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1.1 Introduction

This Safety Analysis Report (SAR) document is prepared as part of an application to the
Nuclear Regulatory Commission (NRC) from the University of Utah (U of U) for renewal of its
TRIGA Modified Mark I Nuclear Reactor, License R-126, Docket 50-407.

The entire TRIGA reactor facility is contained within the Utah Nuclear Engineering
Facilities (acronym - UNEF), and the TRIGA reactor is denoted herein as the University of Utah
TRIGA Reactor (acronym - UUTR.) The reactor facility is located on the main campus of the
University of Utah in Salt Lake City, Utah. The proposed license renewal will benefit all
interested parties served by the facility within the regional area. The UUTR reactor core
contains standard TRIGA fuel (enrichment <20%), is cooled by natural convection, and exhibits
a large negative temperature coefficient or reactivity that provides inherent safety
characteristic of all TRIGA reactors. The UUTR reactor is licensed, administered, and operated
by the University of Utah for education, research, and reactor services since 1975. This SAR
documents the University of Utah's intent to continue operation and maintenance of the UUTR
reactor under NRC regulation. The UUTR is licensed to operate at 100kW steady-state power;
however the UUTR never operated at the power above 90kW.

This document, supported by previous documents filed with the NRC including earlier
SAR's, Technical Specifications, Safety and Security Plans, and Environmental reports, provides
the description of the reactor system and its associated components' details, the general
features, characteristics, and basic operation of the reactor. These documents reflect the as-
built condition and the current administration and operation history of the facility. These
documents include experience with the operation and performance of the reactor systems,
radiation surveys, and personnel exposure histories related to operation of the UUTR at 100kW
(i.e. 90kW). These analyses utilize conservative assumptions to provide ample operating safety
margins. The descriptions and analyses contained in these reports is deemed to provide
sufficient information to assure that the health and safety of the public is protected with
continued operation of the reactor as proposed in this SAR.

1.2 Summary & Conclusions on Principal Safety
Considerations

The physical operating safety of the UUTR reactor is achieved with TRIGA reactor fuel
characteristics, the existing instrumentation, and the control and safety systems. The design
basis parameters for the UUTR are: (1) power level, (2) fuel loading desired to achieve desired
power level, and (3) control rods designs (numbers and positions). The UUTR is an inherently
safe reactor because the fuel loaded into the core and the number and position of the control
rods in the core controls the power level.
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1.2.1 Safety Considerations

TRIGA fuel
The inherent safety of the UUTR lies primarily in the large, prompt negative temperature

coefficient of reactivity characteristic of the TRIGA fuel (homogenized mixture of fuel and
moderator provides that large prompt negative feedback, because there is no delay between
fuel and moderator temperature variations); even if large sudden insertions of positive
reactivity would occur with the reactor power rising in a short period of time, the prompt
negative reactivity feedback produced by the increase in fuel temperature would cause the
power excursion to be terminated before the fuel approaches its safety limit temperature and
the fuel cladding is breeched. The UZrH fuel gives the reactor a prompt negative temperature
coefficient of reactivity versus a delayed coefficient for research reactors utilizing aluminum
clad plate-type fuel thus allowing TRIGA reactors to safely withstand events that would
completely destroy plate-fueled reactor cores. The prompt shutdown and safety characteristics
of TRIGA reactors fueled with TRIGA fuel have been demonstrated during transient tests
conducted at General Atomics, Inc. in La Jolla, California as well as TRIGA pulsing facilities. This
demonstrated safety has permitted the sitting of TRIGA fueled reactors in urban areas in
buildings (without the pressure-type containment usually required for power reactors). The
UUTR steady-state maximum power is therefore limited by the increase in fuel temperature.

TRIGA fuel cladding
Historically, analysis and testing of TRIGA fuel has demonstrated that fuel-cladding

integrity is not challenged as long as stress on the cladding remains within yield strength for
the cladding temperature:

* UZrH is chemically stable. It can be safely quenched at 12000C in water, while
destructive and unsafe exothermic metal-water reactions take place with aluminum
of plate-type fuel at 650°C.

* High-temperature strength and ductility of the stainless steel or Alloy 800 fuel
cladding provides total clad integrity at temperatures as high as 9500 C. The
aluminum cladding on plate-type fuel melts and fails at about 650'C.

" The UZrH fuel material has far superior retention of radioactive fission products
compared with aluminum-clad, plate-type fuel. These plate-type fuels will melt at
about 650°C, releasing nearly the entire volatile fission product inventory in the fuel.
At the same temperature, UZrH retains more than 99% of these fission products,
even if all the cladding were to be removed.

" Elevated TRIGA fuel temperatures evolve hydrogen from the zirconium matrix, with
concomitant pressure buildup in the cladding and thus the strength of the clad as a
function of temperature establishes the upper limit on power. Power less than
limiting values will ensure clad integrity and, therefore, contain the radioactive
materials that are produced by fission in the fuel assemblies of the UUTR core.
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Heat removal
As a natural-convection cooled system, heat removal capacity is well defined as long as

the primary coolant is sub-cooled, restricting potential for film boiling. Limiting the potential
for film boiling assures that fuel and clad temperatures are not capable of challenging cladding-
integrity. The maximum heat generated within a fuel element and the bulk water temperature
determines the tendency for film boiling.

Experiments
All the experiments in the reference core of the UUTR are limited to reactivity worth less

than $2.80. If the reactivity worth for an experiment is estimated to be more than $1, the
experimental samples must be placed in an irradiator before reactor start-up and should not
be removed until the shutdown of the reactor, thus assuring that the experiment failure
cannot result in severe transients.

1.2.2 Consequences of Normal Operations

Operating experience, which documented radiation exposures to personnel working in
the UUTR from both direct and airborne radiation during normal operation have been
reviewed and assessed. These analyses and measurements show that the exposure rates for
the power of 100kW are well within NRC accepted exposure limits. Under normal operating
conditions, personnel are subjected to a maximum radiation field of less than I mR/hr. In
actual practice, radiation exposures are lower since typical operation times are much less than
the conservative assumptions indicate. All personnel entering the facility are closely
monitored, exposures kept to as low as reasonable achievable (ALARA), and in no case will
exposures be allowed to. exceed 10CFR Part20 regulations or guidelines. Chapter 11 shows that
radiation dose rates directly above the reactor pool during expected operations at levels up to
100kW are within required levels for a radiation area as defined in 10CFR Part20. Installed
monitoring systems provide information necessary to identify appropriate access controls.

As indicated in Chapter 11 radiation sources are discharged from the UUTR facility in the
following forms:

* Airborne radiation sources consist mainly of Argon-41 and Nitrogen-16. Limits on Argon-
41 are tabulated in Appendix B of 1OCFR Part20. A general limit on off-site doses from
gaseous effluents is listed in 10CFR20.1101. The nuclide Argon-41 is produced by
thermal neutron absorption by natural Argon-40 in the atmosphere and in the air
dissolved in the reactor cooling water. The activation product appears in the reactor
pool and is subsequently released to the atmosphere through the ventilation system.
Argon-41 has a 1.8-hour half-life. Nitrogen is the major contributor to radiation fields
directly over the reactor pool during operation. Nitrogen-16 is produced by a fast
neutron interaction with oxygen (as a natural component of water in the core).
Nitrogen-16 has a 7.1-second half-life, and consequently does not remain at
concentrations capable of contributing significantly to off-site dose. Operating
experience, which documented radiation exposures to personnel working in the UUTR
from both direct and airborne radiation during normal operation have been reviewed
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and assessed. Computational analyses and measurements for 1OOkW operating power
of the UUTR show that the exposure rates are well within NRC accepted exposure
limits. Under normal operating conditions, personnel will be subjected to a maximum
radiation field of less than 1 mR/hr. In actual practice, radiation exposures will be lower
since typical operation times are much less than the conservative assumptions
indicated in Chapter 11. All personnel entering the facility is and will be closely
monitored, exposures kept to as low as reasonable achievable (ALARA), and in no case
will exposures be allowed to exceed 1OCFR Part20 regulations or guidelines.

" No liquid radioactive material is routinely produced by the normal operation of the
UUTR. Dissolved minerals and metals are removed in the resin beds, characterized and
transferred to Radiological Health Department (RHD) for disposal. Spent liquid samples
are also characterized and transferred to RHD for disposal.

* Solid radioactive sources associated with the UUTR operation include low enriched fuel,
start source, calibration sources used for instrumentation and samples. Solid
radioactive sources are secured and inventoried.

The UUTR reactor water shielding and supporting containment provide biological
shielding adequate to maintain personnel exposures ALARA and protect the reactor from
natural and human disasters. The reactor room air handling system maintains the reactor room
at a negative pressure with respect to surrounding areas to control and prevent the spread of
airborne radioactive materials. The air from the reactor room passes through HEPA filters prior
to being discharged to the atmosphere. In the event of a release of radioactive material within
the reactor room, the reactor room air handling system automatically closes the inlet dampers
effectively isolating the room by increasing the negative pressure and preventing the release of
activity to surrounding offices. Sufficient air is discharged through the HEPA filters and
Continuous Air Monitor (CAM) system to maintain negative air pressure in the reactor area.

1.2.3 Consequences of Potential Accidents

As described in Chapter 13 the following accidents are identified:
1. The maximum hypothetical accident (MHA);
2. Insertion of excess reactivity;
3. Loss of coolant accident (LOCA);
4. Loss of coolant flow;
5. Loss of pool water;

6. Mishandling or malfunction of fuel;
7. Experiment malfunction;

8. Loss of normal electrical power;
9. External events; and
10. Mishandling or malfunction of equipment.

Analyses demonstrate that the consequences of these reactor accidents are acceptable
for 100kW, and that the doses to the public are well below limits established by 1OCFR Part20.
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1.3 General Description of the Facility

1.3.1 Geographical Location

The 1,167 acre campus is situated east of the city center on the foothills of the Wasatch
Mountains. Figure 1.3-1 shows the campus in relation to Salt Lake City and other towns and
communities situated in the Great Salt Lake Valley.

Figure 1.3-1 Location of University of Utah Campus
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1.3.2 Principal Characteristics of the Site

The reactor is located in the Utah Nuclear Engineering Facility (UNEF) on the ground
floor of the Merrill Engineering Building (MEB) on the north end of the University of Utah
campus, Fig.1.3-2. Figure 1.3-3 shows the UNEF map, i.e. the layout of the rooms in the

southwest

corner of the
MEB, which

includes the
UUTR
laboratories

and major
equipment.

situated on
high ground

J Iand rises

about 100 ft
above the
nearest

.LA -egbrn

FRgure 1.3-2 Location of the UUTR neighboring
structures.

The building is constructed with structural steel frames and reinforced concrete floors acting as
diaphragms in distributing loads to vertically resisting elements. The MEB conforms to seismic
zone 3 requirements of the Uniform Building Code. MEB was designed by Dean L. Gustavson
Associates, Architects, and constructed by Alder Child Construction Company. The building has
approximately 254,778 square feet of floor space assigned as follows: Classrooms - 24,859;
Offices - 25,547; Teaching laboratories - 59,399; Research laboratories - 97,847; workshops,
storerooms, corridors, etc. - 56,126. The areas immediately above the reactor room, on the
second floor, are faculty and departmental offices. Radiation surveillance of the areas
immediately above the UUTR has been performed by the Radiation Safety Officer at the
University of Utah since the initial licensing of the UUTR. These areas will continue to be
monitored. Residence by any person in this area can be controlled if necessary. The floor (or
ceiling) of the area directly above the reactor core has four inches of concrete and 3/16 inch of
steel (floor support.) The third floor above the reactor area is comprised of office and
laboratory space.

The reactor area comprises eight rooms including the reactor control room,
computational laboratory, radiation measurement laboratory, radiochemistry laboratory,
microscope room, reactor chemistry laboratories, radioactive storage, and reactor room (Fig.
1.3-3). Entry to the reactor room from inside the building is restricted to one door in the
control room. The reactor room has direct access to the outside loading area through a 12 ft
wide overhead door. This overhead door and the doors between reactor and control room
form the confinement enclosure. The reactor room and the laboratories will be treated as a
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single unit for ventilation and safety confinement purposes. The walls in the area are
constructed of one-hour fire-resistant, standard, plaster and metal stud construction with the
exception of the west wall, which is an exterior reinforced concrete wall. Large windows
provide visibility to the reactor room from the administrative offices, control room and
computational lab. Nonporous enamel paint finishes were used on all walls and ceilings of the
reactor area for ease of clean up.

Figure 1.3-3 UNEF Map
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1.3.3 Principal Design Criteria, Operating Characteristics, & Safety
Systems

The UUTR reactor is an open pool water moderated reactor built in 1975. The UUTR
reactor tank is a double wall construction to resist earthquake; the reactor core rests below
ground level in a containment 22 ft tank filled with water. The inner tank is made of aluminum
that has a diameter of 8 ft. The outer tank is made of steel with diameter of 12 ft. This water is
used as a moderator and as a biological shielding. The reactor core is of hexagonal prism shape;
its height is 2 ft and the maximum diagonal distance is 2 ft.

The UUTR was licensed to operate at a steady-state thermal power of 100kW from
1975. The reference UUTR core consists of 78 fuel elements; each fuel element contains
approximately  grams of U-235. The fuel element for UUTR has aluminum or stainless steel
cladding fuel elements; each fuel element has 8.5 weight % of U-235 with less than 20 % of
uranium enrichment. The UUTR core has a Pu-Be neutron start-up source attached to the
top of the reactor pool with a stainless steel wire. The UUTR uses heavy water and graphite as
a reflector.

Figure 1.3-4 Top view of the UUTR core
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The UUTR fuel is a zirconium hydride matrix that exhibits a large negative temperature
coefficient so that in the event of a prompt excursion the reactor will inherently and passively
shut down the reactor without fuel damage. The UUTR core consists of seven rings, A through
G. The A ring has no fuel and is used as a central irradiator. The UUTR has three control rods, a
safety, shim, and regulation control rod. These three control rods control criticality; they are
aluminum cladding boron-carbide (B4C) rods. Shutdown margin and the excess reactivity are
assured using these three control rods. The UUTR safety systems include multiple scram
capabilities for elevated temperature or power, elevated radiation levels, loss of electrical
power, high voltage interruption and low water level. Control rod interlocks limit the reactivity
insertion rates. In addition to the scram systems, the ventilation system maintains a negative
pressure in the facility during the UUTR operation. This ventilation system also operates in an
emergency mode to mitigate a radionuclide release. Figure 1.3-4 shows the core cross section
indicating each fuel element, reflector, and irradiation positions.

1.3.4 Engineered Safety Features

The design of the UUTR TRIGA, licensed in 1975, imposed no requirements for
engineered safety features. As discussed in Chapter 13, and from previous analysis, neither
forced-cooling flow nor shutdown emergency core cooling is required for operation at steady-
state thermal power of 100kW.

The engineered safety features are used in case of severe accidents for reactors with
relatively high power (research, test, and power reactors). However, low power reactors do not
generally have engineered safety features (similar to the UUTR are the TRIGA at Reed College
or the Oregon State University). The engineered safety features -are usually divided into three
categories, the containment systems (primary containment, containment heat removal,
secondary containment). Additionally, they include the Emergency Core Cooling System (ECCS):
high pressure core flooder (HPCF), low pressure flooder (LPFL), automatic depressurization
system (ADS), [Standard Review Plan for the Review of Safety Analysis Reports for Nuclear
Power Plants, NUREG-0800, U.S. Nuclear Regulatory Commission, 1987].

The UUTR does not have any of these systems.

1.3.5 Instrumentation and Control (I&C) and Electrical Systems

The UUTR reactor console consists of digital electronics for signal processing and
display. The console is located in the reactor control room and supports all reactor operations
including control rod movement operations, temperature and area radiation monitoring, safety
settings, interlocks, and scram functions. The reactor instrumentation and control systems are
manufactured by General Atomics and widely used in most of the NRC licensed facilities. As
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previously noted, there are no engineered safety features at the UUTR and, therefore, no
associated instrumentation.

1.3.5.1 Reactor Control System

The reactor control system includes control rod drives, control rod positioning
monitors, and SCRAM function. The control rod can be lowered or raised using each control
rod button. No more than one control rod can be raised. In case of an emergency, an operator
can use manual SCRAM bar to shut down the reactor. All three control rods are moved by
manual mode only to regulate reactor power according to the linear and percent channel. The
nuclear instruments of the reactor protection system are integrated into the reactor control
system through the linear and percent power monitoring systems, fuel temperature
monitoring system, pool water height monitor, high voltage interruption and magnet key
interruption. If the reactor power exceeds maximum power or the fuel element temperature
becomes higher than 2000C, the reactor will scram automatically. Also, the reactor will scram
automatically when high voltage pass through the control system, pool water level is lower
than 15 inches from the top of the reactor tank. It will scram the reactor also if the reactor key
is removed during the reactor operation. The console display shows the information about the
control rod position, power level, fuel temperature, reactor period, and other system
parameters. The console also displays many other functions, such as monitoring reactor usage
and water quality display and sample "in" and "out" buttons for pneumatic irradiator. Most of
these system parameters can be monitored from the separate computer screen using Lab

TMView . In addition to the above instrumentation, two video cameras are located above the
tank to provide full surveillance of the core and components. The monitors for this camera are
located on the control console and North-South corner of the control room.

1.3.5.2 Radiation Safety Monitoring Systems

Radiation area monitoring systems are installed inside of the reactor room: one is near
the top of the reactor tank, second is located at the reactor room ceiling and the third one is
installed in the reactor radio-chemistry lab. All these three area radiation monitoring (ARM)
systems have "low alarm set" at 1 mr/h and "high alarm set" at 10 mr/h. Radiation levels can
be read from the reactor console. Continuous Air Monitor (CAM) measures radioactive
particulates such as iodine and noble gas. This CAM will trip ventilation isolation when under
the high radiation alarm.

1.3.5.3 Electrical Power

Primary power for the UUTR including MEB is provided through the Rocky Mountain
Power Co. Loss of the electrical power will cause the control rod to drop by gravity into the
core in a less than 0.5 second placing the reactor in a subcritical condition. Because the UUTR
reactor core is cooled by natural convection, no emergency power is required for reactor
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cooling system. In addition, electrical power to the console, emergency light, security system
and reactor safety and radiation monitoring equipment has a battery back system (UPS) to
insure safe operation in the event of loss of building electrical power.

1.3.5.4 Reactor Protection System

The UUTR has several reactor protection systems. The UUTR safety systems include
multiple scram capabilities for elevated temperature or power, elevated radiation levels, loss
of electrical power, high voltage interruption and low water level. There are two reactor power
scram systems, linear power and percent power. Linear power channel will scram the reactor
when the reactor power exceeds maximum designed level. The percent power channel will
scram at 100 % of the licensed power of 100kW. High voltage pass through the control system
or lower water level will scram the reactor also. If an operator removes the reactor key, the
reactor will scram itself automatically. Control rod interlocks exist to limit the reactivity
insertion rates. In addition to the scram systems, the ventilation system maintains a negative
pressure in the facility during operation. This ventilation system also operates in an emergency
mode to mitigate a radionuclide release.

1.3.6 Reactor Coolant and Other Auxiliary Systems

The reactor tank has a capacity of approximately 8,000 gallons of water with a depth
measured from the surface to the top of the core of approximately 6.5 m (22 ft). The reactor
core is cooled by the natural convection flow of light water within the reactor pool. Water
purity is maintained by a dual bed demineralizing system including particulate filters and resin
beds. Makeup water is added to the reactor tank from the main building water supply as
necessary by passing the makeup water through the demineralizing system.

A shell and tube heat exchanger rated at seven-and-a-half ton capacity can be used to
cool the pool water. The heat exchanger receives warm water from the pool and returns
cooled water. Both the inlet and return lines to the pool have a small 1/4 inch hole
approximately one foot below the normal pool water level. These holes prevent siphoning of
the pool water below that level siphon inlet. The water pumped to the heat exchanger is
circulated at the rate of about 20 gallons per minute by a centrifugal pump. The reactor pool

temperature can be maintained at about 16°C (60°F), which is approximately the ambient
ground temperature. For any operation at power above 25 kW, the heat exchanger-cooler has

insufficient capacity to maintain the 16°C (60°F.) When operating at 90kW, the pool

temperature rises approximately 3°C per hour (5°F per hour) based on the measurements.

Administrative control will limit the maximum water temperature to 35"C (95 0 F). After the
reactor is shutdown, the cooling system can lower the pool water temperature approximately

0.50C per hour based on measurements.
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1.3.7 Radioactive Waste Management and Radiation Protection

The University of Utah has a radiological safety program on its campus. The University's
Radiation Safety Officer provides radiological services and monitoring for the entire University
including the University hospitals and School of Medicine, researchers employing radioactive
materials in their work, and the UUTR. The University's Broad Scope Radiation License issued
by the State of Utah (an NRC Agreement State) is administered by RHD. All radioactive wastes
generated within the UUTR facility are disposed of through RHD as specified in 10CFR61, and
71, and following the provisions as outlined under NRC agreement state status. In addition,
RHD maintains oversight on all personnel dosimeters, area dosimeters including environmental
dosimeters, and radionuclide transport as required in 1OCFR20, and 49CFR171 to 178.

1.3.7.1 Gaseous Waste

The UUTR generates very small amount of Argon-41. For example -11 mCi/year was
generated in 2009 when the UUTR was operated at 90kW for 28.4 hours. The total of thermal
energy generated in 2009 was 927.072kW-hours. The amount of Nitrogen-16 can be ignored
because its half-life is very short and most of decay out in the reactor pool. To minimize release
of the gaseous waste, the reactor room is kept at negative pressure all the time.

1.3.7.2 Liquid Waste

The UUTR facility does not regularly create or release the liquid waste.

1.3.7.3 Solid Waste

The UUTR generates a small amount of solid waste such as gloves, samples from
experiments, resin bed parts, paper towels from fuel inspection, tools, and some lab-ware.
Most of these solid wastes are stored in the storage room that is located inside of UUTR facility
until they decay out. Solid waste shipments are coordinated with the University of Utah's RHD
and Radiation Safety Officer (RSO).

1.3.8 Experimental Facilities and Capabilities

The UUTR has five different experimental or irradiation facilities: Fast Neutron
Irradiation facility (FNIF), thermal irradiator (TI), pneumatic irradiator (PI), central irradiator
(C0), and three vertical beam ports.
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1.3.8.1 Central Irradiator

The UUTR central irradiator is located in the central fuel pin position of the UUTR core.
A special tube has been constructed to accommodate insertion of the samples and can be
placed in the central fuel pin position using a cable.

1.3.8.2 Pneumatic Irradiator

A pneumatic irradiator (P1) is available for rapid irradiations at the UUTR facility. The
rabbit is installed within a 1.5 inch O.D. aluminum tube and is driven by dry, compressed
helium gas. The pneumatic rabbit tube has a curved trajectory to prevent direct streaming of
radiation from the core to the surface of the pool. PI is located at D4 position (Fig. 1.3-5).

1.3.8.3 Dry Tube

A dry tube thermal irradiator is available for use in a trapezoidal shaped D20 tank
attached to the side of the reactor core. The D20 tank is made of aluminum. The samples are
placed into polyethylene vials attached to fishing line and dropped into the irradiator through a
curved PVC tube that extends to the top of the reactor pool.

1.3.8.4 Fast Neutron Irradiation Facility (FNIF)

The FNIF was specifically designed to provide a neutron irradiation environment with a
quasi-fission energy spectrum and low photon component for neutron hardness assurance
testing of electronic components. FNIF consists of aluminum can and lead inside to provide
pure neutron irradiation environment. FNIF is attached to the west side of the reactor core.

1.3.8.5 Beam Ports

The reactor system permits the insertion of up to three diagonally directed beam tubes
that extend from the reactor core to the reactor floor. There are no plans to open the diagonal
beam ports. The upper terminus of each beam tube is adequately shielded with sand and
secured with a 1/8 inch thick steel locked cap at the reactor floor level. The beam ports are
presently closed and filled with sand and have not been installed or used to date. Figure 1.3-5
shows Cl, PI, FNIF, TI, beam ports and the structure of the UUTR pool.
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Figure 1.3-5 UUTR pool and irradiation facilities

1.4 Shared Facilities and Equipment

The UUTR is housed by the Utah Nuclear Engineering Facility (UNEF) lead by the Utah
Nuclear Engineering program (UNEP). UNEF and therefore the UUTR are integral part of the
Merrill Engineering Building (MEB), as shown in Fig. 1.3-2, and thus share walls, water supplies,
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sewage, heating, cooling, and the main electrical supply. The ventilation system, electrical
distribution, water distribution, and heating are all separate.

The water purification for the UUTR, is operated and maintained by the UUTR staff.
University of Utah maintenance staff maintains the dedicated ventilation system for the
facility. In the event of a loss of power, a battery backup system can provide emergency power
to the 'reactor system for at least 24 hours.

1.5 Comparison with Similar Facilities

As of 2005, there were 19 operating TRIGA reactors in the US (Fig. 1.5-1), and 25 in the
world excluding the US (Fig. 1.5-2).

FigureL.5-1 TRIGA Facilities in the US \j
[http~f/wtiw.ga-esi.comlhigaLabouttrnstalI -usa-pdf
http-f.en.wikipedia.orgjwikiLList of nuclea reactors
http:/lhepd5s.phys~utk edulnnbalapendixMItGA-Attachment lp.t
htw/tn:atndeva com/Nemw Film- Nnr/NLRCNon-Pmwer Rtsacorm htm I
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9%W -

Legend:
1. National Institute for Nuclear

Research
Mexico City, Mexico
Mark If 1000 kW 1982

2. Institute of Nuclear Science and
Alternative Energy
Bogota, Columbia
Mark I 100kW 1997

3. University of Minas Gerais
Belo Horizonte, Brazil
Mark I 100 kW 1960

4. The State Institute for Technical
Research
Helsinki, Finland
Mark II 250 kW 1962

5. Jonhannes Gutenberg
University
Mainz, Germany
Mark I 100 kW 1965

6. Federal Ministry of Education
Vienna, Aust.
Mark II 250 kW 1962

7. JozefStefan Nuclear Institute
Ljubljana, Slovenia
Mark II 259 kW 1966

8. University of Pavia
Pavia, Italy
Mark II 250 kW 1965

9. ENEA Cassaccia Research
Center
Rome, Italy

Mark II 1000 kW 1960
10. National Center for Nuclear

Sciences and Energy

Rabat, Morocco
Mark 11 2000 kW 2008

11. Nuclear Science Commission

Kinshasa, Zaire
Mark II 1000kW 1972

12. Institute for Nuclear Research

Pitesti, Romania

ACPR 500kW 1979
13. Institute for Nuclear Research

Pitesti, Romania

MPR 16 14,000 kW 1979
14.Technical Institute of Istanbul

Istanbul, Turkey

Mark 11 250kW 1979

15.Atomic Energy Research
Establishment

Dhaka, Bangladesh

Mark II 3000kW 1986
16. Office of Atoms for Peace

Bangkok, Thailand

Conversion 1 MW 1977
17.Ongkharak Nuclear Research

Centre
Bangkok, Thailand
MPR 10 10 MW

18. Malaysian Institute for Nuclear

Technology
Kuala Lumpur, Malaysia

Markli 1000kW
19. National Atomic Energy Agency

Bandung, Indonesia
Mark II 2000 kW 1997

20. National Atomic Energy Agency

Bandung, Indonesia

Mark II 250 kW 1979
21. Musashi Institute of

Technology
Tokyo, Japan

Mark I 100kW 1963
22. Rikkyo Univeristy

Yokosuka, Japan
Mark If 100KW 1961

23.Japan Atomic Energy Research
Institute

Tokai, Japan
ACPR 300 kW 1975

24. National Tsing Hua University
Taipie, Taiwan

Conversion 1MW 1977
25. Philippine Atomic Energy

Commission
Quezon City, Philippines

Conversion 3MW 1988
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UUTR fuel is standard TRIGA fuel with 8.5% of uranium, by weight, enriched up to 20%
in the uranium-235 isotope. TRIGA fuel is characterized by inherent safety and as described in
Section 1.2.1, the homogenized mixture of fuel and moderator provides that large prompt
negative feedback because there is no delay between fuel and moderator temperature
variations); even if large sudden insertions of positive reactivity would occur with the reactor
power rising in a short period of time, the prompt negative reactivity feedback produced by
the increase in fuel temperature would cause the power excursion to be terminated before the
fuel approaches its safety limit temperature and the fuel cladding is breeched. It is also
characterized by high-fission product retention, and with demonstrated ability to withstand
water quenching with no adverse reaction from temperatures to 11500 C. The inherent safety
of TRIGA reactors has been demonstrated by extensive experience acquired from similar TRIGA
systems throughout the world and in the US.

Table 1.5-1 UUTR Design Parameters

PARAMETER VALUE
Maximum steady-state thermal 100 kW
power
Maximum excess reactivity $2.80
Number of control rods 3
Number of regulating rods 1
Number of shim rods 1
Minimum shutdown margin $0.50
Integral fuel-moderator material D20, Graphite
Reactor cooling Natural convection (water)
Number of fuel elements 78
Uranium enrichment <20%
Uranium content 8.5 %
Shape Hexagonal
Core length/width 2ft high, 2ft diagonal
Fuel assembly number and types 23-Al (8.91% burn-up)

36-SS (0.61% burn-up)
17-SS (8.77% burn-up)

2-SS Instrumental (8.77% burn-up)
Fuel assembly height/pitch 
Fuel cladding outer/inner diameter Al cladding-1.47"/1.41"

SS cladding-1.45"/1,41"
External moderator H20
Pool depth/diameter 24 ft/8 ft

The reference UUTR core consists of 78 fuel elements (23 with the aluminum cladding,
53 with the SS-304 cladding and two with the SS-cladding instrumental fuel elements). Each
fuel element has almost the same geometry and the size, except for the upper and lower end
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fixtures. The fuel element is a solid, homogeneous mixture of uranium-zirconium hydride alloy.
The hydrogen and zirconium ratio is 1.0 for aluminum cladding fuel elements and 1.60 for
stainless steel cladding fuel elements. The UUTR 100 kW core consists of 78 elements with 12
heavy water and 12 graphite reflectors. The UUTR has hexagonal pitch (1.71 inch pitch) and
contains approximately twice as many triflute coolant channels as there are elements. The
design parameters for the UUTR TRIGA are listed in Table 1.5-1.

1.6 Summary of Operations

The UUTR provides a wide range of training, irradiation, and research services to
education, research, and industry. The reactor has experimental facilities for the irradiation of
materials. These facilities support the irradiation services that include sample irradiation for
medical and industrial clients, neutron activation analysis, neutron damage testing of
electronic components, ultra-sensitive detection of actinides, and educational and training
support. Currently, the beam ports are sealed and not in use. To support the regional services,
the UUTR typically operates about five to eight hours per week at 90 kW. The operational
workload is not expected to increase significantly from this level.

1.7 Nuclear Waste Policy Act of 1982

In accordance with the Nuclear Waste Policy Act of 1982, the UUTR Licensee has signed
a contract with the DOE for the return of the reactor fuel that is owned by the DOE to the DOE
at cessation of the UUTR License.

1.8 Facility Modifications and History

Criticality of the UUTR was first achieved in 1975. The UUTR has original in-core
detection systems such as one compensated ionization chamber, two uncompensated
ionization chambers, and one fission chamber. Various upgrades have been made since 1975
with the major ones summarized in Table 1.8-1.
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Table 1.8-1 Major UUTR facility modifications

Year Activity

1975 Construction completed, fuel loaded, initial criticality

1987 Decommissioned 5W AGN 201 reactor, located close by UUTR

1989 Added Fast Neutron Irradiation Facility (FNIF)

1991 Upgraded reactor control console

1997 Replaced Continuous Air Monitoring recoding system

1997 Add radio-chemistry lab and class 100 clean room

2001 Upgraded facility security system

2001 Remodeled facility office area

2005 Replaced hoist system in the reactor room (2 metric ton capacity)

2006 Upgraded facility security system

2007 Added pneumatic irradiator on D-4 position (Use compressed He gas)

2008 Replaced fume hood in the radio-chemistry laboratory and ventilation
duct and pipe
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2. SITE CHARACTERISTICS
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2.1 Geography and Demography

2.1.1 Site Location and Description

The University of Utah's TRIGA reactor (UUTR) is located in Salt Lake City, Utah.
Salt Lake City is located approximately 115 miles (185 km) east of Nevada and 84 miles (135.2
kin) south of Idaho. Figure 2.1-1 shows the location of UUTR in respect to the State of Utah,
and Fig. 2.1-2 shows the location of UUTR in respect to Salt Lake City.

2.1.1.1 Specification and Location

The UUTR is located in the Merrill Engineering Building (MEB) on the north end of the
University of Utah Campus in Salt Lake City, Utah The 1,167
acre campus is situated 2.4 miles (3.9 kin) east of the Salt Lake City center on the foothills (1450
ft, elevation) of the Wasatch Mountains. The University of Utah campus is shown in Figure 2.1-
3 indicating a location of Merrill Engineering Building housing the UUTR.

2.1.1.2 Boundary and Zone Area Maps

Figures 2.1-1 and 2.1-2 illustrate the location of the UUTR with respect to the State of
Utah and Salt Lake City indicating the zone areas maps. Figures 2.1-3 and 2.1-4 show the
location of the UUTR within the University of Utah campus.

2.1.1.3 Population Distribution

Salt Lake City is the largest city in the State of Utah with population of 181,743 (2000
census). Salt Lake County, which has an area of about 737.4 square miles (1909 km 2), has a
population of about 898,387. The area surrounding the MEB that houses the UUTR is lightly
populated with some residences located at about 150 yards (137 meters) west and 360
yards(330 m) north of the building. To the east there are the Primary Children's Medical
Center, University Hospital, and Huntsman Cancer Hospital at the distances of around 740,
1000, and 1200 yards (677, 914, and 1097 m) respectively. Student residence halls are located
approximately 1000 yards (914 m) to the south-east. South of the MEB, the campus extends for
about one mile with former federal government land now owned by the University extending
another half mile south. The nearest residences to the south are approximately 1.5 miles (2.4
kin) from the building. According to the University of Utah the Radiological Health Department,
the daytime campus population of faculty, students, and staff is estimated to be 25,000 to
30,000 people. The nighttime population is estimated to be 5,000 people. According to the
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University of Utah Office of Residential Living, the number of students living on campus in
residence halls is 1,250. The MEB has a total daytime occupancy of approximately 500, while
the nighttime occupancy is approximately 30 people. Table 2.1-1 summarizes the population
data and Fig. 2.1-5.

S1 -i UUTR V

Fiur .- UT #o wit Uta

Figure ~ ~ ~ 0 2.1-1 in LoainwihnUa
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Figure 2.1-2 UUTR Location Relative to Salt Lake City, Utah
[Imile, 2 miles, 4miles, 6miles and 8 miles distances are indicated]
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Figure 2.1-3 University of Utah Campus
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Figure 2.1-4 University of Utah Campus and Facilities
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Figure 2.1-5 Population Density
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Table 2.1-1 Population Data

Community
Direction from U

of U Campus

Distance

yards (m)
Population

Salt Lake City SW NA 1,130,293
Metropolitan Area

Salt Lake City W 2.4 miles (3.9 kin) 181,742

University of Utah S NA 30,000

Student ResidenceHlsSE 1009 (923) 1250Halls

Merrill Engineering NA NA 500
Building

University of Utah

Hospital 740(577) 425 Beds

Primary Children's 1000(14) 252 Beds

Hospital
Huntsman CancerHosial E 1200 (1097) 50 BedsHospital

Tooele W 38 miles (61 km) 22,502

Provo-Orem
S 50 miles (80 kin) 376,774Metropolitan Area _______________

Ogden-Clearfield N 40 miles (64 kin) 442,645

Metropolitan Area

Park City SE 28 miles (45 km) 7,371

Heber SE 40 (64km) 7,297

Midwav SE 40.5 (67 km) 2.121

2.2 Nearby Industrial, Transportation, & Military Facilities

2.2.1 Locations and Routes

The UUTR is located on the northern side of the University of Utah campus. North,
Northwest, and Northeast: located 440 yards (400 meters) from the facility are private
residences; these houses are situated on quarter acre lots and extend north approximately one
mile (1.6 km) before terminating in the mountains. Northwest: industrial freight train yard
located 3.4 miles (5.5 km). West and Southwest: located 150 yards (137 m) from the facility are
private residences; these houses are situated on quarter acre lots and extend north, west, and,
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south approximately two miles (3.2 km) before merging with the built up area of downtown
Salt Lake City; beyond downtown lies the Salt Lake International Airport with an Air National
Guard Transport Wing approximately 6 miles (9.7 km) west. East and Southeast: a TRAX light
rail station lies 715 yards (654 m) east the Merrill Engineering Building. The University of Utah
Medical Complex is east; this Complex has three hospitals and numerous medical facilities; the
medical complex is located more than 740 yards (675 m) distance from UUTR, and this complex
terminates to the east in the mountains; the medical complex extends south and merges into
university dormitories (1000 yards or 923 m) and the U. S. Army reserve post, Fort Douglas
(1500 yards or 1.4 km); beyond Fort Douglas lies University of Utah Research Park which is a
complex of research laboratories and one hospital (1.25 miles or 2 km)., Fig. 2.2-1.

There is a gas pipeline located 1.3 miles (2.1 m) southeast of the facility. South: the
University campus extends south for approximately 1090 yards (997 m) with dormitories on the
far south and south southeast (870 yards or 800 m); beyond the campus to the south is a
hospital and then residential housing. Only one road is located adjacent to the facility, North
Campus Drive as shown in Fig. 2.2-2. This road moves traffic in an east west direction. It turns
north where it passes closest to the facility (55 yards or 50 m), and then continues east west.
North Campus Drive is a four-lane road (two lanes each direction) with a 35 mph (56 km/h)
speed limit. Typical traffic consists of hospital and university employees, and students
commuting to and from the campus roads.

11th AV*

CA 5JUUTR

.0l : E W cth Te mpi* m

Pipeline
ort owua9as

wX0s SALTTLAKE CITY 00...

6 ~ ~ ~ ~ ~ ~ oI -- ZIE40ooc-R"Rw

W50 E 0S 00Ssw, N
(n Park

E 1300S

Figure 2.2-1 Potential hazard locations close by to UUTR
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Figure 2.2-2 Location of UUTR housed in the Merrill Engineering Building

2.2.2 Air Traffic

The Salt Lake City International Airport (SLC) is located approximately 7 miles (11 kin)
west of the University of Utah. SLC aircraft operations are estimated to be 389,321 (takeoffs
and landings) in 2008. The Salt Lake International airport does not have standard flight paths
over the reactor site or in the vicinity of the university because due to the north/south runway
trajectory and westward distance. Both the University of Utah Hospital and the Primary
Children's Medical Center located 1 km east of the UUTR have their heliports. The airports are
situated such that private flight routes over the UUTR are extremely rare, and the hospitals
heliports are small and are used only for shock trauma patients. This limits the accidents to
affect the safe operation of the UUTR. In addition, the UUTR's submerged design greatly
reduces the risk of any credible external accident.
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2.3 Meteorology

The UUTR is located in the Salt Lake Valley, which is located between the Wasatch
Mountains and the Oquirrh Mountain Range. The climate is considered moderately mild,
characterized by relatively cold, wet winters and warm, dry summers, and receives little
precipitation. Under the Koppen climate classification, Salt Lake City has a semi-arid,
continental climate [K6ppen climate classification BSk]. The city has four distinct seasons, with a
cold, snowy winter, a hot, dry summer, and comfortable, relatively wet transition periods. The
Pacific Ocean is the primary influence on the weather, contributing storms from about October
to May, with spring being the wettest season. Snow falls frequently during the winter,
contributed largely by the lake-effect from the Great Salt Lake. The only source of precipitation
in the summer is monsoon moisture moving north from the Gulf of California. Summers are
hot, frequently reaching above 100°F (38°C), while winters are cold and snowy. However,
winters are warmer than one would expect at this elevation and latitude, due to the Rocky
Mountains to the east and north that usually block powerful polar highs from affecting the
state during the winter. Temperatures rarely fall below OF (-18*C), but frequently stay below
freezing. Temperature inversions during winter can lead to thick overnight fog and daytime
haze in the valley as cool air, moisture, and pollutants are trapped in the valley by surrounding
mountains. [http://en.wikipedia.org/wiki/Climate-ofSaltLakeCity]

2.3.1 General and Local Climate

2.3.1.1 Humidity

The Salt Lake Valley is a semi arid climate where summer humidity seldom exceeds 20%.
The relative humidity by month in Salt Lake City is shown in Table 2.3-1 (values are given for
morning and afternoon) and in Fig. 2.3-1.

2.3.1.2 Wind Stability

Wind data taken from downtown Salt Lake Triad Center which is located ~5.6miles from
the UUTR are summarized in Table 2.3-2. Figures 2.3.-2 and 2.3.-3 are showing the wind roses
for ozone season and violation days, respectively [http://home.pes.com/windroses/] averaged
over the period from 1980 to 19981. The average wind speed and wind direction for the period
2005 to 2010 are shown in Fig. 2.3-4 and Fig. 2.3-5 respectively.

'These wind roses were prepared by Pacific Environmental Services, Inc. (PES) using the program WRPLOT that was developed
by PES for the U. S. Environmental Protection Agency.
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Table 2.3-1 Relative Humidity in Salt Lake City
[04/2010: htt:/llwww.citoratina.com/citvhumidity.asp?Citv=Salt+Lake+Cityl

[Reltiv Humdit by ont (Pecenage

Average Montly Relative Humidity (%)
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Figure 2.3-Average Monthly Relative Humidity in Salt Lake City (2005 to 2010)
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Table 2.3-2 Wind Average Speed and Prevailing directions in Salt Lake City (Station 5.6 miles Away
from the UUTR, 1930-2003) [Left: http://www.wrh.noaa.gov/slc/climate/slcclimate/SLC/table57a.php]

[Right: htt:/Ilwww.citv-data.com/CitvlS/alt-Lake-Citv-Utah.htmll

Month Average Speed (mph) Prevaling Directbon
7.6 SE
8.2 1SE
9.5 SE

_pdl 9.7 SSE
__ye9.4 SSE

_A4 SE
8.1 SE

_______r 7.7J SE

A avera

Figure 2.3-2 Wind Rose for Ozone Season in Salt Lake City
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Figure 2.3-3 Wind Rose for Violation Days in Salt Lake City

Average Monthly Wind Speed (mph)
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Figure 2.3-4 Average Monthly Wind Speed (mph) in Salt Lake City Area (2005 - 2010)

331 P a g e



UUTR CHAPTER 2

Average Monthly Wind Direction (bearing)
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Figure 2.3-5 Average Monthly Wind Direction (mph) in Salt Lake City Area (2005- 2010)

2.3.1.3 Temperatures

The average minimum daily temperature is 21°F in January and the average maximum

daily temperature is 91*F in July. The extreme temperatures range from -30°F to 107*F (Table

2.3-3 and Fig.2.3-6).

Table 2.3-3 Historical Average and Extreme Monthly Temperatures in Salt Lake City (Station:
International Airport)

[http://en.wikipedia.org/wiki/Climate ofSaltLake-City]

Jon Feb M r AprMay Jun Jul Aug &Wp Out Nav IDw!

Extreme Daily Maximum OF 69~ 6 7889199 104 10 01101817 9
AvrgDallyMaximum F 371 531 61 71 82 91 89 78i 641 491 38

-4OAverageDallyMinlimum Fý 211 28 331 391 471 56 63 62~ 521 41~ 302
xlr lYlnunl 42 1402 35 1 371 27 16 14 -21

............ ......... ..... .. . . .... . .. .... .... .. D e• ......... I -r-.. ... 1... ... .. ...... .. . ... .......... .. .. 1.... ... ...5 ... ... .. .. . .. -2.. ... .. .
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Figure 2.3-6 Average Monthly Temperatures in Salt Lake City
[http://www.city-dato.com/city/Sait-Lake-City-Utah.html]

2.3.1.4 Precipitation

Precipitation values are shown in Table 2.3-4 and Fig.2.3-7. The average precipitation
for the Salt Lake area is 15.27 inches per year, with a maximum of 24.26 inches recorded in
1983 and a minimum of 8.70 inches recorded in 1979.
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Table 2.3-4 Average and Record Precipitation in Salt Lake City (Station: International Airport)
[http://en. wikipedia.org/wiki/Climate-of Salt Lake City]
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Figure 2.3-7 Average Precipitation in Salt Lake City
[http://www.city-data.com/city/Salt-Lake-City-Utah.html]

2.3.1.5 Severe Weather Phenomena

Tornadoes in Utah are quite infrequent due to the relatively calm climate; Utah gets "2
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tornadoes a year. Between the years 1943 and 2002 there have been only 7 tornadoes which
have measured as an F2 on the Fujita scale. Tornadoes of this magnitude have wind speeds
between 113 and 157 mph and have the ability to tear roofs off some buildings, damage trees
and mobile homes, and light objects are blown out. In the time period from 1950 to 2009, only
127 tornadoes were reported in the entire state of Utah (Table 2.3-5), most of them being of
size FO, or a gale wind tornado, with wind speeds reaching up to 94 mph. Only one of these 127
tornadoes occurred within a 5-mile radius of the UUTR (Table 2.3-6). Because of the low
frequency and low severity, tornadoes do not represent a significant hazard to the UUTR.

2.3.1.6 Snowstorms and Ice storms

Utah can have some lengthy snow seasons, starting as early as September and going as
late as May. The greatest amount of snowfall recorded in a give 24 hour period was on Oct 17-
18, 1984 a total of 18.4 inches was recorded. And the greatest depth of snow on the ground
recorded was 25 inches on Jan 12, 1993. On average Salt Lake City receives an annual snowfall
of 62.7 inches (Table 2.3-7).

The most accumulated snow in a given time was 23.3 inches of snow from Jan 6-10 1993
(Table 2.3-8). Due to the rather dry conditions in the Utah, Salt Lake City area, there are not
very many ice storms, most of the cold storms that the Salt Lake area receives are snowstorms.
From 1950-present there is only one recorded day of having an ice storm, it occurred on
January 26, 2005 and there was no property or crop damage nor any injuries or fatalities due to
this storm.

2.3.2 Analysis of Potential Accidents

Accidents potentially taking place at Fort Douglas (1.4 km), Research Park (2 km),
industrial rail yard (5.5 km), and gas pipeline (2km) would have minimal to no affect for reactor
operation and safety due to distance from MEB (Fig. 2.2-2). The gas pipeline is situated far
enough from the reactor facility to pose no significant threat (Fig. 2.2-2). Therefore, there are
no nearby industrial, transportation, or material facilities that could experience accidents
affecting the safety of the UUTR.
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Table 2.3-5 Number of Tornadoes by Year in Salt Lake City
[http://www. wrh.noaa.gov/slc/climate/tornado.php]
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Table 2.3-6 Strongest Tornadoes Recorded in the State of Utah
[ http://www.wrh.noaa.qovlslclclimateltornado.phpl
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Table 2.3-7 Maximum-Minimum seasonal snowfall for Utah
[http://www.wrh.noaa.gov/slc/climate/slcclimate/SLC/table44.php][1928-present]

Maximum Seasonal Snowfall Year Minimum Seasonal Snowfall Year

117.3 1 1951-52

110.8" 1973-74

98.7" 1992-93

98.0" 1983-84

91.3' 1943-44

89.2" 1968-69

Normal
Annual

Snowfall

62.7"

88.2' 1948-49

Table 2.3-8 Maximum duration of snowfall for Utah
[http://www.wrh.noaa.gov/slc/climate/slcclimate/SLCý/table5O.php][1928-present]

Amount Ouration of Snowfall

23.3"

19.8"

19.4"
18.4-
18,1"

17.4'

2.4 Hydrology

Hazards from activation of ground water are considered remote. Ground water was not
encountered in any of the borings made at the building site (more details are provided in
Section 2.6.1). The concrete and water shielding around the core minimize neutron activation
of the surrounding soil. The Merrill Engineering Building which houses the reactor facility is
located on the campus on high ground sloping westward with an average slope of about ten
percent. Drainage characteristics around the building reactor site are favorable, and no threat
of flooding or water damage exists.

The Great Salt Lake, Jordan River and other waterways and waterbeds are of no
influence to the UUTR facility, Fig. 2.4-1.
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Figure 2.4-1 Salt Lake City area map of waterways and waterbeds

2.5 Geology, Seismology, and Geotechnical Engineering

Salt Lake City lies in the northeastern part of the Jordan River Valley, which is
surrounded on three sides by mountains and opens toward the northwest into the Great Salt
Lake basin. The Oquirrh Range makes up the western boundary of the valley with an average
height of 8,500 ft above mean sea level and peaks to 9,700 ft mean sea level. The southern
boundary consists of the low east-west traverse range split by a water gap containing the
Jordan River. The eastern boundary of the valley is formed by the Wasatch Range with higher
summits near 12,000 ft mean sea level. A spur of mountain extends a short distance westward
from the main Wasatch Range just north of Salt Lake City. Two main canyons break the
Wasatch Range in this area. In addition, many smaller canyons open into the valley from all
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ranges. The valley floor consists of two parts: a broad, flat central plain at an elevation of
approximately 4,225 ft mean sea level and a system of narrow Lacustrine terraces that
intervene between the central flat and the bordering mountains. The plain and the surrounding
terraces are part of the former lake bottom of prehistoric (late Pleistocene) Lake Bonneville.

Utah has a high earthquake frequency and contains several active fault zones. The Coast
and Geodetic Survey (ESSA) of the U. S. government has classified the seismicity region through
Central Utah, which includes Salt Lake County, as zone 3. Figure 2.5-1 shows the major fault
lines within the state of Utah [this figure is provided by the University of Utah Seismograph
Station].
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Figure 2.5-1 Fault lines on the Wasatch Front
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2.5.1 Site Geology

Information on the foundation soil is available from the "Foundation Investigation for
the Merrill Engineering Building", U/U Job No- SA-261, submitted to the Utah State Building
Board in November 1957. Figure 2.5-2 shows the general site geology. The results of three of
the borings made at the site are given in Fig. 2.5-3. Boring No. 1 was made near the vicinity of
the proposed reactor tank excavation. Soils at the site are predominantly granular soils with
silty sand (fine) to clay silt binder. Coarser particles range from sand sizes to gravel, cobbles
and boulders. Excavation of the fuel storage pits confirmed the bore data. Standard
penetration tests were performed consecutively at intervals of approximately 5 ft in depth. The
tests were performed by driving a standard 1 3/8" ID split-barrel penetration sampler one foot
into the undisturbed soil by means of a 140 lb. drop weight falling 30 inches. Penetration
resistance is logged in terms of blows per foot of penetration. This data is recorded to the right
of each log boring in Fig. 2.5-3. Key to the boring log data is given in Fig. 2.5-3, and Fig. 2.5-3
also gives the safe bearing capacity for footing design at the site. Calculations indicate that the
load bearing capacity of foundation soil at the reactor site is more than adequate to support
the reactor tank under operation conditions. Actual bearing stress at the reactor tank footing is
about 1.9 lbs/ft 2 compared to a bearing capacity of well over 5 lbs/ft 2. No free ground water
was encountered at any boring at or in the vicinity of the Merrill Engineering Building.

2.5.2 Seismicity and Maximum Earthquake Potential

Because of the precautions taken during the design and construction of the UUTR
reactor and selection of the reactor site, there is not a substantial risk associated with the
effects of seismic activity on the TRIGA reactor. The emergency most likely to be caused by a
severe earthquake is a possible breach or rupture of one of the pool tanks resulting in a
reduction of water that shields the reactor core. The simultaneous failure of both tanks is not
considered to be a credible outcome. A risk assessment of these scenarios was performed, and
the results are reported in Chapter 13 of this document. Since 1964, The Utah Seismograph
Station has recorded 86 earthquakes originating within a 5 mile (8.5 kin) radius of the reactor.
The largest Richter magnitude recorded for these 86 earthquakes is 2.7, with 98% less than 2.
The historical record 1800 - 1964 indicate a further 44 earthquakes with a magnitude 7
earthquake occurring in the early 1900's. Data for the magnitude 7 earthquake is incomplete.
Expanding the radius to 20 miles the number of earthquakes for the same time period is 1018.
The largest magnitude recorded in this area is 5.2 with 95% below 2. The historical record for
the 20-mile radius indicates that 58 earthquakes occurred including the 7 previously
mentioned.

Only two damaging earthquakes have occurred in Salt Lake County during the past 146
years. A series of shocks with peak magnitude of 5.5 struck the city on 22 May 1910, and an
earthquake of magnitude 4.3 occurred on 4 February 1955. Damage was minor in both
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instances. The most severe earthquake recorded in the state occurred on 14 November 1901 in
Richfield, Utah (about 150 miles south of Salt Lake) and consisted of about 35 shocks of peak
magnitude 6.7. The most costly earthquake (magnitude 3.8) occurred on 30 August 1962 in
Logan, Utah (about 80 miles north of Salt Lake.) Property damage resulting from this
earthquake was estimated at about $1,000,000 and consisted of broken windows, cracked
plaster, toppled chimneys, etc. There is no record of any deaths directly related to an
earthquake in the State of Utah. Figure 2.5-4 shows earthquake locations in the Salt Lake City
area. This seismic hazard map, from the USGS/NEIC PDE catalog for 1990 - 2006, shows the
peak acceleration (%g) with 2% probability in 50 years site [NEHRP B-C boundary National
Seismic Hazard Mapping Project, 2008].

Figure 2.5-2 UUTR Site Geology
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Fig. 2.5-4 Earthquake locations and seismic hazard map of Utah.

2.5.3 Surface Faulting

The local seismic conditions of the reactor site are generally favorable. The nearest fault
is the splinter East Bench Fault, which lies about 2,000 ft (609.6 m) west of the reactor site. In
the last 146 years only 6 earthquakes have had their origin at the East Bench Fault, and these
have been mild and of local effect only. None had a Richter magnitude greater than 4.9. Thus,
as specified by ANSI 15.7 the UUTR is farther than 400 meters from the surface location of a
known capable fault.

2.5.4 Liquefaction Potential

To some extent, the type of ground on which a structure is built and the nature of the
structure has a greater impact on the earthquake safety factors than proximity to a fault zone.
In the case of the UUTR, the reactor site is a dry, compact mantle of earth covering bedrock.
According to a 1994 study of liquefaction potential in the Salt Lake Valley conducted by the
Utah Geological Survey, the probability of soil liquefaction occurring at the reactor site is very
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low (less than 5% given that an earthquake of sufficient magnitude to cause soil liquefaction
will occur within the next 100 years). The reactor system is composed of dual containment
tanks, which will move with the earth as a unit. The outer steel tank and its heavy reinforced
concrete pad can withstand tensile, compressive, and shear forces of short duration. The inner
aluminum tank, which contains the reactor core and shielding water, is sufficiently ductile to
respond to earthquake motion without tank rupture. The construction of the reactor tank,
concrete pad, footings, and structure conforms to zone 3 requirements of the Uniform Building
Code.
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3. DESIGN OF STRUCTURES,
SYSTEMS AND
COMPONENTS

471 P a g e



UUTR CHAPTER3

3.1 Introduction

This chapter discusses the "General Design Criteria for Nuclear Power Plants" as set forth
in 10 CFR 50, Appendix A, as they apply to the UUTR. These General Design Criteria were
formulated for the purpose of establishing minimum requirements for principal design criteria
of water-cooled nuclear power plants. Furthermore, they are to be applied to construction of
new plants similar in design for which construction permits have been previously issued. Since
the UUTR is a research and testing reactor, many of the power plant criteria cannot be logically
applied. Therefore, the discussions of this chapter are oriented towards a separate
consideration of each individual criterion, rather than toward identification of areas of
noncompliance and corrective actions.

