia Police Department

The responsibilities of the Columbia Police Department during an emergency are to:

* Respond in any emergency arising from a bomb threat or a threatened or actual breach in physical
security. The standard operating procedure (SOP) detailed in the NWMI RPF Physical Security
Plan will be followed in these situations. This SOP contains safeguards information, exempt
from public disclosure, and is therefore not included in this plan.

*  Monitor and maintain the security of the RPF complex after any emergency evacuation.
*  Assist in crowd control around the RPF complex at all times.

* Make announcements to assembled personnel over the loudspeaker systems installed on police
vehicles.

* Coordinate with other law enforcement agencies.

University of Missouri Health System Ambulance Service

The MU Health System Ambulance Service operates a local ambulance service and will provide
transportation for injured and/or contaminated personnel to the University Hospital in Columbia. The
decision as to the need to transport injured and/or contaminated personnel to the University Hospital will
be made by attending medical personnel with advice from the RPF RSO.

A3.2 AUTHORITIES AND RESPONSIBILITIES OF NONGOVERNMENTAL AGENCIES

This section describes the authorities, responsibilities, and support functions of nongovernmental
agencies.
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American Nuclear Insurers

American Nuclear Insurers is the insurer of the RPF facility and will be notified of any emergency of
Class I or greater. The insurer may, at its discretion, send a representative to advise and deal with any
legal or liability matters.

University Hospital, Columbia

Arrangements have been made for injured personnel who may also be contaminated to be received and
treated at the University Hospital in Columbia, Missouri.

Boone Hospital, Columbia

Arrangements have been made for injured personnel who may also be contaminated to be received and
treated at the Boone Hospital in Columbia.

A33 FACILITY EMERGENCY ORGANIZATION

A33.1 Normal Facility Organization

The organizational chart for the ongoing administration and operation of the RPF is provided in
Figure A-1. This chart will aid in understanding the emergency assignments of these personnel, which
are described in Section A3.3.2.
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A3.3.2  Authorities and Responsibilities of Facility Emergency Personnel

Emergency Director

In the event of an emergency, the RPF Plant Manager will be the Emergency Director. The line of
succession and responsibilities of the Emergency Director are as follows.

Line of Succession

Chief Operating Operations
Officer Manager

Plant Manager

Responsibilities
* Direct emergency operation and ensure proper implementation of the emergency response plan
* Ensure that any necessary NRC notifications are made

*  Authorize emergency workers to incur radiation exposures in excess of normal occupational
limits, with the concurrence of the RSO, if available. This function cannot be delegated.

e Terminate an emergency and initiate recovery operations based on advice from the Emergency
Coordinator

* Notify and coordinate with NWMI leadership
*  Work and coordinate with the Public Information Officer with respect to the public and media

* Assess conditions in the RPF after termination of the emergency to determine the proper course
of further recovery actions

*  Authorize reentry into the RPF (or portion thereof) that required evacuation during the emergency

* Establish and coordinate recovery/reentry efforts with the assistance of the Hot Cell Supervisor,
the RSO, and the Vice President of NWMI

* Evaluate the causes of the emergency and recommend corrective actions before returning the
facility to a normal operating status

Emergency Coordinator

In the event of an emergency, the RPF Operations Manager will be the Emergency Coordinator. The line
of succession and responsibilities of the Emergency Coordinator are as follows:

Line of Succession

Operations Radiation

Manager

SH&L Manager Protection
Manager

Responsibilities
* Declare and classify the emergency

* Fulfill any necessary requirements for notifying the NRC and keep the Emergency Director
advised of all such notifications
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e Take charge of the Emergency Support Center (ESC) and emergency control measures, and keep
the Emergency Director informed regarding the emergency situation

* Ensure proper evacuation of the RPF (or portion thereof) that requires evacuation during the
emergency

e Determine the course of further action with the assistance of the Emergency Director, Hot Cell
Supervisor, RSO, and NWMI leadership

*  Authorize reentry into the RPF (or portion thereof) that required evacuation during the emergency
* Coordinate emergency response actions with the off-site emergency support services

* Advise the Emergency Director on the possibility of terminating the emergency and initiating
recovery operations

* Ensure the implementation of an emergency preparedness program for facility equipment and
personnel

* Ensure up-to-date status of emergency plans and procedures

* Coordinate emergency plans with other affected support organizations and obtain written
agreements confirming assistance from such organizations

Radiation Safety Officer

In the event of an emergency, the RSO will be responsible for the radiological health physics aspects of
the emergency. The line of succession and responsibilities of the RSO are as follows:

Line of Succession

Radiation

Protection SH&L Manager : Shift Supervisor |
Manager

Responsibilities
* Direct and oversee all actions of the Radiological Assessment Team
* Evaluate personnel doses received during the incident
* Assess subsequent potential doses and recommend protective actions, as appropriate
* Supervise the establishment of a release process for persons leaving the assembly point

* For fire emergencies, meet Fire Department personnel on their arrival onsite and coordinate their
response in support of the emergency actions underway

¢ Assist the Emergency Director and help determine the course of further action
Radiological Assessment Team
Personnel

The Radiological Assessment Team will include RPF personnel who have been trained in radiological
assessment techniques and do not have an assigned responsibility already specified in this section. This
may include the following personnel as available during an emergency.
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* Radiation Protection Manager (RSO)
*  Health Physicist(s)

*  Shift Supervisors

* Hot Cell Operator(s)

* Hot Cell Supervisor

* Process Technician(s)

Responsibilities
* Bring extra portable survey instruments to the assembly point during any evacuation

* Survey personnel at the assembly point after any evacuation, beginning with the emergency
organization personnel

* Perform radiological assessment action as directed by the RSO

Public Information Officer

In the event of an emergency, NWMI leadership will be responsible for communicating with the media
and public. The line of succession and responsibilities of the Public Information Officer (PIO) are as
follows:

Line of Succession

1
Chief Executive | Chief Operating

Officer Officer Plant Manager

Responsibilities

* Coordinate all public relations aspects of the emergency, interfacing with the public, press,
television, and other media

e Coordinate with the Emergency Director to obtain current and accurate information regarding the
emergency situation and recovery operations

Historian

The RPF Administration Building Receptionist will be the Historian for the emergency.

Line of Succession

Plant Manager | Administrative SH&L Manager
Administrative , Building Administrative

Assistant ’ Receptionist | Assistant

Responsibilities

* Log the sequence of events, with the time, as the events take place in the ESC. Log as much
pertinent information as possible. Use the available recorder as needed.
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A3.3.3 Interfaces Between the Facility Emergency Organization, Off-Site Local Support
Organizations, and State and Federal Agencies

A diagram showing the interfaces between the facility emergency organization, off-site local support
organizations, and state and federal agencies is provided in Figure A-2.

Facility Local (City) County State Federal
American Nuclear
' Insurers
" Media: Press
Emergency Media: Press 5
Director ' Radio Television
Radio
University of
Missouri
System
Missouri
Governor’s Office
Nuclear Regulatory
Commission
Federal Emergency
gmergen S :oyr Management
Agency (FRMAP)
Boone County NWM112-001_r01
Emergency
Management
Columbia | BooneCounty _ Missouri State
Police Dept. Sheriff’s Dept. Police
Historian
Radiological Missouri
— A sment - Radiation Control
Team Program ‘
Columbia Fire
RSO and Ambulance
Service
Selected
Hospital

Figure A-2. Interfaces Between the Facility Emergency Organization,
Offsite Local Support Organizations, and State and Federal Agencies
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A4.0 EMERGENCY CLASSIFICATION SYSTEM

The purpose of this emergency classification system is to provide for improved communications between
facility personnel, local off-site emergency support personnel, and state and federal organizations. The
emergency classes addressed for the RPF are based on accidents associated with routine operations (many
of which are very remotely possible), and on other lesser emergency situations but that otherwise divert
resources and attention.

The emergency action levels (EAL) for each of the three classes of emergencies addressed for the NWMI
RPF are intended to provide specific trigger points for the activation of the emergency organization, or
applicable portions thereof, and the initiation of protective actions appropriate for the emergency event.
The action levels listed below are not all inclusive. Situations or occurrences not listed under a specific
emergency class, but having similar postulated consequences as those in one of the three classes of
emergencies, will also be used to trigger emergency response actions applicable to that particular class of
emergency. Identification of such occurrences is left to the judgment of the RPF staff on duty.

A4.1 PERSONNEL AND OPERATIONAL EMERGENCY

Personnel and Operational Emergencies are events less severe than higher category emergencies, which
still require a response by at least part of the emergency organization. There usually will be no effect on
the RPF, and action to alter RPF status is not normally required.