The nominal UUTR steady-state power level is 100 kW. Thus, the fission-product
inventory is orders of magnitude less than those of conventional power reactors for which the
General Design Criteria were primarily prepared. A conservative upper limit of energy released
for an entire year of operation would be about 1 MW-day. These comparisons illustrate why
the UUTR may be placed in a category of much lower risk and treated accordingly in a rigorous
review of compliance with the General Design Criteria.

The accidents described in Chapter 13, Accident Analysis, conservatively demonstrate
that instrumented shutdown actions and building confinement are not necessary to ensure
that radiological doses will not exceed allowable limits. Table 3.1.1 presents a synopsis of the
conclusions regarding the relevance of the General Design Criteria to the UUTR.

3.1.1 Overall Requirements (Criteria 1-5)

Criterion 1: Quality Standards and Records

Original structures, systems, and components important to safety were designed,
fabricated, constructed, and/or tested to design specifications (MAN-NDI-86-03) and
associated standards.

University of Utah engineers monitored the construction to assure that the construction
work was in accordance with the specifications. Modifications have been made in accordance
with existing standards and requirements.

Criterion 2: Design Bases for Protection Against Natural Phenomena

Hurricanes, tsunamis, and seiches do not occur in the Salt Lake Valley area. Flooding in
the valley area could be caused by run-off from local rainstorm activity or snowmelt from the
Wasatch Mountains. However, the UUTR is situated some 400 ft above the 100-yr. flood plain,
and no local depressions are capable of holding floodwater.
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Only a small number of tornadoes, one or two per year, have been reported in Utah.
Based on the small probability of occurrences, postulated low intensity, the intermittent type
of reactor operation and low fission-product inventory, no criteria for tornadoes have been
established for the UUTR structure. However, the buildings are designed to withstand the area
wind loads.

The Salt Lake Valley area is classified as being in Seismic Zone 3 as defined in the Uniform
Building Code. The UUTR structures have been designed and constructed in accordance with
this code, see Chapter 13. Seismic activity in the region has registered as high as 7 in historical
time, which indicates an upper limit on the most likely seismic event (refer to Section 2.5).
Since the UUTR is designed to the Uniform Building Code for Zone 3, there is ample
conservatism in the design for the maximum expected event. The UUTR structures may suffer
some damage from a seismic event of the highest possible yield, but, as previously noted, low
frequency of operation and low fission-product inventory minimize the risk of such an event,
and resultant radiological doses would be within the ranges evaluated in Chapter 13, Accident
Analysis.

Criterion 3: Fire Protection

The reactor room and reactor control room structures, built of steel, concrete, and
concrete block, are highly fire resistant. However, material inventories inside the rooms could
include various flammable materials (paper, wood, etc.); and these, coupled with potential
ignition sources, require that fires be considered.

Several features reduce both the likelihood and the consequences of a fire.
1. Periodic fire safety inspections are made by the Fire Marshall.
2. Periodic in-house inspections are made for the explicit purpose of reducing
nonessential combustible material inventory.
3. Fire detection and suppression systems are installed in the facility.
4. A control room window into the reactor room permits the reactor operator to
continuously observe the reactor room, so that immediate action can be taken to
minimize the effects of a fire; established emergency procedures would be put into
effect in the event of a fire.
5. The large volume of water in the reactor tank would protect the core from any
conceivable fire.
6. The reactor is fail-safe and will shutdown should fire damage the instrumentation or
control system.
If the fire alarm is tripped, the Salt Lake City Fire Department is automatically alerted

and will respond to the UUTR within a few minutes.

Criterion 4: Environmental and Missile Design Bases

The construction of the facility precludes catastrophic rupturing of the reactor tank.
There is no source within the reactor room for generating large, sustained, positive pressure
differentials that could cause a breach of the reactor tank walls.
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The amount of combustible materials allowed in the reactor facility has been limited to
preclude damage to the reactor should the materials ignite. The closed beam tubes are angled
upwards away from the core. This tubing does not penetrate the inner tank wall. There are no
high-pressure systems within the reactor room. The piping systems are anchored and do not
penetrate the tank walls, and they could not conceivably affect the reactor.

Criterion 5: Sharing of Structures, Systems, and Components

Electrical power and make up water constitute the only systems shared by the UUTR
with other users. Sharing is based on the fact that the UUTR electric power is supplied by the
power source for the Merrill Engineering Building (MEB). Loss of power results in the
shutdown of the reactor since all control circuits are fail-safe, and no power is required for safe
shutdown or to maintain safe shutdown conditions. An electric power failure at any point in
the UUTR network will not detrimentally affect the reactor. Furthermore, battery backup
power exists for security and radiation monitoring systems. Make up water is also supplied
from the MEB's water system. This is not a significant safety issue because of the slow seepage
rate from the reactor in the case of a tank wall rupture. (Chapter 13)

3.1.2 Protection by Multiple Fission - Product Barriers (Criteria 10-19)

Criterion 10: Reactor Design

Accident analyses presented in Chapter 13 show that under credible accident conditions, the
safety limit on the temperature of the reactor fuel would not be exceeded. Consequently, there
would be no fission product release that would exceed 10 CFR Part 20 allowable radiation levels.

Criterion 11: Reactor Inherent Protection

Because of the fuel material (U-ZrH) and core design, there is a significant prompt
negative temperature reactivity coefficient. Routine steady-state power operation is
performed with the safety, shim, and regulating rods partially withdrawn, as described
in Chapters 4 and 13.

Criterion 12: Suppression of Reactor Power Oscillations

Not applicable. Due to the small dimensions of the core and low power levels,
the reactor is inherently stable to space-time and xenon oscillations.

50 1 P age



UUTR CHAPTER3

Criterion 13: Instrumentation and Control

The instrumentation and control system for the UUTR is a modified General Atomics
TRIGA Reactor console. The console provides a safety channel (percent power with scram), a
redundant, multi-range, linear power safety channel (source level to full power with scram), a
wide-range log percent power channel (below source level to full power), a source count rate
channel (fission chamber with control rod interlocks), period indication, two fuel temperature
channels (C and D rings with scram), and two pool water temperature channels (bulk pool
water and refrigeration water). Additional scrams are triggered by a loss of pool water level, a
high voltage interrupt tripping the external security system, and airborne radiation levels in

excess of the high area radiation monitor's limits. The UUTR can be operated only in manual
mode. Percent withdrawal indicators show control rod position and movement. Interlocks
prevent the movement of the rods in the up direction under any one the following conditions:

scrams not reset, source level below minimum count, two UP switches depressed at the same
time.

Criterion 14: Reactor Coolant Pressure Boundary

The reactor tank and cooling systems operate at low pressure and temperature. The
vessel is open to the atmosphere, and there are no means for pressurizing the system. The
reactor tank is of a double wall construction with an inner wall constructed of aluminum and
the outer wall constructed of steel. The primary coolant system components are aluminum,
stainless steel, or PVC. The system components outside the reactor tank have a low probability
of serious leakage or of gross failure that could propagate. Furthermore, the design of the
system is such that even though a line or component ruptures only a small amount of water
would be removed from the tank (< 3 ft) by a siphon block (see Chapter 5). Rupture of the
reactor tank is virtually impossible since it is supported on the bottom by a reinforced concrete
slab and the tank wall is buttressed by the surrounding the earth.

Criterion 15: Reactor Coolant System Design

The reactor tank is an open system and the maximum pressure in the primary system is
due to the static head (about 23.5 ft). The primary cooling system, the secondary cooling
system, and the purification system are pressurized by small capacity pumps.

The piping and valves in the primary and purification systems are PVC or aluminum, and
of such size so as to provide adequate operating margins. The secondary system components
are PVC and carbon steel. Chapter 5 describes the coolant system in detail.

Criterion 16: Containment Design

The structure surrounding the reactor constitutes a confinement building rather than
providing absolute containment. Because of the low fission-product inventory, leakage from
the structure can be tolerated.
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Criterion 17: Electric Power Systems

The building (MEB) provides electrical power to the reactor console, continuous air
monitor (CAM), and area radiation monitors (ARM), during normal reactor operations. With
loss of building power, a battery backup system is available. THE UUTR is cooled by PASSIVE
natural convection and there is no requirement to provide forced cooling flow for the removal
of decay heat, so response time for the reactor operator to shutdown the reactor and confirm
shutdown is adequate. The battery backup system provides twenty-four hours of power to the

CAM, and ARM.

Criterion 18: Inspection and Testing of Electric Power Systems

University of Utah electrical maintenance crews maintain the primary power distribution
system supplying commercial power to UUTR. Routine inspections of the systems are
performed. The UUTR can tolerate a total loss of electric power with no adverse effects on the
safety of the facility. There are no electrical power (distribution) systems necessary to provide
cooling to the UUTR during either normal or abnormal conditions (see Chapter 13).

Criterion 19: Control Room

In the event of an accident when operating procedures require shutdown of the reactor,
occupancy of the control room is not necessary since the reactor has been shut down and
experiments are terminated. Exposure levels derived from an accident's radiation sources
would be significantly reduced in magnitude (due to the location of the control room with
respect to the reactor room). Consequently, control room radiation levels will not exceed
allowable tolerance levels; nevertheless, the UUTR Emergency Plan describes actions for
mitigating accident situations, which require control room evacuation.

3.1.3 Protection and Reactivity Control Systems (Criteria 20-29)

Criterion 20: Protection System Functions

The UUTR Reactor Protection System has been designed to initiate automatic actions to
assure that fuel design limits are not exceeded by anticipated operational occurrences or
accident conditions. Two power channels and two fuel temperature channels initiate the
automatic actions. The Reactor Protective System automatically scrams the control rods when
trip settings are exceeded (Chapter 7). There are no other automatic actions required by UUTR
systems to keep fuel temperature limits from being exceeded. The Reactor Protective System
satisfies the intent of IEEE-323-1974 in the areas of redundancy, diversity, power-loss, fail-safe
protection, isolation and surveillance.
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Criterion 21: Protection System Reliability and Testability

The UUTR protection system is designed to be fail-safe. Any channel signal or functional
loss that causes the channel to lose its ability to perform its intended function results in
initiation of shutdown action. Protective action is manifested through several independent
scram inputs arranged in series such that any event that interrupts current to the scram
magnets results in shutdown of the reactor. Redundancy of channels is provided. In addition, a
loss of any channel due to open circuit or loss-of-power will result in a scram. Scram action is,
therefore, on a one-out-of-one basis. All instrumentation is provided with testing capability.
The Reactor Protective System satisfies the intent of the IEEE-323-1974 standard. Additionally,
all safety systems are tested during a reactor checkout prior to a run or control rod
manipulation.

Criterion 22: Protection System Independence

The protective system satisfies the intent of IEEE-323-1974 "Criteria for Protective
Systems for Nuclear Power Generating Stations." Protective functions are initiated through
two independent power and two independent fuel temperature channels that provide a
diversity of independent scram modes. Furthermore, the protective system is fail-safe upon
loss of power.

The Reactor Protective System and the magnet power supply are, for the most part,
physically and electrically isolated from the remainder of the control system. There is a
separate conduit for each safety channel and one for the magnet power supply.

Criterion 23: Protection System Failure Modes

The reactor protective system is designed and constructed to be failing safe in
the event of any failure of a safety channel. Failure of a safety channel will result in
removal of power to the control rod magnets, dropping the control rods into the core.
The reactor protective system contains no control functions. Therefore, loss of a
protective function will not affect the operation of the reactor, such as initiating an
uncontrolled reactivity insertion.

Criterion 24: Separation of Protection and Control Systems

The UUTR has four power indicating channels, two fuel temperature channels,
and two water temperature channels. One of the power channels utilizes a fission
chamber for startup count rates. This channel provides signals for both safety (source
interlocks) and control action. The linear power channel utilizes a compensated ion
chamber. This channel provides linear power for safety (scram) action as well as power
monitoring capability. The third channel is a percent power channel. It is the primary
safety channel with scram and power monitoring capabilities. The forth power
monitoring channel (log channel) is not linked to a safety function. Fuel temperature is
measured by thermocouples placed within the special instrumented fuel elements. The
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information from these channels is processed and displayed on the console
independently, and connects directly to the safety system scram circuit. The ability of
this configuration to meet the intent of protection system requirements for reliability,
redundancy, and independence for TRIGA-type reactors has been accepted by the NRC.

Finally, the control and safety systems are fail-safe and will scram the reactor
should they malfunction. No control or safety systems are required to maintain a safe
shutdown condition.

Criterion 25: Protection System Requirement for Reactivity Control Malfunction

The UUTR Protection System is designed to assure that fuel temperature limits are not
exceeded for any single malfunction of the reactivity control system. However, Chapter 13
shows that the simultaneous and accidental removal of all rods from the core at their normal
drive speed will not exceed fuel temperature limits.

Criterion 26: Reactivity Control System Redundancy and Capability

The UUTR has three independent reactivity control rods: one shim rod, one regulating
rod, and a safety rod. The shim and safety rods have nearly identical reactivity worths;
therefore, for certain specialized applications, the role of these two rods is reversed. Both rods
are capable of shutting the reactor down well below the shutdown margin. Each of the
CONTROL rods has its own drive mechanism and control circuit and they can scram
independently of each other. The regulating rod is used for fine power control and
adjustment.

Upon receipt of a scram signal, all three rods are released from their drives and dropped
into the core. Insertion of any two of the three rods ensures reactor shutdown.

Criterion 27: Combined Reactivity Control System Capability

Emergency core cooling is not required for the UUTR. Analyses (Chapter 13) have shown
that the worst conditions resulting in instant loss of coolant do not cause fuel-element
temperatures to reach the safety limit.

Total worth of the rods is more than adequate to maintain the core at a subcritical level
even with the most reactive rod removed from the core.

Criterion 28: Reactivity Limits

No conceivable malfunction of the reactivity control systems could result in a reactivity
accident worse than the conditions encountered during an accidental maximum-yield pulse, as
outlined in Chapter 13. As shown in Chapter 13, neither continuous rod withdrawal nor loss of
coolant will cause undue heating of the fuel. Identified accidents will not result in significant
movement of adjacent fuel elements or otherwise disturb the core so as to add reactivity to
the system.
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Since the primary coolant system operates at atmospheric pressure, control-rod ejection
is not a credible event. The shim rods, the regulating rod, and the safety rod cannot drop out of
the core because the rods in the full down position are approximately one inch above the
safety plate located near the bottom of the tank. Travel out of the core in the downward
position is therefore eliminated.

Criterion 29: Protection Against Anticipated Operational Occurrences

The protection and reactivity control system satisfy all existing design standards. Periodic
checks (i.e., startup, shutdown, and maintenance procedures) of all reactor protective system
channels and reactivity control systems demonstrate that they will perform their intended
function. If there were a loss of electrical power, the reactor would scram due to the loss of
current to the control rod electromagnets. Because the reactor is cooled by natural convection,
and there is no requirement to provide forced cooling flow for the removal of heat, there is
sufficient time for the reactor operator to shutdown the reactor and confirm shutdown.

3.1.4 Fluid Systems (Criteria 30-46)

Criterion 30: Quality of Reactor Coolant Pressure Boundary

The reactor tank is open to the atmosphere and is subjected only to ambient conditions.
All components containing primary coolant (i.e. reactor tank, primary coolant systems and the
purification system) are constructed of PVC, aluminum, and stainless steel, using standard
codes for quality control. There is no requirement for leak detection in the primary coolant or
purification loop since no conceivable leak condition can result in the tank water level lowering
more than approximately three feet.

Criterion 31: Fracture Prevention of Reactor Coolant Pressure Boundary

Since the coolant system is open to the atmosphere, no reactor coolant pressure
boundary is required. The reactor tank is of double wall construction with the aluminum inner
wall surrounded by eighteen inches of sand and a steel outer wall, which prevents external
forces from being directly transmitted to the tank, and precludes movement of the tank.

The tank wall cannot be inspected by any means other than visual observation through
the water from inside the tank. All piping, valves, meters, etc. associated with the primary
water system are located in open spaces and are readily accessible for periodic inspections.

The UUTR operates at relatively low powers and temperatures. Because of the
moderate fluence levels and low temperature factors, no significant change in material
properties is expected.
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Criterion 32: Inspection of Reactor Coolant pressure Boundary

This criterion is not applicable.

Criterion 33: Reactor Coolant Makeup

The UUTR water purification system design includes a system for makeup of primary

coolant water. This system is manually operated (See Chapter 5)

Criterion 34: Residual Heat Removal

Natural convection cooling is adequate to dissipate the heat from the core. Many years

of operations with TRIGA reactors have shown that natural convection will provide adequate
flow for the removal of heat after several hours of maximum steady-state operation.

Furthermore, calculations performed for loss of coolant (see Chapter 13) show that fuel

temperatures will not reach the safety limit even under loss-of-coolant conditions. Based on

the above, there is no requirement to provide a residual heat removal capability.

Criterion 35: Emergency Core Cooling System

An emergency core-cooling system is not required for the following reasons:

1. The system is not pressurized and does not operate at high coolant temperatures.

2. Natural convection cooling will adequately dissipate generated core heat.

3. If all water is lost for any reason, air cooling (as shown by analysis in Chapter 13) will

satisfactorily dissipate heat and prevent exceeding the safety limits.

Criterion 36: Inspection of Emergency Core Cooling System

This criterion is not applicable.

Criterion 37: Testing of Emergency Core Cooling System

This criterion is not applicable.

Criterion 38: Containment Heat Removal

There are no systems, devices, equipment, experiments, etc., with sufficient stored

energy to require a containment heat removal capability. This criterion is not applicable

Criterion 39: Inspection of Containment Heat Removal System

This criterion is not applicable.

Criterion 40: Testing of Containment Heat Removal System

This criterion is not applicable.
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Criterion 41: Containment Atmosphere Cleanup

Post accident activities are not contingent upon maintaining the integrity of the building
structure. Accident analyses (see Chapter 13) have shown that downwind doses would not
exceed 10 CFR Part 20 or ANSI 15.7 guidelines in any credible accident. Routine operations
result in two isotopes of concern being produced: Argon-41 in the reactor room and Nitrogen-
16 from the irradiation of oxygen in the tank water. Analysis in Chapter 11 shows
concentrations to be below ANSI 15.7 guidelines for accident situations and below 10 CFR Part
20 guidelines for normal operations.

Criterion 42: Inspection of Containment Atmosphere Cleanup Systems

This criterion is not applicable.

Criterion 43: Testing of Containment Atmosphere Cleanup Systems

This criterion is not applicable.

Criterion 44: Cooling Water

A coolant system is utilized to cool reactor tank water during normal operation of
the reactor. The UUTR requires no auxiliary cooling system for cooling of reactor tank
water upon shutdown.

Criterion 45: Inspection of Cooling Water System

Cooling equipment used in normal operation of the reactor is located either in
the reactor room, with adequate space provided to permit inspection and testing of all
components. Operation of the bulk coolant and cooling system is checked on a daily
basis prior to reactor operation. During this checkout, the performance of each system
is monitored with emphasis on system flow rates and temperature.

Criterion 46: Testing of Cooling Water System

UUTR reactor cooling systems are routinely checked, tested, and maintained.

3.1.5 Reactor Containment (Criterion 50-57)

Criterion 50: Containment Design Basis
Under the conditions of a loss of coolant, it is conceivable that the temperature at the

reactor room could increase slightly due to heating of the air flowing through the core.

57 1 P a g e



UUTR CHAPTER 3

However, since the building is not leak tight, it will not pressurize from the heating of the air.
Furthermore, there is no requirement from a radiological exposure viewpoint for a
containment structure; hence, only a confinement structure exists at the site. In addition,
there is no source of energy (from an accident) that would provide a significant driving force if
no corrective action was taken.

Criterion 51: Fracture Prevention Boundary

The confinement structure (the reactor room) is a building with reinforced filled
concrete walls and the ceiling is a steel and concrete load-bearing floor. The entire structure is
exposed to only normal external environmental conditions and internal environmental
conditions are maintained at regulated conditions.

The structure will not be subjected to significant internal pressures during normal
operations. Postulated accident conditions cannot result in significant changes in the pressure
differential due to the non-leak tightness of the structure.

Criterion 52: Capability for Containment and Leakage Rate Testing

This criterion is not applicable.

Criterion 53: Provisions for Containment Testing and Inspection

The reactor room confinement capability is checked on a daily basis prior to reactor
operation and routinely throughout reactor operations. This check involves monitoring the
pressure differentials between the reactor room and the surrounding areas. The reactor room
exhaust recirculation system is checked monthly to confirm proper operation.

Criterion 54: Piping Systems Penetrating Containment

Piping systems that involve penetrations through the reactor building walls have no
effect on the safety of operation; therefore, isolation, redundancy, and secondary containment
of these systems are not required.

Criterion 55: Reactor Coolant Pressure Boundary Penetrating Containment

The reactor room was not designed or constructed as a pressure containment structure,
but does provide adequate airborne radioactivity confinement. As pointed out in the
responses to previous criteria, there are no requirements for containment (or confinement)
capabilities. The only systems that penetrate the reactor room are the ventilation system,
primary coolant system, makeup water system, control and console monitoring cables, and the
pneumatic transfer tube experimental facility.
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Criterion 56: Primary Containment Isolation

Penetrations through the building walls have no effect on the safety of reactor

operations; therefore, isolation systems are not required in the UUTR.
Criterion 57: Closed System Isolation Valves

The UUTR reactor building was designed to provide only confinement capability;
isolation valves are not required.

3.1.6 Fuel Radioactivity Control (Criteria 60-64)

Criterion 60: Control of Release of Radioactive Materials to the Environment

There is no readily available path for liquid waste to be discharged directly to the
environment. Liquids in the reactor room may result from spills, wash down of the floor, etc.
These liquids are collected in a storage tank within the UUTR, analyzed for radioactivity, and
disposed of accordingly (see Chapter 13).
Criterion 61: Fuel Storage and Handling and Radioactivity Control

Criterion 62: Prevention of Criticality in Fuel Storage and Handling

Fuel-storage capability is provided by storage racks 
The storage locations are criticality safe due to

the geometry utilized and the limited quantity of fuel elements, which can be stored (Chapter
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9). Since only one fuel element can be handled at a time, handling does not present a
criticality problem.

Criterion 63: Monitoring Fuel and Waste Storage

The reactor room and the UUTR fuel storage area radiation level are monitored with
both an ARM system and a CAM system. No residual heat removal or temperature measuring
capability is required for irradiated UUTR fuel elements. Fuel burn up is low; therefore, only a
minimum decay heat source is present.

Criterion 64: Monitoring Radioactivity Releases

The radiation monitoring system for the UUTR consists of the ARM's and CAM's. ARM's
monitor the reactor room and selected areas outside the reactor room for gamma activity. The
UUTR exhaust stack is equipped with a CAM, which provides continuous readings of radiation
from Ar-41 and beta/gamma particulate released from the facility. This CAM has local
readouts and alarms as well as remote readouts and alarms in the reactor control room.
Actions initiated to reduce the release of radioactivity if the set points of this instrument are
exceeded are discussed in Chapter 9 and Chapter 11. This CAM has local readouts and alarms
as well as remote readouts and alarms in the reactor control room.

Table 3.1-1 General design criteria and the UUTR- Protection by multiple fission
product barriers and Protection and Reactivity control systems

Conditional
Criterion Number and Title Complianc Compliance non Conditional

e not requirec compliance
compliance

1. Quality Standards and records X
2. Design Basis for Protections against natural phenomena X
3 Fire protection X
4. Environmental and Missile design basis X
5. Sharing of structures X

Protection by Multiple Fission Product Barriers
10. Reactor design X
11. Reactor Inherent Protection X

12. Suppressions of Reactor Power Oscillations X
13. Instrumentation and Control X
14. Reactor Coolant Pressure Boundary X
15. Reactor Coolant system design X
16. Containment Design X
17. Electrical Power system X
18. Inspection and testing of electrical Power systems X
19. Control room X

Protection and Reactivity Control Systems
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20. Protection system function X
21. Protection system reliability and testability X
22. Protection system independence X
23. Protection system failure modes X
24. Separation of protection and control system X
25. Protection system Requirements for reactivity control
malfunctions
26. Reactivity control system redundancy X
27. Combined reactivity control system capability X
28. Reactivity limits X
29. Protection against anticipated operational occurrences X

Fluid Systems
30. Quality of reactor coolant pressure boundary X
31. Fracture Prevention of Reactor coolant pressure X
boundary
32. Inspection of reactor coolant pressure boundary X
33. Reactor coolant makeup X
34. Residual heat removal X
35. Emergency core cooling X
36. Inspection of emergency core cooling X
37. Testing of Emergency core cooling system X
38. Containment heat removal X
39. Inspection of Containment heat removal X
40. Testing of Containment heat removal X
41. Containment of Atmosphere Cleanup X.
42. Inspection of Containment of Atmosphere X
Cleanup
43. Testing of Containment atmosphere Cleanup X
system
44. Cooling water X
45. Inspection of cooling waster system X
46. Testing of Cooling water system X

Reactor Containment
50. Containment design basis X
51. Fracture prevention of Containment Pressure
boundary
52. Capability for Containment Leakage rate testing X
53. Provisions for containment testing and inspection X
54. System Penetrating Containment X
55. Reactor Coolant Pressure boundary penetrating X
containment
56. Primary containment isolation X
57. Closed system Isolation Valves X

Fuel and Radioactivity Control
60. Control of Releases of Radioactive Materials to
the Environment X

61. Fuel Storage and Handling and Radioactive X
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control
62. Prevention of Criticality in Fuel storage and
Handling
63. Monitoring Fuel and Waste storage X
64. Monitoring radioactivity Releases X

3.2 Meteorological Damage

The UUTR is protected from damage by high winds or tornadoes by virtue of the thick
reinforced concrete structure surrounding the reactor tank. The UUTR is located below ground
level and is within a double-wall tank, within the Merrill Engineering Building. The
superstructure of the UUTR has been designed for area wind, rain, snow, and ice loads. The
appropriate building codes were used. The UUTR has endured approximately 25 years of local
weather conditions with no meteorological damage. Hurricanes, tsunamis, and seiches do not
occur in the Salt Lake area.

Only a small number of tornadoes, approximately two a year, have been reported in
Utah (as described in Section 2.3). Based on the small probability of occurrences, postulated
low intensity, intermittent reactor operation and low fission-product inventory, no criteria for
tornadoes have been established for the UUTR structure.

3.3 Water Damage

Ground Water: Ground water was not encountered in any of the borings made at the
building site that houses the UUTR.

Precipitation: The precipitation in Salt Lake City area including rain and snow is
discussed in 2.3.1, General and Local Climate, indicating no excess in precipitation occurred.

Floods: The Merrill Engineering Building which houses the UUTR is located on the
campus on high ground sloping westward with an average slope of about 10%. Drainage
characteristics around the building reactor site are favorable, and no threat of flooding or
water damage exists. There is no potential for flooding. However, even if flooding occurred,
reactor safety would not be an issue since the core is located in-a water pool. The only
equipment that can potentially be affected is pool water circulation pump. This pump can be
replaced very easily and even in the worst case, the reactor pool water cannot be released
from the pool and there is no possibility to contaminate the flooding water or ground water

system. There are no pipes in the UUTR facility capable of flooding the reactor room to the first
floor level. If, however, reactor area is flooded, the reactor will be shutdown safely.
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There is no river small or large near the reactor facility. Furthermore, the lowest
elevation in the UUTR, the reactor room floor, contains a sump. There was no flooding history
in the University of Utah area since the existence of the University.

3.4 Seismic Damage

The UUTR site is in a UBC, Zone 3, risk area (see Chapter 2). The UUTR building, reactor
foundation, shielding structure, reactor tank, and core support structure are designed in
accordance with UBC Zone 3 requirements. Meeting these requirements should ensure that
the reactor could be returned to operation without structural repairs following an earthquake
likely to occur during the plant lifetime. Furthermore, failure of the reactor tank and loss of
the coolant in the event of a very large earthquake has been considered in Chapter 13 and the
consequences found acceptable from the standpoint of public safety. Seismic considerations
applicable to the UUTR facility are discussed in Chapter 2 and Chapter 13.

3.5 Systems and Components

The systems and components used for safe operation and shutdown of reactor and their
design basis are as follows:

" UUTR safety operation follows the defense-in-depth mechanism to protect the reactor
personnel and the environment from radiation releases. The first barrier to stop the
radiation and most importantly confine the fission products is the fuel cladding. The
cladding acts as the first barrier for release of fission products. The next barrier
preventing the release of radiation is the tank of water, which protects the
environment and the personnel. Reactor tank, and the sand in between the tank and
the concrete base, both serve as a shielding barrier to the environment.

" The operation of the reactor is regulated with control rods. As in any other TRIGA type
reactors, the control rods are held in place on a bridge over the reactor tank. The
shim and safety rods have the electrical-driven rack-and-pinion drives consisting of a
two-phase reversible motor, a magnet rod-coupler, a rack-and-pinion gear system,
and electromagnet and armature, a dashpot assembly, control rod extension shaft,
and a potentiometer to identify the location of the rod. These are original TRIGA
reactor control rod designs by General Atomics. During a SCRAM signal, the drop is
done by gravity, which means the control rod, the rod extension, and magnet
armature are detached from the electromagnet. The regulation rod is very similar to
the safety and shim rods; however, the difference is in the reversible motor. A
stepping motor and reduction gear are used instead of the reversible motor.
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" Although there are no required engineered safety features for this reactor due to low
operating power and good fission product retention in the fuel, a controlled
ventilation system maintains a negative air pressure in the reactor area to reduce the
consequences of airborne radiological release. A ventilation system is activated in a
rare case of fission product release to protect the personnel and environment from
release of such radiation. The automatic shutdown of ventilation system confines the
air in the reactor room to avoid spread of fission products and other radiation below
the boundaries of the UUTR facility.

* The UUTR has several SCRAM functions: linear power, percent power, high voltage
interrupted, pool water level, high radiation alarm, magnet key and manual SCRAM.
The linear and percent power will SCRAM the reactor when the reactor power is equal
to or higher than 100kW, and 110% of the licensed power, respectively. If the high
voltage supply is lost, or radiation level in the reactor room is higher than 10
mrem/hr, the reactor will be scrammed.

" The UUTR has two different types of fuel element cladding, the aluminum and the
stainless steel cladding. The B and C-rings contain only stainless steel fuel elements; D,
E, F and G-rings have 23 aluminum fuel elements.

* Currently, four different neutron irradiation facilities are available at the UUTR. The
FNIF (Fast Neutron Irradiator Facility) provides 1 MeV equivalent neutron flux. The PI
(Pneumatic Irradiator) uses a pressurized He gas to place a sample in the core and
remove it from the core. The TI (Thermal Irradiator) has well thermallized neutron
beam. The Cl (Central Irradiator) has the highest neutron flux in the core and provides
a fast neutron flux.

" The UUTR has two instrumental fuel elements in the C and D-ring to measure fuel
element temperature. The UUTR has one fission chamber, one compensated
ionization chamber and two uncompensated ionization chambers. The fission
chambers measure the neutron population in the core, while the ionization chambers
measure linear, percent and log power of the reactor.
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4. REACFOR CORE
DESCRIPTION
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4.1 Summary Description

The UUTR reactor is a standard design nominal 100kW (licensed 100kW but operated at
90kW), natural- convection-cooled TRIGA pool reactor with the graphite reflector providing
accommodation to few pool irradiation facilities. The reactor core is located near the bottom of
a water-filled aluminum tank that has a diameter of 8 ft and is about 24 ft deep. For personnel
shielding, the tank is shielded radially by a minimum of 2 ft thick sand, 3/16 inches-thick steel
and 3 ft thick ordinary concrete. The approximately 22 ft of water above the core provides
adequate shielding at the top of the UUTR tank. The control rod drives are mounted at the top
of the tank on a bridge structure spanning the diameter of the tank. The reactor can be
operated in a steady-state mode by manual control.

TRIGA fuel is characterized by inherent safety, high fission product retention, and the
demonstrated ability to withstand water quenching with no adverse reaction from
temperatures to 2,102°F (1,1500 C). The inherent safety of the UUTR reactor has been
demonstrated by the extensive experience acquired from similar TRIGA systems throughout the
world. This safety arises from the strongly negative prompt temperature coefficient that is
characteristic of uranium-zirconium hydride fuel-moderator elements. As the fuel temperature
increases, this coefficient immediately compensates for reactivity insertions. This results in a
mechanism whereby reactor power excursions are terminated quickly and safely. The analyses
that follow establish the safety limits for operation of the UUTR.

4.2 Reactor Core

The UUTR utilizes solid fuel elements, developed by General Atomics (GA), in which the
zirconium-hydride moderator is homogeneously combined with enriched uranium. The unique
feature of these fuel-moderator elements is the prompt temperature coefficient of reactivity,
which gives the TRIGA reactor its built-in safety by automatically limiting the reactor power to a
safe level in the event of a power excursion. The reactor core consists of a lattice of cylindrical
stainless-steel-cladding U-ZrH 1.6 fuel-moderator elements (SS), and aluminum-cladding U-ZrH1 .0
fuel-moderator elements. The aluminum and SS fuel core elements are nominally  inches
0. D., except for the upper and lower end fixtures, and inches long tip to tip. Neutron
reflection in the radial direction is provided by 12 graphite and 12 heavy water elements in an
aluminum cladding. The height of the graphite and heavy water elements in the reflector is
about 24 inches. Also in this tank at the outer perimeter, is 3.5 ft of water, which acts as a
thermal shield to protect the aluminum tank structure from excessive nuclear heating, and also
contributes to reducing the radiation dose to the aluminum tank.

The core components are contained between top and bottom aluminum grid plates. The
top grid plate has 126 positions for fuel elements and control rods arranged in 6 concentric
rings around a central port (used for high flux irradiations).
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The power level of the UUTR reactor is accurately controlled with three control rods.
Four instrumentation channels monitor and indicate the reactor neutron flux and power

level on the console. The bulk water temperature and the reactor tank outlet and inlet water
temperatures are indicated on the console. The water conductivity, measured at the inlet and
outlet of the demineralizer, is displayed on a panel near the console. In addition, primary
reactor water is routinely monitored to identify any significant increase in radioactivity.

4.2.1 Reactor Fuel

4.2.1.1 Reactor Fuel Description

The NUREG 1282 identifies the safety limit for high-hydride (ZrH 1.7) fuel elements with
stainless steel cladding based on the cladding stress (resulting from hydrogen pressure from the
dissociation of the zirconium hydride). This stress will remain below the yield strength of the
stainless steel cladding if fuel temperature is below 1,150 °C. A change in yield strength occurs
for stainless steel cladding temperature of 500 °C, but there is no scenario in TRIGAs for fuel
cladding to achieve 500 °C while submerged; consequently the safety limit during reactor
operation is 1,150 °C for stainless steel cladding fuel elements. Therefore, the important
variable for a TRIGA reactor is the fuel element temperature. The NUREG 1537 Appendix 14.1
indicates that for reactors without instrumented fuel it is allowed to establish a power level
that limits fuel cladding maximum temperature below safety limits.

During operation, fission product gases and dissociation of the hydrogen and zirconium
builds up a gas inventory in internal components and spaces of the fuel elements. Limiting the
maximum fuel temperature prevents an excessive internal pressure that could be generated by
heating the gases. The temperature at which phase transitions may lead to cladding failure in
aluminum-clad low-hydride fuel elements is reported to be 530 °C (Technical Foundations of
TRIGA, GA-471, 1958, PP. 63-72). Fuel growth and deformation can occur during normal
operation, as described in General Atomics Technical Report E-117-833. Damage mechanisms
include fission recoils and fission gases, strongly influenced by thermal gradients. The operating
fuel temperature of 750 °C does not have significant effect on the fuel growth.

All aluminum and stainless steel (SS) cladding fuel elements and the optional graphite or
heavy water loaded reflector elements have similar outside dimensions. The aluminum and SS
fuel core elements are nominally  inches 0. D., except for the upper and lower end fixtures,
and  inches long tip to tip. The fuel is a solid, homogeneous mixture of uranium-zirconium
hydride alloy containing 8.5% by weight of uranium enriched to less than 20% in U-235. The
hydrogen to zirconium ratio is 1.0 for the elements with aluminum cladding and 1.6 for the
elements with stainless steel cladding. To facilitate hydriding, a 0.19 inch diameter hole is
drilled through the center of the active fuel section. A zirconium rod is inserted in this hole after
hydriding is completed. Each aluminum-clad element has a clad thickness of 0.030 inch-thick
aluminum, and the stainless steel clad elements have a clad thickness of 0.020 inches. The
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active fuel portion is inch nominal diameter by inches long for aluminum fuel elements
and  inches long for stainless steel elements. Each end has 4 inch-long sections of graphite.
The lower end fixture supports the fuel-moderator element on the bottom grid plate. The
upper fixture contains a knob for grasping with the fuel-handling tool. Also, the upper fixture
has a triangular spacer, which permits cooling water to flow through the upper grid plate.
Figure 4.2-1 and Table 4.2-1 show the details of the UUTR's two different types of fuel
elements. Stainless steel fuel elements have same geometry as aluminum fuel elements except
the fuel meat length, overall length and the clad thickness. The U-235 mass is different per
element; the values as shown in Table4.2-1 are the average U-235 mass values per fuel element
based on the existing records from General Atomics fuel log. The active part of fuel element is
shown in Fig. 4.2-2.

The UUTR has two instrumental fuel elements (IF). An instrumental fuel element has
three thermocouples embedded in the fuel. The sensing tips of the IF element thermocouples
are located halfway between the outer radius and the vertical centerline at the center of the
fuel section and 1 inch above and below the horizontal center. The thermocouple leadout wires
pass through a seal contained in a stainless steel tube welded to the upper end fixture. The
water-tight stainless steel conduit carrying the leadout wires to the top of the reactor tank. The
stainless steel conduit is attached to the triangular supporter above the water surface. The IF
has same dimension and shape except the three thermocouples and stainless steel conduit.

The exact burnup ratio of each fuel element in the UUTR is not known. In order to
develop a full and as accurately as possible a numerical model of the UUTR reference core
operating at 90kW using MCNP5, it was important to as accurately as possible, estimate the
fuel burnup. The UUTR maximum operating power is 90kW. At that power the UUTR reactor
operation record shows that during its operation from 1975 to 1998 the reactor generated
cumulative of 191.643MWh and from 1998 to May 7, 2010 the UUTR generated cumulative of
14.221MWh, giving a total of 205.864MWh (for 2439.712 hours). According to General Atomic,
the TRIGA fuel burn-up is 1.25g of U-235 per MWh. Thus, from 1975 to 1998, the mass of
burned U-235 is 191.643MWh x 1.25g/MWh = 239.554g, and the average burned U-235 per
fuel element is 239.554g / 78 elements = 3.07g/element. Similarly, from 1998 to 2010, the
burned U-235 is 14.221MWh x 1.25g/MWh = 17.776g, and the average burned U-235 per fuel
element is 17.776g / 78 elements = 0.228g/element. The estimated average burnup data are
shown in Table 4.2-2.

Based on the data given in Tables 4.2-1 and 4.2-2 it follows: the UUTR core has 17 SS
cladding fuel elements and 2 instrumental fuel elements present in the core from 1975 with the
average burn-up ratio of (3.07+0.228)/37.6 = 8.77%, 23 aluminum cladding fuel elements
present in the core from 1975 with the average burn-up ratio of (3.07+0.228)/37 = 8.91%, and
36 SS cladding fuel elements present in the core from 1998 with the average burn-up ratio of
0.228 / 37.6 = 0.61%.
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Fig. 4.2-1 UUTR stainless steel element assembly. Aluminum element has same geometry
as a stainless steel element except for the fuel section length, overall length and cladding

thickness (Table 4.2-1)
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Table 4.2-1 Specification summary for the UUTR fuel elements

Fuel-moderator material Aluminum Cladding Stainless Steel (SS) Un-irradiated New Fuel

Cladding with Stainless Steel

(SS) Cladding

UZrHn

H/Zr atom ratio 1.0 1.6 1.6

Uranium content 8.5 wt% 8.5 wt% 8.5 wt%

U-235 enrichment 20 % 20 % 20 %

U-235 mass per 

element

Diameter of fuel meat 

Length of fuel meat 

Graphite end reflector

Porosity 20 % 20 % 20 %

Diameter 3.556 cm 3.556 cm 3.556 cm

Length (top and 10.16 cm 10.16 cm 10.16 cm

bottom), each

Material Aluminum Stainless steel Stainless steel 304

304

Wall thickness 0.0762 cm 0.0508 cm 0.0508 cm

End fixture Aluminum Stainless steel Stainless steel 304

304

Overall element

Outside diameter 

Length 

Weight 
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Figure 4.2-2 Active part of the fuel element

Table 4.2-2 Estimated average fuel element burn-up for UUTR operating at 90kW

Period 1975 - 1998 1998 - 2010
Burning history 191.643MWh 14.221MWh
Burned U-235 239.554 g 17.776 g
# of fuel elements in the 78 78
active core
Average burnup 3.07 g/element 0.228 g/element

4.2.1.2 Mechanical Forces and Stresses

At 530 'C, the equilibrium hydrogen pressure for the fuel is less than 689 Pa (0.1 psi),
and distortion of the fuel by phase transformations will not occur. Thus, the cladding integrity
is assured since the stress at 689 Pa on the 0.030 inch-thick aluminum cladding is only 16.88
kPa (2.45 psi) and 25.3 kPa (3.67 psi) for the 0.020 inch stainless steel cladding. The stress is
calculated as follows:
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S=Pr
t

where r (radius) = 1.867 cm, t =cladding thickness (cm), P =internal pressure (Pa).

Example: For r=1.867cm, t=0.O3in (0.0762cm), and P=689Pa, the stress can be
calculated as follows:

r 1.867xl1c-2M
S=P-=689Pax - =16881Pa=16.88kPa

t 0.0762 x 10-2 m

4.2.1.3 Corrosion and Erosion of Fuel Cladding

The UUTR fuel elements are inspected every two years for swelling, discoloring, and
streaks using underwater cameras. At the maximum fuel temperature below 7500 C, fuel
swelling would be minimal or will not occur because swelling of a fuel depends on the amount
of time the fuel element spends in the environment with the temperature over a temperature
threshold.

The pool water temperature is limited to be < 35 0C. The calculated (based on PARET-
ANL simulations) maximum temperature of ~121.70 C for 100kW UUTR would not cause any
swelling or radiation damage on the UUTR fuel elements (Section 4.6).

4.2.1.4 Thermal Changes and Temperature Gradients

The PARET-ANL code is used to calculate the fuel average centerline, fuel average
surface, and maximum fuel centerline temperature for 90kW (and 1OOkW) UUTR. The resulting
values are shown in Table 4.2-3. The core inlet pool water temperature for the PARET-ANL
calculations is selected as the bulk average temperature of the water in the tank before reactor
start-up (measured to be 20.6°C). The maximum fuel centerline temperature in the hottest fuel
element (Ring B) is obtained to be 121.7°C if UUTR would operate at 100 kW, with an average
fuel temperature (centerline) of 74.06°C and average fuel surface temperature of 58.9°C.

The UUTR TS 2.1 specifies the safety limits for the maximum temperature of the reactor
fuel:

1. The temperature in a stainless-steel clad, high hydride fuel element shall not exceed
1,000°C under any conditions of operation;

2. The temperature in an aluminum clad low hydride fuel element shall not exceed
530*C under any conditions of operation.

72 1 P a g e



UUTR CHAPTER4

The UUTR TS 2.2 specifies the settings that prevent the safety limit from being reached
as follows:

1. For a core composed entirely of stainless steel cladding fuel, high hydride fuel
elements or a core composed of stainless steel cladding fuel, high hydride fuel
elements with low hydride fuel elements in the F or G hexagonal ring only, limiting
safety system settings apply according to the location of the instrumented fuel as
indicated:

Location of Instrumented Limiting Safety System
Fuel Element Setting for SS Cladding

B-hexagonal ring 800 °C

C-hexagonal ring 755 °C

D-hexagonal ring 680 °C

E-hexagonal ring 580 °C

2. Or a core with low hydride fuel elements installed in other than the F or G hexagonal
ring, limiting safety system settings apply according to the location of the
instrumented fuel element:

Location of Instrumented Limiting Safety System
Fuel Element Setting for Al Cladding

B-hexagonal ring 460 °C

C-hexagonal ring 435 °C

D-hexagonal ring 390 °C

E-hexagonal ring 340 °C

4.2.1.5 Internal Pressure from Fission Products and the Production of Fission Gas

A number of experiments have been performed to determine the extent to which
fission products are retained by UZrH (TRIGA) fuel; experiments on fuel with a uranium density
of 0.5 g/cm 3 (8.5 wt-% U) were conducted over a period of 11 years and under a variety of
conditions ["Safety Reports Series No.53, Derivation of the Source Term and Analysis of the
Radiological Consequences of Research Reactor Accidents, IAEA, Vienna 2008]. Results prove
that only a small fraction of the fission products are released, even in completely uncladded
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UZrH fuel. The release fraction varies from 1.5 x 10-5 for an irradiation temperature of 3500 C to
_10-2 at 8000 C.

Table 4.2-3 Thermal changes and temperature gradients for UUTR

Parameter UUTR

Calculated Calculated Measured
_OOkW 90kW 90kW

Core inlet pool water 20.6 20.6 20.6
temperature °C

7, average cladding 57.0 52.1 ---

surface temperature, *C
TC, interior cladding .........

temperature, °C
TfI, average fuel surface 58.9 53.7 ---

temperature
TfI, max. fuel temperature, 121.7 109.1 ---

°C
Core exit pool water 21.95 21.75 23.04

temperature, °C
Peak heat flux (kW/m 2) 49.1 44.2

The experiments show that there are two mechanisms involved in the release of fission
products from UZrH fuel, each of which predominates over a different temperature range. The
first mechanism is that of fission fragment recoil into the gap between the fuel and cladding.
This effect predominates in a fuel at temperatures up to ~400°C; the recoil release rate is
dependent on the fuel surface-to-volume ratio but is independent of fuel temperature. Above
-4000 C, the controlling mechanism for fission product release from UZrH fuel is a diffusion-like
process, and the amount released is dependent on the fuel temperature, the fuel surface-to-
volume ratio, the time of irradiation, and the isotope half-life. The results of the UZrH
experiments, and measurements by others of fission product release from Space Nuclear
Auxiliary Power Program (SNAP) fuel, have been compared and found to be in good agreement.

The fractional release, 0, of fission product gases into the gap between fuel and cladding
from a full-size standard UZrH fuel element is given by:

(0 et-1.34 x 14

0=1.5 x10-5 +3.6 1x 
I\ r +-1 X

PýT±273)

where T = fuel temperature (0- 1,6000 C).
This relationship has also been found to apply to LEU TRIGA fuels ["Fission Product

Releases from TRIGA-LEU Reactor Fuels," GA-A 16287, November 1980, Baldwin, Foushee, and
Greenwood]. The first term is a constant for low temperature release; the second term is
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related to the high-temperature condition. The above equation applies to a fuel element, which
has been irradiated for a time sufficiently long that all fission product activity is at equilibrium.
Actual measured values of fractional releases fall well below that calculated by the above
equation. Therefore, for safety considerations, this equation gives conservative values for the
high temperature release from UZrH fuel. The results of the studies in the TRIGA reactor at GA
on fission product release from fuel elements with high uranium loadings (up to 3.7 g U/cm3 , 45
wt-% U) agree well with data from older similar experiments with lower U loadings. As was the
case with the lower U loadings, the release was determined to be predominantly recoil
controlled at temperatures < 400°C and controlled by a migration or diffusion-like process
above 400'C. Low-temperature release appears to be independent of uranium loadings, but the
high-temperature release seems to decrease with increasing weight fractions of uranium.

The correlation used to calculate the release of fission products from TRIGA fuel remains
applicable for the high uranium loaded (TRIGA LEU) fuels as well as the 8.5 wt-% UZrH fuel for
which it was originally derived. This correlation predicts higher fission product releases than
measurements would indicate up to 1100'C. At normal TRIGA operating temperatures (<7500 C)
there is a safety factor of approximately four between predicted and experimentally deduced
values. Thus, the UZrH fuel has been shown to retain a large fraction of the gaseous fission
products. Assuming that all of the noble gases escape from the fuel matrix, 10% burn-up of the
fuel loading in an element will create approximately 0.003 moles of noble gas atoms. Assuming

that the noble gas atoms leave the fuel matrix and accumulate in 10 cm 3 of effective plenum
area, the pressure and stress created on the cladding can be determined.

Table 4.2-4 shows the stress created from the fission gas pressure for a range of
temperatures; about 3.3 cm 3 of void is built into the element as the clad-fuel gap. Other voids
and interstices in the fuel probably account for much more than an effective 10 cm 3 of void.
The use of 10 cm 3 as the characteristic volume is realistic since a large fraction of the noble
gases will not escape from the matrix. From Table 4.2-4 it is clear that the internal pressure
and the resulting stresses are well below the yield strengths of the fuel cladding.

Typical stress vs. temperature data [Nuclear Engineering Handbook, H. E. Thorington,
Editor, 1958] for aluminum and aluminum alloys show that the creep rate under these
conditions is quite tolerable, i.e. less than 10-3 % per hour. Thus, 460°C is an acceptable limit
for cladding temperature with a fuel element burn-up as high as 10%. Beyond the 10% burn-up
level, the reactivity penalty will be intolerably high, and generally precludes the use of more

than a few fuel elements.

4.2.1.6 Impact of Irradiation Effects Including Maximum Fission Densities and
Fission Rates

Most of the irradiation experience to date has been with the uranium-zirconium hydride
fuels used in the SNAP (containing about 10 wt% uranium) and TRIGA reactors. The presence of
uranium influences the radiation effects because of the damage resulting from fission recoils
and fission gases. Some significant conclusions may be drawn from these experiments. The
uranium is present as a fine dispersal (about 1 ýtm in diameter) in the UZrH fuels, and hence the
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recoil damage is limited to small regions within the short (app. 10 ýtm) range of the fission
recoils. The UZrH fuel exhibits high growth rate during initial operation, the so-called "offset"
growth period, which has been ascribed to the vacancy-condensation type of growth
phenomenon over the temperature range where voids are stable. The swelling of the UZrH
fuels at high burnups is governed by three basic mechanisms:

Table 4.2-4 Pressure on the Cladding due to Fission Product Gases

Temperature, °C Pressure Tangential Stress

psi kPa psi kPa

20 19.2 133 273 1885

100 24.5 169 348 2400

200 31.1 214 442 3044

300 37.6 259 534 3687

400 44.2 304 628 4330

500 50.8 350 722 4973

600 57.3 395 815 5617

1. The accommodation of solid fission products resulting from fission ofU-235. This
growth is approximately 3% AV/V per metal atom % burnup. This mechanism is
relatively temperature insensitive.

2. The agglomeration of fission gases at elevated temperatures (above 13000 F). This
takes place by diffusion of the xenon and krypton to form gas bubbles.

3. A saturable cavity nucleation phenomenon, which results from the nucleation and
growth of irradiation-formed vacancies into voids over a certain range of
temperatures where the voids are stable. The saturation growth by this mechanism
was termed offset swelling. It was deduced from the rapid decrease in fuel-to-
cladding AT experienced during the early part of the irradiation. The saturation was
reached in approximately 1500 hr.

The burnup tests performed by GA have shown that TRIGA fuels may successfully be
used without significant fuel degradation to burnups in excess of 50% of the contained U-235.

Thermal cycling tests have verified that the fuel matrix stability with respect to swelling
or elongation, according to Sinmad ["The UZrHx Alloy: its properties and use in TRIGA Fuel," GA-
4314, E-117-833, GA Technology, Inc., San Diego, CA, 1980.], showed no important change in
length or diameter of the test sample in the temperature range 5000 C to 7250 C. Small phase
transition did occur at temperature of 6530 C. The test shows that for the temperature less than
2000 C, there is no phase change or other transition to produce elongation or swelling in the
fuel matrix. Sinmad also showed that hydrogen migration and accumulation of fission products
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in the fuel matrix is not important for the fuel temperatures below 5000 C. A temperature of
5000 C is well above the fuel temperatures characteristics of a TRIGA reactor.

The specific characteristics that make TRIGA type fuels uniquely suited for use in
extremely safe research-type reactors are:

" ZrHx is single phase up to 1,200 F (649°C) [delta phase region];
" low hydrogen equilibrium disassociation pressure at normal fuel temperatures;
" high hydrogen retention;
" high heat capacity;
" low thermal expansion coefficient;

* relatively low reactivity in water;
e high fission product retention;
every large negative prompt temperature coefficient of reactivity;
" high burnup possible by addition of burnable poison; and
" high loading of uranium possible with insignificant change in fuel material properties.

4.2.1.7 Dissociation Pressures

The hydrogen dissociation pressures of hydrides have been shown to be comparable in
the alloys containing up to 75 wt-% U. The concentration of hydrogen is generally reported in
terms of either weight percent or atoms of H/cm 3 of fuel (NH). In the delta phase region, the
dissociation pressure equilibria of the zirconium-hydrogen binary mixture may be expressed in
terms of composition and temperature by the following relation

log(P) = K. + X10 3

T

where
K, = -3.8415 + 38.6433X - 34.2639X 2 + 9.2821X 3

K2 = -31.2982 + 23.5741X - 6.0280X 2

P = pressure, (atm)

T =temperature, (K)
X= hydrogen-to zirconium atom ratio.

The higher-hydride compositions (H/Zr > 1.5) are single phase (delta or epsilon) and are
not subject to thermal phase separation on thermal cycling. For a composition of about ZrH1.6,
the equilibrium hydrogen dissociation pressure is 1 atm at about 7600 C. The absence of a
second phase in the higher hydrides eliminates the problem of large volume changes associated
with a phase transformation at approximately 5400C in the lower hydride compositions.
Similarly, the absence of significant thermal diffusion of hydrogen in the higher hydrides
precludes concomitant volume change and cracking. The clad material of stainless steel or
nickel alloys provides a satisfactory diffusion barrier to hydrogen at long-term (several years)
sustained cladding temperatures below about 300'C ["Safety Analysis Report for the Oregon
State University TRIGA Reactor," Oregon State University, July 2004, and "Safety Analysis
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Report for the Washington State University Modified TRIGA Nuclear Reactor," Washington
State University, June 2002].

4.2.1.8 Hydrogen Migration

Under non-isothermal conditions, hydrogen migrates to lower-temperature regions
from higher-temperature regions. The equilibrium dissociation pressure obtained when the
redistribution is complete is lower than the dissociation pressure before redistribution. The
dimensional changes of rods resulting from hydrogen migration are of minor importance in the
delta and epsilon phases ["Safety Analysis Report for the Oregon State University TRIGA
Reactor," Oregon State University, July 2004, and "Safety Analysis Report for the Washington
State University Modified TRIGA Nuclear Reactor," Washington State University, June 2002].