The following EALs will be used to initiate emergency measures associated with this emergency class:
* A major personnel injury such as a severe cut, wound, or burn
* A person experiencing a heart attack, stroke, or other severe physical ailment of rapid onset

* Any person receiving an estimated radiation dose equivalent greater than any occupational dose
limit from sources external to the body, including doses caused by skin contamination

* Any person becoming internally contaminated with radioactive material sufficient to give a dose
equivalent in excess of any applicable occupational dose limit

e Radiation levels in the RPF sufficient to trip the alarm on any single area radiation monitor, when
such levels are from unknown sources, or sources known to represent a potential emergency
situation

e Airborne radioactivity levels in the RPF sufficient to alarm a continuous air monitor or the stack
monitor, when such levels are from unknown sources or sources known to represent a potential
emergency situation

* An event that causes significant damage to the RPF complex

A4.2 NOTICE OF UNUSUAL EVENTS

Notification of Unusual Events may be initiated by either man-made events or natural phenomena that
can be recognized as creating a hazard potential that was previously nonexistent. There is usually time
available to take precautionary and corrective steps to prevent the escalation of the accident or to mitigate
the consequences if the accident occurs.

In a notification of unusual events (NOUE) emergency, one or more elements of the emergency
organization are likely to be activated or notified to increase the state of readiness, as warranted by the
circumstances. Although the situation may not have caused damage to the RPF, the event may warrant an
immediate shutdown of the RPF or interruption of nonessential routine functions.
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The following EALs will be used to initiate emergency measures associated with this emergency class:

e Receipt of information threatening, or confirming, a breach in physical security (e.g., bomb threat
or signs of a hostile crowd assembling outside the building)

* Receipt of information that a severe natural phenomenon such as a flood, volcano, tornado, or
earthquake, is likely to affect the Columbia area

*  An explosion or a fire in the RPF complex lasting more than 15 minutes
* Actual or projected radiological effluents with concentrations resulting in an unrestricted area
total effective dose equivalent (TEDE) of 15 millirem (mrem) accumulated in 24 hours (hr)

Note: The stack monitor will have alarmed, shut off the ventilation system, and closed the isolation
dampers long before this concentration level is reached. However, the stack monitor will continue to
function and will be used to project radiological effluent releases and detect radiation levels in the
unrestricted area. Direct measurements with portable survey meters will also be used to evaluate
radiation levels in the unrestricted area.

A4.3 ALERT

Events leading to an Alert would be sufficient to require response by the emergency organization.
Modification of the RPF operating status is a probable corrective action. Protective evacuations or
isolation of certain areas within the operations boundary could be necessary.

The following EALSs will be used to initiate emergency measures associated with this emergency class:

*  Actual or projected whole body radiation levels at the site boundary of 20 mrem/hr for 1 hr, or a
100 mrem thyroid dose (committed dose equivalent [CDE]).

*  Actual or projected radiological effluents with concentrations resulting in an unrestricted area
TEDE of 75 mrem accumulated in 24 hr.

Note: Determination of airborne effluent concentrations will follow the same process as described for an
NOUE. Unrestricted area radiation levels will be determined by direct radiation measurements with
portable survey meters.

A4.4 SITE AREA EMERGENCY

Events leading to a Site Area Emergency would be sufficient to require response by the emergency
organization. Modification of the RPF operating status is a probable corrective action. Protective
evacuations or isolation of certain areas within the operations boundary could be necessary.

The following EALSs will be used to initiate emergency measures associated with this emergency class:

* Actual or projected whole body radiation levels at the site boundary of 100 mrem/hr for 1 hr, or a
500 mrem thyroid dose (CDE)

e Actual or projected radiological effluents with concentrations resulting in an unrestricted area
TEDE of 375 mrem accumulated in 24 hr

e Actual criticality event

Note: Determination of airborne effluent concentrations will follow the same process as described for an
NOUE. Unrestricted area radiation levels will be determined by direct radiation measurements with
portable survey meters.
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A4.5 GENERAL EMERGENCY

Events leading to a General Emergency would be sufficient to require response by the emergency
organization. Modification of the RPF status is a probable corrective action. Protective evacuations or
isolation of certain areas within the operations boundary could be necessary.

The following EALSs will be used to initiate emergency measures associated with this emergency class:

* Actual or projected whole body radiation levels at the site boundary of 500 mrem/hr.

* Actual or projected radiological effluents with concentrations resulting in an unrestricted area
TEDE of 1 rem or 5 rem thyroid dose (CDE).

Note: Determination of airborne effluent concentrations will follow the same process as described for an
NOUE. Unrestricted area radiation levels will be determined by direct radiation measurements with
portable survey meters.




NWMI-2013-021, Rev. 0
Chapter 12, Conduct of Operations

A5.0 EMERGENCY ACTION LEVELS

The EALSs for each RPF emergency class are included under the appropriate class in Table A-1 of this
section. The action levels specified in Table A-1 are EALSs for activating the emergency organization and
initiating protective actions appropriate for the emergency event.

Table A-1. Emergency Classes and Action Levels (2 pages)

Emergency class Emergency action levels

Personnel and
Operational Events

Notice of Unusual
Events

A major personnel injury, such as a severe cut, wound, or burn

A person experiencing a heart attack, stroke, or other severe physical ailment of rapid
onset

Any person receiving an estimated radiation dose equivalent greater than any
occupational dose limit from sources external to the body, including doses caused by
skin contamination

Any person becoming internally contaminated with radioactive material sufficient to
give a dose equivalent in excess of any applicable occupational dose limit

Radiation levels in the RPF sufficient to trip the alarm on any single area radiation
monitor, when such levels are from unknown sources, or sources known to represent a
potential emergency situation

Airborne radioactivity levels in the RPF sufficient to alarm the continuous air monitor
or the stack monitor, when such levels are from unknown sources or sources known to
represent a potential emergency situation

An event that causes significant damage to the RPF complex

Receipt of information threatening, or confirming a breach in physical security

(e.g.. bomb threat or signs of a hostile crowd assembling outside the building)

Receipt of information that a severe natural phenomenon such as a flood, volcano,
tornado, or earthquake, is likely to affect the Columbia area

An explosion in the operations boundary or a fire in the RPF complex lasting more than
15 minutes

Actual or projected radiological effluents with concentrations resulting in an
unrestricted area TEDE of 15 mrem accumulated in 24 hr

Note: The stack monitor will have alarmed, shut off the ventilation system, and closed the
isolation dampers long before this concentration level is reached. However, the stack
monitor will continue to function and would be used to project radiological effluent releases
and direct radiation levels in the unrestricted area. Direct measurements with portable
survey meters would also be used to evaluate radiation levels in the unrestricted area.
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Table A-1. Emergency Classes and Action Levels (2 pages)

Emergency class Emergency action levels

Alert e Actual or projected whole body radiation levels at the site boundary of 20 mrem/hr for
1 hr, or a 100 mrem thyroid dose
e Actual or projected radiological effluents with concentrations resulting in an
unrestricted area TEDE of 75 mrem accumulated in 24 hr
Note: Determination of airborne effluent concentrations will follow the same process as
described for an NOUE. Unrestricted area radiation levels will be determined by direct
radiation measurements with portable survey meters.

Site Area * Actual or projected whole body radiation levels at the site boundary of 100 mrem/hr for
Emergency 1 hr, or a 500 mrem thyroid dose (CDE)
* Actual or projected radiological effluents with concentrations resulting in an
unrestricted area TEDE of 375 mrem accumulated in 24 hr
¢ Actual criticality event
Note: Determination of airborne effluent concentrations will follow the same process as
described for an NOUE. Unrestricted area radiation levels will be determined by direct
radiation measurements with portable survey meters.

General Emergency ¢ Actual or projected whole body radiation levels at the site boundary of 100 mrem/hr for
1 hr, or a 500 mrem thyroid dose (CDE)
» Actual or projected radiological effluents with concentrations resulting in an
unrestricted area TEDE of 375 mrem accumulated in 24 hr
Note: Determination of airborne effluent concentrations will follow the same process as
described for a NOUE. Unrestricted area radiation levels will be determined by direct
radiation measurements with portable survey meters.

CDE
NOUE

committed dose equivalent. TEDE = total effective dose equivalent.
notification of unusual event.
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A6.0 EMERGENCY PLANNING ZONE

The emergency planning zone (EPZ) for the RPF used for all classes of emergencies covered in this
Emergency Response Plan is the area within the operations boundary. The operations boundary is
indicated in Figure A-3.

The area within the operations boundary (the EPZ) is large enough to support emergency actions, if
needed. The predetermined protective actions for the EPZ for each class of emergency are described in
Section A7.0.

A-17



NWMI-2013-021, Rev. 0
Chapter 12, Conduct of Operations

i

Location Map

[::3 Rough Estimate of Operations Boundary and Emergency Planning Zone
D Site Boundary, Area Directly Under the NRC Facility Operating License, Controlled Arca
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Figure A-3. Radioisotope Production Facility Complex in the Columbia Area
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A7.0 EMERGENCY RESPONSE

A7.1 PERSONNEL AND OPERATIONAL EVENTS

A7.1.1  Activation of Emergency Organization for Personnel and Operational Events

1.

The individual who initially confirms an emergency situation will immediately contact the
Emergency Coordinator and briefly describe the emergency.

The Emergency Coordinator will then mobilize that part of the facility organization appropriate for
the emergency.

The 24-hr per day emergency call list for emergency response personnel is posted throughout the RPF
complex, including the ESC (RPF Control Room).

Required off-site support agencies will then be mobilized (normally by telephone) by the Emergency
Coordinator. Agencies that may be notified for this class of emergency include:

*  Columbia Fire Department

¢ University Hospital

* Boone Hospital

*  University of Missouri System

The NRC will be notified of this class of emergency by the Emergency Coordinator when required by
applicable licenses and regulations.

A7.1.2  Assessment Actions for Personnel and Operational Events

1.

Personnel injury or ailment — The nature and extent of any personnel injuries or physical ailment will
be assessed by an RPF person trained in first aid and by other responding medical personnel.

Personnel radiation exposure (in excess of applicable limits)

* Initial assessment of personnel radiation dose will be made by the RSO based on:
- Any direct reading dosimeters worn
- Measured dose rate and exposure time, or estimates of both
— Calculation from available known data such as source strength, distance, etc.

* As soon as possible, other dosimeters will be collected and returned to the supplier of the
dosimetry service for emergency processing.

Personnel contamination with radioactive materials — Personnel contamination on external surfaces
and/or ingestion of radioactive materials will be assessed by:

* Direct radiation surveys with appropriate instruments
* Smears and swabs of affected areas
* Applicable bioassay techniques available at the RPF (e.g., urinalysis)

Area radiation monitor alarm

* Radiation dose rates in the RPF initially will be assessed by the area radiation monitors. Several
area radiation monitors are located in various positions throughout the RPF. These monitors have
detection ranges for exposure rates between 0.1 milliroentgen (mR)/hr and 10,000 mR/hr. Alarm
setpoints for these area radiation monitors are checked daily and are typically set between
20 mR/hr and 1,000 mR/hr. The area radiation monitors may be read locally or in the RPF
Control Room.
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Portable dose rate monitoring instruments will be used by the Radiological Assessment Team to
further assess and characterize the radiation field. Instruments are available that cover a wide
range of dose rates, radiation types, and energies.

Continuous air monitor or stack monitor alarm

Airborne radioactivity in the hot cell hall initially will be assessed by the installed air monitors.
A continuous air monitor analyzes the air for particulate radioactivity. The lower limit of
detection is approximately [TBD] for [TBD]. The alarm setpoint for the particulate channel is
typically set at a small percentage of the applicable derived air concentration (DAC) for
radionuclides normally expected.

In addition to the hot cell hall, the ventilation air in the hot cell is monitored as it exhausts
through the main RPF stack. The lower limit of detection is approximately [TBD] for [TBD].
The stack monitor alarm setpoints are also typically set at a small percentage of the applicable
DAC for radionuclides normally expected.

Both high- and low-volume portable air samplers are also available to take grab samples to
further monitor any particulate or halogen airborne radioactivity, if necessary.

Uncontrolled surface contamination

If background radiation levels permit, direct surface contamination levels will be monitored using
a portable thin window Geiger-Mueller detector. The lower limit of detection for this type of
survey is consistently well below the EAL for contamination.

Gross smear surveys using smear pads and thin window pancake Geiger-Mueller detectors will
also be used to determine the extent of the surface contamination, especially in the presence of
higher background levels. The lower limit of detection for this survey technique is also
consistently well below the EAL specified.

Analytical smear surveys will be taken using filter papers smeared over a known area and
counted on appropriate instrumentation.

RPF complex — An assessment will be made by the Emergency Coordinator to determine if an event
occurs that causes significant damage to the RPF complex.

Corrective Actions for Personnel and Operational Events

Personnel injury or ailment

First aid by qualified individual
Transfer to appropriate medical treatment facility

Personnel exposure — Corrective actions for personnel exposure depend on the specific situation, but
may include:

Shutting off equipment
Moving or shielding sources
Moving the individual out of the radiation field
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Personnel contamination or uncontrolled surface contamination — Corrective actions will normally
include initiating spill and contamination control procedures, along with decontamination procedures.
Emergency procedures for laboratories and areas where radioactive materials are used are posted in
numerous locations at the RPF. These procedures describe the correct actions for both minor and
major spills, including:

* Notifying other persons in the area that a spill or contamination has occurred
* Preventing the spread of radioactive material

* Shielding any large sources

* Closing and locking the doors to the area

* Calling for assistance

* Decontaminating personnel and the affected area

Area radiation monitor alarms

e The cause of the alarm will be determined, and if identified as indicating no potential problem,
the device will be reset.

» If the alarm is for an unknown reason or a cause known to present an emergency situation, the
Operations Manager will be notified.

Continuous air monitor or stack monitor alarm

*  The cause of the alarm will be determined, and if identified as indicating no potential problem,
the device will be reset.

s If the alarm is for an unknown reason or a cause known to present an emergency situation, the
Operations Manager will be notified.

* Aspart of a stack monitor alarm, the RPF ventilation system will be shut down automatically,
resulting in the fans being turned off and the hot cell isolation dampers being closed. If the
ventilation system does not shut down automatically, the system will be shut down manually.

RPF complex — Corrective actions will be initiated by RPF staff with the objective of minimizing
damage to the RPF complex.

A7.1.4 Protective Actions for Personnel and Operational Events

1.

Protective actions at this level of emergency are often not distinguishable from corrective actions.
Evacuating the RPF for this class of emergency is not typically necessary; however, keeping
nonessential personnel away from any problem area may be desirable.

Protective actions that may be applicable to this class of emergency include:
¢ Performing first aid
* Moving personnel away from high radiation fields

* Dressing contaminated personnel in protective clothing prior to movement to contain the
contamination

* Moving personnel away from contaminated areas

* Establishing restricted areas
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A7.2 NOTIFICATION OF UNUSUAL EVENTS

A7.2.1  Activation of Emergency Organization for Notification of Unusual Events

1. The individual who initially confirms an emergency situation will immediately contact the
Emergency Coordinator and briefly describe the emergency.

2. The Emergency Coordinator will then mobilize that part of the facility emergency organization
appropriate for the emergency.

3. The 24-hr per day emergency call list for emergency response personnel is posted throughout the RPF
complex, including the ESC (RPF Control Room).

4. Required off-site support agencies will then be mobilized (normally by telephone) by the Emergency
Coordinator. Some of the off-site support agencies will receive automatic alarms for certain
emergencies in this class.

5. The NRC and American Nuclear Insurers will be notified by the Emergency Coordinator. A system
will be used to ensure that these off-site agencies have received the initial message and that they can
verify its authenticity.

6. Contents of initial and follow-up emergency messages to the NRC will include the following, to the
extent known and applicable:

* Name, title, and telephone number of caller, location of emergency, and license or docket number
* Description of emergency event and emergency class

* Date and time of emergency initiation

* Type and quantity of radionuclides released or expected to be released

* Instructions to implement the callback verification procedure

A7.2.2 Assessment Actions for Notice of Unusual Events

Physical Security Threats or Breaches, Severe Natural Phenomena, and Explosions or Fires

The assessment actions for physical security threats or breaches in physical security, severe natural
phenomena, explosions, and fires will consist of gathering data by direct visual observation or from
personnel involved in the situation. This data will then be evaluated in an expedient and timely manner
by the Emergency Director, Emergency Coordinator, and RSO.

Elevated Radiological Effluent Discharge to the Unrestricted Area

* Airborne radioactivity initially will be assessed by the installed air monitors. [system description
TBD].

* In addition, ventilation air in the RPF is sampled as it exhausts through the stack. [system
description TBD]

*  Both high- and low-volume portable air samplers are available for sampling in the unrestricted
area. The sampling would likely be performed by the Radiological Assessment Team.