Another important parameter that has to be considered is the Hydrogen pressure inside
the cladding. Figure 4.2-3 shows that the pressure induced by Hydrogen inside the cladding for
UUTR operational conditions is negligible.

4.2.1.9 Hydrogen Retention

The rates of hydrogen loss through 250-pm-thick stainless steel cladding are low at
cladding temperatures characteristic of TRIGA fuel elements. A 1% loss of hydrogen per year
occurs at about 500'C (9000 F) clad temperature ["Safety Analysis Report for the Oregon State
University TRIGA Reactor," Oregon State University, July 2004, and "Safety Analysis Report for
the Washington State University Modified TRIGA Nuclear Reactor," Washington State
University, June 2002].

4.2.1.10 Density

The density of ZrH decreases with an increase in the hydrogen content. The density
change is quite high up to the delta phase (H/Zr = 1.5) and then changes little with further
increases in hydrogen. The bulk density of massively hydrided zirconium is reported to be about
2% lower than the results from x-ray defraction analysis. For TRIGA fuel with a hydrogen-to-
zirconium atom ratio of 1.6, the following relationships for the uranium density, Pu(A) and
weight fraction, 'U in the UZrHL6 alloy apply:

WU

Py(A) = 0.177 - 0.125w U
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Figure 4.2-3 Equilibrium Hydrogen pressures over ZrH. for various temperatures
(For UUTR operating temperature range for 100kW the Hydrogen pressure is negligible for all UUTR fuel types)

Wu= 0. 1.77p,(A)

1 + 0. 1 2 5 p (A)

The relationship between the uranium density and the volume fraction of uranium in the alloy

is given by:

= 907VU(A)

where V~u(A) = volume fraction of uranium in the UZrH1 .6 alloy ["Safety Analysis Report for the
Oregon State University TRIGA Reactor," Oregon State University, July 2004, and "Safety
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Analysis Report for the Washington State University Modified TRIGA Nuclear Reactor,"
Washington State University, June 2002].

4.2.1.11 Thermal Conductivity

Thermal conductivity measurements have been made over a range of temperatures at
similar TRIGA facilities. Data from thermal diffusivity measurements taken by General Atomics
along with the best available data for density and specific heat showed that the thermal
conductivity is both independent of temperature and uranium content (NUREG-1282 op. cit.).
A problem in carrying out these measurements by conventional methods is the disturbing
effect of hydrogen migration under the thermal gradients imposed on the specimens during the
experiments. This has been minimized at General Atomics by using a short-pulse heating
technique to determine the thermal diffusivity and hence to permit calculation of the thermal
conductivity. From the measurements at General Atomics of thermal diffusivity coupled with
the data on density and specific heat, the thermal conductivity of uranium-zirconium hydride
with an H/Zr ratio of 1.6 is 0.042 ± 0.002 cal/sec-cm-0 . The UUTR reactor has H/Zr ratio of 1.6
for stainless steel and 1.0 for aluminum element. The thermal diffusivity is insensitive both to
the weight fraction of uranium and to the temperature.

4.2.1.12 Heat Capacity

The heat content of zirconium hydride TRIGA fuel is a function of temperature and
composition ["Safety Analysis Report for the Oregon State University TRIGA Reactor," Oregon
State University, July 2004, "Safety Analysis Report for the Washington State University
Modified TRIGA Nuclear Reactor," Washington State University, June 2002, and "The UZrH,
Alloy: Its Properties and Use in TRIGA Fuel," GA Report 4314, February 1980, Mt. Simnad]. The
volumetric specific heat of 8.5 wt-% UZrH 1.6 is calculated by:

C, = 2.04 + 4.17 x 10-3 T [W-sec/cm3 °C]

4.2.1.13 Chemical Reactivity

Zirconium hydride has a relatively low reactivity in water, steam, and air at
temperatures up to about 6000C. Massive zirconium hydride has been heated in air for
extended periods of time at temperatures up to 6000C with negligible loss of hydrogen ["The
UZrH, Alloy: Its Properties and Use in TRIGA Fuel," GA Report 4314, February 1980, Mt.
Simnad]; an oxide film forms which inhibits the loss of hydrogen. The hydride fuel has excellent
corrosion resistance in water. Bare fuel specimens have been subjected to a pressurized water
environment at 570OF and 1230 psi during a 400 hr period in an autoclave. The average
corrosion rate was 350 mg/cm 2-month weight gain, accompanied by a conversion of the

801P a g e



UUTR CHAPTER 4

surface layer of the hydride to an adherent oxide film. The maximum extent of corrosion
penetration after 400 hr was less than 2 mils.

In the early phases of development of the TRIGA fuel, water-quench tests were carried
out from elevated temperatures. Fuel elements (1 -in. diameter) were heated to 8000 C and
end-quenched to test for thermal shock and corrosion resistance. No deleterious effects were
observed. Also, a 6-mm diameter fuel element was heated electrically to about 8000 C and a
rapid stream of water was sprayed on it; no significant reaction was observed. Small and large
samples were heated to 9000C and quenched in water; the only effect observed was a slight
surface discoloration. Finely divided UZrH powder was heated to 3000 C and quenched to 800 C
in water; no reaction was observed. Later, these tests were extended to temperatures as high
as 12000C, in which tapered fuel elements were dropped into tapered aluminum cans in water.
Although the samples cracked and lost hydrogen, no safety problem arose in these tests.
Recently, the low-enriched TRIGA fuels have been subjected to water-quench safety tests at
GA. Quench tests were performed on 20%-enriched TRIGA fuel samples (45 wt-% uranium, 53
wt-% zirconium, I wt-% erbium, 1 wt-% hydrogen) to simulate cladding rupture and water
ingress into the TRIGA reactor fuel elements during operation. These results indicate
satisfactory behavior of TRIGA fuel for temperatures to at least 12000 C. Under conditions where
the clad temperature can approach the fuel temperature for several minutes (which may allow
formation of eutectics with the clad), the results indicate satisfactory behavior to about 10500 C.
This is still about 50' to 100°C higher than the temperature at which internal hydrogen pressure
is expected to rupture the clad, should the clad temperature approach that of the fuel. It should
be pointed out that thermocouples have performed well in instrumented TRIGA fuel elements
at temperatures up to 6500 C in long-term steady-state operations, and up to 11500 C in very
short time pulse tests ["Safety Analysis Report for the Oregon State University TRIGA Reactor,"
Oregon State University, July 2004, and "Safety Analysis Report for the Washington State
University Modified TRIGA Nuclear Reactor," Washington State University, June 2002].

4.2.1.14 Prompt Negative Temperature Coefficient

The basic parameter, which provides the greatest degree of safety in the operation of a
TRIGA reactor system, is the prompt negative temperature coefficient. This temperature

coefficient allows great freedom in steady-state operation, since the effect of accidental
reactivity changes occurring from experimental devices in the core is minimized.

The prompt negative temperature coefficient for TRIGA fuels is based on the neutron
spectrum-hardening characteristic that occurs in a zirconium hydride fuel. Heating of the fuel-
moderator elements causes the spectrum hardening. The rise in temperature of the hydride
increases the probability that a thermal neutron in the fuel element will gain energy from an
excited state of an oscillating hydrogen atom in the lattice. As the neutrons gain energy from
the ZrH, the thermal neutron spectrum in the fuel element shifts to a higher average energy
(the spectrum is hardened), and the mean free path for neutrons in the element is increased
appreciably. For a standard TRIGA element, the average chord length is comparable to a mean
free path, and the probability of escape from the element before being captured is significantly
increased as the fuel temperature is raised. In the water, the neutrons are rapidly
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rethermalized so that the capture and escape probabilities are relatively insensitive to the
energy with which the neutron enters the water. The heating of the moderator mixed with the
fuel in a standard TRIGA element thus causes the spectrum to harden more in the fuel than in
the water. As a result, there is a temperature-dependent disadvantage factor for the unit cell in
which the ratio of absorptions in the fuel to total cell absorptions decreases as fuel element

temperature is increased. This brings about a shift in the core neutron balance, giving a loss of
reactivity.

In the TRIGA FLIP and LEU fuel, the temperature-hardened spectrum is used to decrease
the fuel's reactivity through its interactions with a low-energy-resonance material. Thus,
erbium, with its double resonance at -0.5 eV, is used in the TRIGA, FLIP and LEU fuels as both a
burnable poison and a material to enhance the prompt negative temperature coefficient. The
ratio of the absorption probability to the neutron leakage probability is increased for TRIGA,
FLIP and LEU fuel relative to the standard TRIGA fuel because the U-235 density in the fuel
element is greater and also because of the use of erbium. When the fuel-moderator material is
heated, the neutron spectrum is hardened, and the neutrons have an increasing probability of
being captured by the low-energy resonance in erbium. This increased parasitic absorption with
temperature causes the fuel's reactivity to decrease as the fuel temperature increases. The
neutron spectrum shift pushes more of the thermal neutrons into the Er-167 resonance as the
fuel temperature increases. As with a standard TRIGA core, the temperature coefficient is
prompt because the fuel is intimately mixed with a large portion of the moderator; thus, fuel
and solid moderator temperatures rise simultaneously, producing the temperature-dependent
spectrum shift.

For reasons just discussed, more than 50% of the temperature coefficient for a standard
TRIGA core comes from the temperature-dependent disadvantage factor, or cell effect, and -
20% of each come from Doppler broadening of the U-238 resonances and temperature-
dependent leakage from the core. These effects produce temperature coefficient of "10 x 10-5

Ak/k/°C, which is essentially constant in respect to temperature. On the other hand, for a
TRIGA, FLIP and LEU core, the effect of cell structure on the temperature coefficient is smaller.
Over the temperature range 230 to 7000 C, the coefficient is affected mainly by temperature-
dependent changes in the parasitic absorption of the Er- 167; more than half of this effect is
independent of the cell structure. Most of the remaining component of the prompt negative
temperature coefficient is contributed by Doppler broadening of the U-238 resonances. Over
the temperature range 230 to 7000C, the temperature coefficient for FLIP fuel with 20%
enrichment in U-235 is about 1.5 x 10-4 Ak/k/°C and for TRIGA LEU fuel with 20 wt-% U is about
1.07 x 10-4 Ak/k/°C, thus being somewhat greater than the value for standard TRIGA fuel. The
temperature coefficient of fuels containing Er-167 as a burnable poison is somewhat
temperature dependent (1 "SafetyAnalysis Report for the Oregon State University TRIGA
Reactor," Oregon State University, July 2004, and "Safety Analysis Report for the Washington
State University Modified TRIGA Nuclear Reactor," Washington State University, June 2002).

The prompt-temperature coefficient for the UUTR operating at nominal power of
100kW, aF, was calculated by varying the fuel temperature while keeping other core
parameters unchanged. The MCNP5 model was used to simulate the reactor with all rods out at
293, 500, 600, 800, and 1,200K. The effective delayed neutron fraction of 0.0078 is used to

convert the multiplication factor to reactivity. A linear regression model is used to find the
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relationship between the fuel temperature and reactivity, Fig. 4.5-11. The MCNP5 calculated
value is aF = -(6.39 ± 0.45) x 10-5$ 1K.

4.2.2 Control Rods

The UUTR uses three motor-driven control rods (one regulating, one shim, and one
safety). The control rods are positioned by standard TRIGA electrically powered rack and pinion
drives. The position of each control rod is displayed on the console as a percentage of rod
withdrawn (shown in Fig. 4.2-4). The control rods are held in place by electromagnets. When a
scram is initiated the current is cut and the control rods drop by gravity into the core, shutting
the reactor down.

Safety and Shim Control Rods Regulation Control Rod

T

109.22 cm 109.22 cm

WVATVM
SCAE*-

4K ->1 I1<-
0.635 cm2.223 cm

Figure 4.2-4 Schematics of the UUTR control rod
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The UUTR utilizes boron carbide control rods that are characteristic of most of the
TRIGA reactors. The rods are enclosed into the aluminum tubes approximately 43 inches long
and are 0.875, 0.875, and 0.25 inches in diameter (safety, shim, and regulator rods respectively)
with a powder boron carbide neutron absorber filling insight of the rods. One rod is designated
as a regulating rod and is used for fine control during the UUTR operation. The control rods pass
through normal fuel positions in the UUTR core on the top and the bottom of the grid plates.
Guide tubes ensure that the control rods remain in a proper position during their activated use.
The safety, shim, and regulating control rods are located at D-7, D-13, and D-1 (Fig. 1.3-4).
Figure 4.2-4 shows also the geometrical dimensions of the three control rods. Each drive
consists of a stepping motor, a magnet rod-coupler, a rack and pinion gear system, and a ten-
turn potentiometer used to provide an indication of rod position. The pinion gear engages a
rack attached to a draw-tube which supports an electromagnet. The magnet engages a chrome-
plated armature attached above the water level to the end of a connecting rod that fits into the
connecting tube. The connecting tube extends down to the control rod. The magnet, its draw-
tube, the armature, and the upper portion of the connecting rod are housed in a tubular barrel.
The barrel extends below the control rod drive mounting plate with the lower end of the barrel
serving as a mechanical stop to limit the downward travel of the control rod drive assembly.
The lower section of the barrel contains an air snubber to dampen the shock of the scrammed
rod. In the snubber section, the control rods are decelerated through a length of 3 in. The
control rod can be withdrawn from the reactor core when the electromagnet is energized.
When the reactor is scrammed, the electromagnet is de-energized and the armature is
released. The speed of the rods is adjustable and rods are normally set to insert or withdraw
the control rods at a nominal rate of 0.494 cm/sec.

The control rods are designed to safely change the reactor power and/or shut the
reactor down. According to the UUTR TS 3.2.1, the maximum rate of reactivity insertion by
control rod motion shall not exceed $0.30 per second. To determine the absolute maximum
rate of reactivity insertion into the reference UUTR core, the maximum reactivity value
determined for the safety rod of $2.24 was used. Using the average safety rod rise time of 77
seconds (total travel distance is approximately 15 inches), the maximum reactivity insertion
rate can be calculated from the following equation:

dp$ dp$ dx $0.00352 lO00unit $0.046

dt dx dt unit 77 seconds sec ond

where
dp~
-- " :maximum reactivity insertion rate
dt

dp : differential reactivity (it was assumed that the center of the control rod has the
maximum rod worth)
dx: the control rod (15 inches) was divided by 1,000 equal units
dt: rising time for the safety control rod (it was experimentally measured using a stop-
watch)
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All three-control rods have the same rise time. Therefore, the obtained $0.046/second is
much lower than the Technical Specification requirement of $0.30/sec [UUTR TS 3.2.1]. The
shutdown margin must be greater than $0.50 [UUTR TS 3.1.2] and the excess reactivity must be
less than $2.80 [UUTR TS 3.1.3]. The scram time from the instant that a safety system setting is
exceeded to the instant that the slowest scram control rod reaches its fully inserted position
shall not exceed 2 seconds. The SCRAM time specification shall be considered to be satisfied
when the sum of the response time of the slowest responding safety channel, plus the fall time
of the slowest scrammable control rod, is less than or equal to 2 seconds.

The 90kW UUTR's rod worth's for the safety, shim and regulating control rods are
around $2.24, $1.55, and $0.287 with total of about $4.08 (based on the measured values
performed every six months; fluctuation of these measurements is -10%). The shutdown
margin for 90kW is approximately $1.018, and the excess reactivity is around $0.819. Current
rod drop times are on the order of 1 second. The reactor shall not be operated unless the
startup count rate interlock, and control element withdrawal interlocks are operable. The
startup count rate interlock was described in Section 7.2. The interlock exists to prevent the
withdrawal of a control rod without some minimum count rate in the reactor. Control element
withdrawal interlocks prevent the withdrawal of more than one control rod at once.

The measured control rod worths, shutdown margins and excess reactivities for last
eight years are shown in Table 4.2-5. These values are measured from semiannual control rod
drops. Since 1975, the UUTR has been operated approximately 3,000 hours and at various
power levels. Assuming that the reactor operated for 3,000 hours at 90 kW, the control rod
worth change can be estimated by the following relationship:

R=n u.

where
n = atomic density of Boron control rod (atoms/cm 3 )

o= thermal neutron absorption cross section (-759 barns)
= thermal neutron flux at 90 kW (-6 x 1011 neutrons/cm 2-sec)

The atomic density of boron is approximately 1.41 x 1023 atoms/cm 3. Thus the reaction
rate for boron is R = 6.93 x 1020 ato ms/cm 3 for 3,000 hours of reactor operation. This represents
about 0.5% of the initial amount of boron atoms in the control rod and is therefore negligibly
small. From Table 4.2-5 it follows that the variations of the rod worth are less than 5% for
safety and shim rods except for the measured value obtained on 04-02-2004. Based on TS
3.2.1, a SCRAM time less than 2 sec is required to ensure that the reactor will be promptly shut
down when a scram signal is initiated. Operation experience and analysis have indicated that
for the range of transients anticipated for a TRIGA rector, the specified scram time is adequate
to ensure the safety of the reactor. SCRAM times are checked semiannually. The start-up
channel interlocks with the control rods ensure shutdown if neutron count rate is too low to
provide meaningful startup information. When control rods are pull out the positions are filled
in with the pool water.
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Table 4.2-5 Control rod worths from the rod drop experiments

Date Safety Shim Regulation Shutdown Excess reactivity
margin

08-16-01 2.230 1.560 0.240 0.791 1.013
08-27-03 2.223 1.503 0.280 1.012 0.771
04-02-04 2.923 1.713 0.300 1.135 0.879
08-26-04 2.208 1.493 0.280 0.975 0.798
11-17-05 2.198 1.494 0.283 0.967 0.810
02-24-05 2.200 1.460 0.263 1.113 0.610
08-04-05 2.190 1.467 0.270 1.119 0.618
11-09-05 2.230 1.415 0.267 1.074 0.608
12-27-05 2.227 1.553 0.273 1.066 0.761
02-17-06 2.227 1.557 0.237, 1.068 0.758
08-25-06 2.017 1.463 0.270 0.983 0.751
11-08-06 2.120 1.053 0.263 0.996 0.771
02-22-07 2.173 1.547 0.273 1.033 0.787
08-28-07 2.510 1.700 0.276 1.126 0.850
01-24-08 2.173 1.457 0.207 0.855 0.838
02-25-08 2.173 1.493 0.273 0.967 0.800
08-27-08 2.290 1.563 0.293 0.991 0.865
02-24-09 2.170 1.553 0.323 1.020 0.856
08-26-09 2.297 1.587 0.290 0.744 1.137
12-18-09 2.293 1.517 0.277 1.027 0.586
02-22-10 2.263 1.530 0.277 1.172 0.635
04-30-10 2.243 1.550 0.287 1.018 0.819

4.2.3 Neutron Moderator and Reflector

UUTR reflector consists of a single row of graphite or heavy water reflector elements.
These are such that the equivalent volume fraction of the first 1.6 inches of reflector is
approximately 30.5% water, 64.5% heavy water (concentrations of heavy water and regular
water are 68% and 32% respectively), and 5% aluminum, or 95% graphite, and 5% aluminum
(Figures 4.2-5 and 4.2-6 for heavy water and graphite respectively). A TRIGA type reactor is a
special type of an open pool reactor where the pool water ahs a functions of a reflector. Thus,
the remaining part of the reflector is water, plus the 0.25 inch-thick aluminum core shroud.
Table 4.2-6 shows the specification of the heavy water and graphite reflector. Between each
fuel element and heavy water/graphite reflector filled with light water, the water circulates
through the reactor core by natural convection. Figure 1.3-4 shows the locations of heavy
water and graphite reflectors.
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Water is kept from contact with the graphite by a welded aluminum cladding that
encases the entire reflector. The graphite reflector elements are located near the thermal
irradiator. Graphite elements have the same end structures at the top so that the fuel-handling
tool can be used during fuel inspection. The heavy water elements have two different top-end
fixtures: G8 through G18 has same top-end structure as a fuel element; screw is attached on
the top as shown in Fig. 1.3-4.

Figure 4.2-5 Schematics of the UUTR heavy water reflector
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Figure 4.2-6 Schematics of the UUTR graphite reflector
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Table 4.2-6 Specification of the heavy water and graphite reflectors in UUTR

Heavy water reflector Graphite reflector

Number of elements 12 12

Cladding material Aluminum Aluminum

Cladding thickness 0.076 cm 0.076 cm

Outside diameter 3.7465 cm 3.7465 cm

Overall length 72.2376 cm 72.2376 cm

Material 68 % heayy water; 32 % light water 100 % graphite

Location (Fig. 1.3-4) G-8,9,10,12,14,16,18; F-1,26,27,28,29,30;
F-21,22,23,24,25 G-2,3,4,5,6,7

4.2.4 Neutron Startup Source

A plutonium-beryllium (Pu-Be) start up source is located in a special reflector element
source holder placed in one of the fuel element positions on the west edge of the core (G-ring).
Figure 4.2-7 shows the position of Pu-Be source in the UUTR core. The initial source strength

was 8x106 neutrons/sec; the overall length is 35.56 cm. The effective half-life of Pu-Be neutron
source is approximately 142 years. The source generates neutrons of energy between 0 to 10
MeV. The UUTR has been operated for 35 years (since 1975), thus this source strength is
changed and as of 2010 is about 6.74x106 neutrons/sec. About 20 % of the neutrons have the
energy less than 1 MeV and broad intensity maxima at 4.0, 7.2 and 9.7 MeV (Fig.4.2-8). The

absolute yield of Pu-Be neutron source for the neutron energy above 0.5 MeV is approximately
106 neutrons/sec. Figure 4.2-9 shows this startup neutron source geometry.

Once the UUTR reactor is critical, the source is moved from its normal position at start

up to a position . A source interlock indicator light visible to the

operator indicates if the source is in or out of the core. Also the Startup Channel's fission

chamber is located next to the Startup Source, and this channel's counts show the presence of

the Startup Source. In addition, there is a video camera positioned above the reactor viewing

the core with a monitor in the control room. Source position can be verified from this monitor.
A fission counter is used with a transistorized linear amplifier. The meaningful count

rates range from approximately 10-3 W to about 2W (source level). These source levels are

estimated to give count rates of about 5 counts/second and 10,000 counts/second,

respectively. An interlock circuit is used to prevent rod withdrawal unless the source count

level is above the required minimum value of at least 2 counts/second.
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Figure 4.2-7 Plutonium-Beryllium neutron start-up source
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Figure 4.2-8 Plutonium-Beryllium source energy spectrum
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4.2.5 Core Support Structure

The reactor tank is made of an inner liner, 5/16 inch-thick aluminum, with an outer
diameter of 7 ft 8 inches, and an outer liner made of 3/16 inch-thick steel with a diameter of 12
ft. All outer surfaces of the steel tank that come into contact with the soil are painted to inhibit
corrosion. The inner surface is painted with epoxy. The two-foot-space between the liners is
filled with tamped sand to the concrete pad base. The bottom of the aluminum tank is a
welded sheet of aluminum material the same as the side walls (6061-T6 aluminum). Both tanks
are water tight, and welds on the inner aluminum tank have been made to meet ASME unfired
pressure vessel standards. Since the bottom of the aluminum tank rests on a reinforced
concrete pad that forms the bottom seal for the outer steel liner, the maximum stress at the
bottom of the aluminum tank is the hoop stress at the bottom weld. Under a hydrostatic head
of 24 ft of water, the hoop stress at the bottom of the inner tank is 24.1 MPa (3,500 psig), while
the hoop stress on the outer steel tank, if subject to the same head, would be 68.9 MPa (10,000
psig), both well below the yield stresses of 246 MPa and 240 MPa, respectively, for these
materials.

The reactor is located below ground level inside the shielded reactor tank. The general
design of the tank and shield provides for shielding of the neutron flux from the earth by at
least 2 ft of water in the tank and 2 ft of sand surrounding it. Approximately 20 ft of water
and/or concrete and/or sand and earth above and to the side of the core provides the
necessary shielding for personnel. The reactor system contains provision for three diagonally
directed beam tubes between the reactor core and the reactor room floor. Each tube is
composed of two sections aligned along a common axis. The top tube section will be a 1 foot-
diameter tube between the reactor floor and the wall of aluminum reactor tank. This tube will
not penetrate the aluminum tank but will be sealed at the end where it butts against the tank.
The upper beam tube will be adequately shielded with inner bags containing sand and capped
at the reactor floor level with a 1/8-inch-thick steel cap for security, except when in use to
extract a neutron beam for experimental purposes. Figure 4.2-10 shows a side view of the
UUTR reactor and Fig. 4.2-11, 4.2-12 and 4.2-13 show the grid plates and its dimensions. Figure
4.2-14 shows the UUTR core, irradiators, ionization chambers, and the bottom part of the
reactor tank.
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Figure 4.2-9 Pu-Be source geometry
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Figure 4.2-10 Side view of the UUTR structure
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Figure 4.2-11 Grid plate and core support structure and its dimension

Figure 4.2-12 Top grid plate and its dimensions
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Figure 4.2-13 Bottom grid plate and its dimensions

Figure 4.2-14 UUTR core, Irradiators, and bottom section of the reactor tank
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4.3 Reactor Tank or Pool

The inner tank of the UUTR is made of aluminum and is welded at joints. The welding
on the tank are verified to be water proofed upon construction using X-ray testing, pressure
testing, and soap-bubble leak testing. The water level is monitored by a sensor connected to an
alarm. On the outside of the inner tank and inside of the outer tank, where sand is placed, two
vertical columns are dug into the sand all the way down to the bottom of the tank. Cameras are
used to monitor the sand at the bottom to verify no leakage takes place. The tank is placed on
a 2 ft concrete block with stainless steel coating. The concrete is placed on several feet of clay.
Figure 4.3-1 shows the reactor, the pool and the three beam port positions. The beam ports do
not penetrate into the inner aluminum tank. The beam ports are just placed between outer
tank and inner tank with sand filled. The UUTR has three beam ports located at the outer tank.
However, these beam ports has no interaction with the inner tank. The construction of these
ports never finished and they are not being used. Therefore, there is no potential loss of water
through these beam ports.

Figure 4.3-1 The UUTR tank
Three black circles on the wall represent three beam port positions. The inner tank is made of T-6061

aluminum and the beam ports are placed between the outer steel tank and the inner tank. The beam ports do
not penetrate into the inner tank.
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4.4 Biological Shield

The UUTR tank consists of an inner liner, with an outer diameter of 7 ft 8 inches, of
5/16-inch-thick aluminum and an outer liner of 3/16-inch-thick steel with a diameter of 12 ft.
The 2 foot-space between the liners is filled with tamped sand to the concrete pad base. The
bottom of the aluminum tank is a welded sheets of aluminum material the same as the side
walls (6061-T6 aluminum). Both tanks are water tight, and welds on the inner aluminum tank
have been made to meet ASME unfired pressure vessel standards. UUTR reactor pool contains
8,000 gallons of water that serves as a biological shield. Two feet-thick space between inner
and outer reactor tanks filled with the sand provides additional radial biological shield. Since
the bottom of the aluminum UUTR tank rests on a reinforced concrete pad that forms the
bottom seal for the outer steel liner, the maximum stress at the bottom of the aluminum tank
is the hoop stress at the bottom weld. Under a hydrostatic head of 24 feet of water, the hoop
stress at the bottom of the inner tank is 24.1 MPa (3,500 psig), while the hoop stress on the
outer steel tank, if subject to the same head, would be 68.9 MPa (10,000 psig), both well below
the yield stresses of 246 MPa and 240 MPa, respectively, for these materials.

The reactor tank is built below the ground level and inside of the shielded reactor tank.
The general design of the tank and shield are shown in Fig. 4.2-10. This design provides for
biological shielding of the neutron and gamma flux from the earth by at least 2 feet of water in
the tank and 2 feet of sand surrounding it in the radial direction. Approximately 20 feet of
water and/or concrete and/or sand and earth above and to the side of the core provides
necessary biological shielding for personnel.

In summary, the UUTR core is shielded:
- Radially, by 4ft water, 5/16 inch-thick aluminum tank, 2 ft sand, 3/16 inch-thick steel,

3 ft concrete and ground dirt.
- Axially, by 22 ft water above the core and 5/16 inch-thick aluminum, 2ft concrete and

clay under the core structure.

4.5 Nuclear Design

The reactor design bases are established by the maximum operational capability for the
fuel elements and configurations. The TRIGA reactor system has three major areas which are
used to define the reactor design bases:

*fuel temperature,
" prompt temperature coefficient,

' control rod worths,

" thermal-hydraulics and heat transfer (pool water temperature), and
" reactor power.
The ultimate safety limit is based on fuel temperature, while the strongly negative

temperature coefficient of reactivity contributes to the inherent safety of the TRIGA reactor. A
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limit on reactor power is set to ensure operation below the fuel temperature safety limit and
pool water temperature limit.

The following analysis and data are provided for UUTR operating at nominal power of
90kW (and licensed for 100kW).

4.5.1 Normal Operating Conditions

4.5.1.1 Critical Mass and Fuel Description

The 100kW UUTR consists of 78 fuel elements: 23 aluminum elements (8.91% burn-up),
36 stainless steel elements (0.61% burn-up), 17 old stainless steel elements (8.77% burn-up),
and 2 stainless steel instrumental fuel elements (8.77% burn-up). The initial mass of U-235 of
aluminum element, stainless steel elements, and old stainless steel elements were ,

 respectively. Aluminum element has H/Zr ratio of 1.0 and stainless
steel element has H/Zr ratio of 1.6.Two instrumental fuel elements have same amount of U-235
as old stainless steel element. Graphite and heavy water elements are used as reflectors. Each
fuel element is located B-ring through G-ring. A-ring is empty and used as a central irradiator.

4.5.1.2 Core Loading and Power per Fuel Element

Figure 1.3-4 shows the core loading for the operational 100kW UUTR. The power
density was calculated using MCNP5 (described in Section 4.5.2). The fuel element power
distribution per fuel ring is obtained based on the MCNP5 model of the core loading. The
highest power density, as expected, occurs in the "B" ring representing therefore the UUTR's
hottest channel.

The effect of the graphite elements in the outer ring is to slightly increase the power
density in the outer-fueled rings and to slightly reduce the power density in the inner-fueled
rings. This again is expected as part of the reflector flux peaking. The average power per
element per each UUTR ring is shown in Table 4.5-1. Table 4.5-2 lists the maximum, minimum,
and the average power per element, along with ratios of the maximum-to-minimum power and
the maximum-to-average power per element.

4.5.1.3 Loss of Coolant Accident (LOCA) for 100kW UUTR Core

Under very rare conditions the water in the reactor tank can be drained out. Detailed
analyses are presented in Section 13.2.3. Once the coolant is drained, the core heat can be
removed through natural air convection. Under the LOCA the fuel and cladding integrity will not
be jeopardized. The radiation level on the top of the core was calculated to analyze how much
time the supervisor and the personnel have to secure the area. The resulting analysis is showing
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that the personnel have several hours after the first leak from the reactor tank to secure the
area.

Table 4.5-1 MCNP5 Calculated average power per fuel ring in 100kW UUTR

# of fuel pins Average power per fuel element
P,,, (kW/element)

B Ring 6 1.979
C Ring 11 1.715
D Ring 14 1.475
E Ring 23 1.179
F Ring 19 0.947
G Ring 5 0.700
Total 78 1.282

Table 4.5-2 MCNP5 calculated maximum, minimum and average power per fuel ring and
power ratios in 100kW UUTR

# of Maximum power per Minimum power per Average power per
fuel fuel pin fuel pin fuel pin
pins Pm/Pm PmalPag

in Pmax (kW/pin) Pi,,n (kW/pin) Pvg (kW/pin)
UUTR

78 2.022 0.609 1.282 3.318 1.577

If the decay heat production is sufficiently low or if there is a long enough interval
between reactor shutdown and coolant loss, the convective cooling by air will be enough to
maintain the fuel at a temperature, which will not damage the fuel elements. Texas A&M
University analyzed this accident and arrived at the following results ["Amendment IX to the
Safety Analysis Report - Texas A&M University Nuclear Science Center," November 1, 1972]:

* demonstration that standard fuel suspended in air can tolerate temperatures as high
as 1,650°F (9000 C) without damage to the cladding

*this temperature is not exceeded under the conditions of coolant loss if the maximum
thermal power in an element is equal to or less than 21 kW for standard fuel and 24
kW for fuel if the reactor is operated for an infinite time prior to the accident

e if reactor operations are limited to 70 MWh per week, power levels up to
24kW/element for standard fuel will not cause element damage in the event of loss of
coolant

Calculations performed by GA on the Torrey Pines Mark II reactor yielded similar results
["Final Safety Analysis Report - Stationary Neutron Radiography System, "McClellan Air Force
Base, Sacramento, CA, Prepared by Argonne National Laboratory-West, January 1992]: after
prolonged operation at 2,000kW (about 32kW per element), an instantaneous loss of water
would produce a maximum fuel temperature of about 920°F (4900 C), well below the
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temperature necessary to cause any failure of the cladding. It can be seen from Table 4.5-2 that
the maximum power level expected in the 1OOkW UUTR is around 2 kW per element therefore
very much below 17kW per element. Also the operation of the UUTR in excess of 70MWh per
week is not foreseen. (Typical averages are 50 hours per year). Therefore, with the maximum
expected power level in the UUTR core of less than 3kW per element and a conservative
prediction of a limiting element power of 24kW, there is a very substantial margin of safety
against cladding failure and subsequent release of fission products in the event of a loss of
cooling accident.

4.5.2 Reactor Core Physics Parameters

4.5.2.1 The 1OOkW UUTR Core Description

The UUTR has hexagonal shaped heterogeneous core that has 6 rings, A-ring inner
position, B-ring through G-ring. The UUTR core configuration for 100 kW is shown in Fig. 4.5-1.
In the UUTR operating at nominal maximum power of 100 kW, there are 78 elements and three
control rods: safety, shim, and regulation. Experimentally measured total reactivity worth of all
three control rods is -$4.08. There are four different neutron irradiation positions available:
Pneumatic Irradiator (PI), fast Neutron Irradiation Facility (FNIF), Thermal Irradiator (TI), and
Central Irradiator (CI). The PI uses helium gas to place a sample into the core. The aluminum
tube inserted into the central irradiator extends over the entire length of the core up to the
upper grid plate. Thermal irradiator is filled with 68% of heavy water to thermalize the
neutrons. The FNIF was designed to minimize the gamma irradiation of sample placed into the
FNIF. This fast neutron irradiator provides 1 MeV equivalent fast neutron irradiation
environment. The UUTR has two instrumental fuel elements in the C-ring and D-ring as shown
in Fig. 4.5-1. The UUTR core uses 12 heavy water (68 % concentration) elements and 12 pure
graphite elements as a reflector.

4.5.2.2 Calculational Methods and Verification

The UUTR core performances are assessed by modeling 1OOkW core using the MCNP5.
The UUTR core never operated at the power level above 90kW, therefore all measured data are
obtained at 90kW power. The MCNP5 model was developed for the UUTR core configuration
shown in Fig. 4.5-1. The MCNP5 is a general purpose Monte Carlo transport code with
capabilities for detailed neutronics computations of 3D reactor cores, and it is well suited to
explicitly model the material and geometrical heterogeneities present in the UUTR core. The
UUTR facility drawings were used to specify accurately the geometry of the UUTR core and
surrounding structures. The geometry of fuel elements and control rods were based on the
manufacturing drawings as well as real physical measurements.
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Measurement data for the excess reactivity, shutdown margin and the worth of each
control rod are available for 90kW UUTR core. The comparisons as presented in Section 4.5.2.3
verifies that the parameters used in the MCNP5 UUTR model are correct.

4.5.2.3 UUTR Core Calculation for 100kW UUTR Normal Operating Condition

General Core Parameters. Criticality of 90kW UUTR is obtained with 78 standard 20%
enriched TRIGA fuel elements and three water-filled control rod positions, as shown in Fig. 4.5-
1. Sections 4.1 and 4.2 describe the principal design parameters of the UUTR fuel pins and
control rods. Measured and calculated operating condition's parameters of the 90kW UUTR are
shown in Table 4.5-4.

Reactor Core Physics Parameters. The reactor core parameters are calculated using the
MCNP5 (Appendix 4.5.A) and data are benchmarked against the real measurements showing
favorable comparisons. Table 4.5-5 summarizes calculated and measured excess reactivity,
shutdown margin and control rod worth. The errors occurring in the experimental
measurement of the control rod worths is - 10 %. The main sources of the error are due to the
reading of control rod positions, power fluctuation during the rod drop and misreading of the
rod drop graph. The excess reactivity and shut down margin are within the Technical
Specification requirements with this error range. The error of MCNP5 calculation corresponds
to one standard deviation, i.e. 68% confidence interval. Considering the measurement error
and MCNP5 simulation confidence interval, the MCNP5 calculation results match with the
measurement data. It verifies the MCNP5 model of the 100kW UUTR.

The effective delayed neutron fraction for the 100kW core was calculated with MCNP5
by utilizing the expression

k

where kp is the system eigenvalue assuming fission neutrons are born with the energy spectrum
of prompt neutrons, and kis the system eigenvalue assuming fission neutrons are born with the
appropriately weighted energy spectra of both prompt and delayed neutrons. The computed
k=1.00649±0.00003, and k0=0.99876±0.00003 are giving, ,6 e/?0.007 6 8±0.00006.

Neutron lifetime. The prompt-neutron lifetime, 1p, was calculated using the MCNP5
model of the 100kW UUTR, and the 1/v absorber method, whereby a small amount of boron is
distributed homogeneously throughout the reactor. The calculation of 1p is as follows:

1 krjf - kp
/p N-o10 °-.OVo kp

where: krefis the eigenvalue of the original system,
kp is the eigenvalue of the system with trace amounts of B-10,
NB-10 = boron-10 number density [atoms/(barn-cm)],
v0 = 220,000 cm/sec, and
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Figure 4.5-1 Core configuration of OOkW UUTR
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UaO = 3837 barns = ua0B1° at 220,000 cm/sec

The limit as N--*O was found by perturbing the system with two different boron
concentrations and then linearly extrapolating to N=0. The boron concentrations were 7.5x10-
8atoms/(barn-cm) (kp =1.00504±0.00003, 1p =22.8+0.9,us) and 1.5xl0-7atoms/(barn-cm) (kp
=1.00345±0.00003, 1p =23.9±0.5/us). The resulted prompt-neutron lifetime for the 100kW UUTR
core is 21.7±2.4,us. The MCNP5 outputs the tally values per neutron, which is irrelevant to the
actual operational power. The calculated fuel element power distribution can be normalized to
specified core power levels. Table 4.5-6 and Table 4.5-7 list the fuel element power distribution
per fuel rings at 100kW and 90kW power levels respectively. Fuel elements have less power at
90kW core level than at 100kW power level. Figure 4.5-2 and Figure 4.5-3 shows the UUTR fuel
element power distributions at 100kW and 90kW total powers, respectively and indicating (a)
3D view of the fuel elements' power, (b) core fuel rings map, and (c) power per each fuel
element. Details are presented in Section 4.5.3.6.

Table 4.5-4 Parameters for the 90kW UUTR normal operating condition

Power level 90kW
Pool water temperature (average) 20~250 C
Bridge radiation Level ~20!iR/hr

Fuel temperature as measured in D-ring: 95°C
two instrumental fuel elements' C-ring: 110'C
Maximum calculated fuel temperature 2 109.1 °C
Peak/Average fuel temperature 1.69
Average fuel temperature 64.61 °C

Pool cooling system
Flow rate in GPM A Tin °C

Primary 5.2 50C
Secondary 5.0 100C
Excess reactivity at power $0.819
Total rod worth $4.08

MCNP5 simulation gives also the peaking factor of each fuel element under the current
core configuration, as shown in Fig. 4.5-4. They are in the range of 1.184 - 1.282 and are the
same for 100kW and 90kW power levels. For the whole UUTR core, at 100kW, the maximum
linear power density is 67.10 W/cm and the average linear power density is 34.32 W/cm, i.e.
the peaking factor for the whole core is 1.955 (= 67.10 / 34.32); at 90kW power level, the
maximum linear power density is 60.39 W/cm, the average linear power density is 30.89 W/cm,
and the peaking factor for the whole core is same as for the 100kW operating power, i.e. 1.955.

'Average temperature measured at three centerline locations inside of the instrumental fuel element
2 Calculated using PARET-ANL (Section 4.6)
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Table 4.5-5 Measured and calculated excess reactivity, shutdown margin and control rod
worth for 90kW and 100kW UUTR core

Measurement average 2005 to 2009 MCNP5 calculation
at 90kW (fluctuations in

UUTR measurement +-10%)

Excess Reactivity ($) 0.819 0.840±0.010
Shutdown Margin 1.018 0.980±0.023

Control Safety 2.243 1.924±0.035
Rod Shim 1.550 1.468±0.031
Worth ($) Reg 0.287 0.294±0.022

Table 4.5-6 Fuel element power distribution per fuel ring at OOkW power level

# of Maximum power Minimum power Average power
fuel per fuel pin per fuel pin per fuel pin PmaxPmin Pmw/Pavg
pins Pmax (kW/pin) Pmin (kW/pin) Pavg (kW/pin)

B Ring 6 2.022 1.880 1.979 1.075 1.022
C Ring 11 1.895 1.497 1.715 1.266 1.105
D Ring 14 1.818 1.194 1.475 1.523 1.233
E Ring 23 1.445 0.930 1.179 1.554 1.226
F Ring 19 1.209 0.761 0.947 1.590 1.277
G Ring 5 0.788 0.609 0.700 1.293 1.124
Total 78 2.022 0.609 1.282 3.318 1.577

Table 4.5-7 Fuel element power distribution per fuel ring at 90kW power level

# of Maximum power per Minimum power per Average power per
fuel fuel pin fuel pin fuel pin Pmax/Pmin Pmax/Pavg

pins Pmx (kW/pin) Pmj, (kW/pin) Pav (kW/pin)
B Ring 6 1.820 1.692 1.781 1.075 1.022
C Ring 11 1.705 1.347 1.544 1.266 1.105
D Ring 14 1.636 1.075 1.327 1.523 1.233
E Ring 23 1.300 0.837 1.061 1.554 1.226
F Ring 19 1.088 0.685 0.852 1.590 1.277
G Ring 5 0.709 0.548 0.630 1.293 1.124
Total 78 1.820 0.548 1.154 3.318 1.577

The axial linear power density profile of the fuel element with the highest power is
shown in Fig. 4.5-5 for 1OOkW and Fig. 4.5-6 for 90kW UUTR operation power; the origin point
is set at the center of the fuel element. The increase of the linear power density at both ends of
the fuel element is because of the graphite blocks present at both ends reflecting the neutrons.
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Figures 4.5-7 and 4.5-8 show the neutron flux at the center plane of the 1OOkW and
90kW UUTR power level operation, respectively (X and Y coordinates are the index of mesh
tally and the center of the mesh is at the center of the core). Both neutron flux distributions
have the same shape but different magnitude. The thermal flux peaks at the position where
there is no fuel element (ring is filled with the water only). Fast flux is the highest in the middle
of the UUTR core.
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Figure 4.5-2 1OOkW UUTR power distribution obtained with MCNP5: (a) 3D view, (b) core fuel rings
map, (c) power per fuel element (numbers are in kW)
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Figure 4.5-3 UUTR fuel elements power distribution at 90kW power level obtained with MCNP5:
(a) 3D view, (b) core fuel rings map, (c) power per fuel element (numbers are in kW)
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Figure 4.5-4 Peaking factors of the 1OOkW UUTR core
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Figure 4.5-5 Axial power profile of the element with highest power for 1OOkW UUTR
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Figure 4.5-6 Axial power profile of the element with highest power for 90kW UUTR
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Figure 4.5-7 Neutron flux at the center plane of the OOkW UUTR core from MCNP5 simulation
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Figure 4.5-8 Neutron flux at the center plane of the 90kW UUTR core from MCNP5 simulation

4.5.3 Operating Limits

4.5.3.1 Reactor Fuel Temperature for 100kW UUTR

The basic safety limit for the TRIGA reactor system is the fuel temperature. UUTR

contains two types of ZrH fuel, aluminum cladding fuel with ZrH1.0 and SS cladding fuel with

ZrH 1.6 . Figure 4.5-9 shows the phase diagram for ZrH matrix and indicates the points of the
UUTR operation range for two types of the UUTR fuels. The diagram indicates that the higher
hydride compositions are single-phase and are not subject to the large volume changes

associated with the phase transformations at approximately 1,0070 F (5300 C) in the lower
hydrides. It has been shown that the higher hydrides lack any significant thermal diffusion of

hydrogen. These two facts preclude concomitant volume changes. The effect of uranium
presence in ZrH matrix shifts all the phases' boundaries of the ZrH phase diagram to slightly

lower temperatures. The presence of erbium also shifts the phases' boundaries to lower

temperatures.
The results of General Atomics experimental and theoretical determinations show that

fuel element integrity is not compromised for cladding temperatures at or less than 500'C
(9320 F). The limiting effect of fuel temperature is the hydrogen gas pressure causing cladding

stress. The UUTR operates in a lower end fuel cladding temperature regimes and therefore it is
not predicted that fuel integrity will be compromised; maximum fuel surface temperature is

-97 0C, and maximum fuel centerline temperature is -121 0 C (Table 4.6-1).
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H-Zr Phase Diagram
Pressure: 1 x 10Kabmosphere

125
I-

D 0.2 0.4 0.6 0.8 1 1.2

& UUTR operating range HIZr atom ratio

Figure 4.5-9 ZrH phase diagram and the UUTR operating range [Huang, J., et al., 2000. Hydrogen
redistribution in zirconium hydride under a temperature gradient. J. Nucl. Sci. Technol. 37, 887;

Olander, D., Ng, M., 2005. Hydride fuel behavior in LWRs. J. Nuci. Mater. 346, 98

4.5.3.2 Effective Delayed Neutron Fraction for 1OOkW UUTR

The effective delayed neutron fraction for the UUTR core operating at 1OOkW was

calculated with the MCNP5 code and based on:

fie =1eli k

where kpis the system eigenvalue assuming fission neutrons are born with the energy
spectrum of prompt neutrons, and k is the system eigenvalue assuming fission neutrons are

born with the appropriately weighted energy spectra of both prompt and delayed neutrons.

The computed values are summarized in Table 4.5-8.
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Table 4.5-8 MCNP5 Calculated Effective Delayed Neutron Fraction for IOOkW UUTR

k I k, ffef
1.00649±0.00003 0.99876±0.00003 0.00768±0.00006

The effective delayed neutron fractions are calculated therefore, as follows:

100kW 0.99876
fl=O I =1- = 0.00768

1.00649

250kW 1.00149
~=ff I =1- = 0.00779

1.00935

According to the error propagation equation:

AY OF AX + OF AX +. OF AX

AY I , X2 "' n

if

Y = (p 2ýx)

kAk +Akp
Af~k 2 +k

It follows:

A° 00 99870.00003 0.00003
Apio • 1 + = 0.99876 1 1 0.00006eff 1.064921.00649

A250kW ----1.00 0.00003 0.00003AG2 S~W = 1.0149- = 0.00006
eff 1.009352 1.00935

4.5.3.3 Prompt Negative Temperature Coefficient of 1OOkW UUTR

The temperature coefficient of reactivity represents the change in reactivity per degree
change in temperature. Because different materials in the reactor have different reactivity
changes with temperature and the various materials are at different temperatures during
reactor operation, several different temperature coefficients are used. Usually, the two
dominant temperature coefficients are the moderator temperature coefficient and the fuel
temperature coefficient.
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The basic parameter which allows the TRIGA reactor system to operate safely with step
insertions of reactivity is the strongly negative temperature coefficient associated with the
TRIGA fuel and core design. This temperature coefficient allows a greater freedom in steady-
state operation as the effect of accidental reactivity changes occurring from the experimental
devices in the core is greatly reduced. This temperature coefficient arises primarily from a
change in the fuel utilization factor resulting from the heating of the uranium-zirconium hydride
fuel-moderator elements. The coefficient is prompt because the fuel is intimately mixed with a
large portion of the moderator, thus, fuel and solid moderator temperatures rise
simultaneously. A quantitative calculation requires knowledge of the energy dependent
distributions of thermal neutron flux in the reactor. The MCNP5 was used to model the UUTR
core at the operating power of 1OOkW. The basic physical processes which occur when the fuel-
moderator elements are heated are: the rise in temperature of the hydride increases the
probability that a thermal neutron in the fuel element will gain energy from an excited state of
an oscillating hydrogen atom in the lattice. As the neutrons gain energy from the ZrH, their
mean free path is increased appreciably. Since the average chord length in the fuel element is
comparable with a mean free path, the probability of escape from the fuel element before
capture is increased. In the water, the neutrons are rapidly rethermalized so that the capture
and escape probabilities are relatively insensitive to the energy with which the neutron enters
the water. The heating of the moderator mixed with the fuel, thus, causes the spectrum to
harden more in the fuel than in the water. As a result, there is a temperature dependent fuel
utilization factor for the unit cell in the core, which decreases the ratio of absorptions in the
fuel to total cell absorptions as the fuel element temperature is increased. This yields a loss of
reactivity. The temperature coefficient then depends on spatial variations of the thermal
neutron spectrum over distances of the order of a mean free path with large changes of the
mean free path occurring because of the energy change in a single collision.

The prompt-temperature coefficient for the UUTR operating at nominal power of
1OOkW, aF, was calculated by varying the fuel temperature while keeping other core
parameters fixed. The effective delayed neutron fraction (Table 4.5-8) is used to convert the
multiplication factor to reactivity. The MCNP5 model was developed to simulate the reactor
operation with all rods out. The results are shown in Table 4.5-9.

Table 4.5-9 MCNP5 Calculated Prompt-Temperature Coefficients in 100kW UUTR

Temperature (K) k p($) aF

293 1.00649±0.00003 0.840±0.010
500 1.00643±0.00003 0.832±0.010 aF = -6.39 ± 0.45) x 10- 5$/K
800 1.00627±0.00003 0.811±0.010

1200 1.00605±0.00003 0.783±0.010

The reactivity is calculated as follows:

p(s)=-(1- 1)
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Ap -Ak +A 1-

Example from Table 4.5-9 (293K for 1OOkW UUTR):

p= 1 1.0 9=0.840
0.00768 1.00649

Ap= 1 0.00003 0.00006 1 1
0.0 76 100 49-+= 0.010

0.00768 1.00649 0.007682 1.00649

A linear regression model is used to find the relationship between the fuel temperature
and reactivity. Sigmaplot 10.0 is used to automatically perform curve fitting. The acquired linear
model is shown at the top right corners of Fig. 4.5-10. The fuel coefficients is determined by

calculating the first order of the linear equations, a1, = AL. The standard deviation of the
dTF

parameters in the linear models is provided by Sigmaplot 10.0 as well. The reactivity change as
a function of fuel temperature for the UUTR operating at 1OOkW is shown in Fig. 4.5-10.

4.5.3.4 Moderator Temperature Coefficient of the 1OOkW UUTR

The moderator temperature coefficient represents the change in reactivity per degree
change in moderator temperature. The magnitude and sign (+ or -) of the moderator
temperature coefficient a function of the moderator-to-fuel ratio: the under moderated
reactors have a negative moderator temperature coefficient; while the over moderated
reactors have a positive moderator temperature coefficient. A negative moderator
temperature coefficient is desirable because of its self-regulating effect: an increase in
reactivity causes the reactor to produce more power which raises the temperature o the core
and adds negative reactivity, which slows down the increase of reactor power.
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1OOkW fuel temperature coefficient
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Figure 4.5-10 MCNP5 calculated fuel temperature coefficient for 1OOkW UUTR

The moderator temperature coefficient of reactivity, aM, was determined by varying the
moderator temperature using the MCNP5 model of the 100kW UUTR core as shown in Table

4.5-10. The aM is defined with:

am dp P333K - P293K

dTM 333K-293K

Therefore,

a100kW = 1.00656 -1.00649 = 2.3x 10-4
333-293

a250kW = 1.00945 -1.00935 = 3.2 x 10-4M 333-293

The error is defined with:

AaM = AP 293K + AP333K
AT

Therefore,
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Aa293K = (0.010 +0.010)=5.2xlOAM =40

AaM3 K =-(0.013 + 0.013) = 6.5 x10-4
40

Table 4.5-10 MCNP5 Calculated Moderator Temperature Coefficients in 100kW UUTR

Temperature (K) k p($) aM
293 1.00649±0.00003 0.840±0.010 -(2.3±5.2)xlO-4$/K
333 1.00656±0.00003 0.849±0.010

4.5.3.5. Void Coefficient of the 100kW UUTR

The void coefficient of reactivity is defined as the change in reactivity per percent
change in void volume. As the reactor power is raised to the point where the steam voids start
to form, voids displace moderator from the coolant channels within the core. This displacement
reduces the moderator-to-fuel ratio, and in an under moderated core, results in a negative
reactivity addition, thereby limiting reactor power rise. The void coefficient is significant in
water-moderated reactors that operate at or near saturated conditions.

The void coefficient of reactivity for the UUTR is determined using the MCNP5 model of
the 1O0kW core. The voiding of the core was introduced by uniformly reducing the density of
the water moderator in the core. Four water densities were used to calculate the coefficient.
The results are summarized in Table 4.5-11. A quadratic function fitting was used to establish
the relation between the void and reactivity. Sigmaplot 10.0 is used to automatically perform
the curve fitting. The quadratic models are shown in the top right corners of the Fig.4.5-11. The

void coefficients are obtained by calculating the first order of the linear equations, __Pe. Trends
dx

are shown in Fig. 4.5-11.

Table 4.5-11 MCNP5 Calculated Void Coefficients in 100kW UUTR

Moderator k p($) av
density
[in % void]

0 1.00640±0.00011 0.840±0.010
25 0.98794±0.00012 -1.569±0.016 0.0331-7.94 x 10-3 x$/%
50 0.94858±0.00012 -7.047±0.061
75 0.87018±0.00012 -19.378±0.157
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4.5.3.6 Prompt-Neutron Lifetime for 1OOkW UUTR

The prompt-neutron lifetime, 1p, was calculated using the MCNP5 models of the 1OOkW
UUTR core, and the 1/v absorber method, whereby a small amount of boron is distributed
homogeneously throughout the reactor. The calculation of /p is as follows:

1 N 1 krOf -kP
P NBIOOo.Ov0 kp

where
kre5is the eigenvalue of the original system,

kp is the eigenvalue of the system with trace amounts of B-10,
NB-10 = boron-10 number density [atoms/(barn-cm)],
v0 = 220,000 cm/sec, and

B -10
aO = 3837 barns = UaO at 220,000 cm/sec.