A7.2.3 Corrective Actions for Notification of Unusual Events

1. Physical security threats or breaches

*  Hot cell operations will be secured.
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* In all emergencies involving physical security, the next corrective action is to contact the
Columbia Police Department, who will respond to the RPF complex. Further law enforcement
support will be coordinated by Columbia Police Department. Procedures for these actions are
included in the NWMI Physical Security Plan, which includes safeguards information, exempted
from public disclosure, and thus not reproduced here.

Severe natural phenomena — On receipt of information that a severe natural phenomenon is likely to
affect the Columbia area, the Emergency Director, Emergency Coordinator, RSO, and NWMI Vice
President, if available, will immediately convene to determine an appropriate course of action.
Actions that may be considered include:

*  Hot cell operations will be secured.
¢ Evacuation of the RPF.

Explosions or fires

* Hot cell operations will be secured.

* Personnel initially discovering an explosion or fire will use individual judgment regarding the use
of a fire extinguisher.

» If the fire alarm has not been activated automatically, the alarm will be activated manually. Fire
alarm boxes and fire extinguishers are located throughout the facility.

o Doors not already closed should be shut to help prevent the spread of any fire or the spread of any
radioactive contamination that may arise as a result of an explosion or fire.

Elevated radiological effluent discharge to the unrestricted area

* Hot cell operations will be secured.

» If the ventilation system has not shut down automatically, the system will be turned off manually
so that the fans will be off and the isolating dampers closed in accordance with procedures.

A7.2.4 Protective Actions for Notification of Unusual Events

For most NOUE, the main protective action will be to evacuate the RPF.

Due to the nature of most NOUE emergencies, an evacuation may be initiated by any member of the
staff.

There are three methods to evacuate the RPF:

¢ Fire alarm system
* Automated public address system evacuation announcement
*  Public address system for the entire RPF complex

Evacuation procedures are posted throughout the RPF complex. All personnel in areas where any
evacuation alarm sounds will immediately evacuate the building by the shortest reasonable route.
Personnel will reassemble outside the main entrance to the RPF Administrative Building (the west
side of the building) unless ordered to another assembly point as part of the evacuation.

During any evacuation of the RPF, the intrusion alarm system will be activated by RPF staff.

In the assembly area, personnel who suspect that they are contaminated will assemble separately from
other personnel.

Other appropriate protective actions may be communicated to individuals within the operations
boundary by means of the public address system for the RPF complex.
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A battery-operated public address device (bullhorn) is available in the emergency equipment locker to
communicate protective actions and other information to personnel at the assembly area.

Personnel accountability within the operations boundary and/or the RPF complex is accomplished by
two methods:

* All personnel entering the RPF are required to check with the RPF Administrative Building
receptionist on entry and exit so that the identity and number of people in the RPF are known at
all times.

* During an evacnation, RPF staff members have pre-assigned areas of the RPF complex to check
on their way out of the building to ensure that everyone has evacuated.

Personnel evacuated from the RPF complex will remain in the assembly area until all the necessary
information has been obtained, needed dosimeters have been collected for evaluation of doses, and
personnel surveys have been completed. Nonessential personnel will then be released.

A73 ALERT, SITE AREA EMERGENCY, AND GENERAL EMERGENCY

A73.1  Activation of Emergency Organization for Alert, Site Area Emergency, and General

Emergency

The individual who initially confirms an emergency situation will immediately contact the
Emergency Coordinator and briefly describe the emergency.

The Emergency Coordinator will then mobilize that part of the facility emergency organization
appropriate for the emergency.

The 24-hr per day emergency call list for emergency response personnel is posted thronghout the RPF
complex, including the Emergency Support Center (RPF Control Room).

Required off-site support agencies will then be mobilized (normally by telephone) by the Emergency
Coordinator.

The NRC and American Nuclear Insurers will be notified by the Emergency Coordinator. A system
will be used to ensure that these off-site agencies have received the initial message and that they can
verify its authenticity.

Contents of initial and follow-up emergency messages to the NRC will include the following, to the
extent known and applicable:

* Name, title, and telephone number of caller, location of emergency, and license or docket number
¢ Description of emergency event and emergency class

* Date and time of emergency initiation

* Type and quantity of radionuclides released or expected to be released

¢ Instructions to implement the callback verification procedure

A73.2  Assessment Actions for Alert, Site Area Emergency, and General Emergency

1.

High radiation levels at the site boundary

* Radiation dose rates in the RPF initially will be assessed by the area radiation monitors. Several
area radiation monitors are located in various positions throughout the RPF. These monitors have
detection ranges for exposure rates between 0.1 mR/hr and 10,000 mR/hr. Alarm setpoints for
these area radiation monitors are checked daily and are typically set between 20 mR/hr and
1,000 mR/hr. All of the area radiation monitors may be read locally or in the RPF control room.
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* Portable dose rate instruments will be used by the Radiological Assessment Team to further
assess and characterize the radiation field at the site boundary. Instruments are available that
cover a wide range of dose rates, radiation types, and energies.

2. Elevated radiological effluent discharge to the unrestricted area

e Airborne radioactivity in the hot cell hall initially will be assessed by the installed air monitors.
A continuous air monitor analyzes the air for particulate radioactivity. The lower limit of
detection is approximately [TBD] for [TBD]. The alarm setpoint for the particulate channel is
typically set at a small percentage of the applicable DAC for radionuclides normally expected.

* In addition to the hot cell hall, the ventilation air in the hot cell is monitored as it exhausts
through the main RPF stack._ The lower limit of detection is approximately [TBD] for [TBD].
The stack monitor alarm setpoints are also typically set at a small percentage of the applicable
DAC for radionuclides normally expected.

* Both high- and low-volume portable air samplers are available for sampling in the unrestricted
area. The sampling would likely be performed by the Radiological Assessment Team.

A7.33 Corrective Actions for Alert, Site Area Emergency, and General Emergency

1. High radiation levels at the site boundary

¢ Operations in the RPF will be shut down and secured.
¢ The source of high radiation levels will be sought and shielded.

¢ Personnel will be sent to the site boundary, out of the radiation field, to minimize access to the
general area.

2. Elevated radiological effluent discharge to the unrestricted area

*  QOperations in the RPF will be shut down and secured.

¢ If the ventilation system has not shut down automatically, the system will be turned off manually
so that the fans will be off and the isolating damper closed.

A7.3.4 Protective Actions for Alert, Site Area Emergency, and General Emergency

Protective actions for this class of emergency will be in accordance with Section A7.2.4.

A7.4 EMERGENCY EXPOSURE LEVELS

A74.1 Lifesaving Activities

For lifesaving situations, a TEDE of up to 25 rem is permissible without authorization, due to the implied
urgency of the situation.

A7.4.2 Corrective Actions

For non-lifesaving corrective actions, the maximum TEDE that will be authorized is 10 rem.
Authorization for this limit should be obtained from the Emergency Director with the concurrence of the
RSO, if available.

A7.4.3 Other Emergency Actions

Emergency personnel who will be providing routine first aid, decontamination, or medical treatment
services to injured persons will be subject to the normally applicable occupational dose limits.
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A7.5 ACCESS CONTROL AND RESTRICTED AREAS

L.

Following the assessment of radiation and contamination conditions in and around the RPF complex,
to minimize exposures to radiation and the spread of radioactive contamination, the RSO will post
appropriate warning signs and restrict access to areas where permissible contamination or radiation
limits are exceeded.

No area will be returned to normal use until radiation and contamination levels have been reduced to
the approximate background levels existing in the area prior to the incident. Such levels will be
determined by conventional radiation surveys. In applicable situations, levels will be equal to or
below the limits specified in current regulatory guidance for unrestricted use and access.

A7.6 PERSONNEL DOSIMETRY

1.

Determination of the on-site radiation doses to personnel during an emergency will be made using
Existing dosimeters regularly supplied to personnel.

Members of the RPF staff routinely wear, or have available, the following dosimeters:

* Electronic dosimetry (0-2000 mR).

*  XBy film or thermoluminescent dosimeter (TLD) badge

* Neutron-sensitive TLD component or equivalent (e.g., track etch).
* TLD finger rings.

There are a large number of additional pocket ion chambers and electronic dosimeters available for
issue in the event of an emergency. These devices would be used as necessary for assessing
personnel doses.

The issuance, use, and recording of self-reading dosimeter doses during an emergency is under the
direction of the RSO.