The limit as N--*O was found by perturbing the system with two different boron
concentrations and then linearly extrapolating to N=0. The results are summarized in Table 4.5-
12.
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Figure 4.5-11 MCNP5 calculated void coefficient for OOkW UUTR
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Table 4.5-12 MCNP5 Calculated Prompt Neutron Lifetime in 00kW UUTR
[B concentrations are the same as for the Oregon State TRIGA]

B concentration kp 4p
[atoms/(ba rn-cm)] [us ]

7.5x10-8  1.00504±0.00003 22.79±0.94

1.5x10-7 1.00345±0.00003 23.93±0.47

Based on Table 4.5-12, considering lp is a function of NB-O, a linear equation can be

constructed from two calculated points: (NIB-'°1,lp ) and (NB-10 ,P ), as follows:

NB-10 - NB-'0
= NB- 10 N B-, (12 - l1p )+ ,1

By setting NB-1o = 0, the prompt-neutron lifetime of the core without boron can be
computed by extrapolation method:

l= -N-'° NzN -1N0 o -

Therefore, it follows:

(Po = -7.5 x-08 23.93-22.79 +22.79 = 21.7x10-6
1.5x10-7 -7.5x10-8

(Po = -7.5 x 10-8 23.46- 23.35
25k= l + 23.35 =23.2x10-6

1.5x 10-7 -7.5x10- 8

The error of iP and 12P is defined with:

Alp 1 (Akrej + krejAkP,$
NB N-10 aorov kp" (k.P

Thus giving:

AIo°°WlP - 1 0.00003 1.00649 x 0.00003 0

7.5x 10-' x 3837 x 220000 1.00504 1.00504+ )
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AOOkW/P= 1 /0.00003 1.00649 x 0.00003 0.47X10 6

1.5x10-7 x3837x 220000 1.00345 1.003452

A 25°kw Ip = 1 /0.00003+ 1.00935 x 0.00003 0
7.5x10-8 x3837x220000 1.00786 1.007862

The error of 16o is defined with:

A 25kWlp = 1 /0.00003 1.00935x0.00003 0
1.5 x 10-7 x 3837 x 220000 ( 1.00636 1.006362 =047x10 6

-I 2_ _NIB-10NB; _ 0(A/; + A/f)+ Al[

Therefore,

AIokW' = 7.5•x°10 8- (0.94 + 0.47)x 10- 6 + 0.94 x 10- 6 = 2.4x 10-6
1.5xl10-' -_7.5 x10-8

~250k/p -7.5x10-
8

A 25°kWi0p = 7.5X10 8 (0.94 + 0.47)x 10-6 + 0.94 x 10-6 = 2.4 x 10-6
1.5 X10-7 _ 7.Sx 10-'

The prompt-neutron lifetime for 100 kW is 21.7±2.4 Its. The prompt-neutron lifetime
depends on the buckling factor. For example, the prompt-neutron life-time for the Oregon
State University TRIGA HEU is 18.7 ± 2.8 ps, and the LEU TRIGA prompt-neutron lifetime is
22.6±2.9 ps.

4.5.3.7 Xe-Sm Worths in UUTR

By deliberately violating the operating license and several interlocks and scrams a
sudden insertion of reactivity may be expected while the reactor is at a power level of up to
100kW. The maximum reactivity loss due to temperature and xenon poisoning when operating
at a steady power of 100kW is about 0.488% ($0.02). Xe-135 is produced directly in only 0.3% of
all U-235 fissions. Total fission product yield of Xe-135 is 6.6%. About 95% of Xe-135 comes
from 1-135 decay [DOE Fundamentals Handbook: Nuclear Physics and Reactor Theory, Jan.
1993, Retrieved 2009]. Xenon is removed from the core by b decay to Cs-135 with half-life of
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9.1 hours. Xe-135 can be removed from the reactor core by neutron absorption also ((Ya =
3.5x10 6 barns). Typically, about 90% of Xe-135 is removed by neutron absorption and 10% by b
decay. The amount of Xe-135 in a core depends on the neutron flux. Generally, the Xe-135
approaches its equilibrium after 10 hours of reactor operation. The negative reactivity of xenon
is usually less than 10% Ak/k. For reactors with very low thermal flux levels (~5x10 2

neutrons/cm 2-sec or less), most of xenon is removed by the decay as opposed to removal
through neutron absorption. The reactor shutdown does not cause any xenon-135 peaking
effect. For the UUTR (thermal neutron flux is ~1011 neutrons/cm 2-sec), the concentration of Xe-
135 is negligible and most Xe-135 will decay in less than 20 minutes after the shutdown of the
reactor.

Sm-149 has an absorption cross section of 4.2x10 4 barns. Sm-149 is a stable isotope and
total fission product yield is 1.4%. The effect of these fission product poisons is to reduce the
thermal utilization factor, so these fission product poisons are regarded as sources of negative
reactivity in the core.

4.5.3.8 Influence of the Experiments

The UUTR limits the worth of a single experiment to assure that sudden removal of the
experiment will not cause the fuel temperature to rise above the critical temperature level of
5300 C (TS 3.2). The limits are defined as follows:

e Any experiment with reactivity worth greater than $1.00 is secured to prevent
unplanned removal from or insertion into the reactor

'The excess reactivity for reference core is less than $2.80
*The reactivity worth of an individual experiment is limit to no more than $2.80
By limiting the worth of all experiments in the reactor at one time to $2.80 it assures

that the removal of the total worth for all experiments not to exceed the fuel element
temperature limit of 5300 C for an aluminum element and 1,0000 C for a stainless steel element
(TS 2.1). Additionally, the TS for the UUTR specify the amount of any hazardous or explosive
samples allowed to be used per experiment (TS 3.6). All samples in an experiment must be
double encapsulated with a polyethylene vial and sealed with wax to prevent any material from
leaking into the UUTR reactor pool tank. The UUTR experiments do not generate any Xe-135 or
Sm-149. The UUTR does not allow samples to be put in or pulled out from the core during the
reactor operation except if the reactor supervisor and/or the Director approve it. In general, the
reactivity worth for such special experiments is less than $0.30 so that the reactor power or fuel
temperature will not fluctuate significantly.

4.5.3.9 Minimum Control Rod Worths and Stuck Rod Worths for All Allowed

Core Conditions

The UUTR has three control rods: safety, shim, and regulation. According to the UUTR
measurement, the rod worths for these three control rods are $2.24, $1.55, and $0.287,
respectively. Shutdown margin is approximately $1.018 and excess reactivity is around $0.819.
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In the control system, the control rods are partly or fully inserted in the core to suppress the
excess reactivity loaded for fuel burn-up requirements. The postulated reactivity fault is based
on one of these rods being withdrawn from its furthest insertion to the full out position. This
same control rod is then assumed to be stuck in the fully withdrawn position. The requirement
is then to demonstrate a safe shutdown reactivity balance with the remaining two control rods
inserted in the presence of this positive reactivity fault. In the UUTR, the safety control rod that
is highest worth control rod is fully out from the core. Shim and regulation control rods control
the reactor power. In the case that safety rod is failed to insert, shim and regulation rods have
enough negative reactivity to shut down the reactor. The reactivity of shim and regulation rods
are greater than shutdown margin, the application of the stuck rod criterion ensures that the
failure of the highest worth control rod will not prevent the control rod system from shutting
down the reactor.

4.5.3.10 Transient Analysis of an Uncontrolled Rod Withdrawal

The total control rod worth of three control rods is $3.686 (as calculated using the
MCNP5 and shown in Table 4.5-5). The control rod withdrawn time is 30 sec for all these three
rods. Thus, the maximum reactivity insertion rate is $0.1229/sec. In order to analyze this
accident, one-delay group model was used with the prompt jump approximation based on
"Dynamics of Nuclear Reactors" by David Hetrick, U. of Chicago Press, 1971. For linear increase
in reactivity (a ramp input), this model gives:

P = _e __

where:
P = final power level;
P0 = initial power level;
f8= total delayed neutron fraction = 0.00768;
2= one group decay constant (sec-1) = 0.405 sec-1;
t = time (sec);
y= linear insertion rate of reactivity (Ak/k sec-1); and
a= I + Af/ y.

The UUTR safety control rod worth (a rod with maximum worth) is $1.924 (as calculated
by MCNP5 and as shown in Table 4.5-5). This rod is located at position D7, as shown in Fig. 1.3-
4. Based on Fig. 4.5-3 the average power per fuel element surrounding the safety rod is
1.382kW = (1.545+1.12+1.026+1.3+1.636+1.665)/6; the average power per fuel element
surrounding the shim rod, located at D13, is 1.261kW; the average power per fuel element
surrounding the regulation rod, located at D1, is 1.072kW. Therefore, the safety control rod
region is the most reactive region in the core compared to other two control rod regions.
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Fully withdrawn control rod will take 30sec resulting in $0.06413/sec linear reactivity
insertion. For an initial power level of 0.1kW, and the trip setpoint at 100kW, the reactor power
was calculated to reach the trip setpoint in about 12.57 seconds:

Po

+1 0.405x0.00768
100 -0.405t 0.00768 ) 0.06413x0.00768

0. 1 0.00768 - 0.06413 x 0.00768t

1000 = e-0 405' ( 1 )73153

t - 12.57

Assuming it takes 0.5 sec for the trip setpoint signal to cause an actual release of the
control rods, the peak reactivity inserted will be $0.84 (=0.06413 x (12.57+0.5)). This is
considerably less than the limiting reactivity insertion of $2.8 as specified in the Technical
Specification, and, thus, should produce no adverse safety effects.

Using same approach, assuming now an initial power of 90kW and the trip setpoint at
100kW, it was calculated that the trip setpoint will be reached in 1.26 sec. Allowing for 0.5 sec
for the rods to be released, the peak reactivity inserted will be $0.11 (=0.06413 x (1.26+0.5)).
This is well below the limiting reactivity insertion of $2.8.

Because the UUTR control mechanism does not allow for multiple control rods to be
withdrawn simultaneously, the accident of an uncontrolled withdrawal of all control rods is
unlikely. However, this scenario is calculated anyway to assure that the limits even in an
unlikely event will not be jeopardized. The total control rod worth calculated by the MCNP5 is
$3.686 (as shown in Table 4.5-5) Withdrawal time of 30 sec produces $0.1229/sec linear
reactivity insertion. Therefore, it will take 7.32sec to reach 100kW assuming 0.1kW initial power
and 0.72sec to reach 100kW assuming 90kW initial power. Allowing 0.Ssec for the rods to be
released, the peak reactivity inserted will be $0.96 and $0.15, respectively, which are both
below the limitation of $2.8.

4.5.3.11 Shutdown Margin Calculations for Limiting Core Condition

The shutdown margin of the UUTR configuration referred to the reference core, with
the highest worth rod (safety rod) fully withdrawn is $1.018 for 90kW obtained from
measurement and $0.980±$0.023 for 1OOkW from the MCNP5 simulations. The shutdown
margin is greater than the value as specified in TS 3.1.2 ($0.50).
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Appendix 4.5.A

MCNP5 input file for the 100kW UUTR core

TRIGGA 3D Model
c New SS Fuel
100 1 -5.636 -2 11 -12
101 2 -1.70 -2 12 -14
102 2 -1.70 -2 13 -11
103 3 -7.92 (-1 15 -16)
104 4 -1.0 1:-15:16 92
c Old SS Fuel
110 like 100 but mat=12 rho=
111 like 101 but
112 like 102 but
113 like 103 but
114 like 104 but
c Al Fuel
120 5 -6.143 -3 21 -22
121 2 -1.70 -3 22 -24
122 2 -1.70 -3 23 -21
123 6 -2.70 (-1 25 -26)
124 4 -1.0 1:-25:26 92
c Instrumental Fuel
130 like 110 but
131 like 111 but
132 like 112 but
133 like 113 but
134 like 114 but
c Graphite
140 2 -1.70 -3 23 -24
143 like 123 but
144 like 124 but
c Heavy Water
150 7 -1.056 -3 23 -24
153 like 123 but
154 like 124 but
c Water
160 4 -1.0 -1 92 -93
161 4 -1.0 1 92 -93
c Safety Control Rod
170 9 -2.52 -46 11 -93
171 6 -2.7 46 -47 11
172 4 -1.0 (47 -50 11
173 6 -2.7 50 -1 92
174 4 -1.0 1 92 -93
c Shim Control Rod
180 9 -2.52 -46 11 -93
181 6 -2.7 46 -47 11
182 4 -1.0 (47 -50 11
183 6 -2.7 50 -1 92
184 4 -1.0 1 92 -93
c Reg Control Rod
190 9 -2.52 -48 11 -93
191 6 -2.7 48 -49 11
192 4 -1.0 (49 -50 11
193 6 -2.7 50 -1 92
194 4 -1.0 1 92 -93
c Empty Control Rod
196 4 -1.0 -50 92 -93

(2: -13:14)
-93

-5.636

u=1
u=l
u=1
u=l
u=l

u=2
u=2
u=2
u=2
u=2

u=3
u=3
u=3
u=3

u=4
u=4
u=4
u=4
u=4

imp: n= 1
imp:n=l
imp: n= 1
imp: n= 1
imp: n= 1

imp: n= 1
imp: n= 1
imp: n= 1
imp: n=l
imp: n=l

$Fuel Meat
$Up Graphite
$Down Graphite
$Cladding
$H20

$Fuel Meat
$Up Graphite
$Down Graphite
$Cladding
$H20

imp:n=l $Fuel Meat
imp:n=l $Up Graphite
imp:n=l $Down Graphite
imp:n=l $Cladding
u=3 imp:n=l $H20

(3:-23:24)
-93

imp:n=1
imp:n=1
imp:n=l
imp: n= 1
imp:n=l

u=6 imp:n=1
u=6 imp:n=1
u=6 imp:n=l

u=7 imp:n=l
u=7 imp:n=l
u=7 imp:n=l

$Fuel Meat
$Up Graphite
$Down Graphite
$Cladding
$H20

$Graphite
$Cladding
$H20

$D20
$Cladding
$H20

-93
-93)

-93

-93
-93)

-93

-93
-93)

-93

u=8 imp:n=l $H20
u=8 imp:n=l $H20

u=10
u=10

:(-50 -11 92)
u=10
u=10

u=11
u=11

:(-50 -11 92)
u=11
u=11

u=12
u=12

:(-50 -11 92)
u=12
u=12

imp:n=l $B4C
imp:n=l $Al Cladding
u=10 imp:n=l $H20
imp:n=l $A1 Tube
imp:n=l $H20

imp:n=l $B4C
imp:n=l $A1 Cladding
u=ll imp:n=l $H20
imp:n=1 $Al Tube
imp:n=l $H20

imp:n=l $B4C
imp:n=l $Al Cladding
u=12 imp:n=l $H20
imp:n=l $Al Tube
imp:n=l $H20

u=5 imp:n=l $H20
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197 6 -2.7
198 4 -1.0
c Brand New SS Fue:
c 310 like 100 but
c 311 like 101 but
c 312 like 102 but
c 313 like 103 but
c 314 like 104 but
c Lattice

50 -1 92 -93
1 92 -93

1, more U235
mat=5 rho=-5.781

u=5 imp:n=l $Al Tube
u=5 imp:n=l $H20

u=15 imp:n=l $Fuel Meat
u=15 imp:n=l $Up Graphite
u=15 imp:n=l $Down Graphite
u=15 imp:n=l $Cladding
u=15 imp:n=l $H20

200 4 -1.0 -101 102 -103 104 -105 106 92 -93 lat=2
fill=-7:7 -7:7 0:0
000000099999999

000000987878789
000009323113279

000091311113389
000911313153379

009311412212379
093313222423379

987251151183169
987122111213690

987138221316900
987112253369000

987811111690000
986666666900000

988888889000000
999999990000000

-1.0 -111 112 -113 114 -115 116 92 -93 fill=9
-2.7 (-121 122 -123 124 -125 126) 91 -94

(111: -112:113: -114:115: -116)
-2.7 -111 112 -113 114 -115 116 91 -92
-2.7 -111 112 -113 114 -115 116 93 -94 41 43 45

u=9

0 imp:n=l
imp:n=l $Lattices201 4

202 6

203 6
204 6
206 4
207 4
208 10
301 9
302 6
303 9
304 6
305 9
306 6
c FNIF

imp:n=1
imp: n= 1
imp: n= 1

$A1 Wall
$Lower Al Plate
$Upper Al Plate
$Top Water-1.0

-1.0
-2.30
-2 .52
-2.7
-2 .52
-2.7
-2 .52
-2.7

-131 94 -97 41
-131 96 -91
-131 -96 95
-40 93 -97

40 -41 93 -97
-42 93 -97

42 -43 93 -97
-44 93 -97

44 -45 93 -97

43 45 imp:n=l

imp:n=l
imp: n=l 1
imp: nl 1
imp: n= 1
imp: n 1
imp: n=1

imp:n=l $Bottom Water
imp:n=l $Bottom Concrete

$Safety Rod above core region

$Shim Rod above core region

$Reg Rod above core region

400 11 -0.00115 -141
401 8 -11.34 -140 141
c Heavy water block
500 11 -0.00115 -159
501 6 -2.7 159 -158
502 7 -1.056 158 154
503 6 -2.7 (-154:15[

150 -1i

imp:n=l $ FNIF Air
imp:n=l $ FNIF Pb

160 -161 imp:n=l $ Heavy water Air
160 -161 imp:n=l

-155 156 157 160 -161 imp:n=l
5:-156:-157)
51 152 153 160 -161

c
900 4 -1.0 -131 91 -94 140

(-150:151:-152:-153:-160:161)
(121:-122:123:-124:125:-126)

999 0 131:-95:97 imp:n=0

imp: n= 1

imp: n=l $Water Around Core

C
1
2
3
11
12
13
14

Surface Cards
cz 1.
cz 1.
cz 1.'
pz -19.

873
82
79
05
05
21
21

$Outer Radius
$Inner Radius
$Inner Radius for Aluminum Container
$SS Fuel Meat Bottom (7.5 inch * 2)
$SS Fuel Meat Top
$SS Fuel Graphite Bottom (4 inch)
$SS Fuel Graphite Top

pz
pz
pz

19.
-29.;

29.;
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15
16
21
22
23
24
25
26
40
41
42
43
44
45
46
47
48
49
50

pz
pz
pz
pz
pz
pz
pz
pz
c/z
c/z
c/z
c/z
c/z
c/z
cz
cz
cz
cz
cz

-30.39
30.39

-17.78
17.78

-27.94
27.94

-29.12
29.12
6.555
6.555

-13.11
-13 .11

6.555
6.555
1.00
1. 11
0.200
0.318
1.750

$S

$s
$A
$A
$A
$A
$A
$A

-11

-11
0
0

11
11
$
$
$
$
$

S Cladding Bottom (1.18 cm
S Cladding Top (1.18 cm)
1 Fuel Meat Bottom (7 inch
1 Fuel Meat Top
1 Fuel Graphite Bottom (4
1 Fuel Graphite Top
1 Cladding Bottom (1.18 cm
1 Cladding Top (1.18 cm)
.354 1.00 $Safety Control
.354 1.11 $Safety Control
.0 1.00 $Shim Control R
.0 1.11 $Shim Control R
.354 0.200 $Reg Control Ro
.354 0.318 $Reg Control Ro
Safety and Shim Rod in Uni
Safety and Shim Rod in Uni
Reg Rod in Unit
Reg Rod in Unit Cladding
Inner radius of Al tube fo
ower Plate Bottom
ower Plate Top (1 inch)
pper Plate Bottom
pper Plate Top (0.75 inch)
oncrete Bottom
ater Bottom (2 inch)
ater Top

*2)

inch)

Rod
Rod Cladding

od
od Cladding
d
d Cladding
t
t Cladding

r control rod
91 pz -33.43 $L
92 pz -30.89 $L
93 pz 30.89 $U
94 pz 32.79 $U:
95 pz -55.0 $C
96 pz -43.09 $W.
97 pz 50.0 $W,
C Lattice Cells
101 px 2.185
102 px -2.185
103 p 0.5 0.86
104 p 0.5 0.86
105 p -0.5 0.86
106 p -0.5 0.86
c Frame Boundary
11 p 1.732038
112 p 1.732038
113 p 1.732038
114 p 1.732038
115 py 25.230
116 py -25.230
c Al Wall
121 p 1.732038
122 p 1.732038
123 p 1.732038
124 p 1.732038
125 py 27.135
126 py -27.135
C Reflector Surfaces
131 cz 65.0
c 131 p 1.732038
c 132 p 1.732038
c 133 p 1.732038
c 134 p 1.732038
c 135 py 41.629841
c 136 py -41.629841
c FNIF

60254
60254
60254
60254

1
1

-1
-l

1
1

-1
-1

0
0
0
0

0
0
0
0

0
0
0
0

2.185
-2.185
2.185

-2.185

50.460
-50.460
50.460

-50.460

54.270
-54.270
54.270

-54.270

reflector
0 83.259682
0 -83.259682
0 83.259682
0 -83.259682

$ Water
1
1

-l
-i

140 BOX -15.88 -26.77 -30.
141 BOX -22.82 -24.91 -30.
c Heavy water beside core
150 p 1.732038 1
151 p 1.732038 1
152 py 0.0
153 p 1.732038 -1

-15.24 26.40 0
-10.16 17.60 0

-22.00 -12.7 0
-8.80 -5.1 0

0 0 60.96
0 0 60.96

0 54.270 $ Al outer
0 84.670

0 0.0
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154
155
156
157
158
159
160
161
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237
238

p
p
py
p
C/z
C/z
pz
pz

pz -18.5
pz -17.5
pz -16.5
pz -15.5
pz -14.5
pz -13.5
pz -12.5
pz -11.5
pz -10.5
pz -9.5
pz -8.5
pz -7.5
pz -6.5
pz -5.5
pz -4.5

pz -3.5
pz -2.5
pz -1.5
pz -0.5
pz 0.5
pz 1.5
pz 2.5
pz 3.5
pz 4.5
pz 5.5
pz 6.5
pz 7.5
pz 8.5
pz 9.5
pz 10.5
pz 11.5
pz 12.5
pz 13.5
pz 14.5
pz 15.5
pz 16.5
pz 17.5
pz 18.5

1.732038 1 0 54.670 $ Al out
1.732038 1 0 84.270
0.2
1.732038 -1 0 0.4
30.08 17.37 5.7 $ Air tub Al wall
30.08 17.37 5.5 $ Air tub
30.0 $ Heavy water top
30.0 $ Heavy water bottom

ter

mode n
kcode 100000 1.0
ksrc -15.2950

-10.9250
-6.5550
-2.1850
2.1850
6.5550

10.9250
-17.4800
-13.1100
-8.7400
-4.3700
0.0000
4.3700
8.7400

100 500
-18.9227
-18.9227
-18.9227
-18.9227
-18.9227
-18.9227
-18.9227
-15.1381
-15.1381
-15.1381
-15.1381
-15.1381
-15.1381
-15.1381

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
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13.1100 -15.1381 0.0000
-19.6650 -11.3536 0.0000
-15.2950 -11.3536 0.0000
-10.9250 -11.3536 0.0000

-6.5550 -11.3536 0.0000
-2.1850 -11.3536 0.0000
2.1850 -11.3536 0.0000

10.9250 -11.3536 0.0000
15.2950 -11.3536 0.0000

-21.8500 -7.5691 0.0000
-17.4800 -7.5691 0.0000
-13.1100 -7.5691 0.0000

-8.7400 -7.5691 0.0000
-4.3700 -7.5691 0.0000
0.0000 -7.5691 0.0000
4.3700 -7.5691 0.0000
8.7400 -7.5691 0.0000

13.1100 -7.5691 0.0000
17.4800 -7.5691 0.0000

-24.0350 -3.7845 0.0000
-19.6650 -3.7845 0.0000
-15.2950 -3.7845 0.0000
-10.9250 -3.7845 0.0000
-6.5550 -3.7845 0.0000
-2.1850 -3.7845 0.0000
2.1850 -3.7845 0.0000
6.5550 -3.7845 0.0000

10.9250 -3.7845 0.0000
15.2950 -3.7845 0.0000
19.6650 -3.7845 0.0000

-17.4800 0.0000 0.0000
-8.7400 0.0000 0.0000
-4.3700 0.0000 0.0000
4.3700 0.0000 0.0000
8.7400 0.0000 0.0000

17.4800 0.0000 0.0000
21.8500 0.0000 0.0000

-15.2950 3.7845 0.0000
-10.9250 3.7845 0.0000
-6.5550 3.7845 0.0000
-2.1850 3.7845 0.0000
2.1850 3.7845 0.0000
6.5550 3.7845 0.0000

10.9250 3.7845 0.0000
15.2950 3.7845 0.0000
19.6650 3.7845 0.0000

-13.1100 7.5691 0.0000
-8.7400 7.5691 0.0000

0.0000 7.5691 0.0000
4.3700 7.5691 0.0000
8.7400 7.5691 0.0000

13.1100 7.5691 0.0000
17.4800 7.5691 0.0000

-10.9250 11.3536 0.0000
-6.5550 11.3536 0.0000
-2.1850 11.3536 0.0000
2.1850 11.3536 0.0000

10.9250 11.3536 0.0000
15.2950 11.3536 0.0000
-4.3700 15.1381 0.0000
0.0000 15.1381 0.0000
4.3700 15.1381 0.0000
8.7400 15.1381 0.0000
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13.1100
ml 1001.66c

40000.66c
92235.66c
92238.66c

mtl h/zr.60t
zr/h.60t

m2 6000.66c
mt2 grph.60t
m3 6000.66c

14000.60c
24000.50c
25055.66c
26000.50c
28000.50c

m4 1001.66c
8016. 66c

mt4 lwtr.60t
m5 1001.66c

40000.66c
92235.66c
92238.66c

mt5 h/zr.60t
zr/h.60t

m6 13027.66c
m7 1001.66c

1002 . 66c
8016. 66c

mt7 lwtr.60t
hwtr.60t

m8 82000.50c
m9 5010.66c

5011.66c
"6000.66c

ml0 1001.66c
6000.66c
8016.66c

11023 . 66c
12000.66c
13027. 66c
14000.60c
19000. 66c
20000. 66c
26000.50c

mll 7014.66c
8016 . 66c

18000. 59c
m12 1001.66c

40000. 66c
92235. 66c
92238. 66c

mtl2 h/zr.60t
zr/h.60t

c
c New SS Fuel (u=l)
fl7:n (100<200[2

(100<200[-2
(100<200 [2
(100<200[-3
(100<200 [2
(100<200[-3
(100<200 [3
(100<200[-3

15.1381 0.0000
-0.015896 $ new SS meat, H/Zr=1.6. 0.59% burn-up
-0. 899104
-0.016728
-0.068272

1.0 $ graphite

-0.0004 $ ss cladding
-0.0046
-0.190
-0.009
-0.699
-0.097
2.0 $ H20
1.0

-0.010 $ Al meat, H/Zr=I.0, 8.91% burnup
-0.905
-0.01533
-0.06967

1.0 $ Al
0.64 $ D20 (68% atom)
1.36
1.00

1.0 $ Pb
-0.1566 $ b4c
-0.6264
-0.217
-0.00619 $ Concrete
-0.17520
-0.41020
-0.00027
-0. 03265
-0.01083
-0.03448
-0.00114
-0.32130
-0.00778

0.0000381259 $Air
0.0000095012
0.0000001664

-0.015896 $ Old SS meat, H/Zr=I.6, 8.77% burnup
-0.899104
-0.015354
-0.069646

-5
-4
-4
-3
-3
-2
-2
-1

0]<201)
0]<201)
01<201)
0]<201)
0]<201)
0]<201)
01<201)
0]<201)

(100<200 [3
(100<200 [0
(100<200 [3
(100<200[-2

-5
-4
-4
-3

0]<201)
0]<201)
01<201)
0] <201)

(100<200[l -4 01<201)

(100<200[0 -3 0]<201)

(100<200[0 -2 0]<201)(100<200[-2 -2 0]<201)
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(100<200[-2
(100<200 [2
(100<200[-4
(100<200 [1
(100<200[-4
(100<200[-4
(100<200[-3
(100<200 [0

FS17 -201 -202 -203
-215 -216 -217

-229 -230 -231
fql7 s
c
c Old SS Fuel (u=2)
f27:n (110<200[0

(110<200 [1
(110<200[-1
(110<200 [3
(110<200[-4
(110<200[-3
(110<200[-1
(110<200[-2

FS27 -201 -202 -203
-215 -216 -217
-229 -230 -231

fq27 s
c
c Al Fuel (u=3)

0 0]<201)
0 01<201)
1 0]<201)
1 0]<201)
2 01<201)
3 01<201)
4 0]<201)
4 01<201)
-204 -205
-218 -219

* -232 -233

-5 0]<201)
-2 0]<201)
-1 01<201)
-1 0]<201)

0 0]<201)
1 0]<201)
2 0]<201)
3 0]<201)
-204 -205
-218 -219

* -232 -233

(100<200[-1
(100<200 [5
(100<200[-1
(100<200 [3
(100<200 [1
(100<200[-3
(100<200[-2
(100<200 [1

-206 -207 -208
-220 -221 -222
-234 -235 -236

0
0

2
3
4
4

(110<200 [5
(110<200 [2
(110<200 [0

-5
-2
-1

0]<201)
01 <201)

1 0]<201)
1 0]<201)

0] <201)
0]<201)
0]<201)

1 0]<201)
-209 -210
-223 -224
-237 -238

01<201)
01<201)
0]<201)

01<201)
0]<201)
01<201)
-209 -210
-223 -224
-237 -238

01<201)
0]<201)
0]<201)

(100<200[-l 4 0]<201)

-211 -212 -213 -214
-225 -226 -227 -228

(110<200[4 -2 01<201)
(110<200[l -1 0]<201)

(110<200[2 1 01<201)

-211 -212 -213 -214
-225 -226 -227 -228

(100<200 [1

(100<200 [0

(100<200 [3

0 0]<201)

1 0]<201)

2 0]<201)

(110<200[-2 1
(110<200[0 2
(110<200[-1 3

-206 -207 -208
-220 -221 -222
-234 -235 -236

(120<200[1 -5
(120<200[4 -4
(120<200[1 -3

f37:n (120<200[-l
(120<200[-l
(120<200[-l
(120<200 [5
(120<200[-4
(120<200[-5
120<200 [4

(120<200 [4
(120<200 [4
(120<200 [-3
(120<200 [1

FS37 -203 -204 -205
-215 -216 -217
-229 -230 -231

fq37 s

5 01<201)
4 01<201)
3 0]<201)
3 0]<201)
2 0]<201)
1 03<201)
1 0]<201)
0 03<201)
1 0]<201)
2 0]<201)
3 03<201)
-206 -207
-218 -219
-232 -233

(120<200 [4
(120<200 [5
(120<200 [4

-5 0]<201)
-4 01<201)
-3 0]<201)

(120<200[5 -2 01<201)
(120<200[-4 -1 01<201)
(120<200[5 -1 0]<201)

(120<200[-2 -1 0]<201)

(120<200[2 2
(120<200[2 3

-208 -209 -210
-220 -221 -222
-234 -235 -236

(130<200[2 -1
-206 -207 -208
-220 -221 -222
-234 -235 -236

01<201)
0]<201)
-211 -212
-223 -224

-213 -214
-225 -226 -227 -228

C

c Instrumented Fuel (u=4)
f47:n (130<200[-l -2 0]<201)
FS47 -201 -202 -203 -204 -205

-215 -216 -217 -218 -219
-229 -230 -231 -232 -233

fq47 s
c
f54:n 400 $ FNIF

0]<201)
-209 -210
-223 -224
-237 -238

-211 -212 -213
-225 -226 -227

-214
-228

E54 0 1E-9 5E-9 2.5E-8 1E-7 6.25E-7 2E-6 IE-5 1E-4 1E-3 0.01 0.1

1 2 4 7 10 15 20
FS54 -217 -218 -219 -220 -221
fq54 s e
f64:n 500 $ TI
E64 0 1E-9 5E-9 2.5E-8 1E-7 6.25E-7 2E-6 1E-5 1E-4 1E-3 0.01 0.1

1 2 4 7 10 15 20
FS64 -217 -218 -219 -220 -221
fq64 s e
c Mesh tally
FMESH84:n GEOM=rec ORIGIN=-40 -40 -40
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IMESH=40 IINTS=40
JMESH=40 JINTS:40
KMESH:40 KINTS:40
EMESH=2.5E-8 6.25E-7 0.1 20 EINTS=1 1 1 1 OUT=ij

C CI

F94:n (196<200[0 0 0]<201)
E94 0 IE-9 5E-9 2.5E-8 1E-7 6.25E-7 2E-6 1E-5 1E-4 IE-3 0.01 0.1

1 2 4 7 10 15 20
FS94 -217 -218 -219 -220 -221
fq94 s e
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4.6 Thermal-Hydraulics Design

Very extensive thermal-hydraulic design studies and extensive actual performance tests
have been done by General Atomics over the years on reactor cores utilizing TRIGA type fuel.
This is well known [1-4] and is not repeated in this SAR but only the relevant results as they
apply to the UUTR are presented.

Thermal-hydraulics modeling of the UUTR is based on the PARET-ANL code [5]. PARET
(Program for the Analysis of REactor Transients) is primarily used for the design and analysis of
thermal-hydraulics of the test and research reactors with pin and plate fuel types. The PARET-
ANL code has been extensively compared to the SPERT I, and SPERT II experiments and has
been validated [6-8]. A wide range of transient models has been analyzed using this code
including the melting of the fuel cladding; the code has been used also for pulsing TRIGA
reactors [5]. Additionally, PARET-ANL has been used by the PERTR Program for safety and
thermal-hydraulics analysis of many research reactors redesigned for the reduced enrichment
fuel.

4.6.1 PARET-ANL Thermal-Hydraulics Design of the 1OOkW UUTR Core

The UUTR thermal-hydraulics analysis is performed for the two-channel model: the
hottest channel and the average channel representing the rest of the core. The hottest channel
is located in the B-ring of the UUTR core, and is shown in Fig. 4.6-1 by an X. The channel was
divided into 19 axial regions; the peaking factors are shown in Fig 4.6-2 for both the hottest
channel and the average channel. These values are obtained from the UUTR neutronics
calculations using MCNP5 (Section 4.5). Thermal-hydraulics properties of the 1OOkW UUTR core
are shown in Table 4.6-1 in comparison to other TRIGA reactors. The PARET-ANL input data is
listed in full in Appendix 4.6.A.

10

-10

-20

-30 -20 -10 a t0 20 30

Figure 4.6-1 100kW UUTR core configuration indicating the location of the hottest channel (X)
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- Hottest Channel - Nominal Channel
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Figure 4.6-2 Axial peaking factors for hottest and the nominal channel of the 1OOkW UUTR core
obtained from neutronics calculation using MCNP5

Table 4.6-1 Thermal-hydraulics properties of the IOOkW UUTR in comparison to other TRIGA reactors
[* indicates calculated values at 90kW UUTR]

Parameter UUTR Standard WSU
TRIGA

Lattice Type Hexagonal Hexagonal 7x9 Square
4-rod cluster

Power 100kW 1.5 MW 1 MW

Number of fuel elements 78 74 ---

Diameter 3.75 cm 3.58 cm

Length ......

Flow area 0.0396 m' ......

Inlet coolant temperature *20.60 °C 15.6 °C 33.3 °C

Exit coolant temperature *21.95 °C ......

Coolant mass flow rate *130 kg/s.m 2  2794 kg/s.m2 1204 kg/s.m2

Average fuel temperature *70.93 °C --- 129.4 °C

Maximum fuel temperature (surface) *97.28 °C ......

Maximum fuel temperature *121.70 °C --- 442.38 °C
(centerline)
Average heat flux *24,272.63 W/m 2  

---...

Maximum heat flux *49,054 W/m 2  891,760W/m 2 471,000W/m 2

Minimum DNB ratio *10.49 1.15 1.1
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X (n-a)

Figure 4.6-3 Locations of the moderator temperature measurements took on the top of the UUTR core
operated at 90kW

In order to validate the results obtained from PARET-ANL, a set of measurements were
performed in May of 2010 to obtain the average exit core temperature 3. The measurement of
the axial hottest channel temperature is not possible to obtain at the UUTR due to its core
geometry. The comparison for average exit temperature for the moderator is shown in Table
4.6-3. A 5.6 % difference obtained between the measured and calculated value is in the range
of measurement error. In the experiment the thermocouple was attached to an aluminum rod
and placed at the top of the core. Due to the turbulences and the flow rate toward top of the
core caused by the natural circulation of water through the core, the thermocouple was not
stable at some times while the measurements have been taken. However, the data was
acquired in each core rings (A through G) along each line from the center to each corner of the
core as indicated in Fig. 4.6-3.

Table 4.6-2 shows the data points obtained for rings A through G for six diagonal
measurement points. Dashed lines in the table indicate the locations where the measurements
were not possible to obtain (difficulties in reaching these locations). The "Ring Average" refers
to an average value for each fuel ring (A, B, C, and etc...). The entries in last column in Table
4.6-2 are the "Ring Average" values multiplied by the number of "Elements" in each ring. For
example, since there are six (6) elements in the Ring B, the corresponding entry in the last
column in Table 4.6.2 is 6 x 32.1=192.5. Mean in the last row of Table 4.6-2 is defined as the
sum of the entries in the last column divided by the total number of fuel elements in the core
which yields the average channel outlet temperature over the whole core. Calculated centerline
fuel temperature for the average and the hottest channels in 100kW UUTR are shown in Fig.
4.6-4; as expected the axial temperature profile follows the cosine distribution. Calculated axial
moderator temperature profile is shown in Fig. 4.6-5 indicating the expected trend.

3 All simulations correspond to the licensed power of 100kW; all measurements correspond to 90kW power.
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Table 4.6-2 Moderator exit temperature measured for UUTR operated at 90kW (Refer to Fig. 4.6-3);
calculated average exit temperature for 1OOkW is 21.950C (Table 4.6-1) and for 90kW is 21.750C

(measured for 90kW is 23.040C, Table 4.6-3)

Temperature (°C) Element *

Location Elements Ring Average Ring
1 2 3 4 5 6 Average

A 30.6 ............ ...- 1 30.6 30.6"

B 32.0 31.1 33.1 32.1 --- 6 32.1 192.6

C 27.5 29.8 31.5 30.3 --- 12 29.8 357.6

D 21.4 --- 27.1 27.8 --- 18 25.4 457.2

E 20.5 23.7 21.8 21.9 ---. ... 24 22.0 528.0

F 20.5 20.9 20.5 21.2 20.7 __- 30 20.8 624.0

G 20.4 20.5 20.5 20.5 20.6 --- 36 20.5 738.0

Mean 23.1
This column gives the number of elements multiplied by the local average of each fuel ring.

Table 4.6-3 Comparison of measured and calculated values for average moderator temperature in
the UUTR operated at 90kW

Measured at Calculated at Difference
90kW 90kW (%)

Average moderator exit temperature (0C) 23.1 21.75 5.66

ý-- Hottest Channel -e- Nominal Channel

125

110

M

w

95

80

65

50

1 4 7 10 13 16 19

Axial Region

Figure 4.6-4 OOkW UUTR centerline fuel temperature for the hottest and the nominal channel
calculated using the PARET-ANL code
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Figure 4.6-5 100kW UUTR axial moderator temperature profile obtained with the PARET-ANL

4.6.2 Calculations to Determine the Departure from Nucleate Boiling
Ratio (DNBR)

In fully developed nucleate boiling regime, the heat flux can be increased without

significant increase in the surface temperature of the fuel element (cladding) up until the point
of departure from nucleate boiling (DNB). In the subcooled boiling regime, the critical heat flux

is a function of the following parameters:

e Coolant velocity

& Degree of subcooling

* Pressure

Bernath's correlation is specifically used for DNBR calculations of TRIGA reactors by
General Atomics and Argonne National Laboratory [10]. Several correlations as described
relate to TRIGA critical heat flux calculations as follows: Bernath's correlation, Groeneveld table
look-up, and, Hall and Mudawar correlation. Bernath's correlation, for an 8 mm diameter,
predicts the lowest CHF which implies that it is relatively a conservative correlation compared

to others; the relations are depicted in Fig. 4.6-6. (Purdue correlation in this figure refers to Hall
and Mudawar correlation for subcooled water flowing in a tube that is heated from the outside.
The data for this correlation are proprietary and not available to the public as of August 2010).
Traditionally, this relation has been used in STAT code (developed by General Atomics) for

calculation of DNBR in TRIGA reactors.
Due to the lack of measured data in the CHF regions of TRIGA reactors, none of the

DNBR correlation can predict an accurate and/or definite value for the CHF. Therefore a
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conservative correlation must be selected such as Bernath correlation. The CHF data for four
different TRIGA reactors are presented in Table 4.6-4 indicating that the CHF calculated based
on Bernath's correlation gives more conservative value compared to Groeneveld's correlation.

1.8 bar, 300 kglm2-s, 8 mm Dianwter Tube

5000
E

1000-

0
0 20 40 60 80 100 120

Coolant Temperature. C

Figure 4.6-6 CHF calculation for 8mm diameter pipe for various inlet temperatures (1.8 bar pressure,
300 kg/m 2-s flow rate) [10]

Table 4.6-4 CHF calculation for several TRIGA reactors [10]

Bernath 2006 Groeneveld CHF, kWReactor CHF, kW Method A4  Method B2

Washington State University 47.6 61.2 64.8
Texas A&M University 49.4 62.4 71.8
Oregon State University 40.4 65.7 80.4

U.C. Davis McClellan Nuclear 56.5 70.5 71.0
Radiation Center 55.3 68.3

4 Method A, which provides a lower value of CHF power, evaluates the 2006 Groeneveld curve at the highest non-
oscillatory flow calculated by RELAP5 and is the recommended method. Method B, which is not recommended, is
based on the extrapolated RELAP5/MOD3.2 flow curves [11].
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Bernath's correlation is based on critical wall superheat condition at burnout and
turbulent mixing convective heat transfer. Bernath's correlation gives the most conservative
prediction for CHF among other correlations. Bernath's correlation is given as follows:

CHF = hBo (TWBo - Tb)

hBO ::10890 D, +[SLOPE] uSD,+ Di )

De, __ O.l ft

D, > O.1ft

U

4
TWBO = 5 7In P -54 CP+15i

Table 4.6-5 Parameters in Bernath'c Correlations

Quantity Parameter Unit

CHF Critical Heat Flux (CHF) p.c.U

hr.ft
2

p.c.u
hBo Film coefficient at CHF hr*ft

hr. ft2. oC

TwBo Wall temperature at CHF °C
Tb Bulk temperature °C

De Hydraulic diameter ft

Di Diameter of the heated surface ft

P Pressure psia

u Coolant Velocity ft
S

pound centigrade units (1 p.c.u. = 1.8 Btu)

For the 100kW UUTR (78 fuel elements in the core), power per pin is shown in Fig. 4.5.2-
3 (c), which is obtained from MCNP5 calculations. The pin with the highest power is located in
the B-ring with 2.022kW power per pin. The most conservative geometry for a sub-channel
analysis is shown in Fig. 4.6-7. Thermal-hydraulics parameters of the sub-channel are shown in
Table 4.6-6.
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1.87 cm

Figure 4.6-7 Sub-channel geometry with dimensions in cm

Table 4.6-6 Thermal-hydraulics parameters of the sub-channel

Parameter Value Unit

Area 8.0326 cm 2

Wetted Perimeter 64.4371 cm

Heated Perimeter 35.2487 cm

Hydraulic Diameter 0.4986 cm

The DNBR and CHF are shown in Fig. 4.6-8 and Fig. 4.6-9 respectively for various inlet
coolant temperatures based on the expected inlet coolant temperatures for UUTR (described in
Section 4.6.3). The surface heat fluxes are obtained from the PARET-ANL calculations.

From Figure 4.6-9 we can conclude: the DNBR stays above 8.0 for various coolant inlet
temperatures in the hottest channel. This DNBR value represents a safe region for the reactor
operation in terms of fuel and clad integrity. DNBR of 8.0 means that the heat flux at the
surface of the cladding to the coolant is 8.0 times lower than the CHF where the film boiling will
occur. Based on the studies performed by General Atomics, the TRIGA reactors can safely
operate until approximately 30kW/element, which assures that DNBR is above 1.0. The
calculations are carried out for up to the pool temperature of ~50 *C. Our limitations require
that the UUTR reactor can be operated only for the pool temperature of up to 35 *C. The
calculations for the pool temperature (inlet coolant temperature) of 90 °C gives DNBR=5.11
which is enough high value for the safe operation of the UUTR. This verifies that within the valid
pool water temperatures at the atmospheric pressure, the DNBR will always stay in a
reasonable range to prevent cladding damage due to film boiling.

Comparison between the Standard TRIGA, UUTR and WSU reactor are shown in Table
4.6-1; the hottest pin in the UUTR has 2.022kW of power while the average power per pin in
the Standard TRIGA reactor is 20.3kW (1.5MW/74 rods). The ratio of the UUTR DNBR (at 20.6°C
inlet coolant temperature the DNBR=10.49) to the Standard TRIGA reactor (DNBR=1.15) is
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approximately 10. This clearly verifies that the presented calculations for the UUTR are valid
when compared to the Standard TRIGA reactors.

cc

z
a
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Inlet Coolant Temperature (C)

Figure 4.6-8 DNBR calculated using Bernath's correlation as a function of coolant inlet temperature
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Figure 4.6-9 CHF calculated using Bernath's correlation as a function of coolant inlet temperature

Another important factor for the safe operation of the TRIGA reactors is the flow
oscillations prior to CHF. This phenomenon is defined as the flow rate oscillation (increase and
decrease of coolant flow rate in a cyclic fashion) in subcooled boiling. However, the tests done
by GA [11] concluded that for a hexagonal lattice TRIGA core with 100 fuel elements of up to
2MW power the reactor operates with acceptable power stability. Therefore, for the UUTR at
100kW chugging phenomena is not expected to occur. During the excess reactivity insertion of

138 P a g e



UUTR CHAPTER4

$1.2 (see Chapter 13) the maximum power will reach 700kW (prompt jump power in a fraction
of a second), which is a way below the limits obtained by GA [11]. Therefore chugging is not
expected to occur under any operating or accident condition of the UUTR.

Another parameter of interest is the coolant velocity in the channel. CHF is plotted in
Fig. 4.6-10 for various coolant temperatures in the channel from 0.1 ft/s up to 3.0 ft/s. This is
important to mention that the mass flow rate used in the hottest channel is the average
coolant flow rate in the core. This is a very conservative assumption because the lower the
mass flow-rate the higher the CHF. However, in order to verify this and determine a valid CHF
region for the hottest channel, it is important to analyze the trend of the CHF versus the coolant
mass flow rate. Considering energy balance in the hottest channel, the mass flow rate is
approximately 223kg/m 2-s, which is equivalent to 0.7ft/s. Therefore, the DNBR calculation for
the hottest channel is rather conservative.

- 0. 1 ft/s -- 0. 2 ft/s -•0. 3 ft/s •-0. 5 ft/s -- 1. 0 ft/s -- 1. 5 ft/s,

2.0 ft/s , 2.5 ft/s -- 3.0 ft/s

1780 -

1580

1380

.- 1180

U_980
4-J

• 780 N

.u 580

u 380

180 -, , ,

20 25 30 35 40 45 50

Coolant Inlet Temperature (C)

Figure 4.6-10 CHF calculated using Bernath's correlation as a function of coolant inlet temperature for
various coolant velocities

4.6.3 Pool Water Temperature of the 1OOkW UUTR Core

Knowing that there are several mechanisms for the heat to be removed from the pool
water such as the heat loss due to evaporation of water from surface, due to radiation, due to
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conduction of heat through walls, the average pool water temperature can be estimated using
the following relation:

Qcore - Qvaporation - Qwal1 - Q =adiation = Qtotal

The only heat source in the pool is the reactor core. The temperature change in the pool
water depends on the heat generated in the medium:

Q = mcpAT

where:
m: mass of water in tank
cp: specific heat capacity of water
The heat generated by the UUTR while operating at 90kW is:

Q:90,000J

S

Therefore, the temperature change forXamount of time of the operation of the reactor
is obtained as follows:

___ [-jIs]
AT - =[K]

MP[kg][ kgJ

where:

JT: change in temperature

X: time during which UUTR is operated

Q: reactor power

Heat loss rate through wall, radiation, and evaporation for open water tanks were
obtained from data published for various water temperatures [EngineeringToolBox:
http://www.engineeringtoolbox.com/heat-loss-open-water-tanks-d_286.html]. The modified
equation is then:

AT(O)= ( Qevaporation (0) - walls (O) - Qradiation ( X)). x

mCP
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where Ois the temperature of the water in the pool tank (heat losses are function of

temperature inside the tank).
It follows that the heat losses through evaporations, walls, and radiation are

temperature dependent. Therefore, the appropriate heat losses are selected based on the
range of temperature. Using above correlation and amount of heat required heating up the
water per hour, the relation between the pool (average) water temperature, core power and
time of operation is shown in Fig. 4.6-11. The additional data are listed in Table 4.6-7.

Table 4.6-7 UUTR reactor tank dimensions

Radius 1.2192 m

Height 7.62 m

Volume 35.584 m 3

Inner Surface Area 58.3727 m2

Top Surface Area 4.67 m2

Mass of Water 30,584 Kg

-*- lhr -- 2hr -- 3hr -- 4hr -- 5hr -- 6hr

U

L-W0.
E

0

0-

65.00

60.00

55.00

50.00

45.00

40.00

35.00

30.00

25.00

20.00

80 100 120 140 160 180 200 220 240 260

Reactor Power (kW)

Figure 4.6-11 UUTR pool water temperature as a function of reactor power and hours of operation
(dashed line indicates the UUTR TS limit)
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This model is validated using measured data when the UUTR operated at 90kW. In the
model as described, the steady state calculations were performed per each time step, assuming
homogeneous temperature distribution across the pool tank. The measurements are obtained
at four data points and averaged to obtain the pool water average temperature at each hour of
UUTR operation at 90kW. This introduces an error because the heat source (a reactor) is
constantly heating the pool water and natural circulation causes the mixing across the pool
tank. Another source of error is associated with the instruments. In addition, the water level in
the tank is not constant; in the theoretical model, the level of water in a tank was assumed to
be constant. Measured and calculated values for pool average temperature when the UUTR
operates at 90kW are shown in Table 4.6-8. The temperatures in the tank are measured at four
positions as shown in Fig. 4.6-12. The average value of the tank temperature is not exactly
equal to the average of the measurements obtained at these four locations; however, they
provide a good estimate for the average temperature of the pool water. The percentage
difference is also listed in Table 4.6-8 between the calculated and measured values. In
theoretical model the temperature losses in tank wall and loses due to evaporation are not
explicitly taken into account; as temperature rises in pool tank, the rate of heat losses from
walls and surface is changed, therefore the model fails to predict those values explicitly and the
errors are expected to be larger for higher temperatures. However, within the range of
operation of UUTR, the highest error obtained is 3.65% considered to be within an accepted
range.

Table 4.6-8 Comparison of measured and calculated pool water average temperature for 90kW UUTR
[refer to Fig. 4.6-12]

Temperature (°C)
Measured Measured Measured Measured Difference

Hour at at at at Average Average (%)
Location Location Location Location measured calculated

1 2 3 4
9:33am 20.3 20.4 20.3 20.3 20.3 20.3 -0.12

10:00am 21.7 21.8 21.5 20.4 21.4 21.2 -0.67
10:30am 23.0 23.0 22.8 21.9 22.7 22.2 -2.03
11:00am 24.3 24.2 24.1 23.1 23.9 23.2 -2.93

11:30am 25.4 25.4 25.3 24.5 25.2 24.2 -3.65
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2.4384 m

Location 4

Location 3

7.62 m
Location 2

Location 1

Figure 4.6-12 Locations offour thermocouples inside the UUTR reactor pool tank [not to scale; reactor
indicated as a black box at the pool center]
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Appendix 4.6.A

PARET-ANL input file for the 1OOkW UUTR core

0 200
*PARET: TI

1001,

1002,
1003, 1
1004, 1.
1005, 0.
1006 0.
1007, -2.
1008, 0.
1009, 1.
1111, 0.
1112,
1113, 3
1114, 6.7
2001, 0.
2002, 0.
2003, 0.
2004, 0.
2005, 0.
2006, 0.
3001, 4.3
3002,
3003,
4001, 0.
5100,
5100, 1.
5101, 0.
5102 1.
5103, 1.
5104, 1.
5105, 1.
5106, 1.
5107, 1.
5108, 1.
5109, 1.
5110, 1.
5111, 1.
5112, 1.
5113, 1.
5114, 1.
5115, 1.
5116, 1.
5117, 1.
5118, 1.
5119, 1.
5120, 0.
5200,
5200, 1.
5201, 0.
5202, 0.
5203, 0.
5204, 0.
5205, 0.
5206, 0.
5207, 1.
5208, 1.

he University of Utah
-2 19 7 1

0 0
.0-1
.74110-2
.1016
.00
.02010-3
.00
.4
.039556

0 1
.81
1056
.0
.0
0
0
0

.0

35275-3
9.0-6

5.00-4
020053
1 0
00
6096
0069
0395
2090
3770
5462
6773
7856
8708
9144
9346
9245
8686
7884
6728
5274
3727
2035
0244
9919
1 0
00
6096
6890
6928
7896
8920
9846
0647
1285

6 -1
0.032540
1.74200-2
0.0078

0.80
1.15817-5
0.001
0.33
1.00

1 6
0.2

0.6096
0.0
0.4170+4
0.0
0.0
0.0
0.0

5 1
6 2
7 3
19

0.02794
0.00

6.7056
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00

0.02794
0.0

6.7056
1.00
1.00
1.00
1.00
1.00
1.00
1.00

TRIGA Reactor: 100kw
0 1
1 20

1.66339+5 -18.00
0.0 0.0

27.900-6 9.80664
1.0 998.63

0.00 0.00
0.001 0.05

(Steady State)

1.79200-2
0.3810

0.00679
-0.47296
1.00
0.05

0.1016

0.001
0.05

1.00
0

10000.0
0

18.00
2 .0400+6
0.199000
6.66340+2

16.8
3 .975+6
0.980
0.00
0.000

0.007874
0.00
4.38511-2
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
0.992126
0.0
4.38511-2
1.00
1.00
1.00
1.00
1.00
1.00
1.00

0.00

0.00
0.00
0.00
0.00
0.00
0.00

0.00
-273.0
0.00
0.00
0.00
0.00

0.5 0.55

4.38511-2 1.3818
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
0.5 0.55

4.38511-2 1.3818
1.00
1.00
1.00
1.00
1.00
1.00
1.00

1.0

1.250

1.00

1.250
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5209,
5210,
5211,
5212,
5213,
5214,
5215,
5216,
5217,
5218,
5219,
5220,
9000,
9001,
10000,
10001,
11000,
11001,
12000,
12001,
14000,
14001,
14002,
16000,
16001,
16002,
16003,
17000,
17001,
18000,

1.1750
1.2012
1.2101
1.1913
1.1542
1.1018
1.0302
0.9449
0.8483
0.7622
0.7123
0.7111

2
1.0-1

2
114.00

2
0.0

2
5978.13

6

0.001
0.0005

6
0.1
0.005
0.50

2
1.0

2

1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00

0.000

0.00

10.00

1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00

1.0-1

. 114.00

0.5

1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00

0.15

1000.00

1000.0

1000.00.0 5978.13

0.0
0.28

50
1

25

0.0

0.0

0.0001
0.001

0.0
0.25
1.00

0.20
1.00

0.02
0.10
1.00

0.00005 0.25
0.005 1.50

10
10
10

0.20
0.28
1.50

1.00000 455.0

18001, 0.0 -4.00 0.381
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5. REACTOR COOLANT
SYSTEMS
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5.1 Summary Description

The UUTR is a natural convection water-cooled pool type reactor. Since the UUTR is
small size and low power (100kW), the primary coolant system is not a necessary safety system
of the facility, but is used for maintaining its efficient operation. The water in the reactor pool
is used to moderate the reactor, to cool the fuel elements during reactor operation, and shield
against the radiation coming from the operating reactor core. Therefore, the primary cooling
system is used to remove the heat generated during operation, remove any particulate and
soluble impurities, maintain low conductivity and pH in the water, maintain optical clarity of
the tank water, and shielding radiation generated in the core. In the case of loss of water from
the pool, the design analysis of TRIGA fuel shows that it may be cooled by natural convection in
air without risk of fuel failure.