A7.7 PROTECTION ACTION GUIDES FOR WHOLE BODY AND THYROID DOSE

EQUIVALENT FOR MEMBERS OF THE GENERAL PUBLIC WITHIN THE
EMERGENCY PLANNING ZONE (THE OPERATIONS BOUNDARY)

Individual members of the general public requiring access within the operations boundary will be required
to be escorted, issued dosimetry, and undergo a short orientation prior to entering. At this point, they will
follow the policies and procedures in the radiation protection program for occupational workers.
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A8.0 EMERGENCY EQUIPMENT AND FACILITIES

A8.1 EMERGENCY SUPPORT CENTER

The primary ESC will be the RPF Control Room. Adjacent offices may be used as necessary. This room
also has the annunciators for the facility fire alarm and some physical security annunciators. The general
evacuation alarms for the entire RPF complex may also be initiated and turned off in this room, and the
exposure rates read that are measured by some of the area radiation monitors outside of the RPF.

The ESC will be the central point for receipt and evaluation of radiological data and the point from which
emergency control directions will be given. The ESC also has microphones for the building public
address (PA) system and an intercom to strategic laboratories and offices in the RPF complex.

A8.2 ASSESSMENT FACILITIES AND EQUIPMENT

A listing of the current locations for emergency equipment cabinets and other emergency equipment
storage areas, plus representative equipment inventories for these storage locations, are given in
Table A-2.

Table A-2. Emergency Equipment and Associated Storage Location

Equipment description Quantity Storage Location '

[TBD]

A8.2.1 Portable and Fixed Radiological Monitors

1. Many portable radiation monitoring instruments are available for use during an emergency. Some of
these monitors are kept in the emergency equipment cabinets and others are routinely used for normal
operations. A representative listing of these instruments includes:

* High-range gamma ion chamber survey meters

* Medium-range beta/gamma ion chamber survey meters
¢ Beta/gamma Geiger-Mueller survey meters

* Neutron survey meters

¢ Alpha survey meters

2. A number of fixed radiological monitors are also available, and as described in Chapter A7.0, these
monitors include:

¢ Continuous air monitors located [TBD].

» A stack monitor for the RPF ventilation discharge stack (particulate and gaseous) located in
Room [TBD].
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* The multi-channel area radiation monitoring system in various locations around the RPF.

3. Criticality accident alarm system [TBD]

A8.2.2 Sampling Equipment

1. There are a number of portable air samplers available for use in an emergency. A representative
listing of this equipment includes:

* Continuous particulate air monitors (on carts)

* High-volume particulate air samplers (alternating current [AC]-operated)
* Medium-volume particulate and halogen air samplers (AC-operated)

*  Medium-volume, battery-operated particulate and halogen air samplers

* Low-volume, battery-operated (lapel) particulate air samplers

2. Supplies are kept in the health physics laboratory for various other forms of sampling, including
water and surface smear sampling. The emergency cabinets also contain a selection of necessary
sampling materials.

A8.2.3  Instrumentation for Specific Radionuclide Identification and Analysis

A wide variety of laboratory analytical instrumentation is available in the RPF. The following systems
are representative of available equipment and are also the most likely to be used in an emergency:

*  Multichannel analyzer with a germanium detector for automated computer analysis of gamma
spectra, located in Room [TBD] of the RPF

* Liquid scintillation counter located in Room [TBD]

*  Gas flow proportional counter located in Room [TBD]

A8.2.4  Personnel Monitoring Equipment

Typical personnel monitoring equipment is described in Section A7.6.
A8.2.5 Nonradiological Monitoring Equipment

Fire detectors

* The RPF complex has fire detection devices in essentially all rooms and corridors. Most of these
devices respond to temperature rate of rise; however, there are also a few smoke detectors.

* If one of the fire sensors detects a fire, an alarm will automatically activate in the building and at
the City of Columbia Emergency Dispatch Center.

°  An annunciator will also be lit in RPF Control Room (also the ESC) to indicate the origin of the
fire alarm. A map in that office indicates the possible radiation hazards, if any, for each area of
the

* The fire suppression system is composed of [TBD].
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A8.3 FIRST AID, DECONTAMINATION, AND MEDICAL FACILITIES

A8.3.1  First Aid Training

One or more members of the emergency organization will have a current Red Cross first aid qualification.
Training, such as the American National Red Cross Standard Multimedia Course (refresher course every
two years) or equivalent, will be provided to selected members of the facility emergency organization.

A8.3.2 Contamination Control and Personnel Decontamination

The RSO will coordinate any necessary personnel.

1. If there are a number of people involved in an emergency where there is a possibility for
contamination, injured personnel will be monitored first.

2. All contaminated personnel will be kept in one area, as far away from other personnel as possible, to
avoid the spread of contamination.

3. Injured personnel will normally be decontaminated and then dispatched to the either Boone Hospital
or University Hospital.

4. Monitoring and decontamination may occur en route or after arrival, depending on the nature of the
injury.

5. After all injured persons are cared for, uninjured personnel will be checked for contamination, and
necessary action taken to remove whatever contamination is detected.

A8.3.3  First Aid, Decontamination Facilities and Equipment

1. Personnel first aid and decontamination kits are available throughout the RPF complex. The locations
and typical contents of these kits are given in Table A-3.

Table A-3. First Aid and Decontamination Kit Contents

[TBD] | |
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2. Showers are available in room [TBD] that can be used for personnel decontamination. The water
from this shower drains to the monitored liquid effluent system.

3. In the event that this shower is not accessible or available, there are personnel decontamination
facilities at University Hospital.
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A8.3.4 Medical Transportation

1.

The attending medical staff will decide where injured persons are taken, based on the:

* Nature and severity of their injuries
¢ Level of radioactive contamination

During transportation, care will be taken to contain any contamination by dressing the person with
protective clothing, covering the individual with blankets or plastic, or other appropriate means.

Personnel with obviously serious injuries, with contamination, will be transported by ambulance
directly to the emergency room of University Hospital. Both the ambulance crews and hospital
emergency room staff have been trained to handle radiological emergencies.

A8.3.5 Medical Treatment

1.

The University Hospital in Columbia has an SOP for dealing with radiological emergencies,
including contaminated patients.

NWMI will maintain a written agreement with the University Hospital that ensures that medical
services are available, and that the staff are prepared to handle radiological emergencies.

A84 COMMUNICATIONS EQUIPMENT

1.

Communications equipment or systems available for use during an emergency are:

* Telephones — The RPF complex has a number of telephones, each with its own independent line.
The ESC telephones can handle four simultaneous calls and includes displays that provide
information about the calls. The telephones will continue to function in the event of a power loss
to the RPF complex.

* PA system — This system serves the RPF complex and is operable from the ESC. This system has
backup emergency power.

* Portable radios
* A separate building intercom system throughout the RPF complex
¢ Cell phones on individuals

The Columbia Police Department also has the capability of radio communications with other local
law enforcement agencies and the ability to use the loudspeaker system on police vehicles as an
external PA system, if necessary.
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A9.0 RECOVERY

Recovery criteria for restoring the facility to a safe status will be dependent on the incident and will
be determined by a task group consisting of:

*  Emergency Director

*  Emergency Coordinator
* RSO

*  Hot Cell Supervisor

* NWMI Vice President

As needed, recovery procedures will be written and approved by the procedure approval process for
each operation prior to initiation. The recovery operations and any needed procedures will include
consideration of the radiation and contamination levels.

After the emergency, a comprehensive written report of the events and subsequent actions will be
prepared by designated RPF staff and filed.
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A10.0 MAINTAINING EMERGENCY PREPAREDNESS

This section describes the elements necessary to maintain an acceptable state of emergency preparedness.
Maintaining the effectiveness of the Emergency Response Plan; includes training, review, and update of
this plan and associated implementing procedures, and maintenance and inventory of equipment and
supplies that would be used in emergencies. '

A10.1 INITIAL TRAINING AND PERIODIC RETRAINING PROGRAM

1. An initial training and periodic retraining program will be conducted to maintain the ability of
emergency response personnel to perform their assigned functions.

2. The personnel involved in the training program will be:

* Facility personnel responsible for decision-making and transmitting emergency information and
instruction

* Facility personnel responsible for accident assessment

¢ Facility radiological monitoring and assessment team members

*  Medical support personnel at Boone and University Hospitals!

*  Columbia Police Department personnell

*  University and Boone Hospital ambulance and emergency department personnell

3. The content of the training program will include the overall Emergency Response Plan and the
implementing procedures relevant to each group of personnel listed above.

A10.2 EMERGENCY DRILLS

1. Annual on-site emergency drills will be conducted as action drills with each required emergency
measure being executed as realistically as is reasonably possible, including the use of appropriate
emergency equipment.

2. Annual action drills will employ the use of written scenarios to more effectively fulfill their function.

Biennially, these drills will contain provisions for coordination with off-site emergency personnel and
will test, as a minimum, the communication links and notification procedures with these off-site
agencies and support organizations.