The reactor pool is open to the atmosphere, while the secondary coolant system is a
R134A based shell and tube heat exchanger. This secondary coolant system can dissipate 25kW
of heat; the system is located near the reactor pool. The heat exchanger receives warm water
from the top of the pool and returns cooler water to the pool. The return line carries the water
to a location several ft above the core where it is ejected into the pool water as a horizontal
water jet in order to diffuse the Nitrogen-16 activity and prevent it from reaching the top of
the pool as fast as it would otherwise (Fig. 5.1-1). The discharge temperature is about 100 C.
This discharge temperature can be read from the reactor console. Both the inlet and return
lines to the pool have a small 0.635 cm hole approximately 30 cm below the normal pool water
level. These holes will stop siphoning action and prevent draining of the pool below that level
should a siphoning drain be accidentally initiated. The tank water temperature increases
approximately 30 C/hour at 90kW power. The UUTR reactor core is cooled by natural
convection alone. In the case of extended operation, the 25kW capacity of secondary cooling
system without cooling tower cannot remove the heat efficiently. To protect the resin bed
purifying system, the UUTR has administrative pool water temperature limit of 35 0C.

The heat energy from the reactor operation is removed from the core by natural
convection. However, after the reactor is shut down, the heat exchanger, shown in Fig. 5.1-3,
can lower the pool temperature at approximately 0.50 C/hour. The 25kW capacity heat
exchanger will absorb the tank water heat. As shown in Figures 5.1-2 and 5.1-4, the absorbed
heat is cooled down using portable water supply and this water is released to the sanitary
system. The UUTR tank contains approximately 8,000 gallons of high-purity water and the core
and fuel are clearly visible from the top (Fig. 5.1-1). The 22 ft of water over the top of the
reactor core provides biological shielding for personnel in the reactor room. The reactor
containment uses double walled construction with an aluminum inner tank filled with reactor
coolant water surrounded by two ft of sand with a steel outer wall. This massive structure is
imbedded more than 12 ft into the ground and rests on a concrete pad.
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Figure 5.1-1 The UUTR pool and water supply system

To Sewer

Return to TRIGA Tank

Cold quld R134a

From TRIGA
Tank _

-4ot TRIGA Tank Water

Vapor R134a

vapor-Comretof
Refrigeratio Cycle

ti xpanlsIio Vale
25 KW

Compreso
To TRIGA

Tank

Potable Water 5

VOW R1340 I

V"vs 4 Chiller

F oto ptbi o
-~t Schematic Diagram of the

Recirctlation System

Figure 5.1-2 Schematics of the UUTR secondary cooling system
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Figure 5.1-3 The UUTR heat exchanger system

5.2 Primary Coolant System

The UUTR core is cooled by natural circulation of the reactor tank water. The volume of
the tank is 8,000 gallons; this tank represents the primary cooling system of the UUTR. The
radiation shielding requirement is fulfilled by keeping at least 18 ft of water directly above the
reactor core. In order to monitor water level of the pool, an ultra sonic sensor is installed in the
reactor tank. The alarm and scram system will be activated if the water level is lower than 15.5
inches from the top of the reactor tank. The tank water temperature is maintained below 350 C
by limited run time at full core power. The pool water temperature in general is approximately
180 C. The time to reach the temperature of 350C from 18 0 C is about 11 hours operating the
UUTR at 90 kW. After the reactor shutdown, the pool water temperature decreases at the rate
of 0.50C/hour; it takes 34 hours to cool down to the temperature of 18 0C without any
secondary cooling system involved. The UUTR primary coolant system consists principally of a
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pump, heat exchanger, demineralizer, deionizer, fiber cartridge filter, flow meter, and
conductivity proves (Fig. 5.2-1).

Figure 5.1-4 The UUTR secondary cooling system

The natural convective flow of the primary cooling system can remove 100kW of heat
from the reactor fuel. An administrative control limit of 350 C has been imposed on the bulk
water temperature primarily to prevent possible skin scalding. In the emergency case, such as
loss of the coolant water, the primary coolant system will be turned on. Also, there is another
outlet in the west side of the reactor room wall. Figure 5.2-2 shows the emergency water
outlet in the reactor room. Also, the water from fuel inspection area can be used as an
emergency water supplier. In the emergency case, some of the water will not pass through the
filtering system.

The system parameters are displayed on the console. Visual and audible alarms are
also located on the reactor control console, and are activated if the tank water level drops
below present limits. There are also tank level indicators in the control room, and on the
control rod support structure in the reactor room.
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All system components that contact the primary water are made from PVC, aluminum,
or stainless steel.

Figure 5.2-1 The UUTR's primary coolant system

5.2.1 Pump

The water system pump is a centrifugal-type with a stainless steel body and impeller.
The pump is driven by a directly-coupled induction motor. The suction and the discharge of the
pump are a 5 cm and a 3.8 cm flanged-pipe connection, respectively. Figure 5.2-3 shows the
primary coolant pump system.

5.2.2 Heat Exchanger

The UUTR has a 25kW capacity tube-type heat exchanger as a secondary cooling system
(Fig.5.1-3). The heat exchanger uses R134a to cooling down primary coolant. The pressure of
the secondary system is maintained at a higher level than the primary system to prevent cross
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contamination of secondary water should a leak develop in the heat exchanger. Butterfly
valves allow isolation of inlet and outlet of each coolant system in case of heat exchanger
damage to prevent mixing of cooling water. The heat exchanger was upgraded in 1996.

Figure 5.2-2 Emergency water supplier in the reactor room

5.2.3 Cleanup Loop

The UUTR has two resin beds cleanup system. The resin beds are fiberglass canisters of
mixed-resin beds. A pre-filter is used to remove any particulate material prior to the water
entering the deionizer. It uses replaceable fiber cartridges. Two independent conductivity cells
are used to measure the conductivity of water entering the resin bed and the conductivity of
the water exiting the resin beds subsequent to entering the reactor tank. There are readouts
of the conductivity located on the reactor console. The prime function of a demineralizer is to
maintain the conductivity of the reactor pool water at a sufficient low level (<5pmhos/cm) to
prevent corrosion of the reactor components exposed to the water such as fuel element and
control rod elements.

The demineralizer is a mixed-bed type that removes both positive and negative ions
from the circulation water. Any contaminants in the water are absorbed and concentrated in
the resin bed. Any radioactive ions in the water are absorbed and concentrated in the resin
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bed. A demineralizer will be slightly radioactive in a normal use. If the conductivity approaches
5ýLmhos/cm for both pre and post conductivity proves, the resin bed will be replaced based on
the UNEP procedure (Fig. 5.2-4 UNEP form 006R3).

The flow meter is mounted down stream from the demineralizer. It has a range of 0 to
30gpm. The meter is operated by the flow of water, which forces the flow rotor upward in the

TMtube. The flow rate can be read in the control room's computer system with LabView

Figure 5.2-3 Primary coolant pump system

5.2.4 Piping and Valves

All piping and fittings in the water system are of PVC and have tefron packing. All of the
water is returned to the pool through a deflector nozzle, which creates swirling current in the
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pool that increases the time it takes water to travel from reactor core to the surface, and thus
ample time for the decay of radioactive Nitrogen-16.

Water level is normally kept approximately between 6 inches and 10 inches from the
top of the reactor tank. To prevent a malfunction in the primary system from the draining the
pool, the primary inlet is approximately 30 inches below water level. The alarm will be
activated and the reactor will be scram if the water level is lower than 15.5 inches from the top
of the reactor tank.

F"cram UNEP-AIIM6R3. ]V.,ag. i

RSC Appruvai 09r3109

Procedure for Changing Filters in the TRIGA
Pool Water Refrigeration/Purification System

Objective: The purpose of this form is to provide a standardized procedure for replacing, the water

filters located on the TRIGA reactor pool water refrigeration/purification system.

Part A. Potable Water Supply Filter

I. Change water-supply filter if measured flow rate is lower than 3 gpm.

2. Ensure that the potable water supply valve remains closed. Close valve 1. See schematic
diagram below.

3. Place a large bucket beneath filter housing to catch spill.

4. Survey filter housing

5. Obtain 75 micron filter element for replacerment. Unscrew filter housing, allowing
contained water to drain into bucket.

From Chiller

To TRIGA
Tank

Flow
regulator

water
rsUpplyý

From potable water
supply

Figure 1:
Schematic Diagram of the

Recirculation System
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Fa4rm 1NP tiNID6R3. Pt.g 2
RSC Appn'ak 091123j'09

Ilart B. Demineralizer Circuit

i. Change pre-demineralizer filter (refer to Figure 2 below) when flow drops below 3 gpm
with pump throttled.

2. Change post-demineralizer filter if flow does not increase to >3 gpm after changing
prefilter.

Valve 3
To TRIGA

Tank

To Chiller
From TRIGA

Tank

Figure 2:
-S-qmai-ior@m-hown it-
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Form UNEP.006R3. lP'tc 3
RSC Appmvifl 09fl3,09

3. Turn off pump.

4. Close valve 2.

5. Have bucket available to catch spill.

6. Check filters with survey meter. Record maximum exposure rate below.

Survey Instrument:
Calibration Date:

Serial Number:

Background mRfh
Pre-demineralizer Filter mRth (on contact)
Post-demineralizer Filter mRth (on contact)

7. Loosen plastic filter housing with strap wrench.

8. Remove housing and place in bucket to dry.

9. Replace filter element (recommended pore size: pre-deminemlizer filter -. 125 micron, post-
demineralizer filter - 25 micron). Admit as little air as possible into the circuit by filling the
jar with dernineralizcd water.

10. Screw housing and filter back on hand-tight.

Ii. Turn on pump, open valve 2. Check for leaks; tighten housings, if necessary.

12. Check and record flow rate. gpm

13. Perform contamination survey of filters and operators (use form on reverse side to document
results of survey). If this survey indicates that the filter is contaminated (twice above
background), wait for the filter to dry, remove a section and characterize this section with
the HP~Ie detector. Record this information and transfer as waste to radiation health. If the
survey indicates no contamiination, throw the filters away.

Comments:

14. Operator performing procedure.

15. Date completed.
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Forri UNEP-006R3. Pair,
RSC Appmvah 091230

CONTAMINATION SURVEY INSTRUMIEN'T RFSPIONSE TO CRITICAL NUCLIDE

Critical Nuclide Expected Nei Response

Elf•jbdcy to I RCL U'tlt
IlP (21

Wipe of Wipe of
_in_ n.SorfCe _.oDifreccjOicn

2
_ cs2

~ni(~LUs~d Calib. B!kgd. Rate
a frt Mtn,

-U dlSrilW

2.

III: RCL x Voirl Seiun' E|ricncacy. 121: 3 % 110. 1 I'tint Suurme l.'f.ficnIie

CONTAMINAT7ON SURVEY RESULTS

If any contamination if, found on personnel. immediately remove the contamination by gentle washing with
soap and warm water using the lavatory located in the front Radiochemistry Laboratory (1205-F). Resurvey
the coAtaininatcd area and repeat washing. until the removable contamination is eliminated. If repeated
washings arec not effective in completely removing the contamination, call the Radiological Health
Department (1-6141) for assisitme.

[A]*
Survey Inst. Object, Location or Name

Dat Used of.Perscnin Room

[B] [C] [D]
Area Net Rate Multiple Surveyed

£(qm 2)__(cpM) of RCl By.

IAI: Repiuted cr.trks Ihrptrmns = Im"lim ULi,,ta arv ,uy,-v .-nqu'arIy inay be Eczntlfzicd by
'!l hy a cvde tntir fulkwttnr a clcariy Wien EricL ary (in ffic .'.a." emcct.

1131: -r.i:.r ID' For a diKnct mcasurcnivia. 'tO' Ir a IIXl -at
2 Wtc ,- r '3M00 kir a 3LXJ ,m

2 
wipe.

ICI: Net c,'unt rac (if mrev'tr wkb probe rew the cDnt-tir.ated teirfacm or the wipe filtcr.

ID]: I1"e vtm jmzn rt.e in ICI :s greatcr hani fimc .Apc.c:td r,=rneme !o 1 RCL, -ti ; istud ahte, c•.tr the or trlUip
of the RCL

arirn uapinred hy fcactor S'fmutv Cot •'ir.Le:
Ll3i,-rman: ___________________________________ D'-t:..__________

Figure 5.2-4 The UNEP form 003R3 for procedure for changing filters in the TRIGA pool water
refrigeration/purification system

1571 P a g e



UUTR CHAPTER5

5.3 Secondary Coolant System

The UUTR has 25kW R134a based secondary cooling system. The flow rate of water in
this system is approximately 4gpm. The secondary cooling system circulates water from the
reactor tank through heat exchanger and cooling system. The absorbed heat is cooled down
using portable water supply and this water is released to the sanitary system as show in Fig.
5.1-2. The secondary cooling system is rarely used; the last time it was used was in 1996. This
system is rarely used because the UUTR pool water temperature is kept below 20 °C in general,
thus it does not exceed 35 °C when the UUTR operates at 90 kW. The amount of portable
water released into the sanitary system after absorbing heat from heat exchanger is less than
50 gallons/year as measured in 1996. The major components of the secondary cooling system
are primary pump, secondary pump, tube type heat exchanger, water filter and control
instrumentation. If the water temperature is lower than 100 C, the pump will be shut off
automatically to protect against a freezing problem. One thermometer is installed to measure
water temperature. This temperature can be monitored from the control room. The circulation
pump for the primary coolant continues to operate while the refrigeration system is shut off. In
operation, water leaves the pool through the suction pump at a point about 20 ft below the
surface of the pool, passes through the primary pump and heat exchanger, pass through fine
cut resin bed and returns to the pool through a distribution pipe located on the 2 ft below the
water surface as shown in Fig. 5.1-1. The output of the fine-cut resin bed normally is of
0.1mmhos/cm and a conductivity alarm occurs when the conductivity rises to 4 ýImhos/cm.
This alarm is located on the control room. The fine cut resin bed is replaced as needed, but this
is done when the conductivity rises to 4.5 ýtmhos/cm. The UUTR tank water temperature is
administratively limited to lower than 35 0C to prevent damage to the demineralizer. At
temperature above approximately 55°C , the resin may break down and be dispersed in the
reactor pool and causes corrosion problems in the reactor system. The UUTR tank water is
routinely (every month) monitored for the contained radionuclides. The water sample from the
reactor pool is counted using a high purity germanium detector system to identify any
radionuclides. The pump and heat exchanger system is shown in Fig. 5.1-3. Water from heat
exchanger is circulated through the resin bed at a flow rate ~4gpm through a manually
adjustable bypass valve in the circulation loop. Conductivity probes located at the inlet and
outlet of the demineralizer unit determines the effectiveness of the water purification system.
The conductivity of the pool water is maintained below 5[tmhos/cm. The pH of the pool water
is maintained in the range of 5.0 to 8.0 in conformance with the Technical Specifications. In the
event of any radioactive spill, immediately secure the reactor and remove the key if the reactor
is in operation and contact reactor supervisor. Contamination of any surface near the resin bed
area will be removed using standard decontamination techniques, with appropriate personnel
monitoring procedures and protective clothing. The reactor supervisor or a member of his staff
will retain all decontamination fluids and solids for examination before the materials are

1 From the private conversation with the manufacturer
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discharged to the sanitary sewer system, as provided in procedure UNEP-032 (Fig. 5.3-1 ). The
UNEP-037 must be completed after cleanup the contaminated area and materials (Fig. 5.3-2).

Fore UNEV'.t032, |ag I
RSC App-svai: C9.'23A9

Liquid Effluent Discharge Authorization

Objective: This foim is to be used to document discharges of liquid effluents from UNEP to unrestricted
areas. Release of liquid wastes nmst be made in accord with all applicable Federal. State, and
local tegulaions. Discharges exceeding 100 pCi.,cck must be approved by the Radiation

Safe•y Officer (RSO).

Procedure: I. Obtain representative sample of liquid being discharged including adequatc sample of
sediment if present. If the stoage tank is so be dLscharged, oWaiii sample after recir'eultiag
tank contents through pump and back into drain to agitate sediment.
2. Analyze liquid sample for radioacaive content. Document results of analyses below.
3. Results must he reviewed by SRO who may authorize discharge of the liquid waste if
determined to be in compliance with relcvant regulations. The SRO may consuh with the

Radiological Health Departmet (RHD). if necessary, to resolv.e any questions regarding
regulations or the discharge.

4. The discharge may be performed subject to any conditons imposed for the release only
after authoriztion has been grained. Complete remaining documentation below.

5. if the storage sank is to be diseharged, obtain discharge valve handle from SRO and pump
tank contents to sanitary sewer •s per the conditionsof the authorization. When discharge
is complete, close valve, remove the valve handle and return ii to SRO.

Description of Waste Liquid.
Origin of Wcste:

Estimated Volunme of Waste'

Volume of Sample:
Visual Turbidity Estimate:

I1. Characterization or Uquid WastefiSample Analyses.
Method of Analysis:

y Analysis:
Instrument Used:

Serial Numbenr. Calibration Date:

Observed Nuclides:

PI Analysis:
[nstruntent Used:

Serial Numtben Calibration Date:

Triiutm Analysis: _ (yes) _ (no) Results:

a Analysis:
instrument Used:

Serial Number: Calibration Doae:

Activity of Samp le:
Comme`ntiS:

Analyst. DatW.e:

Figure 5.3-1 UNEP-032 form for liquid effluent discharge authorization
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Ftirri UNEP-037 Pape i

RSC Apprual: OtJ9P3A)

Radiological Emergency Classification Checklist

Date:

Name:_

Identified a Problem ( , , -
Contacted SRO-On-Call
Declared an Emergency

if any responses are yes (Y) to the following four questions then the emergency is
classified as an Unusual Event.

Measured
,.-a-ramete-r Critic~al IndiLcators

YIN ARM (sensor located over reactor tank) indicates >50 mrem/hr
wa-tj for longer than 10 minutes.

" __c I __ Rc'adiri I __

"'11nn 2_ Rcadirij 2 __

YIN CAM-Particulate indicates> lxlO CPM

YIN CAM-Nobel Gas indicates > lx 105 0PM

Y/N Rate of change in measured water level > 3.4 inches/ hr (k00galIhr)
41.2-1.11•6

leve I - in.
1!"ve 2 -_ in. (at•lr. 10 nunu•mt intcu1l)

TIME (Military). ACIION

Classified as an Unusual Event or Safety Related Event (circte owe)

Confirmed by Senior Reactor Operator:

Called Dispatcher (if required); requested resources to respond to problem r.79,).
List Resource(s):

Implemented remedial procedures

List Procedure(s):

For Unusual Event, Reactor Supervisor notified NRC Operation Center fl)Qs.to.s

Farm appnrovd by Rtacdir Sa.fty CcrimluL-:

Figure 5.3-2 Radiological emergency classification checklist
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5.4 Primary Coolant Cleanup System

The purity of the water in the pool is maintained by the primary UUTR cleanup system

that extracts 5 gpm of primary coolant using a pump and passes it through two 25 micron
cartridge filters and a resin bed to keep the primary water chemistry within operational limits.
A detailed drawing of the clean up loop is shown in Fig. 5.5-1 (Underwater cleanup system is
shown in Fig. 5.4-1 which is used for visible dirt filtering). The water recirculation schematics is
shown in Fig. 5.4-2.

Figure 5.4-1 Under water cleanup system

The primary coolant conductivity must be less than 5 gmhos/cm for both conductivity
probes. The pH of the pool water must be between 5 and 8 (The pH value for the UUTR tank is
varied between 5.9 to 6.3 which is measured by in-tank pH-meter shown in Fig. 5.4-3). The

conductivity limit used by the licensee is a longstanding value for research reactors accepted by
the U.S. NRC, which has been shown to be effective in controlling corrosion in aluminum and
stainless-steel systems.
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From Chiller

To TRIGA
Tank

Flow
regulatar

water
supply
Valve

From potable water
supply

Figure 5.4-2 Schematics of the recirculation system

Figure 5.4-3 In-tank pH meter (indicated by arrow)
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The UUTR resin bed (demineralizer) has siphon breaks to prevent a failure in the
demineralizer from siphoning a large amount of primary coolant from the reactor tank. The
UUTR contains water level detector, two conductivity probes, pH meter, and GM detector
(shown in Fig. 5.4-4) near the reactor tank. The reactor room floor contains about 40 gallons
liquid storage pit, which is 22 ft away from the reactor tank (Fig. 5.4-5). In the worst case, if
any leaking exists in the reactor room floor area, the liquid can be stored in this liquid storage
pit up to 40 gallons of liquid.

Figure 5.4-4 GM detector near the reactor tank (indicated by arrow)

A pool level alarm is provided to indicate a loss of coolant if the pool level drops more
than 15.5 inches from the top of the reactor tank. In the event of accidental siphoning of pool
water through system pipes, the pool water level will drop no more than 5 ft from the top of
the pool. Loss of coolant alarm after 15.5 inches of loss requires corrective action.

In order to insure that radioactive species do not build up in the pool water, the pool
water is routinely monitored for the contained radionuclides. The monitoring involves the
counting of a sample of pool water on a sensitive gamma ray spectrometry system and
identifying the radionuclides present. We perform gamma spectroscopy on pool water for Cs-
137 peaks and activities higher than ICi's in order to ensure it is within the ALARA limits. Our
facility is committed to keep both occupational and public radiation exposure as low as is
reasonably achievable (ALARA). This means, we assure the exposure to be no greater than 10%
of the occupational limits and 50% of the public limits prescribed by the 10 CFR Part 20.
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Figure 5.4-5 A 40-gallon water storage (indicated by arrow)

5.5 Primary Coolant Makeup Water Systems

The level of the water in the pool is maintained by the pool water make up system. A
schematic diagram of the makeup water system is given in Fig. 5.5-1. The source of makeup
water is the Merrill Engineering Building's culinary water system. This system feeds deionized
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water to the UUTR reactor tank. It supplies water with a conductivity of I micromho/cm and
the deionizer beds are changed if the conductivity increased to 4.5 micromhos/cm (There is an
alarm on the control panel which will go off if the conductivity exceeds 4 micromhos/cm. This
water is passed through a mixed resin bed prior to entering the UUTR reactor tank. This mixed
resin bed remains non-radioactive as it processes building water only. The outlet flow of the
makeup system discharges to the purification system.

There is a float switch monitoring the pool water level attached to the side of the
reactor pool that controls make up water for the pool. If the water level decreases below a
certain level (15.5 inches from the top of the reactor tank), the alarm will sound and the
reactor will scram if it is in operation. The tank water refilled manually approximately every
two months. Figure 5.5-2 shows the schematic of the tank water supply system and procedure
of the UUTR tank water refill.

Figure 5.5-1 Primary coolant makeup water system (A: Deionizer B: Demineralizer C: pre-fiber Filters)
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Funn UNViP. 1R4, pigc i
RSC Appmvu: 09123,09

PROCEDURE FOR ADDING WA'TE:R TO7 THE REACTOR TANK

OBJECIIVE:

The purpose of this procedure is to replace tank water lost through evaporation.

PROCEDURE:

1. Measure water level from the top of tank. L]= cm

2. Turn on pump and allow three or more minutes for circulation to be established.

3. Measure water conductivity. Pre-demineralizer bed probe: _ ntho/cm
Post-demineralizer bed probe: . .. mho/cm

4.
5.
6.

Record pump flow rate: gpm
Turn off pump.
Record the as found positions of all valves on the schematic diagram below. Fully close valves 2
and 3. Open valves l, and 4. The potable water supply valve must be left open in order to feed
water to the cooling system.

From Chiller

To TRIGA
Tank

Flow
Mleter

A Valve 4

vity
5

Figure 1:
Sehemnatic Diagram of the

Recirculation System

Flow

resubcor

w~ater
supply
valve

From potable waler
snU;iv
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FIrnt ltNtP-QIUSR, pugc 2
RSt Apprmvuai: 09ou09

7. Inspect water supply prefilter. If filter replacement is indicated (flow rate measures lower than 3
gpm) refer to Form CENTER-O06. Procedure for Changing Filters in the Water Demineralizer
Circuit.

8. Add makeup water from the potable water supply. Adjust the flow with valve 1 to give about 5
gpm and fill the tank to approximately 15 centimeters from the top of the tank. (Do not overfill
tank.)

9. Measure water level from the top of the tank (a 15 cm). 1-2 _ - cm

10. Fully close valve I and return remaining valves to their original positions.

I I. Calculate volume of water added: (L, - L,)(l 1.6) = gallons

12. Last date water added to tank: Julian Day:

13. Number of days since water last added: days

14. Calculate evaporation rate (gallons/day): gallons/day

15. Date compteited: Julian Day:

16. Operator performing procedure:

Comments:

Form rcviv-iwed and upprmvexi by l.czv:or Sa-rly Ctoh1Lrt1.cr:

l.nhai.nw: Dutc:,

Figure 5.5-2 The procedure for tank water refill and schematic diagram of the UUTR tank water
recirculation and water supply system
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5.6 Nitrogen-16 Control Systems

Measurements at the prototype TRIGA MARK F reactor facility showed that that the
diffuser results in a hold-up time increase by a factor of 3, so that the nitrogen-16 rise time is
closer to 67 seconds [Armed Forces Radiobiology Research Institute Safety Report for 1,000 kW
MARK F TRIGA]. In 67 seconds, the Nitrogen-16 decays to 7x10-7 of its initial value. Thus, the
number of Nitrogen-16 atoms that reach the water near the UUTR pool surface is estimated to
be about 2.86x10 4 atoms/sec (for UUTR power of 100kW). Only a small portion of the Nitrogen-
16 atoms present near the pool surface is transferred into the air of the reactor room. When a
Nitrogen-16 atom is formed, it appears as a recoil atom with various degrees of ionization. For
high-purity water (-2 jimho) practically all of the Nitrogen-16 combines with oxygen and
hydrogen atoms of the water. Most of it combines in an anion form, which has a tendency to
remain in water [R.L. Mittl and M.H. Theys, "Nitrogen-16 concentration in EBWR", Nucleonics,
March 1961, p. 81.]. It is assumed that at least one-half of all ions formed are anions. Because
of its 7.4 sec half-life, the Nitrogen-16 will not live long enough to attain a uniform
concentration in the tank water. With a diffuser in operation the Nitrogen-16atoms are
dispersed in the 1-foot of water at the top of the pool directly above the core. Actually, they
are more likely dispersed over a wide area in the pool and decay before this lateral movement
is completed. Directly above the core, the dominant contribution to the dose rate is the direct
radiation from the core. Maximum fraction of Nitrogen-16 atoms that can escape from the
water to the air per second is estimated to be ~15 atoms/sec. At a point 3 meters immediately
above the surface of the tank water, the Nitrogen-16 concentration in a 91 cm diameter
cylinder (assuming no mixing with the air of the room air) is -2x10-10 

ýCi/cm 3 at 100kW power
(see the calculations below). The dose rate due to this concentration is small compared to the
dose rate from the core itself. In the rest of the room, the activity is affected by dilution,
ventilation, and decay. Thus, the accumulated concentration of Nitrogen-16 in the whole room
is 7.74x10-12 VtCi/cm 3 for 100kW.

The particulate radioactive materials such as Nitrogen-16 are monitored from
Continuous Air Monitor (CAM). A reactor operator can monitor this number from the control
console. Figures 5.6-1 and 5.6-2 show the CAM system and monitoring window at control
console. At 90 kW reactor power a typical reading is less than 100 CPM. The CAM system is
located 3 meters behind the reactor tank. The setting point of the CAM system for particulate
materials is 1,000 CPM.

Calculation for 100 kW UUTR

Starting from:

N' - 1 - e
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where

NN = Nitrogen-16 atoms per cm 3 of water

Dv g= virgin fission neutron flux = 3.54x1012 neutrons/cm2-sec at 100 kW

No = oxygen atom per cm 3 of water = 3.3x10 22 atoms/cm 3

0 - 29

CF = absorption cross section of oxygen = 2x10-29 cm

2N = Nitrogen-16 decay constant = 9.35x10-2/sec

t = average time of exposure in reactor
Assuming that t = 20 sec, then NN is 2.11x10 7 atoms/sec. For the UUTR, it takes

approximately 67 seconds for Nitrogen-16 to travel from the top of the reactor core to surface
of the pool water that is 22 ft above the core upper surface. Therefore, about 4.02x10 4

atoms/sec will reach the water near the pool surface. The maximum fraction of Nitrogen-16
atoms that can escape from the water to the air per second can be assumed to be similar to
the case of Argon. Thus,

N1 3 xl10 3 cm/sec
fN < 3 = 5 X 10-5/sec

213 2 30cm

wherefis the fraction of Nitrogen-16 atoms in region 2 that escape to region 3 per unit time, sec; the
subscript 2 denotes the reactor tank water region external to the reactor core, and subscript 3
denotes the reactor room region. The number of nitrogen atoms entering the air is given by

N 04 X 1x5f2 jN v f2--3(4.02 104 510-(4.02 x1041fA$i 3 NN N 2 =Ji.0xO - .5atomns/sec

f2N,3 + 5 x 10-5 +9.35 x 10-

At 3 meters immediately above the surface of the tank water, the Nitrogen-16
concentration in a 0.91 m diameter cylinder for 100kW UUTR is equal to

A = 21.5 = 2.98x 10`_
3.7 x104 x300x z x 45.52  cm3

In the rest of the room, the activity is affected by dilution, ventilation, and decay. The
accumulation of Nitrogen-16 in the room as a whole is given by

d[V33N 63- S N 16v
dt +- V3)- 3 3
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where

S = number of Nitrogen-16 atoms entering the room from pool per second
8 3V3 = volume of the reactor room = 5.65x108 cm

Q = volume flow rate from the reactor room exhaust = 6.1x10 5 cm 3/sec.

For saturation condition, it follows:

V3N163 = S 21.5 = 227nuclei
+N Q 9.35x10-2 + 1.08x10 3

V3

The cumulative activity from Nitrogen-16 for the whole reactor room is then 1.09x10-11

pLCi/cm3.

Figure 5.6-1 Continuous Air Monitor (CAM) - The UUTR can operate for 48 hours if CAM is not
operable
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Figure 5.6-2 CAM monitor for iodine, noble gas and particulates
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6. ENGINEERED SAFETY
FEATURES
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Chapter13, Accident Analysis, describes that there are no accidents whose
consequences could be unacceptable without mitigation. Thus the UUTR reactor facility design
does not include, have or need any engineered safety features. That is, there is no conceivable
mode of operation, which could create a significant threat to the health and safety of the
reactor staff and general public, even for the core of increased power.
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7. INSTRUMENTATION AND
CONTROL SYSTEMS
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7.1 Summary Description

The types and operational characteristics of the instrumentation used on this reactor

are analyzed in order to demonstrate that these instruments meet all design criteria for proper
operation and, more importantly, safety of operation. The UUTR is currently operated in a
steady state mode only. The two main items used in the reactor's control system are the fuel
and control rods. The design bases for and functional characteristics of the reactor core and its
components are discussed in Chapter 4. Chapter 7 specifically addresses the design
parameters of the instrumentation that monitors and controls conditions in the reactor core
that ensure system components perform safely. The conditions monitored and controlled are:
pool water level and chemistry and temperature, reactor power level, control rod position, fuel
temperature console design, ventilation system and area radiation monitoring. Radiation
monitoring will be addressed again in Chapter 11.

The UUTR is operated from a console located in the control room. Additional
instrumentation is housed in cabinets on either side of the console.

7.2 Design of Instrumentation and Control System

Three independent power-measuring channels (linear power, percent power and log
power) provide for a continuous indication of power from the source level to 100 kW. The
reactor will scram at over power for linear and percent power channels. Fuel temperature is
measured from two instrumental fuel elements for display as well as used by the reactor
protection system. Other parameters such as water conductivity, pH, neutron population up to
1 kW, and water temperature are also monitored and displayed.

7.2.1 Design Criteria

The instrumentation and control system is designed to provide the following:

* Complete information on the status of the reactor and reactor-related system
* A means for manually withdrawing or inserting control rods
" Manual control of reactor power level
" Automatic scram in response to over power, high fuel temperature and high voltage
Interruption
e Monitoring of radiation and airborne radioactivity levels in the reactor room
The UUTR TS 5.2 requires that the reactor shall not be operated unless there is 18 ft of

water above the reactor core. There is a system in place to detect when the pool water level
drops below 4 ft measured from top of the reactor tank (18 ft above the reactor core). The

conductivity of the pool water is limited to 5x10-6 ýtmhos/cm (UUTR TS 3.3). The pH of the pool
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water must stay between 5.0 and 8.0. The conductivity and the pH of the primary coolant
water must be measured monthly.

7.2.2 Design-Basis Requirement

The primary design basis for the UUTR is the safety limit on fuel temperature. To
prevent exceeding the safety limit, the reactor will scram automatically for high fuel
temperature and high power condition. The reactor will also scram when the control system
lose high voltage for the power monitoring systems.

7.2.3 System Description

7.2.3.1 Reactor Power Measurements

Three separate detectors measure the UUTR power: two uncompensated ion chambers
for percent and lo' powers, and one compensated ion chamber for linear power. The linear
and percent power channels have digital readouts on the console in addition to the recorded
graphical output. The integrated power channel uses the linear power output data to
determine run integrated power. A fission chamber is used to determine the neutron start-up
rate. If the neutron level is less than 2 cps the interlocks restrict movement of the control rods.

The linear power channel can display reactor power from 0.1 W to 1 MW. The numeric
value displayed on the linear power channel is interpreted as a percentage of the power
setting on the range switch. If the linear power exceeds 100% of the range switch setting, a
reactor SCRAM is initiated. The output of the linear power channel signal is integrated and
displayed so that the operator can monitor the run integrated power. A SCRAM will also occur
if there is a loss of the ion chamber supply voltage. A compensated ion chamber is used with a
transistorized linear amplifier and preamplifier to feed linear power circuits. Linear count rates
are read on the linear recorder during reactor start-up, steady state power and shutdown. The
compensated ion chamber (Westinghouse WL-6971) has a thermal neutron sensitivity of
4.0x10-14 amp/n/cm 2-sec and an uncompensated gamma sensitivity of 5.0x10-11 amp/R/hr.

The sensitivity of a linear power channel is variable, so that its output on either the
linear recorder or the meter will read 3, 10, 30, 100, 300, 1000, 3,000, 10,000, 30,000, 100,000,
300,000, 1,000,000 W full scale depending on the setting of the range change switch on the
control panel.

The power level amplifier, fed by the linear power channel, is a Burr-Brown model
3061/25 integrated circuit operational amplifier with an accuracy of+ 0.02%, and a drift of
0.03% of full scale for 8 hours within the temperature limits of 200 C to 500 C. The integrated
power channel uses the output of the linear power channel in conjunction with information
from the range switch to exactly determine the reactor power level. This power level is
integrated over time and fed to two digital counters, one of which can be reset by the operator
to monitor the run integrated power.
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The percent power channel provides the reactor operator with reactor power
information on a scale of percent licensed power. This channel is capable of scramming the
reactor at a set point at or below 110% of the licensed power. The percent power channel uses
an uncompensated ion chamber (Westinghouse WL-6937) and has a thermal neutron14 ~ 21

sensitivity of 4.0x10-14 amp/n/cm -sec and a gamma sensitivity of 5.0x10-11 amp/R/hr. The
percent power channel has a fixed sensitivity and its output is read on a meter indicating 0 to
150% of the full power. This channel feeds a meter and scram circuit directly through an
attenuator.

The magnet scram amplifier is a General Atomics transistorized model AS-120. The
scram is adjustable from 25% to 150% of the full power. The accuracy of the trip point is + 5%
of the set point with a maximum delay of 20ms. The amplifier will handle up to 4-rod magnets.
The scram adjustment on percent power channel is set to scram the reactor at about 110% of
full scale of the range switch. Scrams are also initiated for loss of ion chamber supply power.

The log power channel provides the reactor operator with reactor power on a log scale.
This meter provides the reactor operator with an additional indication of how quickly the
reactors power is changing. The logarithmic channel (Log-N) provides continuous indication of
power covering 5 decades from 4 x 10-4 to 4 x 10-9 amp. The Log-N uses an uncompensated ion
chamber located approximately on the mid plane of the core on the outside of the perimeter
core shroud. The detector is a Westinghouse WL-6337 or equivalent, having a thermal neutron
sensitivity of 4.0 x 10-14 amp/n/cm 2-s and a gamma sensitivity of 5.0 x 10-11 amp/R/hr.

The signal for the period monitoring channel is provided from the period amplifier of
the Log-N channel. The period amplifier is a General Atomic transistorized model AP-130
having a range of -40 seconds to +7 seconds. The period meter is located on the control
console in the Control Room.

The fission counter measures the number of neutrons in the core at start-up. An
interlock is provided so that withdrawal of any control rods is not permitted, unless the source
count is above the required minimum value of at least 2 counts per second. The fission counter
shows the number of thermal neutrons that interact with the fission chamber every second.
When a thermal neutron causes the U-235 lining of the fission chamber to fission, one of the
fission products is propelled into the center of the chamber. The negative charge from the
resulting ionization is collected on the center conductor. This pulse is amplified, discriminated
from other ionization pulses (because it is much larger), and fed into a rate meter. If too few
fission pulses are received, the source interlock is turned on.

The count rate channel provides information on the reactor at low power level of about
10-3 W (1 count per second) to 2 W (104 counts per second). The detector is saturated at high
power level and is not used as a reference past about 2 W. The count rate channel uses a
fission counter, Westinghouse WL-6971 or equivalent, as the detector. This detector has a
sensitivity of about 0.14 count/neutron/cm2 . The detector is approximately positioned on the
mid plane of the core on the outside of the perimeter shroud of the core.

Additional count rate channel equipment includes a preamplifier (transistorized model),
a linear amplifier (General Atomic transistorized model), a log count rate meter (General
Atomic transistorized model), and a linear count rate meter (General Atomic model CR-100).
Detailed electronic descriptions of the power monitoring channels can be found in Table 16.1-
2.
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7.2.3.2 Temperature Measurements

The UUTR is equipped with two independent instrumented fuel elements that monitor
the fuel temperature in the core. Figure 7.2-1 shows the cross section of the instrumented fuel
element. The fuel temperature is displayed on the reactor console. Exceeding the set point will
initiate a SCRAM. The UUTR TS 2.1 defines the safety limits.

The peak fuel temperature for a stainless steel cladding, high hydride fuel element shall
not exceed 1000 'C under any conditions of operation. The peak fuel temperature in an
aluminum cladding low hydride fuel element shall not exceed 530 'C under any conditions of
operation. The UUTR TS 2.2 defines the limited safety system settings to ensure the safety
limits are never reached. For a core composed entirely of stainless steel cladding, high hydride
fuel elements or a core composed of aluminum cladding, low hydride fuel elements in the F or
G hexagonal ring only, limiting safety system settings apply according to the location of the
instrumented fuel as indicated in Table 7.2-1. For a core containing flux traps, the limiting
safety system settings given in the above table must be applied to the anticipated hottest fuel
element in the core. In addition, TS 3.2.2 and 3.2.3 requires measuring one fuel temperature
for operation with SCRAM settings at or below the limited safety system setting.

The fuel temperature monitoring channels consists of a K type thermocouple and an
Omega CN9000A temperature controller. The useful range is 0 'C to 800°C with a ±10 C
accuracy. The controllers are configured for on/off control. The output relays on two fuel
temperature controllers that are connected in series in a normally energized closed circuit to
provide the fuel temperature SCRAM function. Fuel temperatures are calibrated annually. If
the thermocouple calibration procedure indicates that any temperature channel is incorrect by
more than one or two degrees, the deviation can be corrected by adjusting the offset or gain
constants internal to the controller [described in the CN9000A manual for this procedure].
Handling of the thermocouple wires and connectors may result in thermal gradients, which will
slightly disturb the channel readings. Temperatures must be given time to stabilize (several
minutes) after any handling of the wiring before calibration may proceed. Fuel temperatures
channels are checked during each run and compared to previous runs of the same power level
as early check for drift or temperature channel malfunction. Fuel temperature set-points for
the SCRAM function are set at 200 °C for 100 kW operation.

The most important parameter for a TRIGA reactor is the fuel element temperature. A
loss in the integrity of the fuel rod cladding may arise occur if there is a buildup of excessive
pressure between the fuel moderator and the cladding, and the fuel temperature then exceeds
the safety limit. Such pressure is caused by the presence of air, fission product gases, and
hydrogen from the dissociation of the hydrogen and zirconium in the fuel moderator. The fuel-
moderator temperature and the ratio of hydrogen to zirconium in the alloy determine the
magnitude of this pressure.

The safety limit for the high hydride TRIGA fuel is based primarily on experimental
evidence obtained during high performance reactor tests on this fuel. These data indicates
that the stress in the cladding due to hydrogen pressure from the disassociation of zirconium
hydride will remain below the stress limit, provided that the temperature of the fuel does not
exceed 11500 C and the fuel cladding is water-cooled (See GA-9064, Safety Analysis Report for
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the Torrey Pines TRIGA Mark Ill Reactor, submitted under Docket No. 50-227 for more detailed
information).

Figure 7.2-1 Instrumented fuel element
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Table 7.2-1 Location and limited safety settings for
stainless steel cladding and aluminum cladding

Location of Instrumented Limiting Safety System Setting Limited safety system setting
Fuel Rod for stainless steel cladding for aluminum cladding

B-hexagonal ring 800 *C 460 °C

C-hexagonal ring 755 °C 435 °C
D-hexagonal ring 680 °C 390 °C

E-hexagonal ring 580 °C 340 °C

The safety limit for the low hydride fuel elements depends upon avoiding the phase

change in the zirconium hydride that might cause excessive distortion of a fuel element. This

phase change takes place at 5000 C as shown by the phase diagram in Figure 4.5-9. Additional

information is given in "Technical Foundations of the TRIGA" Report GA-471, pages 63-72,
August 1958. After reviewing all safety analysis conducted for the preparation of Chapter 13 of

this report (Accident Analysis), we conclude that no credible accident can cause melting in the

fuel's cladding.

For the stainless steel cladding, high hydride fuel element, the limiting safety system

settings that are indicated represent values of the temperature that, if exceeded, shall cause
the reactor safety system to initiate a reactor scram. Since the fuel element temperature is

measured by fuel elements designed for this purpose, the limiting settings are given for

different locations in the fuel array. Under these conditions, it is assumed that the core is

loaded such that the maximum fuel temperature is produced in the B-hexagonal ring.

The margin between the safety limit of 10000 C and the limiting safety system setting

of 8000 C in the B-hexagonal ring was selected to ensure that conditions would not arise that
would allow the fuel element temperature to approach the safety limit. The safety margin of

2000 C accounts for differences between the measured peak temperature and calculated peak

temperature encountered during operation and for uncertainty in temperature channel

calibration. The thermocouples that measure the fuel-moderator temperature are located

approximately midway between the fuel axial center-line and the fuel edge.

During steady-state operations, the equilibrium temperature is determined by the

power level, the physical dimensions and properties of the fuel element, and the parameters of

the coolant. Because of the interrelationship of the fuel-moderator temperature, the power

level, the changes in reactivity required to increase or maintain a given power level, any

unwarranted increase in the power level would result in a relatively slow increase in the fuel-

moderator temperature. The margin between the maximum setting and safety limit would

assure a shutdown before conditions could result that might damage the fuel elements.

For low hydride fuel element, the 4600 C maximum limit for the safety system setting

gives an ample margin that assures that the safety limit would not be reached through errors in

measurement. Temperatures of 4600 C have been shown to be safe through extensive

operating experience.

The UUTR meets the requirements for safe operation as required by the NRC by its

utilization of the two scrammable fuel temperatures, both of which are verified as operational
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at startup. The fuel temperatures are also checked during each reactor run and compared to a
previous reactor run at the same power level.

7.3 Reactor Control System

7.3.1 Control Rod Drives

The three control rods are positioned by control rod drives mounted on the top of the
reactor center channel. The control rods are positioned by standard TRIGA electrically powered
rack and pinion drives as shown in Fig. 7.3-1 and Fig. 7.3-2. All rods and rod drives are identical
and operate at a nominal rate of approximately 24 inches per minute. Limit switches mounted
on each drive assembly to stop the rod drive motor at the top and bottom of travel and
provide switching for console indication that shows:

1. When the magnet is in the up position.
2. When the magnet (and thus the control rod) is in the down position.
3. When the control rod is in the down position.

A key-locked switch on the reactor console power supply prevents unauthorized operation of
all control rod drives.

The rod drives are connected to the control rods through a connecting rod assembly.
These assemblies contain a bolted connection at each end to accept the control rod at one end
and the control rod drive at the other. The grid plates provide guidance for all control rods
during operation of the reactor. No control rods can be inserted or removed by their drives in
such a way that the rod would be disengaged from the grid plate.

Each drive consists of a stepping motor, a magnet rod-coupler, a rack and pinion gear
system, and a ten-turn potentiometer used to provide an indication of rod position. The pinion
gear engages a rack attached to a draw-tube which supports an electromagnet.

The magnet engages a chrome-plated armature attached above the water level to the
end of a connecting rod that fits into the connecting tube. The connecting tube extends down
to the control rod. The magnet, its drawtube, the armature, and the upper portion of the
connecting rod are housed in a tubular barrel. The barrel extends below the control rod drive
mounting plate with the lower end of the barrel serving as a mechanical stop to limit the
downward travel of the control rod drive assembly. The lower section of the barrel contains an
air snubber to dampen the shock of the scrammed rod. In the snubber section, the control
rods are decelerated through a length of 3 in. The control rod can be withdrawn from the
reactor core when the electromagnet is energized. When the reactor is scrammed, the
electromagnet is de-energized and the armature is released.

The rod drive motors are stepping motors driven by a translator. The speed of the rods
is adjustable and rods are normally set to insert or withdraw the control rods at a nominal rate
24 inches/min. The unique characteristics of a stepping motor/translator system are used to
provide fast stops and to limit coasting or over-travel.
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Figure 7.3-1 Control rod drive mechanism
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A 110 v, 60 cps, two-phase motor drives a pinion gear and a 10-turn potentiometer. The
potentiometer may be employed to provide rod position indications. The pinion engages a rack
attached to the magnet draw tube. An electromagnet, mounted on the lower end of the draw
tube, engages an iron armature that screws into the end of a long connecting rod which
terminates at its lower end in the control rod. The magnet, armature, and upper portion of the
connecting rod are housed in a tubular barrel that extends well below the reactor water line.
Located part way down the connecting rod is a piston equipped with a stainless steel piston
ring. Whereas the upper portion of the barrel is well ventilated to allow free movement of the
piston in the water, the lower 2 inches of the barrel has graded vent ports to restrict piston
velocity.

Clockwise (as viewed from the shaft end of the motor) rotation of the motor shaft
rotates the pinion, thus raising the magnet draw tube. If the magnet is energized, the
armature and connecting rod will rise with the draw tube, so that the control rod is withdrawn
from the reactor core. The piston moves up with the connecting rod. In the event of a reactor
scram, the magnet will be de-energized and will release the armature. The connecting rod,
piston, and control rod will then drop, thus reinserting the control rod into the reactor. Since
the upper portion of the barrel is well ventilated, the piston will move freely through this
range. However, when the connecting rod is within 2 inches of the bottom of its travel, the
piston is restrained by the dash pot action of the restricted ports in the lower end of the barrel.
This restraint cushions bottoming impact.

7.3.2 Limit Switch

A spring-loaded pull rod extends vertically through a housing and up through the block.
This rod terminates at its lower end in an adjustable foot that protrudes through a window in
the side of the barrel. The foot is placed so as to be depressed by the armature when the
connecting rod is fully lowered. Raising the rod releases the foot, allowing the pull rod to be
driven upward by the force of the compression spring. The top of the pull rod terminates in a
fixture that engages the actuating lever on a micro switch. As a result, the micro switch
reverses position according to whether or not the armature (and control rod) is at its bottom
limit. This micro switch is the rod down switch.

A push rod extends down through the block into the upper portion of the barrel. It is
arranged so as to engage the top surface of the magnet assembly when the magnet drawtube
is raised to its uppermost position. The upper end of the push rod is fitted with an adjustment
screw that engages the actuator of a second micro switch. Thus, this micro switch reverses
position according to whether the magnet is at or below its full up position. This micro switch
is the magnet up switch.

A bracket, fitted with an adjustment screw, is mounted on top of the magnet drawtube.
A third micro switch is arranged so that its actuating lever is operated by the adjustment screw
on the bracket. The switch will thus reverse position according to whether the magnet
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drawtube is at or above its completely depressed position. This micro switch is the magnet
down switch.

The circuit associated with the three micro switches provides Limit contacts for the
motor and the control-rod enunciator system, which consists of three indicator lamps for each
rod drive.

During normal operation, two points receive line power through the normally closed
control rod UP and DOWN pushbuttons, which provide the dynamic braking. Depressing the
UP button opens the line at a single point. This permits the line current to flow through the
DOWN button to the second point through a 1 mf phase-shifting capacitor. The phase
difference at the motor windings causes the motor to rotate in a clockwise direction. Counter
clockwise motion is obtained when the control rod DOWN button is depressed.

The unconventional circuit employed in the rod-drive system minimizes the number of
switch contacts required. Therefore, relays, with their attendant reliability problems, are not
required. It should be noted that all rod-drive units are identical both mechanically and
electrically: they are, therefore, interchangeable.

The motor coupling is attached to the motor shaft by a single 8-32 dog-point setscrew.
Both the pinion gear and the potentiometer coupling are pinned to the motor coupling. To
prevent the follower potentiometer from supporting any of the pinion-gear load, the
potentiometer coupling runs in an outrigger bearing. The follower-potentiometer shaft is
connected to the potentiometer coupling by a single 6-32 setscrew. An oil-saturated, felt
vapor seal restricts the entrance of water vapor into the follower potentiometer. Gravity
loading of the rack against the pinion ensures minimum backlash between the rack and the
follower potentiometer. Both motor and follower potentiometer are fully enclosed in metal
case.

7.3.3 Interlock System

The push buttons for the control rods are interlocked in such a way that all three rods
can be lowered at the same time in order to shut down the reactor quickly without a scram,
yet only one of the control rods can be raised at a time due to an electric interlock between the
three raise switches (TS 3.2.3). This prevents excessive reactivity from being inserted into the
reactor in a short amount of time.

The minimum source-count interlock relay prevents the withdrawal of all rods (TS
3.2.3). The source interlock operates in the following manner. Part of the line is connected to
the UP pushbuttons of each rod drive through a source relay. If minimum source count is
reached, the relay is de-energized and the interlock makes the switches inoperative.
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7.4 Reactor Protection System

7.4.1 Scram Circuit

Both the manual and automatic scram functions of the reactor console are designed to
provide safe shut down of the reactor under any credible situation. The manual option allows
the operators to initiate a scram at their own discretion. Likewise, should the console itself
malfunction an automatic scram will be initiated, resulting in loss of console power and thus, of
magnet power.

The TS 3.2.3 states the reactor shall not be operated unless the safety system channels
(Manual, and Key Scrams, Loss of Console Power Scram, Loss of High Voltage Scram) are
operable. A channel check of each of the above reactor safety system channels shall be
performed before each day's operation or before each operation extending more than 1 day,
except for the pool level channel which shall be tested monthly or at intervals not to exceed six
weeks. All reactor safety channels shall undergo a channel test and a channel check after any
maintenance or modification.

The reactor SCRAMs are normally closed circuits that, when interrupted, cause the
reactor control rods to be dropped back into the core thereby shutting the reactor down. In
general, each SCRAM is a normally closed relay contact that is connected from terminal strip #1
to terminal strip #2. The relay for the linear channel SCRAM, for example, is located in the
linear channel display controller. All SCRAM logic is executed at 120 VAC for historical reasons
(the relays used have 120 VAC coils). Disconnect console power to service. Each SCRAM has its
own relay that is set up to latch itself on with the current flowing through the normally closed
SCRAM relay. Once a SCRAM has occurred, a contact of this relay serves to turn on the
appropriate SCRAM indicator on the center console. The scrams can be reset by momentarily
turning the Reset key to the Reset position. When the console power is first turned on all of
the SCRAM lights will be activated so that the operator can check that none of the bulbs have
burned out. All relays used in the SCRAM logic are normally energized so that a local loss of
power or loose connection will cause a SCRAM rather than possibly preventing one.

7.5 Engineered Safety Features Actuation System

There are no engineered safety feature actuation systems.
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7.6 Control Console and Display Instruments

7.6.1 Console Data Recorder

A Fluke 2620 multichannel voltmeter is connected to all of the temperature, power and
rod drive indicator channels in the console. Physically the unit resides in the back of the
console above the circuit bin. The data acquisition system provides an easy method for
maintenance personnel to examine critical signals in the console, and it can also be connected
to a computer via an IEEE-488 or RS232 link to record and display reactor operations data. The
unit has 20 channels (plus a channel zero at its front panel banana plugs) that can be
configured for VDC, VAC, resistance, frequency, current, and thermocouple measurements.
For more information on the operation and programming of the 2620, see the manual in the
equipment filing cabinet. Some of its maintenance uses are:

a) To double check the temperature monitor displays, using the thermocouple function
b) To check for a short in a thermocouple (particularly an instrumented fuel element)

using the resistance function
c) To check for excessive noise on any of the power, temperature, or rod position lines

using the VAC function
d) For general trouble shooting in the console by plugging the test leads into the front

panel, and using channel zero.

7.6.2 Rod Condition Indication

LED readouts are provided to indicate the position of each of the control rods in the
core. The readout indicates, by percentage, how far the control rod is out of the core. The
push button switches are also lit to indicate the status of the control rod. The lower button
(red) is lit when the control rod is fully inserted into the core. The raise button is lit when the
control rod is in any position other than fully inserted.

7.6.3 Annunciator Panel

When the alarm is received at the annunciator panel, an audible signal will sound and
an annunciator light will be on and the reactor will scram automatically. This annunciator can
be reset in the normal fashion.
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7.7 Radiation Monitoring Systems

7.7.1 Area Radiation Monitors

The UUTR has two important radiation detection systems to ensure that the reactor will
operate within established guidelines (UUTR TS 3.7.1). These systems are the Area Radiation
Monitors System, and the Continuous Air Monitor System. The Area Radiation Monitors are
scrammable channels. Readouts from two different radiation monitoring systems are a part of
the reactor console. The Area Radiation Monitors (ARMs) display the radiation levels present
at four strategic areas in the UUTR. Should the limiting safety system setting of 10mR/hr be
exceeded, the high radiation alarm will be triggered. The Continuous Air Monitor (CAM) draws
air from the facility ventilation system and tests it for radioactive noble gas, radioactive Iodine,
and radioactive airborne particulates. Any alarm will sound at the console and at the CAM if
the Limiting Safety System Settings for this unit are exceeded.

The Area Radiation Monitor (ARM) is located on the TRIGA control console. Remote
detectors are placed in areas of the UUTR where personnel will be working with radioactive
material. These locations are: the reactor ceiling, reactor tank, the stack, and the counting lab.
In the event that radiation levels exceed 10 mR/hr at any location, the high radiation alarm will
be activated. This sends a signal to the security system that will implement the following:

* SCRAMS the reactor (if in operation)

e
* Closes the inlet air damper
*Activates audible and visual High Radiation alarms
Closing the inlet damper for the CAA is done automatically by sending a 12 VDC pulse

from the ADT system to the damper motor control box. The 12 VDC pulse energizes L-1
(24VAC). L-1 closes and latches LR-1 (latching relay 1). This results in the de-energizing of the
damper motor, thus closing the UUTR facility ventilation. This resets LR-1 and closes the circuit
to provide power to the damper motor, thus opening the damper. Once the alarm has been
implemented, the enunciator can be secured by using the damper bypass key (this only stops
the audible and visual alarm). In the event of main power failure, a battery backup system
takes over for a limited amount of time. For extended periods of time, power is taken from the
back up generator located on a concrete pad outside of the UUTR lab.

7.7.2 Continuous Air Monitor

The Continuous Air Monitor is located in the radiochemistry lab (Fig. 5.6-1). For a
complete description of its function, see the manual in the equipment filing cabinet. A cable
consisting of multiple twisted pairs connects the CAM with the displays on the console left
front panel. Inside each of the three CAM modules, an op amp drives a current setting
potentiometer that is in series with the respective current sensitive meter on the console. By
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holding the particular CAM module in the calibrate mode one can verify that the reading of the
meter at the console agrees with that on the CAM. Calibrating the CAM should not change the
agreement of the CAM meter and the console meter. Adjust the current setting potentiometer
in the CAM if, for some reason the two do not agree. The CAM alarm relays have been
configured to turn on the red light DS22 and sound an alarm BZ2 (both 120 VAC) at the console
if any of the three CAM monitors exceeds its setpoint. An alarm and light will also be activated
at the CAM itself. The green light DS23 is normally on and will only turn off if one of the CAM
channels goes below its lower setpoint (usually indicative of a defective detector).

Equipment specifications are:
Area Radiation Monitors:
* Useful Range: 0.01 to 100 mR/hr

* Sensor Type: Geiger-Mueller Tube
* Accuracy: ±20% for gamma energies from 40 keV to 2.5 MeV

* Calibration Interval: Annual
* Safety Functions: Exceeding 10 mR/hr causes SCRAM (Channel can be bypassed)
Continuous Air Monitors:

* Useful Range: 1 to 10 5 CPM
* Sensor Type: Geiger Mueller Tube except for Iodine channel which is a Nal crystal
* Accuracy: ±10%
* Calibration Interval: Annual
When the Continuous Air Monitor is operating, it samples the reactor room exhaust air

prior to the HEPA filter located in the ventilation system, providing information on the levels of
Ar-41, particulates, and Iodine in the reactor facility. The ARMs provide a continuous
evaluation of the radiation levels in the reactor facility and provide warning alarms when the
radiation levels exceed anticipated levels. The ARM located in the Counting Laboratory
provides a continuous evaluation of the radiation level at that location and provides warning
alarms when the radiation levels exceed anticipated levels. Experience has shown that
monthly verification of area radiation and air-monitoring setpoints in conjunction with annual
calibration is adequate to correct for any variation in the system caused by a change of
operating characteristics over a long time span.
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8. ELECTRICAL POWER
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8.1 Normal Electrical Power Systems

The electrical power for the UUTR is supplied from the Merrill Engineering
Building's electrical power system. The electrical power provided for building lighting
and reactor instrumentation is single-phase, 60 Hz, 120/240 V. The reactor room has its
own independent circuit panel that is controlled and monitored by reactor personnel.
The design and safety equipment of the UUTR does not require building electrical power
to safely shut down the reactor, nor does the UUTR require building electrical power to
maintain acceptable shutdown conditions. Figure 8.1-1 shows the electrical power
system control box for the Merrill Engineering Building.

Figure 8.1-1 The control box for the electrical power system for the Merrill Engineering
Building

8.2 Emergency Electrical Power Systems

The reactor will scram in the case of a building electrical power interruption. The
emergency power is not required to maintain the reactor in a safe shutdown condition.
The radioactive decay heat generated even after extended runs in the core following a
scram is not sufficient to cause fuel damage. Power for the radiation monitors and the
facility intrusion detectors is supplied by an uninterruptible power supply (UPS) within
the reactor room. In the event of an electrical outage, this UPS supplies the necessary
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power for the operation of these instruments for a minimum of 24 hours. Battery-
powered emergency lighting is also available to facilitate personnel movement during a
power outage. Fig. 8.2-1 shows the UPS system for emergency electrical power.

Figure 8.2-1 Uninterruptible Power Supply (UPS) for emergency electrical power

192 1 P a g e



UUTR CHAPTER9

9. AUXILIARY SYSTEMS
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9.1 Heating, Ventilation, and Air Conditioning Systems

University plant operations provide the reactor lab with electricity, potable water,
heating, and air-conditioning. University maintenance personnel maintain these
services. Heating and cooling systems are designed such that they do not cause the
interchange of the atmosphere within the reactor lab and surrounding areas. Its role is
to reduce the consequences of fission products released from the fuel or other
experimental facilities. The controlled ventilation system is designed to prevent the
spread of airborne radioactive particulates into occupied areas outside of the reactor
area and labs. The system removes with high-efficiency filters assuring that all releases
(of gaseous and particulate releases) are monitored and discharged through the stack.
The objective of the structure surrounding the UUTR is to ensure that provisions are
made to reduce the amount of radioactivity released into the environment by
maintaining a negative pressure within the reactor area during operation. Automatic
shutdown of the ventilation system confines the free air volume of the reactor area
during emergency conditions. Remote monitoring of the conditions within the reactor
area can be conducted.

9.1.1 Heating and Air Conditioning

The UNEF area has two separate HVAC systems, one for the reactor room area
(MEB' 1205) and one for the non-reactor related area (MEB 1206 office area). The HVAC
system can be controlled from a special panel in the main office in the Merrill
Engineering Building (MEB). The University of Utah Plant Operation office maintains and
controls all HVAC systems of the Merrill Engineering Building. The reactor room area
and non-reactor area have their own temperature controllers that can control the
temperatures within +20 C. The cooling tower for the UNEF and all other areas HVAC
system is located on the roof of the MEB. Fig. 9.1-1 shows the cooling tower for the
MEB HVAC system.

9.1.2 Ventilation

The reactor room (MEB 1205 D, E, F, and G) has its own ventilation system that is
independent of all other areas in the MEB. Fresh air is supplied into the reactor room
and two fume hoods in the MEB 1205 F and G replace and circulate the air with the ratio

1 MEB: Merrill Engineering Building that houses the Utah Nuclear Engineering Facilities (UNEF) such as the UUTR and

its associated facilities
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of 4 room exchange/hour to keep the negative pressure within the reactor room. These
fume hoods are operational all the time. Automatic shutdown of the ventilation system
confines the free air volume of the reactor room during emergency conditions. The air
from the reactor room is monitored from the stack monitor that is located at the MEB
1205 F. This exhaust system is connected to the roof of the MEB (~40 ft above the
ground level). Fig. 9.1-2 shows two exhaust motors for the UNEF ventilation system.

Figure 9.1-1 The cooling tower for the MEB HVAC system

9.1.3 Reactor Area Confinement

The floor of the reactor room is a ~6-inch concrete slab placed on a 6-inch
compacted granular base. The MEB consists of precast-prestressed exterior wall panel
and poured-in-place pilaster. The outside wall of the MEB has approximately 12-inch
thickness. The MEB has a structural steel roof frame and insulating concrete fill, as well
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as structural steel interior floor frame with metal-formed concrete slab. A bridge crane
with a 2-ton capacity serves the reactor room area. The first floor of the MEB contains
UNEF, Mechanical engineering laboratories and offices, classrooms, chemical
engineering laboratories, and nano-fab laboratory. The second floor occupied mostly
offices and laboratories mechanical engineering, electrical engineering and chemical
engineering. The forth floor contains offices. The ceiling of the area directly above the
reactor core has four inches of concrete and 3/16 inch of steel (floor support.) The third
floor above the reactor area is comprised of office and laboratory space.

Figure 9.1-2 Two exhaust motors for the UNEF ventilation system

9.1.4 Ventilation System Modes of Operation

There are two different operation modes of the ventilation system: operational
mode and limited intake mode during the emergency situations. A damper system will
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be closed automatically during the emergency conditions such as when the high
radiation alarm is initiated within the reactor room area. During the emergency
situation no fresh air will be supplied into the reactor room.

9.1.4.1 Operational Mode

In the operational mode, the air in the controlled access area (reactor room area)
is constantly being exchanged. The air leaving the facility has a volumetric flow rate of
more than 100 CFM per each fume hood. Currently, the UNEF is equipped with two

fume hoods located in the MEB 1205 F room, and MEB 1205 G room. The result of this is
a negative pressure of greater than 0.01 inches of water in the reactor room. The UNEF
ventilation system draws its supply air from the MEB's main ventilation air system, as
shown in Figures 9.1-3 and 9.1-4. Prior to the entry into the reactor room, supplied
fresh air passes through one of the two pre-filters. This reduces the concentration of
dust in the air so that the pool water contamination can be kept at a minimum. Then, air
mixes with the current air in the reactor room and migrates to the reactor room where
it passes through one of the two pre-filters and then HEPA filters. At this point, a
continuous air sample is diverted from the ventilation system to the Continuous Air
Monitor (CAM). Here, airbone activity is determined and relayed to the TRIGA control
console. The same data is also stored permanently on a chart recorder of the CAM
system (Fig. 5.6-1).

Figure 9.1-3 Main ventilation air supply system to the reactor room
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Air from the MEB
ventilation system

I[ Air flow

Figure 9.1-4 The UNEF ventilation system; in the limited intake mode,
the damper will be closed

9.1.4.2 Limited Intake Mode

In the event when the airborne activity in the UNEF reactor room exceeds the pre-
set level of 10 mrem/hr, the ventilation system will switch to a limited intake mode. This
mode provides an enhanced negative pressure to the reactor room of greater than 0.1
inches of water by closing the damper. In this mode, no fresh airflow through the
ventilation system is allowed. Figure 9.1-4 shows schematics of the UUTR's ventilation
system indicating the location of a damper. In the limited intake mode, the damper will
be closed ensuring that all potential airbone radionuclides will be contained within the
facility. In this case, the exhaust air will then go through the HEPA filters. From there,
the air is monitored by the CAM, which records the radiation level of any potential
release of radioactive material.
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9.2 Handling and Storage of Reactor Fuel

9.2.1 Fuel Handling
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9.2.2 Fuel Handling Equipment

9.2.2.1 Fuel Handling Tool

Tools are provided for handling individual fuel elements and for manipulating
other core components. Individual fuel elements are handled with a flexible or rigid
handling tool. The FEHT utilizes a locking ball-detent grapple to attach to the top end
fitting of a fuel element.

9.2.2.2 Overhead Crane

The UUTR reactor room has 2-ton capacity overhead crane system; its use is
administratively controlled. An overhead crane running on tracks provides the capability
for movement of heavy objects (including the handling of the fuel element cask and
removing steel weight from the fuel storage pit anywhere in the reactor room. The
crane has a capacity of 2,000 kg and is locally controlled from a pendant box but can be
computer controlled.

The crane system is shown in Fig. 9.2-1. It was upgraded in 2005. The loading
test was performed after the crane was upgraded. A 2 ton-steel box was used to test the
crane system. During this test, the bending of the mono-rail system on the ceiling and
hoist cable strength were examined and the use of crane approved.
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Manufacturer checks the crane system every year. The crane system is secured
when it is not in use; only a reactor supervisor can access and control the crane system.
When the crane system is in use, at least two SRO (Senior Reactor Operator) and at least
two additional staff personnel are required to be present.

The crane is operated in accordance to ANSI B30.11, Monorail Systems and
under hanging Cranes.

Figure 9.2-1 The UUTR overhead crane system
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Figure 9.2-4 Fuel element cask

9.2.3 Administrative Controls Used to Ensure Safe Fuel Handling

All movement of the irradiated reactor fuel is done as determined by UNEP
form-005 "Core Change and Critical Fuel Loading" and UNEP form-004 "Biennial Fuel rod
Inspection." These procedures require that a detailed written and approved movement
and/or change schedule be prepared prior to all core changes or fuel rod movement. It
is inappropriate to include such procedures in a SAR since they change with time. The
key points involved are:

1. Presence of a Senior Reactor Operator to supervise the operation (UUTR TS
6.1.3)

2. Insuring that all reactor control systems are on and functioning properly
(UUTR TS 3.2.2 and UUTR TS 3.2.3)

3. The reactor will remain subcritical during the operation

4. An accurate log of the operation is maintained

5. Minimization of personnel radiation exposure

6. Stored fuel maintained in geometry with a multiplication factor of 0.9 or
lower (UUTR TS 5.4)
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7. Resultant core meets all license and Technical Specification requirements

(UUTR TS 3.1.2, UUTR TS 3.1.3 and UUTR TS 3.8.1).

Fuel not in the core is always stored in racks that have been

designed for "always safe geometry" with a keff of 0.9 or less when filled with fuel rods.
All fuel rods are inscribed with suitable identifying numbers and an accurate log of the
location of all fuel at the facility is maintained. 

 The facility maintains

a computerized Special Nuclear Material (SNM) record system that keeps track of fuel
including burnup. Semi annual material status /balance report and burnup ratio
calculations are based on this computerized SNM record system.
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All aspects of the use and control of SNM at the UUTR facility receipt of new fuel
and the shipment spent fuel is covered in the UUTR Special Nuclear Materials
Accountability Plans*. The plan has been written to cover all the SNM related
requirements in 10 CFR Parts 40, 70, and 150. The plan has been reviewed by the U.S.
NRC and covers:

1. Introduction and definitions
2. Accountability responsibility
3. Fuel storage
4. Physical inventory
5. Core change log
6. Fuel rod records including identification number, fuel movement, and

location
7. Semiannual material status/balance report
8. Transfer of SNM and
9. Loss or theft of SNM

9.2.4 Fuel Storage Racks

The in-tank fuel storage for the UUTR consists of seven, in-tank, aluminum
fuel storage racks, with a combined capacity to accommodate irradiated fuel
elements, as shown in Fig.9.2-6. 

These storage racks are designed to meet the following criteria:
1. The UUTR in-tank fuel storage racks are designed to withstand earthquake

loading to prevent damage and minimize distortion of the rack arrangement.
The building housing the UUTR was designed to conform to Uniform Building
Code Zone 3 criteria and the UUTR containment tanks and supporting
structures also comply with Uniform Building Code Zone 3 criteria. The
storage racks are parts of the UUTR core, so they are designed as well to
withstand a Uniform Building Code Zone 3 earthquake (Appendix 9.2.A).

2. The UUTR in-tank fuel storage racks are designed with sufficient spacing
between the fuel elements to ensure that the array, when fully loaded, will
be substantially subcritical. (Storage requirements are keff< 0.9). The fuel
storage rack is modeled in MCNP5 as shown in Fig. 9.2-7 (Appendix 9.2.B)
assuming the fuel storage rack is fully loaded with new SS fuel, which has the
highest amount of U-235; this model is the most conservative giving the
highest value for the keff. The MCNP5 model gives keff= 0.43467 ± 0.00020.
Therefore, the UUTR in-tank fuel storage racks are configured such that the
criticality is not possible.
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Figure 9.2-6 Fuel storage racks

Figure 9.2-7 MCNP5 model of fully loaded UUTR fuel storage rack
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3. The UUTR in-tank fuel storage racks are 
deep enough below the water surface - the water

provides adequate radiation shielding. The radiation of fuel elements in the
fuel storage racks comes from spontaneous fission of fuel and the possible
fission products in the fuel elements. The stored fuels are not hot. Therefore
the radiation of the stored fuel elements is very low.

4. In the unlikely event of total loss of reactor tank coolant water, the UUTR in-
tank fuel storage racks modeled using the MCNP5 gives keff = 0.05537 +

0.00005 (Appendix 9.2.13). Therefore, the UUTR in-tank fuel storage racks are
configured such that the criticality is not possible.

5. In the unlikely event of earthquake that will "un-weld" the fuel storage racks
and mounts together part of the existing fuel rods, the MCNP5 model as
shown in Fig. 9.2-8 (Appendix 9.2.C) predicts an extreme case when 28 fuel
elements were stacked closely. The simulation gives keff= 0.79700 ± 0.00017.
In case all water coolant leaked out of the pool tank, the MCNP5 model
(Appendix 9.2.C - the water changed to air) gives keff= 0.44087 ± 0.00015.
Therefore, the UUTR in-tank fuel storage racks are configured such that
criticality is not possible.

Figure 9.2-8 MCNP5 model of 28 stacked fuel elements

6. 

7. The in-tank fuel storage racks are designed and arranged to permit efficient
handling of fuel elements during insertion, removal, or interchange of fuel
elements. The fuel elements are loaded into the in-tank fuel storage racks
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from above. Each storage hole has adequate clearance for inserting or
withdrawing a fuel element without interference. The weight of the fuel
elements is supported by the lower plates of the racks. 

This mounting arrangement prevents the racks from tipping or being
laterally displaced.

9.2.5 Fuel Storage Pits

There is additional fuel storage at UUTR located in three fuel storage pits 

The storage pits are sufficiently spaced and shielded with hydrogenous material
to insure that there is no possibility of neutron coupling between them. The south and
north storage pits have the following dimensions: 1.5 ft in diameter by 10 ft deep under
the ground; with the cylindrical shape. The central storage pit has approximately 2.5 ft
diameter and same depth as south and north pits. The distance between each pit is
approximately 1 ft. Figure 9.2-5 shows the storage rack that is used in the storage pit.
Each pit has a liner and a lead-filled shield plug that is locked in place when fuel is not
moved into or out of the pits. The pits have racks with holes for holding fuel elements.
Each hole in the rack can only hold one fuel element. All storage pit material (liners,
racks, plug casing, and pipes) that may contact either the fuel elements or the pit water
is fabricated from aluminum or 304 stainless steel. This is the same type of material as
used for the fuel element cladding and end fittings.

The fuel storage pits were designed with the following criteria:
1. The spent fuel storage pits are designed with sufficient spacing to ensure

that the stored fuel array, EVEN when fully loaded, will be independent of
each other and subcritical (satisfying the criteria for keff< 0.9). The simulation
of three storage pits using the MCNP4C was performed based on the
configuration at the facility. Two calculations were performed for each pit
assuming existence of the water moderator and of the air moderator. The
criticality calculation results are shown in Table 9.2-1. In every of the
assumed scenarios the obtained value for keffis below required value of 0.9.
For a fuel storage pit scenario assuming to be completely filled with water,
control of spacing is not a criterion to limit the effective multiplication factor
of the array (keff). An analysis shows that the largest keff for a pit is
approximately 0.75 when all three pits are loaded to full capacity of 8.5 wt %
fuel elements and are filled with water (0.218 when dry).
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Furthermore, elements are only 1/4 the number required to have a
criticality and each pit is separated for about 1 ft, therefore, there should be
no criticality issue related to the storage pits. Radiation levels at the reactor
room floor level with either water in the storage pits or the lead plug in place

are less than 3 pR/hr. Approximately 13 fiR/hr are expected when the top
shielding materials (0.5 inch-thick steel) were removed. This measurement is
performed every month for regular "monthly checkout" using Ludlum Model
19 detector.

Table 9.2-1. Criticality calculations for three storage pits using MCNP4C

Moderator South Pit Center Pit North Pit 99 % confidence

Air 0.21777 0.21777 0.21777 0.21124-0.21430
+0.00058 +0.00058 +0.00058

Water 0.74117 0.74117 0.74117 0.73904-0.74331
+0.00081 +0.00081 +0.00081

2. The spent fuel storage pits are designed to withstand earthquake loading to
prevent damage and distortion of the pit arrangement. The spent fuel
storage pits are designed to withstand horizontal and vertical accelerations
due to earthquakes. Stresses in a fully loaded storage pit will not exceed
stresses specified by the UBC Zone 3 seismic criteria.

3. The spent fuel storage pits are fabricated from materials compatible with the
fuel elements and to provide adequate personnel shielding.

4. The spent fuel storage pits are designed and arranged to permit efficient
handling of fuel elements during insertion or removal of fuel elements.

5. The spent fuel storage pits have shield plugs that can be locked in place.
6. The fuel elements are loaded into the racks from above. Each hole in the

rack has adequate clearance for inserting or withdrawing a fuel element
without interference. The lower plates of the racks that are supported by
the pit liners support the weight of the fuel elements. Each rack is designed
so that it is constrained by the pit liner and cannot tip or become laterally
displaced.

Analysis shows that the fuel elements, which have been in the core operating
at 90kW, can be removed from the reactor tank after one day of decay and safely stored
in a single pit either with or without water (i.e., dry storage). Analysis shows that a
significant decrease in fuel temperature will take place by allowing the fuel to decay 10
days after shutdown prior to being moved to the storage. Therefore, allowing at least 10
days of decay prior to transferring fuel to the storage pits will provide a margin of safety
so that external radiation doses from the fuel in the transfer cask and the fuel's decay
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heat temperature will remain within the safe limits. According to the fuel temperature
measurement at the UUTR operating power of 90kW, which has approximately average
fuel temperature of 64.610 C, it took about 7 days to cool down to the temperature of
~200 C.

9.2.6 Fuel Inspection

The UUTR performs the fuel inspection every TWO years (odd years as 2005,
2007, 2009, ...). The fuel inspection consists of the inspection of all fuel elements
including storage pits, heavy water elements, graphite elements, thermal irradiator, and
control rods.

9.2.6.1 Inspection of Fuel Elements

The biennial fuel inspection involves systematic removal, inspection and logging
of each of the fuel elements. This procedure satisfies UUTR TS 1.34 (1) for reactor
operation. Therefore, it requires an operator at the console. During this procedure, the
safety rod is withdrawn in order to be scrammed in the unlikely event of a reactivity
transient that is indirectly detected through the reactor safety systems.

Minimal handling of the fuel is suggested because of the risk of dropping the fuel
from the fuel handling tool to the tank floor where damage to the cladding or locator
pin may occur. If a rod is dropped, the element would be re-inspected before moving to
inspect another fuel element. A fuel rod may be lifted from the floor by using the
"lasso" tool. To use this tool, the nylon cable must be tightened around the indented
portion of the element directly below the fluted section. The fuel element is then
immediately placed in a standard fuel location and then lifted for inspection using the
fuel handling tool.

The fuel is inspected for defects including surface anomalies (spots or scratches
of reddish brown, black, or white), cladding dents and bent pins. An element is
considered damaged if it meets the criteria outlined in UUTR TS 3.1.6. Also, if an
element releases bubbles directly from the cladding region during or after being raised
near the surface for visual inspection, then it may be assumed that a pin hole leak was
induced through depressurization. If a pin hole leak is suspected or observed, then the
Reactor Supervisor will be notified and the procedures outlined below of this chapter
shall be followed. After the fuel has been inspected and the results logged in the
Operation Log, the results are transferred .to the Fuel Log. It is important that accurate
documentation is kept during this process, with complete entries and legible writing.
UUTR TS 3.1.6 states that the reactor will not be operated with damaged fuel and the
leaking is considered to be a condition of damage. The only pathway for fission products
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to reach the reactor room is through the tank water. This pathway essentially scrubs the
material and allows only a portion of the noble gases to escape the tank. Virtually all
soluble materials are retained in the tank water.

A leaking fuel element is potentially very difficult to detect and recognize
because of the low levels of activity associated with such a leak. There are two
mechanisms of regular surveillance which may detect the release of active materials:
the Continuous Air Monitor (CAM) and monthly spectroscopy of the tank water. The
purpose of the CAM is to detect short-lived gaseous products from gross leakage. The
purpose of the monthly spectroscopy is to detect and differentiate long-lived soluble
products released in small quantities.

Gross Leakage. If the CAM readings indicate that a fuel element may be leaking,
the reactor operator should contact the Senior Reactor Operator on duty and the RS. It
is important to remember that an increase in the CAM reading may be caused by nearby
sources, by temperature inversions capturing natural activity near the earth's surface or
by low pressure systems causing a more rapid than normal release of natural active
gases. To confirm the suspicion, the glass and charcoal filters from the CAM should be
analyzed in the gamma spectroscopy system spectrum for the following noble gases or
daughter products:

Isotope Half-life y Energies (MeV)

Kr-85 4.4 hours 0.151; 0.304
Kr-87 76 minutes 0.402; 2.01
Kr-88 2.8 hours 0.196; 1.53
Xe-135 9.2 hours 0.249; 0.607

If the analysis yields positive results, the operations staff should perform the
procedure described in the following section.

Pin Hole Leak. If the monthly water spectroscopy indicates that a fuel element
may be leaking, the reactor operator should contact the senior reactor operator on duty
and the reactor supervisor. It is important to remember that an increase in gross
gamma counts may be caused by activation of short-lived trace contaminants. To
confirm the suspicion, the gamma spectrum should be analyzed for the following
isotopes:

Isotope Half-life y Energies (MeV)

1-131 8 days 0.364; 0.640; 0.720
1-132 21 hours 0.500; 0.870; 1.400
1-133 54 minutes 0.860; 1.100; 1.780
1-134 6.7 hours 1.270; 1.800

If the analysis yields positive results, the operations staff should perform the
procedure described in the following section.
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Detection of a Leaking Fuel Element. Assuming a leaking fuel element has been
positively identified, the operation staff will immediately inform the NRC of the existing
condition, the basis for such a conclusion, and the procedures for resolving the problem.
A standard detection scheme will be established to identify such a problem resolution.
This scheme may involve operating the reactor for a period of two hours, then taking a
sample of tank water to be analyzed in the gamma spectroscopy system for the content
of the absorbed noble gases.

To identify the leaking element(s), the staff will obtain a peristaltic pump, 50 ft of
1/8" ID plastic tubing with a lead weighted 2" maximum diameter glass funnel securely
fastened on one end. The funnel will be placed in the tank near the core. The other end
is placed in the pump, wrapped around the germanium crystal approximately 5 times
and terminated in a 5 gallon container. The peristaltic pump will move water through
the tubing at a rate of approximately I foot/second to allow a delay time of
approximately 30 seconds from core to detector.

The spectroscopy system will be tuned to count only the 151 KeV gamma from
Kr-85m and the system will be operated in the MCS mode. While the reactor is
operated, a member of the staff will move the funnel from element to element,
documenting the exact time the funnel resided over each element. This data will be
compared to the MCS data for identification of the element(s) releasing the highest Kr-
85m activity.

The element(s) identified as leaking Kr-85m will be removed from the reactor
core. The standard problem resolution scheme will then be performed to compare
previous data with new data. The leaking element(s) will be removed from the tank at a
convenient time and placed in the fuel storage pits. At the time of the next fuel
shipment from the facility, the elements will be removed from the storage pits and sent
to permanent storage.

The NRC will be informed of the problem resolution, the basis for the conclusion,
and the supporting data. The reactor can then be placed into normal operation. Figure
9.2-9 shows the procedure for fuel inspection.

9.2.6.2 Control Rod Inspection

It is necessary to perform this procedure in a careful manner in order to prevent
reactivity transients, reduce personnel exposure, and prevent contamination. To
inspect the control rods, it is required that the assemblies be removed from the tank
and disassembled. It is important to note that removal of the negative reactivity
associated with the absorber necessitates the removal of equal or greater positive
reactivity in the form of fuel elements. After the fuel elements have been removed, the
control rod guide tube must be detached from the grid plate. This is done using the
allen head tank tool. The tool is very carefully placed in the screw head and turned
counter-clockwise approximately 6-8 turns until the screw feels loose. While the screw
is held captive in the guide tube, it is conceivable that if the screw is turned more than
necessary, the threads may bite into the captive loop and be removed from the guide
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tube and lost within the grid structure. Under rare circumstances, the screw may rest
on top of the grid plate and may be removed with a magnet.

The rod assembly is composed of an aluminum guide tube, an aluminum clad
boron carbide absorber, an aluminum sliding coupling used as a shock damper, and
stainless steel spring and locking screws. Each component is exposed to different flux
levels. Experience shows that the aluminum, boron, and carbon that are exposed to the
highest flux do not activate, or perhaps, the activity decays before the assembly is
removed from the tank.

The highest activity components are the stainless steel spring and locking screws.
These should be inspected immediately upon removal from the tank and the results
must be recorded. The absorber is removed through the top of the guide tube by
removing the cap. Once the absorber has been removed, the mechanism is inspected
for corrosion pits, friction scratches, broken welds, and other defects. The device may
then be assembled and checked for proper operation. The assembly is placed in the
appropriate grid position, being careful to place the locator pin firmly in the lower grid
plate, and then tightened to the grid. If the assembly appears to be inoperable any time
before placing it back into operation and if the problem cannot be solved by the
operations staff, then the Reactor Supervisor will be informed so that new components
can be obtained. Figure 9.2-10 shows the procedure for the control rod inspection.

9.2.6.3 Heavy Water and Graphite Element Inspection

The UUTR has 12 in-core heavy water elements and 12 graphite elements as a
reflector. Five heavy water elements (F-21 through F25) have the same end fixture as
fuel element. Same fuel handling tool can be used to move these heavy water elements.
Rest of the heavy water elements has a screw as an end fixture. A special tool for these
kinds of elements was manufactured and is stored in the reactor room floor. The
graphite elements have a same inspection procedure as fuel elements. The inspections
for the graphite elements are performed at under water. Heavy water elements must be
removed from the reactor pool using a rack as shown in Figure 9.2-5, and bring them to
the fuel inspection room (MEB 1205 F). Maximum load of 6 elements in the rack are
recommended. After visual inspection for outside surface of an element, the top screw
must be opened very slowly because the inside of the heavy water element may be
slightly pressurized. After open the lid refill the element with provided D20 up to the top
of the element. A reactor operator or a SRO must record all activities including element
ID number, location, physical status, and the amount of heavy water refilled. When the
inspection is completed, put the elements in the rack and lower the rack into the pool.
Using the same handling tool put them into the original locations. Figure 9.2-11 shows
the procedure for heavy water inspection.
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9.2.6.4 Thermal Irradiator (TI) Inspection

The inspection procedure for TI is same as heavy water element. The TI is very
heavy (~150 lbs), an operator or a SRO must make sure that the tool is engaged firmly
on the TI. The first stage is to remove the dry tube from the TI and attach it on the side
of the reactor tank. The dry tube should not be out of the water surface. When the TI is
moved to fuel inspection area, unscrew the drain plug on the top of the TI and refill with
provided D20. Carefully put the TI into the pool and place it on its original location. Dry
tube can be inspected using under water camera system. After all inspection, the dry
tube must be placed into the TI.

9.2.6.5 Summary of Biennial Fuel Inspection

The UUTR fuel inspection starts early December and it takes 2 weeks to
complete. Control rod inspection requires special caution because it may be hot. During
the control rod inspection, unnecessary personnel must stay away from the reactor
room to avoid unexpected radiation dose. Three teams work in rotation to reduce their
individual doses. All fuel elements and graphite inspection are performed under water
and all heavy water elements inspection are done in the fuel inspection area that is
located behind the reactor room. Figure 9.2-12 shows the fuel inspection area. After
fuel inspection is completed, thermal power calibration and control rods drop are
required.

214 P age



UUTR CHAPTER9

FoM UNEP.OO41R1I Page i
RSC Appvwh: 12117t97

BIENNIAL FUEL ROD INSPECTION

OBJECTIVE:
To insure that the integrity of the fuel is maintained.

PROCEDURE:

Log - Run #
-. Check out the reactor and fully withdraw the safety rod but do not go to power. Maintain

an operator at the console until the reactor is shut down.
2. Remove two fuel elements from the B-hexagonal ring (worth @- S2.50. see Kimura,

p. 71) and place in storage during inspection. Record movement in Operations Log and
below.

Jtepkianned Fuel M,'ovcren nSequei

_Ement Core , Positio0n S'tra g- P•sit on C(ondition

3. Remove elements in the order listed on the reverse side of sheet, bring them to a position
where their complete circumference is visible. Inspect the submerged rods with binoculars.
Record their condition in the TRIGA Fuel Log book and check the Operation Log as done
when returned to their original position. (Line through positions which do not contain fuel
rods.)

4. Record in the Operations Log as the inspection of each rod is completed. Do not reinstall
damaged rods in the core. Leave them in the storage rack on the side of the tank.
Refer to TS 4A.

5. Examine fuel in the storage .pits by removing the plug and lifting out of the storage rack to
inspect while maintaining the rod under water.

6. Sample the water of each storage pit oontaining fuel and analyze with the gamma spec. for
fission products.

South Pit North Pit

Total Counts (100 keV to 1500 keV) /10 min. count 10 min. count
Total background (100-1500 keY) 10 min. count 110 min. count
Net counts /10 min. count /10 min. count
Water Activity (Net Countsd600) _ nCiil nCi/l

Identify Fimsion Product Peaks if present:
7. Date inspection completed:
H. Senior Operator's signature:

I'o;m axnved by 3t~u.SJ- uw~t
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Fmi UNI•P-404Rl Page 2

RSC Apprnm-2: I2AW197

Cam Ik1U•I (j]u• Nr•P."11 (I

Ca~rc Hkmtiet.c
I3M.2m--X.w:i•.k:r_

A i
BI~t
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134 -
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(•I
(:2
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F29
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ClO
U] I

(G3 -
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117-11
I11-t I I
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MM314D~

Figure 9.2-9 Procedure for biennial fuel inspection
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Form UNHI-+01Y2R3. Pag I
RSC Apjproval: 05023MS)

Biennial Control Rod Inspection / Control Rod movement or Repair

Objective: To assure the control rods are functioning properly, the following inspections and tests
will be performed on a biennial schedule. Control rods will be moved in a safe manner,
while insuring that the reactor remains in a suberitical configuration. Because of the
time required to complete all tests, the procedure may be extended over several days.

Procedure:

1. Check out the reactor using TRIGA Irestart Checklist, Fornm UNEP-OI1
(For control rod maintenance, fill out Maintenance Log sheet, Form UNEr-022.)
Run#__ Log#

2. Withdraw the safety rod to its fully cocked position.

3. A licensed reactor operator will remain at the console during fuel movement and rod removal,
or any reactivity insertions into the core.

4. Remove fuel elements from selected rings which have total reactivity worth equal to or greater
than the total reactivity worth of all control rods combined. List the order of removal and
storage position. Record fuel movement in the Operations Log book.

treplan.n• oenque•n

Fuel Eleiiienr Crire Pr~itinn nrnrn~ Pn~itinn I
J

1L

2.
3.
4.

6.
7.
8.

9.
10._

Total worth of fuel removed.
Total worth of control rods
Difference (> $0 .5 0 )2

5. Insert cadmium plug into central irradiator.

6. Insert safety rod.

'(Kimtm p. 71)
2Required by Techntical Specifications 3.2(1I
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Fornr tNlP'0I2R3. Puj•, 2
RSC Approval: 05/231U)2

7. Remove desired rod to inspect for deterioration and operability, and/or for maintenance.
(Since rod may exhibit high radiation levels the inspection may be pertbrmed under water by
leaving the rods submerged for radiation protection.)

8. Following the inspection and/or maintenance activity, replace control rod in original core
position or locate in new preplanned core position. Record all control rod movements in the
Operations Log.

(;tQn,(MUHQd .reJdoswn EnaL Ql iion rOt!mao
(If rcnmoved from raok.)

Regulating
Shim
Safety

Survey Instrument_ Calibration Date_

Regulating Rod Condition:
Shim Rod Condition:
Safety Rod Condition:

9. Repeat steps 7 and 8 for the remaining rods. Enter N/A above as necessary for control rods not
affected by this procedure.

10, Trest all drives for operability.

11, Withdraw safety rod to fully cocked position.

12. Replace. fuel from highest reactivity to lowest, and record fuel movement in Operations Log.
(Or in the case that control rods were located in a new core position, proceed to steps 13-14
and document all fuel movements to reestablish the core in a critical configuration by
performing Approach to Critical, Form CENTIER-005. Some control rod locations will
necessitate adding more fuel than was taken out, therefore an approach to critical is necessary
to insure that the reactor will be suberitical by > S.50 when all rods are inserted.)

13. Remove cadmium plug.

14. Insert safety rod.

15, Check out the reactor using TRIGA Prestart Checklist, Form UNEP-001.

16, Perform rod worth calibrations using Control Rod Calibration, Form UNEP.-003.
R-Qd W-Mth I~mAiLEW-rtW3
Safety $ $
Shim Safety $ $
Regulating

••Ia of pre, lous worth nuasuremente _
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Formn UNEP.002E3. i'*gc 3
RSC App-vul: 05M2302

Shutdown Margin
Excess Reactivity

____ (> s.5o)1(< $2.HoYs $
$

17. Date inspection/procedure started:

18. Date inspection/procedure completed:

19. Senior Operator signature:
(For Bicnnial Con-l Rod Inspection or Control Rod Movement. place thcsc sheets in the surveillance lop. For
Control Rod nsaintcn-nce. Mttach thsC shcCLs to the comp•eced mainElnance tog. Form UNEP-022.)

Ftrn aPnW.Ird by Rtei..r sauviy CoUmmittse:

'Required by Technical Spccifications 3.2( I)
*'Required by Technical Speciftkoaon.s 3.2(4)

Figure 9.2-10 Procedure for control rods inspection
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Furm UtNEI 4]1R2, PaTc .

RSC Approva: 09•O23)'09

Heavy Water Reflector Element Inspection Procedure

OBJECrIVE:

To assure the proper procedure is followed for the removal, inspection, venting, and
refilling of heavy water reflector elements in the reactor during the biennial DzO
inspections% and at other times as necessary.

I'ROCEDURE:

Log - Run #

1. Check out the reactor and withdraw the safety rod, but do not go to power. Maintain
an operator at the console at all times in which a positive reactivity insertion may

occur.

ý2. If not done previously (i.e., if this procedure is not being done as a part of the biennial
inspections), remove two fuel elements from the B-hexagonal ring (worth @ - S2.50,
see Kimura, p. 71) and place in storage during inspection. Record movement in
Operations Log and below.

Preplanned Fuel Movement Sequence

Elemcnt~tLQ. I.o[itior.dt"m; Ioitono

2-

3. Remove the heavy water (D20) reflecting elements from core and tank storage rack
locations. Survey each clement upon removal from the reactor tank and record the
maximum radiation level, measured at contact, in Operations Log.

4. For each element, unscrew the drain plug at the top of the element to vent into the
hood in Room 1205-F any gases that are generated. Check the level of D,0O within
each element. Add makeup D1,O if the level is less than two inches from the top of
the element to bring the level to 2 inches.

5. Observe the condition of the cladding and record the inspection for each element on
the appropriate inspection sheet in the fuel log. If upon inspection the D20
element shows damage or if the element was difficult to remove from the reactor
core, additional measurements will be taken and recorded on the appropriate biannual
heavy water inspection sheet located in the fuel log.
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Form UNEII.OIOR2.1P'ec 2

RSC Appruva': 0IM73'U9

6. Return each inspected element to its original position in the core or storage rack and
record in the Operations Log.

Personnel Surveys (after completion of procedure)

Survey lInirment: __ Serial Number: _ Calibration Datee:

Name. Bkgrd (cpm) Net counts (epm)

I.

2.

3.

7. Date inspection completed:

8. Senior Reactor Operator:

Form approved by Reactor Safety Coimnti-ce

Chairman: Dame:

Figure 9.2-11 Procedure for heavy water inspection
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Figure 9.2-12 Fuel inspection area
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Appendix 9.2.A

Typical Aluminum Angle Tab Connection
For Support of the Fuel Rod Storage Racks

Location:
University of Utah

Nuclear Engineering Dept.
TRIGA Reactor Tank

Date: May 04,2010
Under Direction of:
Prof. Tatijana Jevremovic
Evaluation Performed By:
Jason P. Rapich, SE (Graduate Student)
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Summary:

The purpose of this summary is to address safety concerns as to the structural
integrity of the support connection provided for the fuel storage racks 

Visual observation was performed on 05/03/20 10 concerning the supportive
connection of the aluminum angle tab connection provided for structural support
of the fuel storage racks. The tab connection appeared to be of the approximate
size and shape represented by the attached detail sheet. It was further observed
that the connection of the tab was provided by a fillet weld on at least three of the
four sides of the angle tab connection. The. thickness of the angle tab appeared to
be approximately ¼%inch. The effective throat thickness of the fillet weld
appeared to be approximately 3/16 inch or greater. Both angles and associated
welds appeared to be in good condition. No signs of damage or severe
deterioration could be visually observed of the existing condition.

The actual rack size appeared to be approximately   in
length. The thickness appeared to be ¼/ inch matching the thickness of the angle
tab. The connection of the rack to the angle plate was provided by an
approximate 3/16 inch thick fillet weld. The racks are provided with approximate
2 inch diameter holes approximately 4 inches on center for the length of the rack.
The total weight of material support by the rack suspended in water is less than 50
lbs. The section of material provided for this support condition under a simple
span scenario is sufficient for a load of 50 lbs or less.
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The size of the welds provided and determined per the visual observation are
within the guide lines given by AWS D1.2 for the thickness of welded material
provided for the tab connection and rack for aluminum material.

The geological location of the reactor structure is currently defined by the IBC
2006 as a site design category 'D'. This is defined as a location that has the
potential to experience large accelerations during a seismic event. As per the
original documentation for the design of the TRIGA vessel tank structure the
seismic location was determined to be a 'Zone III' per the UBC code governing
during the early 1970's. This connection appears to be provided in accordance to
applicable building and welding codes for the given time frame. Per the visual
observation provided, no items were noted that would cause the connection to be
insufficient per current IBC, and AWS construction codes.

Per the documentation of the construction of the TRIGA vessel the bottom of the
vessel is provided 16 ft below top of grade of the TRIGA laboratory floor
elevation. The TRIGA vessel is enclosed in a secondary steel vessel. There
exists 2 ft of sand infill between the walls of the two vessels. Due to the depth of
the embedment of the primary TRIGA vessel and the dampening effect of which
the sand will play on any ground motion interaction due to seismic force effects,
very little stress is anticipated for this connection within the TRIGA primary
vessel. It is anticipated that the seismic force exerted on the vessel will dissipate
though the opposing side of the vessel into the sand infill medium provided.

Due to the inherit dampening action of the vessels construction, it is reasonable to
expect that the angle tab welded connection and support of the storage rack will
perform well with out significant damage during a potential seismic effect.
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Project No. Page No.

Subject I.~.~A ..
Computed by Date 3 3 - ~ _ _ _ _ _ _ _

Checked by _ _ _ _ __Date _ _ _ _

Approved by ________ Date ShA'14o. of

1Y42V17T;TTVfF. TTT~l:J7TT7T 7iiýiv
JAf~ 'T Ti17 - .- 4-

- -- 7- 7- 1

--- T. it
41 t 7

4-f I I

4

J-~ 4 4

4 -4

4 ~ + .4

SCý J00R 9

2261 P a g e



UUTR CHAPTER9

Appendix 9.2.B

MCNP5 input for the Model 1

Rack
100
101
102
103
104

Model 1
1 -5.636
2 -1.70
2 -1.70
3 -7.92
0 -1 15

-2 11 -12
-2 12 -14
-2 13 -11
(2:-13:14)

-16 fill=l
105 like 104 but trcl (-0.

106
107
108
109
110
ill
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
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139
140
141
142
143
144
145
146
147
148
149
150
151
152
153

like
like
like
like
like
like
like
like
like
like
like
like
like
like
like
like
like
like
like
like
like
like
like
like
like
like
like
like
like
like
like
like
like
like
like
like
like
like
like
like
like
like
like
like
like
like
like
like
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104
104
104
104
104
104
104
104
104
104
104
104
104
104
104
104
104
104
104
104
104
104
104
104
104
104
104
104
104
104
104
104
104
104
104
104
104
104
104
104
104
104
104
104
104
104
104

but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but

trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl

(-0.
(-0.
(-1.
(-2.

(-3.
(-4.
(-6.
(-8.
(-9.
(-12
(-14
(-23
(-26
(-29
(-33
(-36
(-40
(-43
(-47
(-51
(-55
(-59
(-64
(-68
(-84
(-89
(-94
(-98
(-10
(-10
(-11

(-11
(-12
(-12
(-13
(-13

(-14
(-15
(-16
(-16
(-17
(-17
(-18
(-18
(-18
(-19
(-19
(-19

u=l imp:n=l
u=1 imp:n=l
u=l imp:n=l
u=l imp:n=l

imp:n=l
101409 4.86692
40546 9.7254
911625 14.567
61902 19.3833
52643 24.166
63227 28.9067
93463 33.5972
43123 38.2294
11949 42.7953
99647 47.2868
.0589 51.6963
.3033 56.0161
.5318 70.3218
.542 74.1475
.7089 77.8445
.0271 81.4063
.4908 84.8269
.094 88.1001
.8304 91.2205
.6935 94.1825
.6766 96.981
.7729 99.6112
.9752 102.068
.2762 104.349
.6684 106.448
.6483 112.318
.3548 113.561
.109 114.608
.9027 115.455
3.728 116.102
8.575 116.547
3.437 116.79
8.305 116.831
3.17 116.668
8.024 116.303
2.859 115.737
7.666 114.969
2.437 114.002
8.732 109.072
3.239 107.232
7.665 105.206
2.003 102.998
6.246 100.611
0.385 98.0489
4.414 95.3168
8.326 92.4193
2.114 89.3614
5.771 86.1483
9.291 82.7857

$Fuel Meat
$Up Graphite
$Down Graphite
$Cladding

0) imp:n=l
0) imp:n=l
0) imp:n=l
0) imp:n=l
0) imp:n=l
0) imp:n=l
0) imp:n=l
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0) imp:n=l
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0) imp:n=l
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0) imp:n~l

O) imp:n=l
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0) imp:n=l
0) imp:n=l
0) imp:n=l
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0) imp:n=l
0) imp:n=l
0) imp:n=l
0) imp:n=l
0) imp:n~l
0) imp:n=l
0) imp:n=l
0) imp:n=l
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104
104
104
104
104
104
104
104
104
104
104
104
104
104
104
104
104
104
104
104
104

but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but

trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl

(-202.667
(-205.895
(-215.941
(-218.433
(-220.749
(-222.884
(-224.835
(-226.599
(-228.173
(-229.553
(-230.737
(-231.724
(-232.511
(-233.097
(-233.482
(-233.232
(-232.706
(-231.978
(-231.05
(-229.924
(-228.602
(-227.086
(-225.378
(-223.482
(-221.401
(-219.138
(-216.698
(-214.085
(-203.64
(-200.307
(-196.829
(-193.212
(-189.462
(-185.586
(-181.592
(-177.484
(-173.271
(-168.961
(-164.56
(-160.076
(-155.517
-99 #10

5 #116 #11
8 #129 #13
1 #142 #14
4 #155 #15
7 #168 #16
0 #181 #18

79.2794 0)
75.6355 0)
61.8914 0)
57.7096 0)
53.4277 0)
49.0531 0)
44.5933 0)
40.0561 0)
35.4493 0)
30.781 0)
26.0593 0)
21.2924 0)
16.4885 0)
11.6559 0)
6.80317 0)
-10.2191 0)
-15.0585 0)
-19.8717 0)

-24.6505 0)
-29.3865 0)
-34.0715 0)
-38.6973 0)
-43.2559 0)
-47.7395 0)
-52.1402 0)
-56.4504 0)
-60.6626 0)
-64.7695 0)

-78.2133 0)
-81.761 0)
-85.1668 0)
-88.4248 0)
-91.5293 0)
-94.4749 0)
-97.2565 0)
-99.8693 0)
-102.309 0)
-104.571 0)

-106.651 0)
-108.546 0)
-110.253 0)

imp :n=1
imp: n= 1
imp:n=l
imp:n=l
imp:n=l
imp:n=l
imp:n=l
imp:n=l
imp:n=l
imp:n=1
imp:n=l
imp:n=l
imp:n=l
imp:n=l
imp:n=l
imp: n=l 1
imp: n=l 1
imp: n=l 1

imp:n=l
imp:n=l
imp: n= 1
imp:n=l
imp:n=l
imp:n=l
imp:n=l
imp:n=l
imp:n=l
imp:n=l

imp: n=l 1
imp:n=l
imp:n=l
imp:n=1
imp:n=1
imp:n=1
imp:n=1
imp:n=l
imp: n= 1
imp: n=l

imp:n=l
imp: n=1
imp: n=l 1

#108 #109
#121 #122
#134 #135
#147 #148
#160 #161
#173 #174
#186 #187

104 but trcl
104 but trcl
104 but trcl
104
104
104
1.0
#113
#126
#139
#152
#165
#178
#191

but trcl
but trcl
Dut trcl

-131 98
#114
#127
#140
#153
#166
#179
#192

#11!
#12:
#14:
#15
#16'
#18I

#105
#118
#131
#144
#157
#170
#183

#106
#119
#132
#145
#158
#171
#184

#107
#120
#133
#146
#159
#172
#185

#110
#123
#136
#149
#162
#175
#188

#111
#124
#137
#150
#163
#176
#189

#193 #194 imp:n=l
901 12 -1.60 -132 131 98 -99
902 0 132:-98:99 imp:n=0

imp: n=l

C Surface Cards
1
2
11
12
13
14
15
16
91
92

c/z
c/z

pz
pz
pz
pz
pz
pz
pz
pz

116.84
116.84

-19.05
19.05

-29.21
29.21

-30.39
30.39

-29.21
29.21

0
0

1.87
1.82

$SS Fuel Meat Bottom (7.5 inch * 2)
$SS Fuel Meat Top
$SS Fuel Graphite Bottom (4 inch)
$SS Fuel Graphite Top
$SS Cladding Bottom (1.18 cm)
$SS Cladding Top (1.18 cm)
$Cladding Bottom (11.5 inch * 2)
$Cladding Top
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98 pz -40.0
99 pz 120.0
C Reflector Surfaces
131 cz 121.92 $ Water reflector
132 cz 182.88 $ Sand wall

mode n
kcode 25000 0.4 100 500
ksrc 116.84 0 0

116.739 4.86692 0
116.435 9.7254 0
115.928 14.567 0
115.221 19.3833 0
114.314 24.166 0
113.208 28.9067 0
111.905 33.5972 0
110.409 38.2294 0
108.721 42.7953 0
106.844 47.2868 0
104.781 51.6963 0
102.537 56.0161 0
93.3082 70.3218 0
90.298 74.1475 0
87.1311 77.8445 0
83.8129 81.4063 0
80.3492 84.8269 0
76.746 88.1001 0
73.0096 91.2205 0
69.1465 94.1825 0
65.1634 96.981 0
61.0671 99.6112 0
56.8648 102.068 0
52.5638 104.349 0
48.1716 106.448 0
32.1917 112.318 0
27.4852 113.561 0
22.731 114.608 0
17.9373 115.455 0
13.1125 116.102 0
8.26493 116.547 0
3.40303 116.79 0
-1.46479 116.831 0
-6.33006 116.668 0
-11.1843 116.303 0
-16.0192 115.737 0
-20.8263 114.969 0
-25.5972 114.002 0
-41.8918 109.072 0
-46.3988 107.232 0
-50.8253 105.206 0
-55.1635 102.998 0
-59.4059 100.611 0
-63.5453 98.0489 0
-67.5743 95.3168 0
-71.4861 92.4193 0
-75.2737 89.3614 0
-78.9307 86.1483 0
-82.4507 82.7857 0
-85.8275 79.2794 0
-89.0554 75.6355 0
-99.1012 61.8914 0
-101.593 57.7096 0
-103.909 53.4277 0
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-106.044
-107.995
-109.759
-111.333
-112 .713
-113 .897

-114.884
-115.671
-116.257
-116.642
-116.392
-115.866
-115.138
-114.21
-113.084
-111.762
-110.246
-108.538
-106.642
-104.561
-102.298
-99.8581
-97.2445
-86.8002
-83.4669
-79 .9887

-76.3717
-72.6221
-68.7465
-64.7515
-60. 6441
-56.4315
-52.1209
-47.7198
-43 .2359
-38.6769

ml 1001 .66c
40000. 66c
92235. 66c
92238. 66c

mtl h/zr.60t
zr/h. 60t

m2 6000.66c
mt2 grph.60t
m3 6000.66c

14000.60c
24000.50c
25055. 66c
26000.50c
28000.50c

m4 1001.66c
8016. 66c

mt4 lwtr.60t
m11 7014.66c

8016. 66c
18000. 59c

m12 8016.66c
14000. 60c

49.0531 0
44.5933 0
40.0561 0
35.4493 0
30.781 0
26.0593 0
21.2924 0
16.4885 0
11.6559 0
6.80317 0
-10.2191 0
-15.0585 0
-19.'8717 0

-24.6505 0
-29.3865 0
-34.0715 0
-38.6973 0
-43.2559 0
-47.7395 0
-52.1402 0
-56.4504 0
-60.6626 0
-64.7695 0
-78.2133 0
-81.761 0
-85.1668 0
-88.4248 0
-91.5293 0
-94.4749 0
-97.2565 0
-99.8693 0
-102.309 0
-104.571 0
-106.651 0
-108.546 0
-110.253 0

-0.015896
-0.899104
-0.01683
-0.06817

1.0

-0.0004
-0.0046
-0.190
-0.009
-0.699
-0.097
2.0,
1.0

$ new SS meat, H/Zr =1.6, 0% burnup

$ graphite

$ ss cladding

$ H20

0.0000381259 $ Air
0.0000095012
0.0000001664
2.0 $ Sane
1.0

0.00115g/cm3

d: Si02 1.60g/cm3
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Appendix 9.2.C

MCNP5 input of Model 2

Rack
100
101
102
103
104
105
106
107
108
109
110
ill
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
900

Model 3
1 -5.636 -2 11 -12
2 -1.70 -2 12 -14
2 -1.70 -2 13 -11
3 -7.92 (2:-13:14)
0 -1 15 -16 fill=l

u=l imp:n=l $Fuel Meat
u=l imp:n=l $Up Graphite
u=l imp:n=l $Down Graphite
u=l imp:n=l $Cladding

imp: n=1
like 104
like 104
like 104
like 104
like 104
like 104
like 104
like 104
like 104
like 104
like 104
like 104
like 104
like 104
like 104
like 104
like 104
like 104
like 104
like 104
like 104
like 104
like 104
like 104
like 104
like 104
like 104
4 -1.0

but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but
but

trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl
trcl

(-1.9 -3.2909 0
(1.9 -3.2909 0)
(-3.8 -6.58179
(0. -6.58179 0)
(3.8 -6.58179 0
(-5.7 -9.87269
(-1.9 -9.87269
(1.9 -9.87269 0
(5.7 -9.87269 0
(-7.6 -13.1636
(-3.8 -13.1636
(0. -13.1636 0)
(3.8 -13.1636 0
(7.6 -13.1636 0
(-9.5 -16.4545
(-5.7 -16.4545
(-1.9 -16.4545
(1.9 -16.4545 0
(5.7 -16.4545 0
(9.5 -16.4545 0
(-11.4 -19.7454
(-7.6 -19.7454
(-3.8 -19.7454

0)

0)
0)

0)
0)

0)
0)
0)

0)
0)
0)

imp: n= 1
imp: n=1

imp: n=1
imp: n=1

imp: n= 1
imp: n=1
imp: n=1

imp: n= 1
imp: n=1
imp:n=l
imp:n=1

imp:n=1
imp:n=1
imp:n=1
imp: n=l 1
imp: n=l 1
imp: n=l

imp:n=l
imp:n=l
imp:n=l

imp:n=l
imp: n=l
imp: n=l

imp:n=l
imp:n=l
imp:n=l
imp:n=l

(0. -19.7454 0)
(3.8 -19.7454 0)
(7.6 -19.7454 0)
(11.4 -19.7454 0)

131 98 -99 #104 #105 #106 #107 #108 #109 #110 #111
#112 #113 #114
#125 #126 #127

902 0 131:-98:99

#115 #116 #117 #118 #119 #120 #121 #122 #123 #124
#128 #129 #130 #131 imp:n=l
imp:n=0

C
1
2

Surface
c/z
c/z

Cards
0 9.71681 1.87
0 9.71681 1.82

11 pz
12 pz
13 pz
14 pz
15 pz
16 pz
98 pz
99 pz
C Reflector
131 cz

-19.05
19.05
-29.21
29.21

-30.39
30.39

-60.0
60.0
Surfaces
60.0

$SS
$SS
$SS
$SS
$SS
$SS

Fuel Meat Bottom (7.5 inch * 2)
Fuel Meat Top
Fuel Graphite Bottom (4 inch)
Fuel Graphite Top
Cladding Bottom (1.18 cm)
Cladding Top (1.18 cm)

$ Water reflector

mode n
kcode 50000 0.8 100 500
ksrc 0 9.87269 0

-1.9 6.58179 0
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1.9 6.58179 0
-3.8 3.2909 0
0. 3.2909 0
3.8 3.2909 0
-5.7 0. 0
-1.9 0. 0
1.9 0. 0
5.7 0. 0
-7.6 -3.2909 0
-3.8 -3.2909 0
0. -3.2909 0
3.8 -3.2909 0
7.6 -3.2909 0
-9.5 -6.58179 0
-5.7 -6.58179 0
-1.9 -6.58179 0
1.9 -6.58179 0
5.7 -6.58179 0
9.5 -6.58179 0
-11.4 -9.87269 0
-7.6 -9.87269 0
-3.8 -9.87269 0
0. -9.87269 0
3.8 -9.87269 0
7.6 -9.87269 0
11.4 -9.87269 0

ml 1001.66c
40000.66c
92235.66c
92238.66c

mtl h/zr.60t
zr/h.60t

m2 6000.66c
mt2 grph.60t
m3 6000.66c

14000.60c
24000.50c
25055.66c
26000.50c
28000.50c

m4 1001.66c
8016. 66c

mt4 lwtr.60t
mll 7014.66c

8016. 66c
18000.59c

m12 8016.66c
14000.60c

-0.015896
-0.899104
-0.01683
-0.06817

1.0

-0.0004
-0.0046
-0.190
-0.009
-0.699
-0.097

2.0
1.0

0.000038125
0.000009501
0.000000166
2.0
1.0

$ new SS meat, H/Zr =1.6

$ graphite

$ ss cladding

$ H20

9 $ Air 0.00115g/cm3
12

'4

$ Sand: Si02 1.60g/cm3

1 0% burnup
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9.3 Fire Protection Systems and Programs

The purpose of the fire protection system is to provide detection and notification
capability which will mitigate loss of property and life in the event of a fire. The UNEF
(Utah Nuclear Engineering Facilities) does not contain any potential source of fire in the
reactor room or the control room. However, there are several fire detection and
suppression systems installed in accordance with National Fire Protection Code in the
UUTR facility. There is a fire extinguisher and a fire hose in the reactor room and radio-
chemistry laboratory. The fire extinguishers and detection system are regularly
inspected by University operations.