4. After each drill, there will be a debriefing, during which time observers will present their critiques of
the exercise. These comments will then be evaluated by the facility emergency response personnel.
Any deficiencies identified in the emergency plan, the implementing procedures, or their actual use
during a drill will be corrected within 6 months of the exercise.

A10.3 EMERGENCY PLAN REVIEW AND UPDATE

1. The Emergency Response Plan will be reviewed and updated annually and will include modifications
necessitated by changes in the facility and/or environs. The review committee will consist of the RPF
Director, RPF Operations Manager, RSO, and Hot Cell Supervisor.

! These personnel will receive regular training at fixed intervals, but initial training for all new employees is not
considered feasible.
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Revised or updated copies of the Emergency Response Plan, support agreements, and applicable
implementing procedures will be distributed within 30 days of approval to all affected individuals and
federal, state, county, and local organizations.

Changes to the Emergency Response Plan will be made in accordance with 10 CFR 50.54(q). Three
copies of changes made without NRC approval that do not decrease the effectiveness of the plan, and
proposed changes that may decrease the effectiveness of the plan, will be submitted to the NRC
within 30 days after the changes are made or proposed. In accordance with 10 CFR 50.4(b)(5), a
signed original will be sent to the NRC Document Control Desk in Washington, D.C., and two copies
will be sent to the NRC Project Manager.

A10.4 EQUIPMENT MAINTENANCE AND INVENTORY

The operational readiness of all emergency communications and emergency health physics equipment is
ensured by a routine maintenance program. Part of this maintenance is performed under the existing RPF
surveillance and maintenance program, and the rest is performed as part of the routine health physics
program.

A check of the emergency equipment security seals will be performed quarterly. If this seal is broken, an
inspection and inventory will be immediately performed using the checklist for the given cabinet or room
" as appropriate. If the seal is not broken, the status of the seal will be recorded in the checklist. However,
all emergency equipment will be inventoried and inspected annually regardless of the status of the
security seals.

A10.4.1 Required Maintenance and Minimum Calibration Frequency

AN i e

Communications equipment is repaired as necessary.

All portable survey instruments are repaired as necessary and calibrated annually.

The RPF fixed radiological monitors are repaired as necessary and calibrated annually.
Self-reading dosimeters are calibrated annually.

Air sampler flow rates are calibrated annually.

The automated evacuation announcement system will be tested annually.

A10.4.2 Functional Testing

1.

Most communications equipment is in daily use, essentially undergoing continual functional testing.
The emergency cabinet cassette recorder, cell phones, and two-way radios are functionally tested
annually.

All portable survey instruments at the RPF complex are checked prior to operation, except those in
the emergency cabinets, which are checked at least annually. A number of survey instruments are in
routine use and are functionally checked on a daily basis.

The RPF fixed radiological monitors are in routine use and functionally tested daily during the normal
work week.

A10.43 Equipment Inventory

The equipment in the emergency cabinets at the RPF complex is inventoried on an annual basis.
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Al11.0 REFERENCES

10 CFR 20, “Standards for Protection Against Radiation,” Code of Federal Regulations, Office
of the Federal Register, as amended.

10 CFR 50, “Domestic Licensing of Production and Utilization Facilities,” Code of Federal
Regulations, Office of the Federal Register, as amended.
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QUALITY ASSURANCE POLICY STATEMENT

This Corporate Quality Assurance Program Plan (QAPP) describes the policies and requirements
necessary to meet applicable Federal regulations such as ANSI/ANS 15.8, Quality Assurance Program
Requirements for Research Reactors; Regulatory Guide 2.5, Quality Assurance Program Requirements
for Research and Test Reactors; 10 CFR 70.64(a)(1), Quality Standards and Records; and ISO-9001,
Quality Assurance Requirements. This QAPP applies to all nuclear, quality-related projects and activities
that require conformance to a nuclear quality assurance program, and therefore shall be the standard for
all Northwest Medical Isotopes, LL.C (NWMI) personnel to follow for compliance to those requirements.

NWMI is committed to establishing, implementing, and maintaining a QAPP to ensure that all NWMI
activities and processes are planned, reviewed, controlled, and verified for compliance with applicable
Federal regulations, national standards, and contractual requirements. NWMI is committed to meeting all
of our customer’s quality objectives and exceeding their expectations for the quality of the services and
products we deliver. In addition, NWMI is committed to fostering a culture that provides for a sustained
and continuous quality improvement atmosphere such that our internal processes are continually
examined, challenged, and improved for our benefit and that of our customers.

NWMTI’s primary goal is to provide a domestic, reliable, and securable supply of molybdenum-99 (**Mo)
at competitive prices based on known innovated technologies. To achieve this goal, NWMI will apply a
well-planned, systematic management program for quality performance while continuing our tradition of
personal involvement with our customers. Applying a well-planned, graded approach to NWMI’s
effective quality management system is the key to achieving our environmental, safety, quality, and
compliance goals, and will result in productive, efficient, and cost-effective work performances.

NWMI encourages and empowers our employees and subcontractors to seek innovative and imaginative
ways to solve our customers’ needs and to provide quality products and services throughout the world.
The QAPP promotes continuous improvements in our processes, item and service quality, and effective
methods and procedures to achieve the desired quality. Each NWMI employee is trained to always be

. aware of nonconforming conditions, to report such conditions, and to continually seek ways to improve
the quality of our processes, our products, and the services we provide. One of NWMI’s basic tenets of
quality management is that each employee is responsible and accountable for the quality of his or her
work. Effective implementation of the QAPP by our employees and subcontractors is an essential
element of our approach to meeting these expectations. Verification of quality is also an essential
element of an effective quality management system. As Senior Managers of NWMI, we will ensure that
all project quality verification personnel have sufficient authority, access to work areas, and
organizational freedom to perform their duties as prescribed herein and in implementing procedures.

Nicholas Fowler, NWMI Carolyn Haass, NWMI
President and Chief Executive Officer Chief Operating Officer
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%00 NORTHWEST MEDICAL ISOTOPES

C1.0 INTRODUCTION
Cl.1 SCOPE

This Corporate Quality Assurance Program Plan (QAPP) describes the policies and requirements
necessary to meet applicable Federal regulations and provides a description of the Northwest Medical
Isotopes, LLC (NWMI) quality assurance (QA) program in a controlled document. The QAPP is based
on Title 10, Code of Federal Regulations, Part 50.34 (10 CFR 50.34), “Contents of Applications;
Technical Information,” and associated ANSI/ANS 15.8, Quality Assurance Program Requirements for
Research Reactors, Regulatory Guide 2.5, Quality Assurance Program Requirements for Research and
Test Reactors; 10 CFR 70.64(a)(1), “Quality Standards and Records;” and ISO-9001, Quality Assurance
Requirements. This QAPP applies to all nuclear, quality-related projects and activities that require
conformance to a nuclear quality assurance program, and therefore shall be the standard for all NWMI
personnel to follow for compliance to those requirements.

This QAPP and applicable implementing procedures will apply specifically to the NWMI Radioisotope
Production Facility (RPF). This document meets the intent of the above documents and applicable
NWMI policies and programs. The procedures that implement the requirements in this document are
maintained in the NWMI document control system. The QAPP describes the administrative and
engineered controls for ensuring compliance with applicable requirements. The QAPP applies to the
design, construction, operation, and decommissioning of the RPF.

Cl1.2 APPLICATION

NWMTI’s QAPP has been developed to provide safety and reliability during design, construction, and
operation activities of the RPF (e.g., at a minimum, activities related to accelerator safety, material
processing safety, criticality safety, engineered safety features, and applicable radiation monitoring
systems [limiting conditions for operations provided in Chapter 14.0, “Technical Specifications™]).

NWMI will apply a graded approach to those items and activities that could affect the quality of safety-
related structures, systems and components (SSC) and other components not specifically designated as
safety-related. A quality level matrix is used to ensure that quality requirements are understood and
specified for each SSC. An applicability procedure will be developed during preparation of the Operating
License Application that will address the effective designation and traceability of quality levels.
Applicable activities will be performed in accordance with a graded approach until a determination is
made that the SSC has changed to another quality level. Activities that could affect quality include siting,
designing, purchasing, fabricating, handling, shipping, receiving, storing, cleaning, erecting, installing,
repairing, maintaining, modifying, inspecting, testing, operating, and decommissioning.

NWMI will develop and implement the QAPP for design, construction, and operation of the RPF. The
QAPP will focus on the development of appropriate controls to ensure that the RPF is properly designed
and constructed and equipment fabricated to the design requirements identified in the
NWMI-DRD-2013-030, Design Requirements Document. The majority of these controls will require
documentation that attests to the facility quality to support an operating license. Following facility
construction, the focus of this QAPP shifts to establishing those controls that ensure proper and reliable
facility commissioning and operation. During the shift to operations, the QAPP requirements established
during the design and construction phase will remain in-place, but will change in level of implementation
appropriate to support facility operations. Each aspect of design, construction, and modifications will be
implemented only as necessary. The operating phase will impose additional requirements related to the
conduct of operations.

C-1
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Table C-1, Table C-2, and Table C-3 present compliance of the QAPP with 10 CFR 50.34 and associated
ANSI/ANS 15.8, 10 CFR 70.64(a)(1), and ISO-9001, respectively, and where in the QAPP the

requirement resides.

Table C-1. Quality Assurance Program Plan Compliance
with 10 CFR 50.34 and associated ANSI/ANS 15.8

10 CFR 50.34 and associated QAPP
ANSI/ANS 15.8 requirements*"b reference

1 |Organization | Section C2.1

Focus

* Quality assurance hierarchy
. Organlzatlon respon51b111t1es

N

Sectlon C2 2

" Quiality assuranCe hierarchy E
Orgamzatlon personnel tralmng and
quallﬁcatlon ' -

éection C2.3
Section C2.5
Sectlon C2 9

L4 Procurement document control 5“4 Section C24

5 ;Procedures, instructions, and drawmgs Section C2.5

3 iDesign control (requirements, process,
i verification, document/records,
commercml grade items change control)

[ TR

» Design control
* Instructions, procedures, and drawings
. Control of speclal processes

Procurement document control

h

* Instructions, procedures, and drawmgs

Section C2.9

. Control of special processes

f 6 gLDocument control -

7 | Control of purchased 1tems and services Sectlon C2.7
| (supplier selection, work control, |
verlﬁcatlon 1tem or service acceptance)

bt o

i Identlﬁcatlon and control of 1tems Sectlon C2 8

é : Sectlon C2: 6 ‘,i e Document control -

e ot b S e et i T2 e e b A AR i

+ Control of purchased items and services

Identlﬁcatlon and control of items

Tt 2 S T A R e S R o e s RN i g Akt i g i »,_..i
i

9 ; Control of special processes Section C2.9

. Control of spe01al processes

Inspectlons

Sectlon €2.10 ? « TInspections - : o |

|

’ Sectlon CZ 11

PERERS : ~ e

. Test control

Control of measurmg and test equlpment ; Sectlon CZ 12

e it e - }

', ,ontrol of measurmg and fest- equlpment

13‘ "Handllng, storage, and shipping

’ Sectlon C2. 13

I 14i Inspectlon test, and operatlng status . Sectlon C2. 10
s P : ' Section C2.11

s e s,

. Handllng, storage and shlppmg

/_ + Inspections
i7"« Test control

. Sectlon C2 14 ;,ﬁ . Inspectlon test and operatmg status

| Section C2.15

A o o M o A A St b e AR Al 4t A 41 B b AL . R R e AT

{16 £ Corrective actions,*

L

+ Identification and control of nonconformmg
items

S T U S, it

Sectlon C2 16 tr » Corrective.action LT J

17 EQuality records Sectlon C2.17

* Quality assurance records

z 18 Assessments '

‘ ‘ Sectxon C2. 18 ;t‘ + Audits, assessments and surveﬂlances 1

19 Experlmental equipment

* Not applicable; no experlmental equlpmentm

# 10 CFR 50.34, “Contents of Applications; Technical Information,” Code of Federal Regulations, Office of the Federal

Register, as amended.

® ANSI/ANS 15.8, Quality Assurance Program Requirements for Research Reactors, American National Standards .

Institute/American Nuclear Society, LaGrange Park Illinois, 1995, R2005
QAPP = Quality Assurance Program Plan.

» R2013.
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Table C-2. Quahty Assurance Program Plan Comphance with 10 CFR 70.64(a)(1)

QAPP , N
refe.r_ence _ v ) Focus ) .

~ Section C2.1 : + Quality assurance hierarchy
[oe Orgamzatlon respons1b111t1es
[ 2 Quallty assurance: program + Section C2.2. ; .

! ! ’ LY ¥
! i i

10 CFR 70.64(a)(1) requirement’

1 ' Organization

Quality assurance hlerarchy S
Organization, personnel training and :
; qualification

3 : Design control (requirements, process, i Section C2.3 Design control
i verification, document/records, . Section C2.5 | Instructions, procedures, and drawings
commer01a1 grade 1tems change control) Section C2.9 | Control of spe01al processes

{A_4 Procurementwd_ocument control . » Section C2.4 § Procurement document control - o
5 Procedures, instructions, and drawmgs Section C2.5 » Instructions, procedures, and drawings
‘ Sectlon C2 9 ; . Control of processes
i 6 Document control : ' ASectlon C2 6 . Document control : ‘

p—— S . [P RH |

Section C2.7 ;

7  Control of purchased 1tems and services Control of purchased items and services
(supplier selection, work control,

verlﬁcatlon 1tem or servrce acceptance) !
. Section C2.8" ¢
Sectlon C2 9 -‘. .

Identification and controvl ofitems

|8

9 Control of special processes

Identlﬁcatlon and control of 1tems

Control of spec1al processes

e g

§ 1_0 Inspectlons

gk S e s

E Sectlon 2. 10 .

e oy

Inspectlons o " ;

11 Test control Sectlon C2 11 P Test control
;12 Control of measurrng and test equrpment Bk »Sectron CZ 12 ' N C_ontrol of measurmg and test equlpment

13 Handlmg, storage and shlpplng f Sectron C2 13 Handlmg, storage and shlppmg
i 14 Inspectron test, and operatmg status ‘ Sectron C2 10 * Inspections ﬁ
L ; Section C2.11., » Test control - ' :
C e o ' Sectlon C2. 14 . .Inspectron test, and operatmg status

15 Control of nonconformlng 1tems and " Section C2.15 Po. Identlﬁcatlon and control of

serv1ces : nonconformlng 1tems

‘» 16‘ Correctlve actlons S - Section C2.16 : . Correctry_eNactron o o
. 17 Quallty records - - B ‘ Sectlon C2 17 _L»Quahty assurance records B
‘ 18 Audlts L = Sectlon C2 18 . Audlts assessments andgsurvelllances §

1 - R i mmE . e e e e e e wmmm e e ez e

19 "Provisions for changes Sectlon C2 19 In1t1at10n for changes

? 10 CFR 70.64(a)(1), “Quality Standards and Records;” Code of Federal Regulations, Office of the Federal Register, as
amended.

QAPP

Quality Assurance Program Plan.

C-3



M

o’
" NOATHWESY MEDICAL ISOTOPES

NWMI-2013-021, Rev.

0

Chapter 12, Conduct of Operations

Table C-3. Quality Assurance Program Plan Compliance with ISO-9001

1SO-9001 QAPP
requirement® section Focus

4.1  Responsibility and authority ;
management representative i

Section C2.1 » Corporate organization
Section C2.18 | + Audits, assessments, and survelllances

42 -5 1" Section €22 ;f_'Quahty assurance. program e
s . T ff‘f_‘“Se_ctron _g2 5 -+ Instructions, procedures, and drawmgs; .
4.3  Contract review § Not addressed l
4.4 Design control - I ‘& Sectron 23 ' "-"’%Desrgn control : -
- ' o i ’ : Sectlon C2 5 V. Instructlons procedures and. drawmgs
4.5 Document control ‘ Sectron C2. 6 x * Document control
'1.6 Purchasmg I ' o " Section C2 4 L Procurement document control
e - - i - Section §2 7 ; '« Control of purchased items and’ servrces
4 7 Purchaser supphed products Section C2. 7 + Control of purchased 1tems and serv1ces
|48 Produst identification and traceability | _Section C2.8 !+ Identification and control of tems |
4.9  Process control 7 1 Sectron C2 9 . Control of processes

{

‘[“‘4 10 ’Inj's})ection 55’3 testing

T o S S A

4.11 Inspection, measuring, and test
equipment

Sectlon C2 10
.EEFPEQ!L?% 11
Section C2.12

z Inspectlons
_ Test control

* Control of measuring and test equipment

-

A A e o e o e ST e bt e e J

g4 12- Inspectron and test status ’ g

Sectlon C2 14 + Inspection, test, and operating status

t

4.13 Control of nonconformmg products

ot S b i s B Bl s o S S e A BB S e

4 14 Correctrve actron S i

Sectlon C2.15  Identification and control of
nonconformmg items

R e e e

Sectron C2. 16

RS Correctxve actron :

i e e G e e <t e )

4 15 Handllng, storage packaglng and
delivery

Sectlon C2.13 . Handlmg, storage, ‘and sh1pp1ng

i

§’.4.1.6 Quality records -~ . -» i
4.17 Intemal qualrty audlts i

F
|

st s,

r .18 Trammg

* QA records N

-

Section C2,17 ¢ _
Sectlon C2 18 !