In the case of detection of smoke/fire visual and audible alarms will go off and a
signal will be sent to the Salt Lake City Fire Department 

 These detection and protection systems are maintained by the University
Plant operations.

The fire protection plan is followed by the reactor personnel prior to the arrival
of the Fire Department Personnel arrive (obtained from the UNEP Emergency/Security
Plans and Procedures)

In case of fire in the facility rooms:

Immediately scram the reactor and/or suspend other laboratory

operations. Secure the reactor and remove the key.
Use the lab fire extinguisher as soon as possible. Evacuate all non-
essential personnel immediately.
Start the emergency call list in action by calling the campus dispatcher (5-
2677).
If the fire is deemed out of immediate local control, sound the building
fire alarm box outside the door or call 9-911.

In case of fire in the Reactor Room Area:

Start the emergency call list in action by calling the campus dispatcher (5-
2677). Ask the dispatcher to call Salt Lake City Fire Department and
request the use of foam.
Drop the sources, if possible.
Use the existing fire extinguisher as soon as possible. Evacuate all non-
essential personnel immediately.
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O Provide radiation surveys for the firemen when they arrive. Instruct the
firemen to flood the facility with foam, dry chemicals, or water until the
fire is extinguished.
If the fire is caused by an electrical power malfunction, terminate all
electrical power to the irradiator room as soon as possible.

) 
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9.4 Communications

Communications within the laboratory are provided by the University telephone
system. There are four separate lines that enable the control room to telephone the
office of the Reactor Supervisor and the offices of the Senior Reactor Operators. The
telephone sets are also equipped with an intercom function.

9.5 Possession and Use of Byproduct, Source and

Special Nuclear Material (SNM)

The UUTR staff has materials used to maintain and operate the TRIGA reactor in
compliance with the facilities operating license No. R-126 pursuant to 10 CFR parts 30,
50 and 70. This facility is licensed to receive, possess, and use up to 4.9 kilograms of U-
235 and a 5 Curie sealed Pu-Be source (A request has been made to increase the U-235
holdings to 7.2 kg). Additionally, the facility is licensed to receive and possess, but not
separate, such byproduct and special nuclear material as may be produced by operation
of the reactor.

Samples and sources are stored in shielding materials that reduce the activity
levels at the surface of the container. Storage containers range from small lead "pigs" to
large brick vaults. These containers may be located in the reactor room, the
radiochemistry labs, or radiation measurement lab. Radioactive samples and sources are
clearly labeled and secured. Access to rooms containing radioactive sources is restricted
to trained personnel and those accompanied by trained personnel. Access to the reactor
room and control room is restricted to licensed operators and those accompanied by
licensed operators.

Samples, experimental devices, reactor components, or by products of normal
reactor operations can only be released to holders of a radioactive materials license.
Irradiated samples must undergo a materials release survey. The container type, dose
rates, license identification, and other appropriate information must be noted on form
CENTER-027.

The UUTR facilities include four compensating fume hoods that operate with a
minimum air velocity of 100 cfm per fume hood. Each fume hood can be retrofitted
with the appropriate shielding as required. Additionally, each lab is equipped with
separate waste collectors for radioactive and hazardous waste. Administrative controls
prohibit processing or mixing of waste that creates "mixed waste". Hazardous chemicals
are characterized and disposed of through the University of Utah's Environmental
Health and Safety Department. Radioactive waste is characterized and disposed of
through the University of Utah's Radiological Health Department.
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9.6 Cover Gas Control in Closed Primary Coolant
Systems

The UUTR is an open pool type reactor with the primary coolant loop open to the
atmosphere. As a result, no cover gas control system is necessary for this reactor.

9.7 Other Auxiliary Systems

The UUTR facility two auxiliary systems that do not fall into standard format
categories: The facility lighting and the access control.

9.7.1 Lighting Systems

Fluorescent lighting is used in all of the rooms associated with reactor
operations. University maintenance personnel service this lighting. High intensity lights
are located at the top of the reactor to illuminate the core for visual inspections and
various other operations including movement of experiments, movement of the source,
and maintenance of the core and its associated fixtures. There are three, battery-
powered, emergency lighting units located in the reactor facility to provide lighting in
the event of power failure. University maintenance personnel also service the
emergency lighting. (The maintenance personnel must be accompanied for such
activities at UNEF).

9.7.2 Access Control

The reactor room is equipped with security system in accordance with the
requirements of the UNEF security plan. Access to the UNEF labs and facilities is
controlled by the Reactor Supervisor and UNEP Director. Access to the reactor room and
control room is restricted to licensed operators and those accompanied by licensed
operators. Persons entering the reactor room are required to wear personal dosimeters
or be accompanied by an individual wearing dosimeter. Emergency exit may be made
through the radiochemistry laboratory or through the control room.
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10. EXPERIMENTAL
FACITIES AND
UTILIZATION
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10.1 Summary Description

Utilizations and experimental features. The UUTR provides research,
educational and training services to support the scientific curriculum at The University
of Utah Nuclear Engineering Program (UNEP), and the education of the community
about nuclear engineering and science, and radiation and health physics. Principal
experimental features of the UUTR facility include:

* central irradiator
" three beam ports
" pneumatic tube irradiator
" fast neutron irradiator and
" thermal irradiator
To date, no beam tube irradiations have been performed at UUTR. Monitoring

of experimental activities is preformed from the reactor console location using reactor
control instrumentation, visual observation, voice, intercom, and remote camera.

Design requirements for the experiment and the review and approval process.
All experiments that are performed at the UUTR fall into one of the following three
categories: routine, modified routine, and new. All experiments began as new
experiments. New experiments must be reviewed and approved by the Reactor Safety
Committee priorto implementation. Modified routine experiments are similar in nature
to experiments that are routinely performed. They require the review of a Senior
Reactor Operator (SRO) prior to implementation. Routine experiments are those
experiments that have been approved and documented and are performed on a regular
basis. A list of currently approved experiments is maintained at the facility, and includes
evolutions such as normal reactor operation and routine use of experimental facilities.
Any evolution not included on the current list of approved experiments must be
reviewed and approved in accordance with Section 10.3 prior to performance. These
practices do not depend upon the UUTR core power.

Limiting experimental characteristics. Regular experiments include the neutron
activation analysis and irradiation of various material samples. In a typical year, NAA is
performed on the order of 100 samples and irradiation of materials in the order of 300
samples. The NAA samples are counted on Ge(Li) detectors so the activity level is very
low in terms of radiation exposure to individuals. On average, 95% of all experiments
involve the samples irradiation in the fast neutron irradiator and thermal irradiator. The
experiment limit for reactivity insertion is $0.30/sec. Any explosive or hazardous
material will be prohibited to irradiate unless the mass is less than 25 milligrams.

Additionally, at the UUTR, UNEP regularly provides a year-long training for the
NRC issued SRO licenses. On average to date, UNEP trains four to seven students a year.
For that purpose, the UUTR is run every week for 3 to 5 hours, for 12 months each year.
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10.2 Experimental Facilities

The UUTR facility has been in operation from 1975, which is for over 35 years
at the time of this documentation, during which time no significant problem or
excessive personnel exposure has occurred associated with the operation and use of
the reactor and the associated experimental programs.

The Radiation Monitoring Systems and the Radiation Safety Program as well
as the procedures described in this SAR have proven to be quite adequate to insure
the safe usage of the UUTR facility. According to the University of Utah RHD
Dosimetry report, the highest exposure that has been recorded by any user or reactor
operational personnel over the past 10 years has been 7 mR/year. The radiation
monitoring program includes using film badges to measure the maximum possible
exposure for gamma and neutron radiation in a variety of locations around the
facility. Several points in the UUTR facility were surveyed for last 30 years. The
hottest spot is found to be on the control rods bridge on the top of the reactor pool
with gamma exposure of 4 VtR/hour and minimal exposure to neutron radiation of ~
1mR/month without reactor operation. With reactor operation at 90 kW, the gamma
exposure increased up to ~20 pR/hour. This measurement was performed using
Ludlum Model 19 gamma detector during every reactor operation. Recent
measurement was performed on February 19, 2010. The UUTR's annual operation
hour changes every year, but for last 10 years, the longest continuous operation was
52 hours. This operation included power of the UUTR of I kW, 10 kW through 90 kW.
The gamma dose near the control rods bridge area is approximately 0.02 mR/hr at 90
kW; it is generally 0.004 to 0.006 mR/hr after the reactor shutdown. Typical
operation time for the UUTR is 52 hours per year. Under the assumption that the
reactor power is 90 kW during these 52 hours, the maximum annual possible gamma
exposure to any individual is -54 mR under the assumption that this individual
spends 24 hours a day 365 days a year on the bridge.

10.2.1 In-Core Irradiators

The UUTR has been designed with multiple in-core irradiation facilities to
facilitate a broad range of potential experimental activities. These facilities consist of a
central cavity, the pneumatic transfer tube, and individual fuel element locations.
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10.2.1.1 Central Irradiation Facility (CIF)

The central irradiation facility (CIF) is located in the central fuel pin position, Fig.
10.2-1. A special tube has been constructed to accommodate samples and can be
placed in the central fuel pin position (the A fuel ring) by means of a cable. The
dimensions of this assembly are the same as a fuel pin. Because this facility is an in-core
irradiator located in the center of the core, there are special restrictions on the
reactivity of samples placed in this irradiator. Additionally, a cutout is available where
both the A and B rings are removed to accommodate a larger irradiator, capable of
holding multiple samples. This irradiator has two special features associated with it.
One of these is a sealed interior that holds heavy water. The other is a motor that
rotates the sample holder to spatially average the neutron fluence in the assembly. This
cutout facility is currently not in the UUTR core and will require an appropriate analysis,
experimental review and approval by the reactor safety committee prior to
implementation.

10.2.1.2 Pneumatic Transfer System (PTS)

A pneumatic transfer system (PTS) is available for use at the UUTR facility. The
PTS is installed within a 1.5 inch 0. D. tube and is driven by the force of dry, compressed
helium. As shown in Fig. 10.2-2 the PTS has a slight curve in its tube in order to prevent
direct streaming of neutrons from the core to the surface of the pool. The UUTR PTS is
designed to quickly transfer individual specimens into and out of the reactor core. The
specimens are placed in a small polyethylene holder, "rabbit," which in turn is placed
into the receiver. The "rabbit" is an enclosed polyethylene holder (Fig. 10.2-3). It travels
through aluminum and PVC tubing to the terminus at reactor core centerline, and
returns along the same path to the receiver. Directional gas flow moves the "rabbit"
between receiver and terminus. A compressed gas system supplies helium to the
system, and a set solenoid valve directs flow. Controls to operate the compressed gas
and solenoid valve are on the console. The key system elements and their functions are
described below. Experiments are inserted into the rabbit and contained by a screw cap
on one end. Available space inside the rabbit is approximately 0.625 inches in diameter
and 4.5 inches in length.

The receiver positions the "rabbit" for transfer to the terminus and receives the
rabbit after irradiation. Two transfer lines connect the receiver to the terminus: one
allows the rabbit to travel between the receiver and terminus, the other controls gas
flow direction. The receiver is located in the counting laboratory. The exhaust is
released into the ventilation stack and prevents uncontrolled release of airborne
radioactivity. The exhaust fans maintain the negative pressure with respect to the
surrounding room. The PTS exhaust passes through a pre-filter, a HEPA filter, before
continuing up the stack. The stack monitor and the CAM sample the exhaust air in the
ventilation system including the exhaust released from the PTS.
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The terminus consists of two concentric tubes, which extend into the reactor
core. The inner tube is perforated with holes (which are smaller than the sample
container diameter). The bottom of the inner tube contains a stainless steel spring
shock absorber to lessen the impact of the rabbit when it reaches this end of the
transfer line, which is approximately at the mid-plane of the core. When air flows to the
terminus, the capsule rests in the bottom of the inner tube: when air flows to the
receiver, the capsule moves out of the inner tube by air flowing through the tube's
holes. The outer tube supports the inner tube and provides a path for the air to flow
through. The outer tube bottom support is shaped like the bottom of a fuel element and
can fit into any fuel location in the core lattice. Both tubes that extend to the top of the
reactor tank are offset to reduce radiation streaming. A weight has been installed to
counteract the buoyancy of the air-filled tubes and keep the terminus firmly positioned
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in the core. A set of solenoid valves direct flow through the transfer-line-loop sending
the rabbit either to the terminus or to the receiver depending on valve position.

10.2.1.3 Vacant Fuel Positions

Reactor grid positions that are vacant of fuel elements may be utilized for the
irradiation of materials (Fig. 10.2-4). These in-core irradiation facilities or the positioning
of a single experiment in a fuel element vacancy grid position shall meet the
requirements of the Technical Specifications for design, safety evaluation, restrictions
and approvals.
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Figure 10.2-3 "Rabbit" holder

10.2.2 In-Reflector Irradiators

The UUTR has been designed with multiple in-reflector irradiation facilities to
facilitate a broad range of potential experimental activities. These facilities consist of a
dry tube thermal irradiator and a fast irradiator.

10.2.2.1 Dry Tube Thermal Irradiator

A dry tube thermal irradiator is available for use in the trapezoidal shaped D20

tank attached to the side of the core, Fig. 10.2-5. The samples are placed into
polyethylene vials attached to a line and dropped into the irradiator through a curved
PVC tube that extends to the top of the reactor pool.
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10.2.2.2 Fast Neutron Irradiation Facility (FNIF)

The fast neutron irradiator is designed to provide sample exposure to neutrons
with minimal moderation, Fig. 10.2-6. The entire device has two pieces: a stand and a
sample holder. All structures were fabricated from AI-5052, which is a material
compatible with the TRIGA reactor system. The irradiator consists of two pieces, the
outer box and the inner box. The outer box is loaded with lead bricks and sealed by
bolting the inner box to the outer box with aluminum bolts. Graphite gasket material
("Grafoil") was used on the contact surfaces. Grafoil is radiation resistant and has been
proven in high radiation applications at other reactor facilities. The irradiator is loaded
with standard lead shielding bricks on one side. This side is placed next to the core face
for additional gamma shielding. Also, thermal neutron absorbers may be placed in any
position to decrease sample exposure to thermal neutrons. The irradiator is about 500
pounds sub-buoyant.
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The sample holder contains one lead brick above the test volume and one lead
brick below the test volume. The amount of shielding may be adjusted as necessary.
The sample holder was sealed with neoprene gasket material. It is about 35 pounds
sub-buoyant when loaded with the two lead bricks inside. The device stand rests on the
floor of the reactor tank, and the irradiator is located on the device stand. The
assembled device aligns with the reactor core the western most hexagonal face. All
aluminum surfaces were anodized to prevent corrosion. The stand and the irradiator
will remain in the pool during their useful lifetime and may be moved to change the
irradiation position or may be temporarily removed from the pool for maintenance of
the radiation conditioning materials. Only the sample holder is moved on a regular basis
to access samples.

The irradiator is located on the outside of the grid structure. The irradiator
affects the flux by changing the moderation and reflectivity in the region where the
irradiator replaces light water with air, lead, and aluminum. As installed the irradiator
reduces core reactivity by no more than -$0.10. The device is considered to be a secured
experiment. The sample holder is also considered to be secured and is estimated to
change the reactivity by no more than -$0.05 when placed in position. These reactivities
cannot result in a prompt critical condition if the devices are accidentally separated
from the core or flooded by water. The irradiator, located outside the grid structure,
does not interfere with fuel cooling channels; therefore, it does not affect fuel and
cladding temperatures or fuel internal pressure. Use of the fast neutron irradiator does
not increase the probability of personnel exposure because it introduces no additional
mechanisms for exposure, nor does it increase the probability of radioactive material
release because it introduces no additional mechanisms for release. Use of the fast
neutron irradiator does not increase the probability of pool water leakage because it
does not introduce any new mechanisms for failure of the tank. Because of the low
reactivity worth of the sample holder, the holder may be conservatively removed while
the reactor is either critical or shutdown. However, the sample holder shall be inserted
and removed from the irradiator only while the reactor is shutdown in order to carefully
control neutron exposure.

Samples to be irradiated in the sample holder will be in compliance with UUTR
TS 3.8.1 and will have less than $1.0 of reactivity. The hazards associated with the fast
neutron irradiator device have been reviewed by the UUTR staff and it was concluded
that the installation of the fast neutron irradiator did not constitute a change in the
Technical Specifications and has no unreviewed safety issues.

10.2.3 External Irradiators

The UUTR facility has only one experimental facility for irradiation that is
external to the tank and biological shielding supplied by the tank water, the three beam
ports. The UNEP has no immediate plans to open any of these three beam ports. Future
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use still require analysis, documentation, review and approval of utilization of the beam
ports by the Reactor Safety Committee.

The reactor system contains three diagonally directed beam ports that extend
from the reactor core to the reactor floor. The upper beam port is adequately shielded
with sand and capped at the reactor floor level with a 1/8 inch thick steel cap for
security. When the beam port is employed, the sand will be removed and a sealed
aluminum beam tube (carefully weighted so as to have a net density greater than water)
will be installed between the inner tank wall and the reactor core shroud along the
common axis of the upper beam port. There are three aluminum beam tubes (one for
each port) currently in storage. Each beam tube is composed of two sections aligned
along a common axis. The top tube section is a I ft diameter tube that will be inserted
in the port between the reactor floor and the wall of the aluminum reactor tank. If
installed, this tube would not penetrate the aluminum tank because it is sealed at the
end where it makes contact with the tank. During beam port use, both the lower and
upper beam tube sections can be sealed against air flow to ensure that no radiation
hazards arising from Argon-41 or nitrogen-16 buildup will be present. Furthermore,
penetration of the reactor tank is not necessary to install and utilize the beam tubes.
Only inner tubes have contact with the reactor tank, and thus there is no increased risk
of inner tank water leakage. Figure 10.2-7 shows one of the three UUTR's beam ports.
When the beam port is employed, appropriate shielding at the reactor floor level will be
constructed with dense concrete blocks and other available shielding materials.

10.3 Experiment Review

Prior to conducting any new irradiation experiment, a technical and safety
review of the proposed experiment must be performed. The following procedures apply
to the review and approval of all experiments utilizing any of the UUTR irradiation
facilities. These procedures outline the prerequisites to experimental approval, the
review and approval of new, modified routine and routine experiments. Additionally,
the procedures that outline documentation, and personnel training requirements are
presented as follows.

10.3.1 Prerequisites to Experiment Approval

No new experiment shall be implemented until the following criteria are met:
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1. A hazards analysis of the proposed experiment has been performed and the
results have been reviewed for compliance with the limitations on
experiments (UUTR TS 3.8.2) by the Reactor Safety Committee (RSC)

Figure 10.2-7 One of three beam ports; UUTR has three beam ports that are never used

2. An experiment review has been completed by the operating staff and has
received RS approval. Minor modifications to a reviewed and approved
experiment may be made at the discretion of the SRO. If the SRO determines
that the changes do not constitute a significantly new or different safety risk
greater than the approved original experiment, then the modified
experiment may be conducted without further approval. The SRO must
document all such decisions (UUTR TS 6.5).

3. The reactivity worth of a proposed experiment has been calculated and does
not exceed one specified by UUTR TS 3.8.1. If the reactivity worth of an
experiment has been measured in a similar core position at equal neutron
flux, then an estimate of the reactivity worth is acceptable.
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4. The quantity of known explosives is less than 25 milligrams (UUTR TS 3.8.2)
and the pressure produced in the experiment container upon accidental
detonation of the explosive has been experimentally determined to be less
than the design pressure of the container.

10.3.2 Review and Approval of New, Modified Routine, and
Routine Experiments

The approval procedure applied to an experiment or class of experiments shall
depend on whether a proposed experiment is evaluated as a new, modified routine, or
routine experiment.

The review and approval of all experiments must be initiated by the
experimenter who shall complete and submit the Form UNEP-027 (Fig. 10.3-1),
Irradiation Request and Performance, to the RS. The RS shall verify the completeness of
the requested information and pass the form to Operating Staff for evaluation. The
Operating Staff shall evaluate the form and shall determine if the experiment requires
initial RSC approval in the form of an approved Experiment Authorization or if the
experiment can be reviewed and approved by UNEF Staff under an existing
experimental authorization.

10.3.2.1 New Experiment

A new experiment is any proposed activity utilizing the UUTR that does not
directly conform to an existing Experiment Authorization and therefore requires RSC
approval. This approval is initiated by the submittal of a completed Experiment
Authorization UUTR staff. The Experiment Authorization will then be evaluated by UNEF
staff. The US NRC requires that new experiments that entail unreviewed safety
questions must be approved by their organization as well. The UNEF staff shall then
review the request at a staff meeting. Final approval comes from the RSC after
reviewing the Experiment Authorization, TRIGA reactor EA form, and the minutes of the
UNEF staff meeting. If approved, then the approved new experiment shall be passed to
the RS and operating staff for scheduling. The experimenter must then submit a Form
UNEP-027 and the new experiment shall receive final approval by the signature of the
RO on this form.
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TRIGA Reactor Irradiation Request and Performance
Reactor Operator: Authorization Number:
Experiment Performed For:
Irradiation Date: Request No. Reactor Run No.
Sample Encapsulation: Primary: Secondary:
Survey Instrument: Serial Number: Calibration Date:
Experiment Number:

Number of Samples:

Composition/Mass:

Principal Isotope(s):

Power Level (kW):

Irradiation Facility:

Time In Irradiator:

Time Out Irradiator:

Date and Time Removed
From Reactor Tank:

Exposure Rate @ 1 ft. (mrem/hr):
All

irradiated samples will be retained in UNEP until transferred to the Radiological Health Department (RHD) for
disposal, transferred to another licensed user, or surveyed and determined to be exempt-quantity material (refer to 10
CFR 30.71, Schedule B for specific limits).

Reactor Operator: Date:
Post-Irradiation Contamination Survey -- Portable Instrument: To be performed whenever
irradiated samples are removed from any irradiation facility to identify and prevent the spread of radioactive
contamination. (Refer to RPR 10 for contamination limits and action levels.)

Nuclides Used: Critical Nuclide: ALI: mCi
Removable Contamination Limit (RCL): _ dpm per 100 cm2
SURVEY INSTRUMENT RESPONSE TO CRITICAL NUCLIDE Critical Nuclide Expected Net Response
Efficiency to 1 RCL (cpm) [1]* [2]
Survey Instrument(s) Used: Calib. Bkgd. Rate Make, Model, Serial No.Date (cpm) Point Source Direct

100 cm2 300 cm2
1.
2.
3. * [1]: RCL x Point
Source Efficiency, [2]: 3 x RCL x Point Source Efficiency
Form UNEP-027R5, Page 1 RSC Approval: 09/23/09
Wipe of
Wipe of

Survey
Inst.
[A]* Object, Location or Name
[B] [C] Area Net Rate
[D] Multiple
Surveyed
CONTAMINATION SURVEY RESULTS
If any contamination is found on personnel, immediately remove the contamination by gentle washing with soap
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and warm water using the lavatory located in the front Radiochemistry Laboratory (1205-F). Resurvey the
contaminated area and repeat washing until the removable contamination is eliminated. If repeated washings are
not effective in completely removing the contamination, call the Radiological Health Department (1-6141) for
assistance.
Date Used of Person in Room (cm2) (cpm) of RCL By

*[A]: [B]: [C]: [D]:

YES YES
/ NO/NO
Repeated entries for persons or locations that are surveyed regularly may be identified by initials or by a code letter
following a clearly identified entry on the same sheet.
Enter "D" for a direct measurement, "100" for a 100 cm2 wipe or "300" for a 300 cm2 wipe. Net count rate of meter
with probe near the contaminated surface or the wipe filter. If the count rate in [C] is greater than the expected response
to I RCL, as listed above, enter the multiple of the RCL
Material not transferred: Materials will be stored and disposed according to RPR 54. On-Campus transfer
(Includes Research Park)
Material Release Survey Experiment Number(s):

Principal Isotope Half-life Activity/Date License Limit Releasable(yes/no) Release Date

Type of Container: Max.
Exposure Rate @ Surface: mrem/hr (< 0.5 mrem/hr for Limited Quantity release) Exposure
Survey Instrument: Serial Number: Calibration Date: Contamination
Survey Instrument: Serial Number: Calibration Date:
Count Rates: Gross: cpm Background: _ cpmNet: cpm*
Ext. container swipe (< 0.3 nCi [660dpm] alpha & < 3nCi [6600 dpm] beta-gamma per 300 cm2): __ yes/no
Comments:
Released to: License No.: Exp. Date:
Released by: Date: Time:
* MDA calculations (refer to K.J. Schiager memorandum dated 11/30/90): MDA (C-14) =

(0.2 nCi) (2220 dpm/nCi) (0.05 count/disintegration)(80%) = 20 cpm net MDA (P-32) = (0.05 nCi) (2220

dpm/nCi) (0.25 count/disintegration)(80%) = 20 cpm net MDA (K) (0.1 nCi) (2220 dpm/nCi) (0.10
count/disintegration)(80%) = 18 cpm net

YES / NO Off-Campus transfer: Materials will be shipped according to RPR 14.
Form approved by Reactor Safety Committee: Chairman:

Date:
Form UNEP-027R5, Page 2 RSC Approval: 09/23/09

Figure 10.3-1 UNEPform-027 TRIGA Reactor Irradiation Request and Performance

10.3.2.2 Modified Routine Experiment

A modified routine experiment is one where planned or desired changes to the

experiment could result in an increase of a safety hazard previously identified for the

routine experiment. But the modified experiment remains within the parameters of an
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existing Experiment Authorization since the experiment presents no new and
unreviewed safety hazards. These modifications can be approved by an SRO.

10.3.2.3 Routine Experiment

A routine experiment is one that has an existing approval from the RSC and has
an existing Experiment Authorization and TRIGA Reactor experiment authorization form.
To perform a routine experiment, the approval signature of a RO on Form UNEP-027 is
required.

10.3.3 Documentation

This section describes the forms that are required for the documentation of
experiment review and approval.

10.3.3.1 Experiment Authorization

An Experiment Authorization must be submitted for any new experiment. The
authorization shall include a description of the experimental devices and general
procedures that will be used to conduct the proposed experiment. It must also include
an analysis of safety hazards. The authorization shall be submitted to UNEF staff for
screening before it is submitted to the RSC for approval. This is a standard form for staff
and RSC review of an experiment. The RS must sign this form. For new and modified
experiments, additional authorization signatures are required from the RA and the RSO
or their designees. This form is used as a training tool and a checklist to insure the
experiment integrates with Technical Specifications, Experimental Authorization, and
UNEF Procedures as well as other applicable documents. Completion of this form with
all appropriate signatures shall give approval to UNEF operations to perform the
proposed experiment.

10.3.3.2 Irradiation and Performance Request Form: UNEP form-027

The submittal UNEP form -027 is required in order to request irradiation or
services of an approved experiment. The purpose of this form is to describe the
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isotopes to be produced, the activity expected, and information regarding the handling
of radioactive materials. This form must be signed and approved by an RO.

The sample, its encapsulation, the procedures for handling it, and the method of
positioning it in the reactor must satisfy the following criteria in order to be approved
for irradiation. This criterion is established to provide the individuals reviewing Form
UNEP-027 an adequate technical basis for making their decision.

1. Encapsulation must ensure sample containment in order to prevent
contamination of the reactor pool, handling areas, and any laboratories involved.

2. The induced sample activity can be safely handled using available equipment.
3. If a dimensional change of the sample is expected, adequate expansion space

must be left in the irradiation capsule.
4. The expected reactivity change due to insertion and removal must be within

acceptable limits.
5. Significant reactivity variations due to sample movement (sway, bobbing, or

rotation) must be prevented.
6. Expected activity calculation must be figured as either the total activity of all

samples or a per batch amount from which the total activity can be calculated.
The activity should be categorized according to the major contributing isotopes.

7. Review and approval documentation for the experiment must be on file in the
control room.
Activity level should be calculated at the end of irradiation (i.e., decay time

equals zero).

10.4 Personnel Training Requirements

The training and requalification of UNEF and UNEP students and staff for
conducting an experiment is documented in the RO Requalification Program. Non-
operator personnel who are involved with an experiment while it is being conducted
must be briefed prior to an experiment and closely supervised at all times by a qualified
licensed reactor operator.
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11. RADIATION
PROTECTION AND
WASTE MANAGEMENT
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This chapter deals with the UUTR radiation protection program and the
corresponding program for management of radioactive waste. Specifically addressed
are the radiation sources that will be present during normal operation and the expected
radiation exposures due to normal operation. This Chapter also describes the facility
radiation protection programs used to monitor and control these sources and
exposures.

11.1 Radiation Protection

In order to ensure safety and productivity, the use of radiation-producing

machines and radioactive materials must be conducted in strict accordance with
established federal and state safety standards in order to minimize unnecessary
radiation exposure to the users and to members of the general public. The objective of
the UUTR Radiation Protection Program is to keep radiation exposures at the RC and to
the general public "as low as reasonably achievable", ALARA.

11.1.1 Radiation Sources

The radiation sources present at the UUTR can be categorized as air-borne,
liquid, or solid sources. Each of these categories is discussed in the following sections.

The airborne sources at the UUTR consist mainly of Argon-41 (Argon-41, half-
life:1.83 hrs), due largely to neutron activation of air (contains about 1% argon)
dissolved in the reactor's primary coolant, and Nitrogen-16 (N-16, half-life:7.13 sec), due
to neutron interactions with oxygen (0-16) in the primary coolant. Liquid sources are
quite limited at the UUTR and include some activation samples, and liquid scintillation
samples. No routine liquid effluent or liquid waste is anticipated to be generated at
1OOkW. Solid sources are more diverse, as they are associated with most TRIGA reactor
operations. Solid sources are more diverse, as they are associated with most TRIGA
reactor operations. In addition, other solid sources are the neutron startup source, small
fission chambers for use with nuclear instrumentation, items irradiated as part of
normal reactor use, and small instrument check and calibration sources. Solid waste is
yet another solid source, but is expected to be very limited in volume and curie content
as past history at the UUTR has demonstrated. Solid waste is expected to result almost
exclusively from activation.
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11.1.1.1 Airborne Radiation Sources

11.1.1.1.1 Radiological Standards

Appendix B of 10CFRPart 20 lists the allowable Derived Air Concentration (DAC)

for Argon-41 as 3x10-6 
ý,Ci/cm

3 . For 2,000 hours exposure this will produce the 50 mSv
(5 rem) maximum permissible annual exposure. Appendix B of 10 CFR Part 20 lists the

allowable Effluent Concentration (EC) for argon-41 as 10-8 ýiCi/cm
3 . For 8,760 hours

exposure this will produce the 0.5 mSv (0.05 rem) annual exposure for a member of the

public.
Maximum concentrations of waste gases allowed to be released into

unrestricted and restricted areas as stipulated in 10CFR20 are defined as follows:

* Argon-41: 1 x 10-8 (jiCi/ml) Unrestricted

* Argon-41: 3 x 10-6 (iCi/ml) Restricted
* Nitrogen-16: *

* Nitrogen-16: *

*denotes no 1OCFR20 limits established; hemispherical immersion model used.

11.1.1.1.2 System Parameters

Calculations for Argon-41 and Nitrogen-16 releases during normal operations are

based on the UUTR system parameters shown in Table 11.1-1.

11.1.1.1.3 Reactor Core Parameters

UUTR core parameters are determined based on measurements and the MCNP5

based core models. The actual core geometry was used to calculate radiation shielding.
The UUTR 1OOkW core consists of 78 fuel elements and 12 graphite elements, and 12

heavy water elements. The UUTR core has aluminum and stainless steel cladding fuel

elements. The fuel has 8.5 w% of uranium and 20% enrichment of U-235. Aluminum
elements have a H/Zr ratio of 1.0 and stainless steel elements has the H/Zr ratio of 1.6.

Steel density is 7,900 kg/m 3 . Heavy water elements consist of 68% heavy water and 32%

of light water. Density of graphite is 1,700 kg/m 3. UUTR 100 kW, 23 aluminum elements,

36 new stainless steel elements, 17 old stainless steel elements, and 2 stainless steel
instrumental elements made the core.
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Table 11.1-1 UUTR system parameters at 1OOkW

Parameter Symbol Value
Reactor steady power P 100kW
Core coolant mass flow rate w 130 kg/m 2-s

Core coolant density p 1.0 g/cm 3

Core avg. thermal neutron flux at full power th 9.4x10 1 n/cm 2-

sec,

Core avg. fast neutron flux at full power Of 2.6x10 12 n/cm 2-

sec
Fuel element heated length L 0.381 m
Total flow cross sectional area A 395.6 cm 2

Mass flow rate per fuel element. h 65.9 g/s
Reactor tank depth 7.32 m (24 ft)
Reactor tank water depth above core 6.71 m (22 ft)
Coolant volume in reactor tank V 3.42x10 7 cm 3

Reactor room air volume Vbav 5.65x10 8 cm 3

(20,000 ft3 )

Decay constant for Argon-41 AY 1.06x10-4/s
Thermal absorption cross section for Ar-40 0-40 0.53 barns
Volume flow rate from the reactor room exhaust 2.20x10 9 cm 3/hr

Reactor room air changes per hour (kv) 4/hr = 1x10-3 /sec

11.1.1.1.4 Reactor Area Parameters

For purposes of radiation dose calculations within the reactor room, the volume

of the reactor room is assumed to be 5.65x108 cm 3. The air exhaust rate is 6.1x105

cm 3/sec.

11.1.1.1.5 Radiological Assessment of Argon-41 and Nitrogen-16 Production in

Experimental Facilities

During normal operation of the UUTR, there are two sources of airborne

radioactivity, that are generated, Argon-41 and Nitrogen-16.

The nuclide Argon-41 is produced by thermal neutron absorption by natural Ar-
40 in the atmosphere and in the air dissolved in the reactor cooling water. The

activation product appears in the reactor pool and is subsequently released to the
atmosphere through the ventilation system.

The nuclide Nitrogen-16 is produced by fast neutron interactions with oxygen.
The only source of Nitrogen-16 in the reactor that requires consideration results from

interactions of fast neutrons with oxygen in the cooling water as it passes through the
reactor core. Any interaction with oxygen in the atmosphere is relatively insignificant
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and is neglected in this analysis. A portion of the Nitrogen-16 produced in the core is
eventually released from the top of the reactor tank into the outside of the reactor pool.
The half-life of Nitrogen-16 is only 7.13 seconds, so its radiological consequences
outside the reactor pool are insignificant.

The cladding of a fuel element could fail during normal operations as a result of
corrosion or manufacturing defect. If a failure occurs, a fraction of the fission products,
essentially the noble gases and halogens, would be released to the reactor tank and, in
part, ultimately become airborne thus released to the atmosphere via building
ventilation. Because of the large inventory of coolant water in the UUTR tank (-8,000
gallons), migration of fission product gasses to the air is very limited and slow. This
operational occurrence is addressed in Chapter 13 as the maximum hypothetical
accident (MHA) for the UUTR. Similarly, the fuel element failure, although very unlikely,
can occur while the reactor is operating normally, abnormally, or when it is shut down.
Although this type of failure could occur during normal operation, its occurrence would
be evident from the pool tank radiation monitors and reactor room air monitors. No
further reactor operation would take place after such an event until the situation is
evaluated and eliminated (i.e., the failed element located and removed from the core).

Production of Argon-41 and Nitrogen-16 may be different than the routine
operations for some experimental configuration and possible other scenarios; these
scenarios do not produce long term, routine radioactive effluent, but are assessed to
determine if the amount of radioactive effluent is so high as to impact the annual
exposure that might result from routine operations.

Production of Argon-41. The UUTR reactor core has Fast Neutron Irradiator
Facility (FNIF) and Pneumatic Irradiator (PI). The FNIF was designed to provide 1 MeV
equivalent neutron flux and is used for sample irradiation at the reactor core power of 1
kW only. At that power, the total neutron flux in the irradiator is about 2.1x10 9

neutrons/cm 2-sec. The thermal neutron component in the FNIF is less than 10% of the

total neutron flux (-2.1x10 8 neutrons/cm 2-sec). The volume of the FNIF container is
approximately 14,000 cm 3. The actual air volume of the container is about 10,000cm3

because two lead bricks, flux map plate, and other shielding materials occupy the inside
of the container. The total usage of this irradiator for last 10 years was less than 50
minutes/year. The concentration of Argon-41 produced in the air at 1 kW for time t is
given with:

X = N(40)o-(40) [ A401]YCi/CM,3.7 x 104 [1-e1 4)]C/m

where: 0 = neutron flux (2.1x10 8 neutrons/cm 2-sec)
N(40) = Number of Ar-40 atoms/cm 3 = 2.5x1017 atoms/cm 3

o(40) = cross section for Argon-41 production = 0.53x10-24 cm2

2(41) = decay constant for Argon-41 = 1.06x10-4/sec
Using these values, the maximum possible amount of Argon-41generated per

hour in the FNIF container will be 2.05 VtCi/hr. The normal reactor room exhaust is
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6.1x105 cm 3/sec (2.196x10 9 cm 3/hr). Thus, on average over one hour, the Argon-41

concentration in the exhaust will be:

2. 0 5 PCi

hr = . 10- Ci

2.196 x 109 cm3 
cm3

hr

This is the most conservative estimate. The actual use of the UUTR's FNIF is 15 minutes
per 4 months. In this case, the activity of Argon-41 will decrease to 2.8x10 1 0 tCi/cm 3 .

Therefore, the generated amount of Argon-41 from the FNIF container is well below the
10CFR20 limits.

Production of Nitrogen-16. About 21% of the FNIF container volume
(approximately 10,000 cm 3 ) is occupied with oxygen. Using same methodology as the

one described in Section 5.6, the number of Nitrogen-16 NN can be calculated from this
equation:

NN = cDN~o-r°

where

NN = Nitrogen-16 atoms per cm 3 of water

'Pv= virgin fission neutron flux = 2.1x109 neutrons/cmZ-sec at 1 kW

NO = oxygen molecule per cm 3 of air = 5.323x10 18 molecules/cm 3

Container volume = 10,000 cm 3

o0 = absorption cross section of oxygen = 2x10-29 cm 2

2N = Nitrogen-16 decay constant = 9.35x10-2/sec

t = average time of exposure in reactor = 600 sec/experiment
From these values, the calculated number of Nitrogen-16 in the FNIF container is

2.39 Nitrogen-16 molecules/cm 3. Thus, the activity from N16 is 2.23x10-2 Bq/cm 3

(6.04x10-4 ICi/cm3). The FNIF container is kept in the reactor pool water for 30 minutes

after irradiation. During these 30 minutes, the Nitrogen-16 activity will decay to 2.61x10-
81 gCi/cm 3. After 30 minutes decay time, the total activity of Nitrogen-16 in the FNIF

container will be 2.61x10-77 
gCi/cm

3 . Thus, the Nitrogen-16 activity in the FNIF container

is negligible.
The UUTR has a Pneumatic Irradiator (PI) which uses pressurized Helium-gas to

send a sample into the core and out from the core. Helium is a stable gas with the zero
(n,y) cross section. In the worst case, if any Helium-5 is generated from Helium-4, it will
not escape from the water surface because of the Helium-5 half life of only 7.6x10-22

sec.
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Neutron interactions with structural and control materials, including cladding, as
well as materials irradiated for experimental purpose result in the formation of
activation products. These products are in the nature of fixed sources and are mainly a
source of occupational radiation exposure. Administrative controls preclude the
significant formation of airborne activation products, other than the aforementioned
Argon-41.

Two other experimental facilities, the dry tube irradiator and the beam ports.
when used will produce the Argon-41. There is no plan to use the beam port at the
UUTR. And therefore, there is no possibility to generate Argon-41 from these beam
ports. Argon production in the dry tube irradiator is very small because the effective
volume of the dry tube is very small. The approximate volume of dry tube sample holder
is 35 cm3. The thermal neutron flux at 90kW in the dry tube is 3.6x101 neutron/cm2-sec
(measured from experiment). Using the variables shown in Section 11.2.1.2, the activity
of Argon-41 from the dry tube for 90kW per hour will be:

X= [.7 x 10)[1 - e -A(40),_ lCi/cm3 3 = 0.409/Ci/cm3 -hr

Using experimentally measured thermal neutron flux of 3.6x101" neutrons/cm2-sec, the
activity from the dry tube will be 0.409 ýtCi/cm 3-hr for 90kW. Thus, on average per one
hour, the Argon-41 concentration form the dry tube in the exhaust will be:

0.409 P-h x 35cm3cm 3 - hr = PO2x10 9 .~

2.196 x 109 cm3 
cm 3

hr

The Argon-41 transport from the tube must occur by diffusion into the reactor
room before entering the exhaust stacks. The beam ports remained capped and there
are no current plans to open the existing beam ports. Before future use of these beam
ports, review and approval for such an application must be obtained from the UUTR
Reactor Safety Committee and the NRC if deemed necessary.

11.1.1.1.6 Radiological Assessment of Argon-41 from the Pool Water

Argon-41 in the reactor room occurs as the irradiated argon evolves from the
primary coolant into the air of the room. This evolution results from the reduced
solubility of argon in water as the water temperature increases. Detailed calculations
addressing the production and evolution of Argon-41 from the primary coolant are
shown as follows: variables as listed and the data from Table 11.2-1 are used in
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calculation of Argon-41concentrations in the core region, in the reactor tank outside of
the core, and in the reactor room area:

Vcore = volume of the active core = 3.14x30 2x60 = 1.7x105 cm 3

V/,ei = 78x38.lxl.865 2 cm 3 = 1.034x10 4 cm 3

Viater = volume of water in active region = Vcore - Vfi,l = 1.59x10 5 cm 3

N(40) = Argon-40 atomic density (cm-1) in coolant
v = volumetric flow rate through the core (cm 3/sec)
z-= residence time for coolant in core at full power (sec)
T= out-of-core cycle time for coolant
It is assumed that the reactor core can be approximated as a cylinder with the

radius of 30 cm and height of 60 cm Saturated concentration of Argon-40 in water at the
coolant inlet temperature of 200 C and 1 atm is approximately 6.7x105- g/cm 3

[Gevantman, LH. Solubility of selected Gases in Water In:Lide, Dr, editor, CRC Handbook
of Chemistry and Physics, 84th ed. Boca Raton: CRC Press, 2003. P 8-88]. If it is assumed
that air is saturated with water vapor above the water tank (17.5 mmHg vapor pressure
at 200 C) and that the mole fraction of argon in dry air is 0.0094, the partial pressure of
argon in air above the tank is 0.0094(760-17.5) = 7.0 mmHg. By Henry's law, the
concentration of Ar-40 in water at the inlet temperature of 200 C is obtained with:
6.7x10 5 (7.0/760) = 6.17x10-7g/cm 3. From this result, the Argon-40 density in the coolant

is calculated and is equal to N(40) = 9.3x1015 atoms/cm 3. The number of atoms per

second of Argon-41 produced in 100kW core is N(40)xVwaterXc04ox •th = 7.37x10 8 .
Assuming that 100% of the Argon-41 atoms escape to the reactor room area, the steady
state activity concentrations in the reactor room area would be: Oh = 9.40x10" n/cm2-

sec for 100 kW. The equilibrium Argon-41 concentration in the reactor room can be
calculated using the following equation:

Bq N(40) V•,a,,eo- 4O•t•5 Ay

cm 3  Vreactorro... ( 2A + AV )

Based on the variables listed in Table 11.2-1, the equilibrium Argon-41
concentration during full power steady state at 100kW in the reactor room area would
be 0.114 Bq/cm 3 (=3.08 x 10-6 [tCi /cm 3 ). Appendix B of 10CFR Part20 Derived Air

Concentration (DAC) for a semi-infinite cloud of Argon-41 is 3 x 10-6 pICi/cm 3 . Therefore,

under these extremely conservative calculations, equilibrium Argon-41 concentration
during full power steady state operation at 100 kW is slightly higher than DAC. Since
personnel do not stay in the reactor room for extended periods when UUTR is at power,
this does not present a restriction. Actual measurements of Argon-41 in the reactor
room after reactor operation for about 4.0 hours at 90 kW (reactor room exhaust

system on) showed that the Argon-41 concentrations averaging about 2.67x10-8 gCi/cm
3

for areas that are occupied during normal work in the room.
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11.1.1.1.7 Radiological Assessment of Argon-41 Outside the Operations Boundary

The Argon-41 from the reactor room is discharged from the UUTR through the
facility's exhaust stack, which is 40 ft (12.19 m) above ground level. An atmospheric
dilution will reduce the Argon-41 concentration considerably before the exhaust plume
returns to ground level locations that could be occupied by personnel. The flow rate
from the reactor room exhaust is 2.2x10 9 cm 3/hr (=1,300 CFM). At the steady state
concentration as computed in the previous section, the release rate at 100 kW would
be:

Q = 3.27 x 10-6 PC' cm3Q=-2-1 × 6.11lx10lO = 2yCi/sec
cm 3 sec

Maximum downwind concentration ([tCi/m 3 ), at grade, may be computed using
the Sutton formula [Slade, D. H.(ed.), "Meteorology and Atomic Energy," Report TID-
24190, U.S. Atomic Energy Commission, 1968]:

2Q C:
enzfh 2 Cy

where:
W = mean wind speed (m/sec)
e = 2.718
C- and Cy are diffusion parameter in the crosswind and vertical directions

respectively.
Maximum concentration downwind occurs at distance d (m) as follows:

d =[ ]

where:
n = parameter associated with the wind stability condition
h = 12.19 m
Based on the MNRC SAR for n and C. [Facility Safety Analysis Report, Rev. 2,

McClellan Nuclear Radiation Center Reactor, April 1998], the atmospheric dispersion
calculations for 100kW is shown in Table 11.1-2.

The 10CFR20 Appendix B lists that the Effluent Concentration (EC) for Argon-41
is 1x10-8 

ýtCi/cm 3 for 50 mrem to the public exposed for a full year of 8,760 hours. This

number corresponds to 5.7x10-3 mrem/hour per ýtCi/cm
3 . The average operating time

of the UUTR for last 10 years is ~50 hours per year, which is less than 1% of 8,760
hours/year.
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Over the full range of conditions indicated in Table 11.1-2, the peak downwind

concentration is substantially below the DAC of 3x10-6 
ýtCi/cm

3 established in 1OCFR20
Appendix B and less than the permissible effluent concentration of 1x10-8 pLCi/cm 3 for all
meteorological conditions.

Table 11.1-2 Atmospheric dispersion calculations for 100 kW UUTR

Pasquill u (m/s) n CY (mMl
2
) Cz (m ý2) d(m) Cm.

stability class (/tCi/cm3)
Extremely 1.6 0.2 0.31 0.31 59.13 1.97x10-9

unstable (A)
Slightly 4.0 0.25 0.15 0.15 152.32 7.87x10 1°

Unstable (C)
Slightly stable 3.5 0.33 4 C, 0.075 444.46 1.69x10 1-

(E)
Extremely 0.77 0.5 8 C, 0.035 2450.46 1.79x10"-
stable (G)

11.1.1.1.8 Radiological Assessment of Nitrogen-16 Sources

Nitrogen-16 is generated by the reaction of fast neutrons with oxygen and the
only significant source results from reactions with oxygen in the reactor pool water.
Nitrogen-16 has a half-life of 7.13 seconds and emits 6.14 MeV gamma rays. The
effective cross-section op for the Oxygen-16 to Nitrogen-16 reaction, averaged over the
fast neutron spectrum is 0.02 mbarns (2x10-29 cm 2). The atomic density NN of the
nuclide as it leaves the reactor core is given in terms of oxygen density in water N0 =

3.34x10 22/cm 3, as

NN = f N. o rn p
NN- --216

where t represents the time in the core. The averaged fast neutron flux for the UUTR is
2.6x1012 neutrons/cm 2-sec for 100 kW. From the above equation, it follows that the
number of Nitrogen-16 is 1.47x10 7 atoms/cm 3. As the coolant leaves the core, it passes
through the actual flow area of 395.6 cm2. Operation at power requires primary cooling.
Primary coolant enters the pool through coolant supplier approximately 2 ft below the
water surface. The coolant outlet is located about 2 ft above the core. Core exit is at 22
ft below the pool surface. Exit flows are a small fraction of mixing flow, and under these
conditions it is considered adequate to use a nuclide concentration reduced by the ratio
of the total core exit surface area (approximately 395.6 cm2 for 78 elements) and the
pool (surface area = 4.67x10 4 cm 2); mixing reduces the concentration of Nitrogen-16
from the core exit by 0.0046 [Reed Research Reactor Safety Analysis Report, August

263 1 P age



UUTR CHAPTER 11

2007]. Thus, above the reactor core, the actual Nitrogen-16 concentration will be
approximately 6.76x10 4 Nitrogen-16/cm 3. Because the characterization of the flow
velocity of Nitrogen-16 is very difficult and complicated, a flow rate from the core to the
surface is conservatively assumed as core exit flow rate for dose rate calculation.

In this calculation, two major gamma energies, 6.13 MeV and 7.11 MeV, were
used. The total dose rate in the reactor room area was calculated based on:

= 2pN16 [1-E 2(ph)]

where
A= Nitrogen-16 decay constant (=0.0971/sec)
[N 16]9 = concentration of Nitrogen-16 in the water

t = linear attenuation factor for 6 MeV gamma, cm-1 (0.0277/cm)
K = flux-to-exposure rate conversion (1.65x10 5 gammas R-Whcm- 2s-1 )

h = thickness of Nitrogen-16 bearing water, and
E 2(yh) = exponential function (- 0).
For this calculation, the second order exponential integral function was

conservatively assumed to be zero. In the reactor room area, Nitrogen-16 activity is
affected by dilution, ventilation, and decay. The accumulation of Nitrogen-16 in the
reactor room under equilibrium conditions is determined by:

[N11 LNI 16 L vA
AV, +q

where
ve = escape velocity of Nitrogen-16 from the water surface [0.009 cm/sec:

Dorsey, N.E., "Properties of Ordinary Water-Substances," pp. 537-544, Reinhold Publ.
Co., New York, New York]

A = area of water surface (4.67x10 4 cm 2)

Vr = room volume (5.65x10 8 cm 3 )

q = exhaust rate (6.11x 105 cm 3/sec)

Using these variables and reducing factor of 00046, the concentration of [N'6 16

near the water surface will be 0.51 Nitrogen-16/cm 3 for 100 kW and 0.7 Nitrogen-
16/cm 3. The gamma exposure rate due to immersion from an equilibrium concentration
of Nitrogen-16 in the air is calculated as follows:

2p,,g

where
B = dose buildup factor (-1)

2641 P age



UUTR CHAPTER 11

[N16]a = Nitrogen-16 concentration in the reactor room air

/= linear absorption coefficient (3.03x10-5 /cm for air at 6 MeV)

Ro= radius of reactor room sphere (-5 m)
g = dose conversion factor (160 Bq cm-2 mR-h).
From the equation above, the dose rate in the reactor room area will be 0.077

mR/hr for 100 kW UUTR. During the reactor operation at 90 kW, Area Radiation Monitor
reads no more than 0.05 mR/hr all the time.