. Audrts assessments and survelllances

4 19 Serv1cmg -

4, 20 Statrstrcal techmques

-

Quallty assurance program o

® QAPP Section C2.19, “Provisions for Changes,” is not required under 1SO-9001, Quality Assurance Requirements,
International Organization for Standardization, Geneva, Switzerland, 2008.

QAPP = Quality Assurance Program Plan.
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C1.4 DEFINITIONS

The following definitions are listed to provide a uniform interpretation of terms and phrases used with the
QAPP.

' Accept-as-is . A disposition requiring engineering justification and approval that when applied
‘indicates the item does not meet all specified requirements, but will continue to meet
'its intended use and continue to meet code functional, and safety requirements.

Assessment The act of reviewing, inspection, testrng, checklng, surveying, auditing, or otherwise |
' ‘ ndetermmrng and documenting whether items, processes, or services meet specific :
P ;requirements. o o : A -
Audrt PA documented act1v1ty performed in accordance wrth wrrtten procedures or

 checklists to verify by examination or evaluation of objective evidence that the
i applicable elements of the quality program have been developed, documented, and
1mp1emented in accordance wrth spemﬁed requrrements

Cahbratron ; Comparrson of a measuring or test device with a standard of sufficient accuracy to
idetermine whether the device is within specified limits of accuracy over a required
‘ yrange of values and, if not, repairing and/or adJustlng the device to conform to
- 'requirements. - B ) - o o
. Certification The act of determlnlng, verlfymg, and attestlng in wr1t1ng to the quallﬁcatron of

personnel mater1a1 or documentatlon

Certlﬁed operator An 1nd1v1dual authorrzed by the chartermg or hcensmg organlzatron to cany out the
dutles and responsrblhtres assocrated wrth the posmon requrrrng the certrﬁcatron

Commrssmnmg The process during which constructed structures systems, and components are made
operatronal and verlﬁed to meet desrgn requlrements

‘Contract IA form of agreement used to procure services or labor and may mclude p1 ocurement
‘ of mater1a1 and/or equlpment !

Correctrve actlon A determlnatron of the cause of adverse condltrons and 1mp1ementat10n of the actlon
| ecessary to correct the condltron and prevent recurrence

Crrtlcal o ‘Identifiable and measurable attr1butes/va1 1ables of an rtem that are cr rtrcal to the
‘characteristics _item’s function. e
i Design input “Criteria, parameters bases or other de51 gn requlrements on Whlch the detalled ﬁnal

desrgn is based

e et P aana ”. — [P P

Desrgn output Drawrngs specrﬁcatrons and other documents used to deﬁne techmcal requlrements {
xof structures systems components or computer programs. : ‘

:Document Any written or pictorial information describing, defining, specrfyrng, reportmg, or
certrfymg act1v1t1es requlrements procedures or results

st g s RV ST S L AN e et a1

medmg ‘ A devratlon or departure from specrﬁed requrrements

Graded approach ' The process in which the level of analysis, documentation, and actrons necessary to
| ,comply with a requirement are commensurate with the relative importance to safety
or the magnrtude of any hazards 1nvolved

'Hold pornt A specrﬁed point in a function Or process at whrch an 1nspectron shall be performed
- pand beyond which work may not proceed without approval.

C-5




g M NWMI-2013-021, Rev. 0
el Chapter 12, Conduct of Operations

®+7  NORTHWEST MEDICAL ISOTOPES

Defmltlon

!,,,. o e — —

Item An alI 1nclusrve term used in place of any of the followmg appurtenance facrhty,

’ ,sample assembly, component, equipment, material, module, part, structure,
subassembly, subsystem system un1t or data

Management Those persons w1th1n the RPF organlzatron whose respons1b111ty and authority
| 1ncludes the QAPP

Modlﬁcatron :.A change in the physwal desrgn or functlonal characterrstrc of a st1 ucture system or ;
i “component. - e

Nonconformance Any item, condrtlon or matenal that dev1ates from drawmgs spe01ﬁcat1ons or i
1 : specrﬁed requirements and cannot be corrected within the scope of such
: ‘ requ1rements or othemnse requlres engmeermg d1spos1t10n

JObservatron 1A condition or process’ noted that did not specifically deviate from spec1ﬁed -
P requirements, but where the potential exists for a deviation to oceur, or may be used
: I s commendatron for noteworthy practlces - -
Process ’ | A series of planned actions that achleve an end or result :
Procedure A document that specrﬁes or descnbes how an act1v1ty 1s to be performed 7 /
! Quallty The condltron ach1eved when an item, service, or process meets or exceeds the user’s '
requ1rements and expectatlons
I - Y. . Ts,.u..,\,._s i s <5 g Sanmnsmsa e e e ot n pariager m e b s i e o s st =t o st i

Prescribed and planned activities that prov1de confidence that quality is achleved '
including those planned and systematic actions necessary to provide adequate i
;_conﬁdence that the structure system, or component will perform satrsfactonly in
\service.

' Quahty assurance I The overall program estabhshed by NWMI to 1mplement quallty assurance
-program requrrements

i

S & ety = enmisaz it st o i A et e o s b o b 350 0 A 28 S o Sttt Ao O 2, S S—

?Quahty assurance i A corporate quahty assurance document that 1dent1ﬁes the planning, 1mplementat10n
‘program plan’  .and assessment procedures-for a part1cular project, and-any specific quahty assurance
(QAPP) - :and quality control activities. :

v Quality records

- P B T o

! Wrrtten electronic, or pictorial records that furnrsh documentary evidence of the
quahty of items or results achreved

Record copy The si gned orrgmal of corporate and/or prOJect related documents (e 2., drawmgs

el e specifications, calculat1ons procedures plans) that is mamtamed in project files.

‘Reject , | The item, system, structure, material, or service found to be unsatisfactory or
nonconformrng to specrﬁed requ1rements

‘Repair : The process of 1estor1ng a nonconforming characterlsnc to an approved acceptable ,

condltlon even though the item still does not necessarrly conform to the orrglnal
1equ1rement
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. Safety-related ' Those physical structures, systems, and components with an intended function to

|items i prevent accidents that could cause undue risk to the health and safety of workers and |

i : N o,

| ithe public or to RPF programs, and to control or mitigate the consequences of such

% i accidents

Servrce AThe actual performance of work such as desrgn fabrrcatlon mspectron o !
B nondestructrve exammatlon repalr or mstallatron ) o “H t

Shall Denotes a mandatory requirement that must be comphed wrth to ma1nta1n the

requrrements assumptlons or condltlons of the facrhty safety ba51s

..... e S SR L o e U T e T 25 ez Lo R 5 sy

Specral process tAn operation performed under controlled condrtrons in accordance wrth spec1ﬁed
| requirements using qualified procedures, equipment, and personnel. “Examples’ of”
-I'special processes include welding, brazing, heat treatment,’ and nondestructive

exammatron

e e e s e e = R e — [ S SN

! Spemﬁcatlon An engmeermg document specrfymg technlcal and quahty requlrements for
| materrals 1tems or serv1ces

/IR X
iSurveillance - | The act of monrtormg and verlﬁcatron of an 1tem or act1v1ty, or analys1s of records to i
i - - . . jensure compliance with applicable requirements. = . T

3
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C2.0 DESIGN, CONSTRUCTION, AND MODIFICATIONS

C2.1 ORGANIZATION

NWMI has established an organizational structure designed to ensure that quality work performed is
safely and cost-effective and meets or exceeds customer expectations and requirements. The
responsibility for establishing the overall expectations for effective implementation of the QAPP and
obtaining the desired end result rests with the President and NWMI senior management. However, all
NWMI employees are individually responsible for achieving and maintaining the quality of products and
services provided to customers within their respective areas of responsibility.

C2.1.1  Organizational Structure

Figure C-1 describes the NWMI corporate organizational structure and lines of communication for key
management and functional positions. For each individual project, the organizational structure, functional
responsibilities, levels of authority, and lines of communication for quality-affecting activities shall be
documented in project-specific plans, when required by contract.

C2.1.2 Responsibilities

The organizational structure and assigned responsibilities for all quality-related projects at NWMI shall
be such that:
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