11.1.1.2 Liquid Radioactive Sources

11.1.1.2.1 UUTR Pool Water Activity

The two thirds of the UUTR pool are below ground level. During normal
operating condition, there is no leakage of coolant from the primary or secondary
cooling system; there is no liquid radioactive material produced. The only liquid
radioactive material generated would come from the neutron activation products in the
primary coolant. The demineralizer resin bed removes most of these radioactive
materials. The UUTR's monthly survey shows that total activity of the pool water is
below 1 nCi/liter. The concentration of any radionuclide in the primary coolant depends
on the UUTR power and the operating time. The UUTR is operated at 90 kW in general
about 50 hours/year. The pool water activity for last couple of years is shown in Table
11.1-3. As shown in Tablell.1-3, the activity of the pool water and the effluent volumes
are both very small, and thus not considered to represent a radiation source.

In the reactor room floor, there is a small liquid storage that can hold
approximately 40 to 50 gallons of liquid. In the past 35 years of operation history, this
storage was not used as storage for any liquid effluent or any liquid radionuclide
sources or releases. This storage may be used to hold liquid radioactive releases if
such a release occur during the experiments independent of the reactor, and keep
the liquid until radionuclides contained in decay out.

11.1.1.2.2 Tritium Activity of the UUTR Pool Water

The ventilation system of the UUTR facility discharges 0.61 m3/sec of air from
the reactor room into the atmosphere. A small amount of tritium is produced in the
UUTR pool water through the neutron activation of the deuterium present in the pool
water. The calculations (as shown in details below) for the reactivity of the UUTR pool
water gave the value of 4.12 x 10-10 Ci/liter. The pool evaporation rate is
approximately 11 liters/day and the reactor room exhaust discharge is approximately
5.27 x 1010 cm 3/day. Under the assumption that the tritium content of the pool water
and the evaporated water are the same (this is most conservative assumption), the
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reactor room exhaust would contain 8.6 x 10-14 ýtCi/cm 3 of tritium. The 10 CFR20 limit
for tritium is I x 10-7 ýtCi/cm 3 and EPA limit for this isotope is 1.5 x 10-9 ýICi/cm 3 .

Therefore, the tritium generation from the UUTR pool water is significantly below the
limits defined in both, the 10CFR20 and the EPA.

Table 11.1-3 The UUTR monthly pool water survey results for UUTR operating at 90 kW

Year 2008 (nCi/liter) 2009 (nCi/Iiter) 2010 (nCi/liter)
Month

January 0.820 0.268 0.845
February 0.327 0.473 0.605
March 0.345 0.452 0.760
April 0.432 0.520 0.758
May 0.568 0.232

June 0.742 0.281
July 0.725 0.232

August 1.115 0.348
September 0.667 0.467

October 0.510 0.430
November 0.481 0.492
December 0.390 0.663

Calculations:

Assumptions: The UUTR holds 8,000 gallons of water (30,240 liters=3.024x10 7 cm 3)

The UUTR operates on average 50 hours/year at 90kW
Heavy water density = 1.1056 g/cm 3

1 mole of D20 = 22grams,
D20 concentration in water = 1/3,200
Actual volume of water that interacts with thermal neutrons
= 1.017 x 106 cm 3

Thermal neutron flux near the side of the core = 3 x 1011 n/cm2-sec,
Absorption cross-section of D20 = 0.52 mbarns,
NA = 6.023 x 1023 molecules/mole, and
Volume of D20 = 318 cm 3.

The mass M of D20 in the pool water is

g3M=pxV=1.1056-g3 x 318cm3 = 336grams
Cm
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meaning that these 336 grams of D20 corresponds to 15.3 moles of D20 that contains
9.2 x 1024 D20 molecules. The reaction rate R for tritium generation is given by

9.2 x 1024 atoms e10-3 X 10-24cm2 x 10,, nutrons
R=Nxc 0 ~ 31 3  xO0.52 x i0 1 2 c x 3 01c 2 -e318cm cm2 -- sec

= 4.51 x 106 molecules/cm3 - sec

For 50 hours of normal reactor operation, the total number of tritium in the pool
water is

6molecules 3600 sec
4.51 x 106 x 318cm 3 x 50hoursx =2.51 x 1014D20

cm3 - sec hour

The total activity of tritium in the pool water is therefore,

ln2
Ac - T x 2.51 x 1014 = 4.61 x I05Bq = 1.24 x 10-5 Ci

-,tritium

If this amount of tritium is mixed with the reactor pool water (3.024x10 7 cm3), the
tritium reactivity per unit volume in the pool water will be

1.24 x lO5-Ci = 4.12 x 10-13 Ci = 4.12 X 10-7 pCi

3.024 x 107 cm 3  cm3 cm3

The reactor room exhaust discharge would contain

4.12 x 10- ° Ci
liter x 1I liters = 8.60 x 10- 14 POCi

5.27 x 10 1° cm3 day cm3

day

This activity is significantly less than limits specified by the 10CFR20 or the EPA.
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11.1.1.2.3 Tritium from Heavy Water Element and Thermal Irradiator (TI)

The UUTR core contains 12 heavy water reflector elements and thermal
irradiator (TI). TI contains approximately 1.53x10 4 cm 3 (1.53 x 10 4 grams) of D20. Each
heavy water element contains approximately 454 grams of heavy water. Heavy water
has the thermal neutron absorption cross-section of 0.52 mbarn. Each heavy water
element contains 1.24 x 1025 molecules of D20. Under the assumption that the UUTR
has a maximum thermal neutron flux of 3 x 1011 neutrons/cm2-sec near the heavy
water elements (this is a measured thermal neutron flux at the thermal irradiator),
then the number of tritium molecules from each heavy water element will be
approximately 1.93 x 10 9/sec. The total amount of tritium from 12 heavy water
elements after 50 hours of reactor operation will be 4.18 x 1015 atoms. The total
activity of tritium atoms from 12 heavy water elements for 50 hours operation is 7.45
x 106 Bq (2.01x10-4 Ci).

The D20 in the TI will generate tritium also. The number of D20 molecules in
TI is 6.16 x 1026. Thus, the TI will generate -9.61 x 1010 tritium atoms per second.
After 50 hours of the UUTR operation per year, the number of tritium atoms in TI will
be 1.73 x 1016. Thus, the total number of tritium atoms from 12 heavy water
elements and TI after 50 hours reactor run become 2.15 x 1016. The total activity
from the tritium is 3.83 x 10 7 Bq (1.04 x 10-3 Ci).

Both the TI and heavy water elements tubes made of aluminum were leak
tested by pressurizing to 30 psig (206 kPa).The leaking from the heavy water
elements or TI is not possible but under the worst case scenario that all tritium leak
from the containers and is suddenly mixed with 8,000 gallons of the UUTR pool
water, the tritium activity per unit volume after 50 hours per year operation will be

1.04 x 10- C1 C0 107CM1 =3.42xl0- Ci for 90kW UUTR

3.024 x10 7 cm3  cm3

Assuming that the tritium content of the pool water and evaporated water are same,
the tritium activity from the reactor room exhaust would be 7.14 x 10-12 itCi/cm 3,
thus:

3.42 x 108 Ci liter
liter day -7.14 ×10 18 Ci _ X 10-12/PC

5.27 x 1010 cm day cm
day

Even in this worst case scenario, the tritium activity in the reactor room from

the pool water and all heavy water elements including TI will be 7.23x10-12 
ýtCi/cm

3

for 100 kW UUTR, which is significantly lower than 10CFR20 or EPA limits, therefore
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the UUTR does not produce the tritium to be counted as a source term.

11.1.1.3 Solid Radioactive Sources

Solid sources consist of reactor fuel, a startup neutron source, 1.8 Ci Am-Be
neutron source, and fixed radioisotope sources such as those used for instrumentation
calibration. Solid wastes include: ion-exchange resin used in reactor-water cleanup,
irradiated samples, labware and anti-contamination clothing associated with reactor
experiments and surveillance or maintenance operations. The solid radioactive sources
associated with reactor operations are summarized in Table 11.1-4 (The data based on
the UUTR fuel log book and record from the General Atomics Data sheet). Because the
actual inventory of fuel and other sources continuously changes in normal operation,
the information in the table is to be considered representative rather than an exact
inventory.

Table 11.1-4 Elemental composition of 1OOkW UUTR core

Fuel zone Reflector zone Grid plate
Element Mass fraction Element Mass fraction Element Mass fraction

Fe 0.0450 Fe 0.0150 Al 1.00
Al 0.0020 Al 0.2000
C 0.0600 C 0.7100
Cr 0.0115 Cr 0.0010
Ni 0.0050 Ni 0.0002

Mn 0.0012 Mn 0.0001
Zr 0.7800 H 0.0737
H 0.0140
U 0.0740
V 0.0073

The main solid radioactive source related to the UUTR is the fission products
generated in the reactor fuel. Typical UUTR fuel element releases 50 R/hr when in the
air at 3 ft distance (after it is removed from the UUTR core). The fuel elements always
stay 22 ft under the water in the UUTR pool, therefore this source will not present any
public hazard or hazard to personnel at the UUTR. Typical radiation level near the
control bridge area when the UUTR operates at the nominal power of 90 kW is 20
fiR/hr. This radiation level was measured using Ludlum Model 19 detector during the
reactor operation on February 19, 2010. Another possibility of solid radioactive sources
to be found at the UUTR facilities may come from the irradiation of the various solid
samples. The expected activity of a sample is calculated before its irradiation in one of
the UUTR ports; generally the sample is stored in the pool until most of its radioactive
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isotopes decay out. The ARM (Area Radiation Monitor) system in the control room has
two setting points: 1 mR/hr for low dose setting and 10 mR/hr for the high dose setting.
In this type of radiation exposure, the main isotopes are aluminum and sodium. These
irradiated samples are stored in the water before any measurement and stored in a lead
cage after the experiment. Typical gamma activities from these samples are typically
less than 1 jtCi.

Radioactive solid waste is generally considered to be any item or substance no
longer of use to the UUTR facility, which contains or is suspected of containing
radioactivity above the background level. Volume of solid waste at the UUTR is small,
and the nature of the waste items is limited and of known characterization. Consumable
supplies such as absorbent materials or protective clothing are declared radioactive
waste if radioactivity above background is found to be present. The RHD at the
University of Utah is responsible for the administration of radioactive waste disposal for
the UUTR facility. The University of Utah has a Broad Scope Medical and Academic
License granted through the Utah Division of Radiation Control. Utah is an Agreement
State.

When possible, solid radioactive waste is initially segregated at the point of
origin from items that are not considered waste. Screening is based on the presence of
detectable radioactivity using appropriate monitoring and detection techniques and on
the future need for the items and materials involved.

11.1.1.4 Gamma Dose Rate from the 1OOkW UUTR Core

The UUTR maintains a program of area monitoring in controlled and
uncontrolled areas in addition to regular personnel monitoring. The data in Tables 11.1-
5 and 11.1-6 were obtained while the reactor was operating at a peak level of 90 kW.
Table 11.1-5 summarizes average personnel radiation doses for the past six years.
These averages reflect personnel doses during typical UUTR activities including normal
reactor operations, fuel inspections, source handling, and various research protocols.
These summaries validate UUTR compliance with 1OCFR20 dose limits for radiation
workers and members of the public.

Table 11.1-5 Average UUTR personnel dose (All "M" values recorded at 1 mrem)

Average
Year (mrem) Stdev N Max Min
2004 4.9 5.2 8 14 1
2005 3.0 2.7 11 9 1

2006 6.9 5.5 15 21 1

2007 2.9 2.1 19 9 1

2008 6.5 7.4 14 24 1

2009 1.7 1.1 10 4 1
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Table 11.1-6 summarizes area radiation dosimeter results for a few key indicator
areas. These results were obtained through a variety of operating conditions, which
reflect the range of radiation use at the UUTR facility. The area dosimeter labeled "NE
Floor" is attached directly to the reactor tank, "Control Room" is located in the reactor

control room near the core viewing window, and "2126 B Board" is located directly
above the reactor room in an uncontrolled hallway (Fig. 11.1-1). These data additionally
demonstrate radiation levels in controlled non-controlled areas are at levels

To further ensure compliance with radiation dose limits, the UUTR estimates
photon dose from the core using a model based on UUTR MCNP 5 modeling and point-
source geometry. The selection of a mathematical model to estimate radiation dose is
more correctly based on the extended-source characteristics of the core. However,
when deriving a model it was desirable to develop a model that provided reasonable
estimates of photon dose from the core throughout the facility, but also be relatively
simple to use and be reproducible across a wide range of applications. Thus, even
though the core would more correctly be modeled with using extended source
geometry at distances near the water tank, a model based on point-source geometry
was selected because of the ease of use and reproducibility and wide applicability. As is
shown in the Appendix 11.1.A, this model is representative of observed area dosimeter
values.

Table 11.1-6 Summary results of area dosimeters for three key areas

Time of 90kW
reactor "NE Floor "Control Room

Year operation in a (Dosimeter 3)" (Dosimeter 5)" "2126 Bboard"
year

(hour) (mrem) (mrem) (mrem)
2004 24.833 48 5 1
2005 51.915 96 1 1
2006 31.467 119 8 7
2007 52.463 66 3 7
2008 36.445 87 9 8
2009 28.400 42 2 3

In creating the model, some generalizations about the reactor were made.
Generally, the size of the core can be described as a right circular cylinder of radius 30
cm and height of 60 cm. The core is surrounded by a right circular cylinder of water of
radius 183 cm and a height of 729 cm. The water is surrounded by an additional cylinder
of sand (p=1.6 g/cm 3) with thickness of 61 cm. The core is situated in the bottom, center
of the water cylinder, with the top of the core approximately 653 cm below the surface
of the water.

Based on these general assumptions, the following model for estimating dose in
air from photons has been derived:
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_(_ =SA(E)NO(ýC2- 4 M2 B(E~e-(0x

0 (E) (y/cm 2-sec) is the photon fluence rate at the point of interest for photon
energy E
SA (E) (y/cm2-n) is the photon flux density per neutron determined from MCNP
5 modeling for photon energy E
N (n/sec) is the total core neutron flux determined from MCNP5 modeling
a (cm) is the distance from the core to the point of interest
B (E) is the photon dose buildup factor for photon energy E
p (E) (cm-1) is the linear attenuation coefficient of materials 1 and 2 (Water and
Sand) for photon energy E
x (cm) is the thickness of the attenuating materials 1 and 2
Dose in the air can then be determined using the following formula:

D(E(-ýJj- = O(E) P` (E)CF
P

b(E)(Gy/hr) is the dose rate in air for photon energy E at the point of interest
¢i(E)(y/cm 2 - sec) is the photon fluence rate at the point of interest for photon

energy E

/ (E)(cm 2 1g) is the mass attenuation coefficient in air for photon energy E

P
CF is the product of all conversion factors to derive the appropriate units

The total dose is simply the sum of all D(E)

(hr) hr
E

The total dose for the year can be determined by multiplying L(E) by the total
operating time for the entire year.

An example of the use of this formula and the agreement between the results
and observed area dosimetry data is shown as follows. Photon linear attenuation
coefficients were calculated by the National Institute of Standards and Technology's
XCOM calculator (http://www.nist.gov/physlab/data/xraycoef/index.cfm). Buildup
factors were obtained from the Radiological Health Handbook (US Department of
Health, Education, and Welfare, Radiological Health Handbook, 1970).

As demonstrated through calculations, the dose levels from operation of the
UUTR reactor at 90 kW (and 100kW) are and will be within the dose limits established in
10CFR20; the dose limits to occupational workers, members of the public, and dose
levels in non-controlled areas are within the established limits.

272 1 P a g e



UUTR CHAPTER 11

Figure 11.1-1 various locations throughout the facility where area monitoring is employed

From 8/2008 through 6/2009, the UUTR reactor operated for 13.45 hours with a
total thermal power generation of 891.2 kW-hr. The measured dose from the area
dosimeter attached to the side of the reactor tank was 55 mrem. Using the calculation
method described above (calculation spreadsheet is included in Table 11.2.A-1), and a
dose in air to effective dose equivalent conversion (Ferdeal Guidance Report 12,
External Exposure to Radionuclides in Air, Water and Soil) of 0.75 Sv/Gy, 65 mrem was
estimated. This example demonstrates the above described model is reasonably
representative of an expected dose rate from the operating reactor.

2731 P a g e



UUTR CHAPTER11

11.1.2 Radiation Protection Program

The Radiation Protection Program was prepared by personnel of the UUTR and
the University of Utah Radiological Health Department (RHD) in response to the
requirements of 1OCFR Part20. The goal of the Program is the limitation of radiation
exposures and radioactivity releases to a level that is As Low As Reasonably Achievable
(ALARA) without seriously restricting operation of the Facility for purposes of education
and research. The Program is executed in coordination with the RHD. It has been
reviewed and approved by the Reactor Safety Committee (RSC) for the UUTR Facility.

Production and use of radioactive materials within the reactor lab are subject to
the guidelines issued by the University's RHD. In addition, the UUTR Facility follows
internal procedures that fall within the guidelines of the University of Utah, the Utah
State Division of Radiation Control, and federal regulations, the American National
Standard Radiation Protection at Research Reactor Facilities, and Regulatory Guides
issued by the NRC.

11.1.2.1 Management and Administration

Preparation, audit, and review of the Radiation Protection Program are the
responsibility of the Director of the UUTR facility (Utah Nuclear Engineering Facilities
inclusive of the UUTR and other facilities and labs present). The Reactor Safety
Committee (RSC) reviews the activities of the Director and audits the Program.
Surveillance and record-keeping are the responsibility of the Reactor Supervisor who
reports to the Director. ALARA activities, for which record keeping is the particular
responsibility of the Reactor Supervisor, are incumbent upon all radiation workers
associated with the UUTR Facility. Substantive changes in the Radiation Protection
Program require approval of the RSC. Editorial changes, or changes to appendices, may
be made on the authority of the Director. Changes made to the Radiation Protection
Program apply automatically to operating or emergency procedures; corresponding
Program changes may be made without further consideration by the RSC.

11.1.2.2 Training

Implementation of training for radiation protection is the responsibility of the
Reactor Supervisor. Personnel who need access to the facility, but are not reactor staff,
are either escorted by trained personnel or provided facility access training. Radiation
training for licensed operators and staff is integrated with the training and
requalification program. The goal of facility access training is to provide knowledge and
skills necessary to control personnel exposure to radiation associated with the operation
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of the nuclear reactor. Specific training requirements of 10 CFR Part 19, 10 CFR Part 20,
the Radiation Protection Plan, and the Emergency Plan are explicitly addressed. A facility
walkthrough is incorporated. All persons granted unescorted access to the reactor
facilities must receive the training and must complete without assistance a written
examination over radiation safety and emergency preparedness. Examinations must be
retained on file for audit purposes for at least three years. The reactor staff
accomplishes health physics functions at the reactor following approved procedures.
Therefore, procedure training for the licensed reactor staff training includes additional
radiological training. Examinations for reactor staff training are prepared and
implemented in accordance with the Requalification Plan. All personnel and students
are required to attend web-based training and 3-hour hands-on training at the RHD and
pass the exam in order to be eligible to attend the lab classes or be accepted into the
Senior Reactor Operator training classes. In summary, the general levels of training
include the following:

" Radiation/Radioactive Material User Orientation - All personnel permitted
unescorted access to the UUTR Reactor Building shall receive training in
radiation protection as required by 10CFR19.12. Initial training shall cover
the following areas in sufficient depth for the work being done:

o storage, transfer, and use of radiation and/or radioactive material in
portions of the restricted area, including radioactive waste
management and disposal;

o health protection problems and health risks (including prenatal risks)
associated with exposure to radiation and/or radioactive materials;

o precautions and procedures to minimize radiation exposure (ALARA);
o purposes and functions of protective devices;
o applicable regulations and license requirements for the protection of

personnel from exposure to radiation and/or radioactive materials;
o responsibility of reporting potential regulatory and license violations

or unnecessary exposure to radiation or radioactive materials;
o appropriate response to warnings in the event of an unusual

occurrence or malfunction that involves radiation or radioactive
materials, and

o radiation exposure reports which workers will receive or may request.
* Examination to demonstrate understanding of the material required for each

section of training:
o reactor area unescorted access orientation - all personnel permitted

unescorted access to the UUTR vital area shall receive additional
training to include the following:

" a reactor area access control rules;
" emergency evacuation procedures for the reactor area;
" dosimetry requirements for the reactor area;
" reactor control room entry procedures and control

requirements;
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" keys are issued to the Director and Senior Reactor Supervisor
only;

" reactor top security;
" location and use of communication systems;
" security door requirements;
" general checkout procedures when exiting the reactor area;
" emergency equipment location and use.

11.1.2.3 Procedures and Document Control

Operation of the Radiation Program is carried out under the direction of the
Director of the UUTR facilities and the Senior Reactor Supervisor using formal RHD
Procedures. The original copy of the procedures is maintained by the Senior Reactor
Supervisor, who is also responsible for the distribution of the reproduced copies. While
not intended to be all inclusive, the following list provides an indication of typical
radiation protection procedures used in the UUTR program:

" UUTR: testing and calibration of area radiation monitors, facility air monitors,
" RHD: laboratory radiation detection systems, and portable radiation

monitoring instrumentation;
* UUTR: working in laboratories and other areas where radioactive materials

are used;
* RHD: facility radiation monitoring program including routine and special

surveys, personnel monitoring, monitoring and handling of radioactive
waste, and sampling and analysis of gaseous effluents released from the
facility;

" RHD: monitoring radiation exposure in the environment surrounding the
facility;

" RHD and UUTR: administrative guidelines for the facility radiation protection
program, including personnel orientation and training;

" RHD: receiving of radioactive materials at the facility and unrestricted
releasing of materials and items from the facility;

" RHD: leak testing sealed sources containing radioactive materials;
" RHD: safe transporting of radioactive materials;
" UUTR: general and personnel decontamination procedures;
* RHD and UUTR: personnel exposure investigation procedures;
* UUTR: personnel access procedures for the reactor area;
" RHD and UUTR: spill procedures; and
* RHD and UUTR: ALARA procedures.
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11.1.2.4 Audits

The auditing of the UUTR Radiation Protection Program is performed by the
Reactor Safety Committee (RSC). The RSC provides objective and independent reviews,
evaluations, advice and recommendations on matters affecting nuclear safety at the
UUTR. With respect to health physics activities, the RSC is responsible for auditing all
procedures, personnel radiation doses, radioactive material shipments, radiation
surveys, and radioactive effluents released to unrestricted areas.

Specific auditing responsibilities and requirements are defined in Chapter 12.

11.1.3 ALARA Program

11.1.3.1 Policy and Objectives

Management of the UUTR Facility is committed to keeping both occupational
and public radiation exposure as low as reasonably achievable (ALARA). The specific goal
of the ALARA program is to assure that actual exposures are no greater than 10 % of the
occupational limits and 50 % of the public limits prescribed by 10 CFR Part 20.

The Director of the UUTR Facility has the ultimate responsibility for the ALARA
program, but has delegated this responsibility to the Senior Reactor Operator.

11.1.3.2 Implementation of the ALARA Program

Planning and scheduling of operations and experiments, education and training
are the responsibilities of the Reactor Supervisor and/or the Director of the UUTR
facilities. Any action that, in either of their opinions, might lead to a dose of 5 mrem to
any individual requires a formal Radiation Work Permit.

The ALARA policy (It is the policy of the facility administration to keep radiation
exposures As Low as Reasonably Achievable (ALARA)) specified in facility Technical
Specification has the purpose therefore to reduce radiation exposure to as low a level
that is socially, technically, and economically practical. Three general principles followed
to reduce the exposures are:

1. Minimize Time. The less time spent near a radioactive source, the less the
exposure. One typical way this principle can be implemented is to carefully plan
and practice a procedure before the actual implementation with radioactive
sources.

2. Maximize Distance. When the distance between the body and the radioactive
source is increased, the exposure decreases. Sometimes this can be effectively
accomplished with tongs or other devices to hold a source away from the hands
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and body. Store and use of radioactive materials far from locations are used for
other purposes.

3. Use of Proper Shielding. When an appropriate shielding material is placed
between the body and the radioactive source, the amount of radiation exposure
is reduced. Use storage pigs and shielding blocks when possible is
recommended.

4. Control of Contamination. Minimize exposure by:
a) Wearing lab coats, gloves, booties & safety glasses/goggles where

appropriate

b) Changing gloves frequently

c) No eating, drinking, smoking, chewing, or application of cosmetics in
radioactive work space

d) No mouth pipetting

e) Washing hands at completion of radioactive work
f) Monitoring hands, clothes and work area regularly

11.1.3.3 Exposure Limits at the UUTR

The radiation exposure limits at the UUTR TRIGA reactor facility shall not exceed
the limits specified in the Code of Federal Regulations Title 10, Part 20 entitled
"Standard for Protection Against Radiation." The important exposure limits are:

1. Occupational Dose Limits -(10 CFR 20.1201)

a) Whole body total summation -5 rem/year
b) Extremities excluding lens of eye -50 rem/year
c) Lens of the eye -15 rem/year
d) Skin (shallow dose) -50 rem/year
e) Airborne exposure not to exceed limits of table 1, appendix B.

2. General Public Dose Limits -(10 CFR 20.1301/20.1302)

a) Total individual public limit -0.1 rem/year

b) Unrestricted area maximum dose rate -0.002 rem/hour

c) Unrestricted area dose limit -0.05 rem/year

3. Minor and Pregnant Women Dose Limits -(10 CFR 20.1502)

a) Minors and declared pregnant women -10% of 20.1201 limits

b) Embryo/fetus -0.5 reins

4. Surveys and Monitoring
a) A system of procedures shall be in place for routine surveys and

monitoring of the radiation levels in the facility during reactor operations.
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b) A permanent record system shall be maintained of all survey and
monitoring activities.

5. Personnel Dosimetry

a) All personnel at the facility shall be assigned a personnel monitoring
device that shall be worn at all times while at the facility.

b) The responsibility for processing personnel dosimetry devices data and
maintaining a permanent record of all exposure shall be the responsibility
of the RHD.

c) Personnel exposure data shall be processed on a monthly basis

11.1.3.4 Review and Audit

Implementation of the ALARA Program is audited annually by the Director as
part of the general audit of the Radiation Protection Program.

11.1.4 Radiation Monitoring and Surveying

The radiation monitoring program for the UUTR reactor is structured to ensure
that all three categories of radiation sources - air, liquid, and solid - are detected and
assessed in a timely manner. Additionally the purpose of the radiation survey program is
to assure radiological surveillance over selected UUTR work areas in order to provide
current as well as characteristic data on the status of radiation conditions in such areas.
Such information is used to confirm that safe radiation working conditions exist within
the various operational areas under surveillance. The objectives are:

* to assure that the monitoring program is organized such that routine
radiation level and contamination level surveys of specific areas and activities
within the facility are performed, and special radiation surveys necessary to
support non-routine facility operations are also performed

* to make frequent on-the-spot personal observations (along with recorded
data) of radiation work areas; these observations may provide advance
warning of needed corrections in order to ensure safe use and handling of
radiation sources and other radioactive materials

* to use the information which has been gathered through completion of the
first two objectives in order to ensure (and document) that all phases of the
UUTR operational and radiation protection programs are in line with the goal
of keeping radiation doses to personnel and releases of radioactivity to the
environment ALARA.
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11.1.4.1 Surveillances

Radiation monitoring surveillance requirements are imposed by the RSC through
the Radiation Protection Program (independent of the Emergency Plan) and include:

" Daily surveys - performed in areas where radioactive materials are frequently
used. Such surveys involve direct radiation level measurements in areas
known to contain constant or changing radiation fields and contamination
surveys of the floors and other surfaces in the affected area(s). The areas
requiring daily surveys are determined at the discretion of the Senior Reactor
Operator and the Director of the Facility;

* Weekly surveys - performed in the areas where radioactive materials are less
frequently used. These surveys involve direct radiation level measurements
in the areas known to possess constant or changing radiation fields and
contamination surveys of the floors and other surfaces in the affected area.
The areas requiring weekly surveys are determined at the discretion of the
Senior Reactor Operator and the Director of the Facility;

* Monthly surveys - performed in the areas where radioactive materials are
infrequently used. The monthly surveys involve direct radiation level
measurements in the areas known to possess constant or changing radiation
fields and contamination surveys of the floors and other surfaces in the
affected area. The areas requiring monthly surveys are determined at the
discretion of the Senior Reactor Operator and the Director of the Facility;

• Receipt radiation surveys - required of all incoming packages of radioactive
material;

" Special surveys - any non-routine radiation survey requested by any member
of the UUTR staff when needed;

" Release surveys - required of any object that is removed from a designated
radiation/contamination area prior to it being released from that area.

11.1.4.2 Radiation Monitoring Equipment

Radiation monitoring equipment used in the reactor program is summarized in
Table 11.1-7. Because equipment is updated and replaced as technology and
performance requires, the equipment in the table should be considered as
representative rather than exact.

11.1.4.3 Instrument Calibration

Radiation monitoring instrumentation is calibrated according to written
procedures. NIST traceable sources are used for the calibration. The Director AND Senior
Reactor Supervisor are responsible for calibration of the instruments on site, Table 11.1-
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7. Calibration records are maintained by the facility staff and audited annually by the
RSC. Calibration stickers containing pertinent information are affixed to instruments.
Area Radiation Monitor, Continuous Air Monitor, HPGE and LSC are calibrated at the
UUTR facility. All portable alpha and gamma detectors are calibrated at RHD.

Table 11.1-7 Radiation Monitoring Equipment Used in the UUTR Radiation
Protection Program

Instrument Location Function

Area Radiation Monitors (4) -Stack Effluent Monitor Measure Radioactivity In Stack

-Reactor Room Tank Effluent, And Measure Gamma

-Reactor Room Ceiling Radiation Fields In Reactor and

-Counting Room (Laboratory) Counting Room (Laboratory)

Continuous Air Monitors (3) -Stack Effluent Monitors Measure Radioactivity In Stack

Effluent

Micro R Meter (1) -Control Room Auxiliary Meter During

Operation, And Monthly

Radiation Level Surveys

Portable GM Survey Meter (4) -Reactor Room Personnel Contamination

-Control Room Survey

Pancake GM Survey Meter (1) -Reactor Room Beta Gamma Dose Rates

Ion Chamber (1) -Reactor Room Beta Gamma Dose Rates

Pressurized Ion Chamber (1) -Facility Entrance Emergency Survey Meter

Portable Alpha Detector (1) -Counting Laboratory -)Radio- Personnel Contamination

Chemistry Laboratory Survey

Liquid Scintillation Detector (1) -Counting Laboratory Personnel Contamination

Survey

Neutron Detector (1) -Reactor Room Measure Neutron Dose Rates

HPGe (2) -Counting Laboratory Gamma Spectroscopy

Portable Nal Counting Laboratory Gamma Spectroscopy

Air Flow Velocity meter (1) -Control Room Measure Air Flow Rate -)

-*Pressure gauge (1) Measure pressure differences

between facility and outside
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11.1.5 Radiation Exposure Control and Dosimetry

Radiation exposure control depends on many different factors including facility
design features, operating procedures, training, proper equipment, etc. Training and
procedures have been discussed in Section 11.1.2. This section describes the design
features such as shielding, ventilation, containment, and entry control for high radiation
areas, protective equipment, personnel exposure, and estimates of annual radiation
exposures for specific locations within the facility. Dosimetry records and trends are also
included.

11.1.5.1 Shielding

The water around the UUTR TRIGA reactor is the principal design feature for
control of radiation exposure during operation. The shielding is based on TRIGA shield
designs used successfully at many other similar reactors (General Atomics has
developed source terms to serve as a basis for reactor shielding design analysis). UUTR
reactor is designed so that radiation from the core area can be extracted via vertical
ports for research and educational purposes. The radiation exposure is controlled by
restricting access to areas of elevated radiation fields.

11.1.5.2 Personnel Exposure

Regulation 10 CFR20.1502 requires monitoring of workers likely to receive, in
one year from sources external to the body, a dose in excess of 10 percent of the limits
prescribed in 10 CFR20.1201.The regulation also requires monitoring of any individuals
entering a high or very high radiation area within which an individual could receive a
dose equivalent of 0.1 rem in one hour. Table 11.1-8 lists results of average values for
the last 5-year survey of deep dose equivalent (DDE) occupational exposures at the
UUTR. From the table, it is evident that all occupational doses can be maintained far
below the regulatory limits given in 10 CFR 20. There have been no instances of any
exposures in excess of 10 % of the applicable limits. Monitoring of workers and
members of the public for radiation exposure required by the RSC is described in the
Program.

11.1.5.3 Authorization for Access

Personnel who enter the control room or the reactor area either holds the
authorization for unescorted access, or is under direct supervision of an escort (i.e.,
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escorted individuals can be observed by the escort) who holds authorization for
unescorted access.

The UUTR control room and the reactor room are designated as restricted areas
for security. Outer doors are locked to prevent unauthorized entry. Access to the
reactor facilities is tightly controlled. Only personnel trained in radiation protection and
security procedures are issued room keys. All persons must enter these rooms through
the inner doors with a key or accompanied by an authorized individual who has been
issued a key. Upon entering the restricted area, an individual without key access must
complete the sign-in procedure and either wear a dose monitor (electronic portable
dosimeter) or be accompanied by an individual wearing a dose monitor at all times.
Occasionally, some areas may be posted as radiation areas; and, in rare cases, an area
may be posted as a high radiation area. Appropriate restrictions and precautions are
observed in all such cases. The sign-in procedure required for access to the reactor lab
documents specific information from all persons admitted to the facility. Visitor's cards
are maintained as part of the permanent records of the reactor lab.

Table 11.1-8 PLS Typical radiation levels at various UUTR locations at 90 kW Operation
Power of the UUTR

Facility/Location Typical Dose Equivalent Rate Typical Dose Equivalent Rate
at Contact (mr/hr) at 30 cm (mr/hr)

Reactor Top 0.025 0.02
Fuel Storage Pit 0.012 0.012

Demineralizer Tank 0.022 0.013
Primary Water Pipe 0.013 0.012

Beam Tube (1) 0.013 0.013
Beam Tube (2) 0.015 0.015
Beam Tube (3) 0.016 0.015
Control Room 0.013 0.013

Reactor room Floor 0.014 0.014
AGN reactor Area 0.013 0.013

Personnel, students, visitors and anyone before entering the UUTR area (called
the Utah Nuclear Engineering Facilities, UNEF) is required to leave outside the UNEF
area the following: cell phone, laptops or similar computer-based devices, bags, books,
notebooks, personal belongings, metal objects, sharp objects, drinks and any other
object that Senior Reactor Operator or Reactor Supervisor or Director of the facility
finds inappropriate to bring into the UNEF areas.
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11.1.5.4 Access Control during Operation

When the UUTR TRIGA reactor is operating, the licensed reactor operator (or
senior reactor operator) at the controls are responsible for controlling access to the
control room and the reactor area.

11.1.5.5 Exposure Records for Access

Personnel who enter the reactor area must have a record of accumulated dose
measured by a gamma sensitive individual monitoring device, either a personal
dosimeter or a self-reading dosimeter. Normally no less than two individual monitoring
devices may be used for a group of visitors, all spending the same amount of time in the
reactor area.

Typical personnel monitoring devices used at the UUTR are listed in Table 11.1-9.

Table 11.1-9 Typical personnel monitoring devices used at the UUTR

Type Dose Radiation Measure Reading frequency
Portable Electronic Deep Dose Equivalent Gamma As needed
dosimeter
TLD Deep Dose Equivalent Gamma, Beta Monthly

Eye Dose Equivalent
Shallow Dose
Equivalent

TLD Finger Ring Extremity Dose Gamma, Beta Monthly
equivalent

Before any work with radioactive materials begins, the RHD staff will evaluate
the likely or possible doses that an individual may receive. Personnel dosimeters are
issued for any of the following conditions:

0 before entry into high or very high radiations areas;
0 when the deep dose equivalent could exceed 50 mrem in any one month;
* when the shallow dose equivalent could exceed 500 mrem in any one month;
* when the total effective dose equivalent to minors or a declared-pregnant

worker could exceed 50 mrem in a year.
Internal dosimetry evaluation is limited to two bioassay methods. The RHD may

analyze urine for the presence of 3H using a liquid scintillation counter. Iodine uptake in
the thyroid may be analyzed in vivo through a thyroid counting program established by
RHD. In emergency situations, arrangements would have to be made with RHD, for
whole body in vivo counting using gamma spectroscopy. Bioassay is required under the
conditions determined by the RHD.
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An ALARA investigation is performed by the RHD staff if a personnel dosimeter

shows a reading that exceeds the stated ALARA investigation level or is unacceptable
from an ALARA point of view. This involves documenting the abnormal reading,
investigating the cause, and evaluating how it might be mitigated in the future. ALARA
investigation is automatically performed when the dose in any reporting period exceeds
1% of the applicable regulatory limit for occupational workers in 10 CFR 20. Additionally,

an ALARA investigation is initiated by the SRO and/or Director of the UUTR (and UNEF)
for individuals designated as visitors when a measured dose exceeds 10 mrem.

11.1.5.6 Record Keeping

Although the UUTR is potentially exempt from federally required record keeping

requirements of 10CFR20.2106(a), certain records are required in confirmation that
personnel exposures are less than 10 percent of applicable limits.

11.1.5.7 Records of Prior Occupational Exposures

These records (NRC Form 4) are requested from previous sites by RHD, and then

maintained permanently by the RHD. This is not normally done for students since they
typically do not have any prior occupational exposure.

11.1.5.8 Records of Occupational Personnel Monitoring

RHD permanently maintains exposure records and each personnel get his/her

annual dose report from RHD annually.

11.1.5.9 Records of Doses to Individual Members of the Public

Self-reading dosimeter records are kept in a logbook maintained by the UUTR.

Such records are kept permanently by the UUTR. Results of measurements or
calculations used to assess accidental releases of radioactive effluents to the
environment are to be retained on file permanently at the UUTR.

Bioassay is required for any individual who is likely to receive an annual intake of

all nuclides combined of 0.1 of the Annual Limit of Intake (ALl) or more.
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11.1.5.10 Ventilation

The UUTR ventilation system is described in details in Chapter 3. This section
discusses only those ventilation design features that apply to radiation protection. The
reactor area ventilation system:

" maintains Argon, Iodine and Nitrogen levels at concentrations in the reactor
area consistent with keeping occupational doses below the limits as specified
in 10 CFR 20;

* is balanced such that the reactor area is negative to both the laboratories
and offices found in the corridor and to the outside atmosphere; and

" has HEPA filters on all ducts originating from irradiation or sample handling
facilities.

11.1.5.11 Radioactive Materials

The rules for working with radioisotopes and radiation fields in a safe manner are
governed by good judgment and common sense for safe laboratory practices and by a
thorough knowledge of the nature of the experiment and the equipment being used.
Experiments require careful planning from the first to last step. It is inevitable that
certain steps in the experimental procedure are more accident-prone than other steps
resulting in spillage and spread of radioactive material. These problems must be
anticipated in designing the experiments. Some "excessive" caution is necessary in
dealing with radioisotopes. A set of guidelines is tabulated in the Subsection 11.1.5.12
in order to minimize external radiation exposure, to minimize internal radiation
exposure by avoiding ingestion, inhalation, and absorption of radioactive material, and
to prevent the spread of contamination in the event of a spill or other accident.

11.1.5.12 General Laboratory Requirements

The laboratory requirements for the safe utilization of radioactive materials are
not fundamentally different from those for use of other potentially hazardous materials.
A properly designed laboratory gives due consideration to the movement of personnel
and materials, the comfort and convenience of personnel, the required utilities, waste
disposal, illumination, fire prevention and security, as well as to the minimization of
potential hazards and to minimizing the probability of the creation of hazardous working
conditions. The potential hazards that are unique to the utilization of radioactive
materials in a laboratory are those of external radiation exposure, internal radiation
exposure, and the spreading of radioactive contamination to other areas. Thus a
radioisotope laboratory must, in addition to the usual safety considerations, provide
due consideration for adequate shielding against external radiation, containment of
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volatile radioactive materials, minimization of contamination, and provision for ease of
decontamination. The RHD, in granting authorization to use radioactive materials, will
consider the laboratory facilities in relation to the proposed use. The specific laboratory
requirements are dependent upon the type of experiment, quantity of radioactive
material to be used, and the hazard rating of the radionuclides being used. It is difficult
to establish precise laboratory requirements for the wide varieties of utilization that
occur at a university. However, radionuclides are classified into hazard groups, and a
laboratory classification scheme for purposes of monitoring is predicated on these
hazard groupings. At the UUTR the RHD monitors the UNEF radiation levels monthly as a
cross check to the monitoring done by the reactor staff.

11.1.5.13 Basic Laboratory Practices

It is essential that all personnel who work with radioactive materials become

familiar with the radiation protection program at the University of Utah. The guidelines
for proper procedures as well as requirements in handling radioactive materials are
summarized in this section. It is essential to point out that these guidelines pertain to all
use of radioactive materials. It is expected that the individual will use the utmost care
always to ensure safe use of radioisotopes in order to avoid endangering his or her
colleagues in the laboratories. All experimenters must therefore:

0 Wear personal dosimeters (e.g., film badge, ring badge, or pocket dosimeter)
0 Wear protective clothing, such as lab coats, full-length slacks, overshoes, and

safety glasses or goggles
& Protect the hands by wearing plastic gloves. (Consider the outer part of the

gloves to be contaminated and limit the use of gloves to the immediate
experimental area. Do not use gloves in the "inactive" regions of the
laboratory, where it is normally allowed to use bare hands [e.g., doorknobs,
light switches, fume hood doors, and telephones])

• Prohibit drinking, eating, smoking, and application of cosmetics in a

radioactive materials laboratory. (Even if parts of the laboratory are
"inactive," it is necessary to depart from the laboratory for drinking, eating,
smoking, or application of cosmetics.) The presence of empty food or drink
containers will be considered a violation of these regulations, since it will be
inferred that consumption occurred on the premises. Food or drink may be
transported (expeditiously) through a radioactive materials laboratory only if
in a completely closed container

• Prohibit pipetting radioactive solutions using mouth, licking gummed labels,
or combing hair in radioactive materials laboratory

0 Monitor hands, feet, clothing, and shoes, before leaving the laboratory
& Use suitable monitoring equipment such as portable survey meters in

laboratories. (These instruments give exposure rate to radiation in mR/hr, or
the observed rate of decay of radioisotopes in counts/min.)
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" Survey the laboratory area before commencing an experiment using
radioisotopes. (This precaution will ensure that the laboratory is
uncontaminated when starting the work. Allocate a smaller portion of the
surveyed area for experimental work. In case of an accident, it will be
relatively easy to contain the radioactivity and to decontaminate that area.)

* When using volatile materials, always work in fume hoods. (For extremely
high activity levels, a glove box is preferred. Inasmuch as feasible, avoid open
bench top experiments.)

" Ensure that the fume hood is in satisfactory condition (e.g., strippable or
washable paint on exposed area, proper air-flow, and unclogged drains). EHS
personnel are required to conduct an annual inspection of each fume hood
to ensure proper operational characteristics. (It is preferable to use glove
boxes with pressure inside the box slightly less than atmospheric pressure.)

" Use a large porcelain or stainless steel tray lined with absorbent paper and
carry out the experiments on top of this tray. (In case of an accident it is an
easy matter to decontaminate the tray.)

" Line adjacent porous surfaces with absorbent paper or equivalent material.
" Store and transport radioactive material in closed containers. (Do not

transport open containers from one part of the laboratory to another.)
" Label all containers of radioactivity properly with date, radioisotope, quantity

of radioactivity, and your name. (Regulations require that each container be
clearly marked as to its contents.)

" Use radiation shields if measured radiation levels at the body will result in a
dose equivalent in excess of about 20 mrem (0.20 mSv). (Remember that the
maximum permitted radiation exposure is 100 mrem/week (1.OmSv/week).
In shielding samples, do not forget that the back or sides of the hood may
face an adjacent laboratory; it will be necessary to consider exposure to this
area as well.)

" Survey the work area. Decontaminate the work area as necessary and clean
up all equipment immediately after use. (Check the area with survey
equipment to ensure the adequacy of the cleanup. Consult with the RHD if
you are not able successfully to clean up the area.)

" Properly post notices to designate areas containing radioactive materials.
(Areas where radiation exposure rates would result in a dose equivalent in
excess of 5 mrem (0.05 mSv) in one hour should be posted as a Radiation
Area and those in excess of 0.1 rem (1 mSv) in one hour as a High Radiation
Area. Signs are available for these designations. Remove all signs or markings
when the hazard is removed.)

* Rope off radiation areas and contaminated areas to restrict access and post
signs to indicate the hazard. (The barriers should not be removed without
prior consultation with the RHD.)
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Report all accidents promptly to the RHD on the Radioactive Materials
Incident and/or Accident Report (Accidents can occur in the best-planned
experiments.)

11.1.5.14 Security, Control and Safe Handling of Radioactive Materials

Stored radioactive materials must be secured from, or controlled in such a
manner as to prevent, unauthorized removal from the place of storage. Radioactive
materials which are neither in storage nor in restricted area must be tended under the
constant surveillance and immediate control of the authorized user.

The basic approach to safe handling of radioactive materials is to focus on
avoidance of spills, escapes, or other avenues to contamination by the material being
handled. Thus the container must be suitable for the material contained, both from the
integrity standpoint and the shielding standpoint. In all types of handling, which usually
involves a change in position or location of the radioactive materials, one must never
allow his or her attention to wander from the procedure at hand. Moreover, because of
the nature of radioactive materials and the attendant dangers of exposure or
contamination, extra precautions for safe handling must be adopted. For example, in
transporting radioactive materials from one laboratory space to another, even in the
same building and on the same floor, the mode of transport must include (at least)
double containment, so that there is a second barrier to dispersion should the first
barrier fail.

11.1.6 Contamination Control

At the UUTR the potential contamination is controlled by trained personnel
following written procedures of how to control radioactive contamination, and by a
monitoring program designed to detect contamination in a timely manner. There are no
areas within the reactor facility with continuing removable contamination.

The most likely sites of contamination and control of contamination are:
" The reactor room floor area and reactor grid area. All personnel including

gloves and shoes must be surveyed before they leave the reactor room.
" The fuel inspection area. Heavy water reflector elements are brought in this

room to inspect the elements.
" Sample receiver in the counting lab. A sample from the Pneumatic Irradiator

(PI) is transferred to this room using pressurized He gas.
" All personnel required to wear personnel dosimeter and lab coat in the

control room and reactor room even when the reactor is not operational.
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* Removal of irradiated samples from the reactor pool requires the presence
of a proper detector.

" All contamination events are documented.
While working at this or other potentially contaminated sites, workers wear

protective gloves, and, if necessary, protective clothing and footwear. Workers are
required to perform surveys to assure that no contamination is present on hands,
clothing, shoes, etc., before leaving workstations where contamination is likely to occur.
If contamination is detected, then a check of the exposed areas of the body and clothing
is required, with monitoring control points established for this purpose. Materials, tools,
and equipment are monitored for contamination before removal from contaminated
areas or from restricted areas likely to be contaminated. Upon leaving the reactor area,
hands and feet are monitored for removable contamination. The UUTR staff and visiting
researchers are trained on the risks of contamination and on techniques for avoiding,
limiting, and controlling contamination. Table 11.1-10 lists sample locations for routine
monitoring of surface contamination control measures. On a biweekly basis, 100 cm 2

swipe tests are analyzed for contamination. Acceptable surface contamination levels for
unconditional release are no more than 1,000dpm/100 cm 2 beta-gamma radiation.

Table 11.1-10 Representative Contamination Sampling Locations

Reactor area
Clean sample-preparation fume hood
Floor between reactor room and control room
Floor near entrance to reactor area
Fume hoods
Floor in NW comer of reactor area and fuel storage area
Table in north side wall of reactor room
Stairway between reactor room floor and upper grid plate
Outside reactor area
Floor between control room and computational room
Floor in the counting laboratory
Exit hallway floor
Table for rabbit sample preparation in the counting laboratory
Office area

The basic components of contamination control are:

" Wear fully protective clothing, including gloves, a laboratory coat, wrist
guards, full-length slacks, shoes (preferably overshoes) that cover the feet
and possibly the ankles, and safety glasses or goggles

* Designate a specific area for work with radioactive materials

* Label all containers and tools properly
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" Use trays and absorbent papers

" Prohibit smoking, drinking, eating, or application of cosmetics in the
radioactive materials laboratory

" Change gloves frequently so as to avoid contaminating various laboratory
articles, fixtures, and surfaces

" Use transfer pipettes and prohibit any mouth-pipetting

" Work with volatile compounds only in operational fume hoods

" Use traps to absorb volatiles (Guidance on disposal of chemical traps should
be obtained from the RHD)

" Provide for regular monitoring of clothing, shoes, and the work area

" Avoid all interruptions and distractions once the procedure has been
commenced, and especially those which might cause contamination of
laboratory articles or furniture (e.g., telephone calls)

At the UNEF the main method of contamination control is embodied in the
procedures used to irradiate samples and to handle irradiated samples. All samples are
irradiated in a plastic container of some type and lowered down into UUTR pool water
containing irradiation tube of the reactor by one of the reactor staff or a qualified
experimenter. At the end of the irradiation the sample is pulled up in the irradiation
tube and out of the core. Depending upon the expected dose rate from the sample, it
may be immediately withdrawn from the core to the bridge level and the sample's
exposure rate immediately measured or allowed to cool for a while before being
removed from the top of the irradiation tube.

Samples removed from the core are passed down to a hood in the
Radiochemistry Laboratory which is on the floor below the reactor operating area via a
4 inch plastic tube that leads to the hood. Documentation on the sample irradiation is
then made out by the person removing the sample including the dose rate of the
sample. Samples with a dose rate of over 100 mr/hr are not allowed to be transferred to
the Radiochemistry Laboratory.

In the Radiochemistry Laboratory a person wearing plastic gloves processes the
sample as needed and again monitors the sample or samples after they have been
removed from the irradiation container. Only low level samples for Neutron Activation
Analysis or irradiated samples in a shield are allowed to be removed from the
Radiochemistry Laboratory. The reactor room and radio-chemistry room have three
Area Radiation Monitors (near the reactor tank, reactor room ceiling and radio-
chemistry lab). If the reactor room has a radiation level higher than 10 mR/hr or
somebody attempts to remove a hot sample from the reactor pool, the radiation alarm
will be sounded. A radiation monitor is also located at the entrance of the computer
room area.

2911 P age



UUTR CHAPTER 11

11.1.7 Environmental Monitoring

Environmental monitoring is required to assure compliance with Subpart F of
10CFR Part 20 and with the UUTR Technical Specifications. Installed monitoring systems
include area radiation monitors and airborne contamination monitors. The facility has
maintained a comprehensive environmental and facility monitoring program for the last
35 years. This program has been very effective in quantifying the fact that the operation
of the facility has had an insignificant impact on local environmental radiation levels and
radiation exposure in and about the facility. The components of the program are
described as follows.

11.1.7.1 Area Radiation Monitors (ARM)

Area radiation monitors are required for reactor operation. Radiation area
monitor calibration is accomplished as required by Technical Specifications in
accordance with facility procedures. With the exception of Argon-41, there are virtually
no pathways for radioactive materials from the UUTR to enter the unrestricted
environment during normal facility operations.

11.1.7.2 Airborne Contamination Monitors

The facility has one required air monitoring system in the reactor area. Two
additional systems monitor air from the exhaust stack. Airborne contamination monitor
calibration is accomplished as required by Technical Specifications in accordance with
facility procedures.

The UUTR may impose additional requirements through the Radiation Protection
Program.

The average quarterly radiation exposure in mRem in and about the facility is
monitored using high sensitivity TLD type dosimeters. The monitoring locations include
the unrestricted areas adjacent to the UUTR facility, the closest off-site point of
continuous occupancy, and a number of off-site locations. The monitoring program
includes at least 20 sampling locations and the dosimeters are changed at the first week
of every month. The exposure data are analyzed at least monthly in order to insure
compliance with 10 CFR 20.1301. If the exposure rate in an unrestricted area adjacent to
the facility is found to be above the level of 3 times higher than background, action
should be taken to determine the cause of the exposure in the unrestricted area and to
reduce the exposure to the area. Three control dosimeters that are stored in the RHD
are provided to measure the background radiation levels. Annually the exposure to the
closest off-site point of continuous occupancy is analyzed to insure compliance with the
established ALARA criteria found in the facility's Technical Specifications.
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11.1.7.3 Contamination Surveys

Contamination monitoring requirements and surveillances addressed in
Subsection 11.1.6 prevent track-out of radioactive contamination from the reactor
facilities to the environment. As required by 10CFR20.1501, contamination surveys are
conducted to ensure compliance with regulations reasonable under the circumstances
to evaluate the magnitude and extent of radiation levels, concentrations or quantities of
radioactive material, and potential radiological hazards.

11.1.7.4 Radiation Surveys

Quarterly environmental monitoring is conducted, involving measurement of
both gamma-ray doses within the facility and exterior to the facility over the course of
the quarter using fixed area dosimeters. Gamma-ray exposure-rate data, based on
quarterly measurements over the most resent 5-year period is indicated in Table 11.1-
11. Source terms are related to reactor power levels; therefore maximum radiation
levels during operation at 100 kW should not exceed-twice the maximum historical
values.

Table 11.1-11 Representative Environmental Exposures for 90kW UUTR

Year Highest Annual Dose Inside UUTR Area Highest Annual Dose Outside
UUTR Facility

2005 1205B South wall: 237 mrem Energy & Geosciences Institute
(ERG, 1.5 miles from the reactor
facility): 48 mrem

2006 1205B: 308 mrem Background: 47 mrem
2007 12051B: 255 mrem ERG: 50 mrem
2008 1205B: 307 mrem ERG: 40 mrem
2009 1205B: 275 mrem ERG: 47 mrem

11.1.7.5 Monitoring for Conditions Requiring Evacuation

An evacuation alarm is required in the reactor area. Response testing of the

alarm is performed in accordance with facility procedures.
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11.2 Radioactive Waste Management

The reactor generates very small quantities of radioactive waste. Training for
waste management functions are incorporated in operator license training and
requalification program.

11.2.1 Radioactive Waste Management Program

The objective of the radioactive waste management program is to ensure that
radioactive waste is minimized, and that it is properly handled, stored and disposed of.
The Radiological Health Department (RHD) staff is responsible for administering the
radioactive waste management program, which also includes any records associated
with the program. All records are retained for the life of the facility.

All radioactive waste or waste materials contaminated with radioactive materials
may be disposed off, only in accordance with the practices and procedures established

by the RHD and enforced by the RHD. The specific procedures, which may change with
time, include provision for handling the radioactive wastes as described below. All
disposal (and use) are conducted in a manner consistent with environmental monitoring
requirements that are met by the RHD.

11.2.2 Radioactive Waste Controls

Radioactive solid waste is generally considered to be any item or substance no
longer of use to the UUTR facility, which contains or is suspected of containing
radioactivity above background levels. Volume of waste at the UUTR is small, and the
nature of the waste items is limited and of known characterization. Consumable
supplies such as absorbent materials or protective clothing are declared radioactive
waste if radioactivity above background is found to be present. When possible, solid
radioactive waste is initially segregated at the point of origin from items that are not
considered waste. Screening is based on the presence of detectable radioactivity using
appropriate monitoring and detection techniques and on the future need for the items
and materials involved. Solid wastes are either allowed to decay in storage to
background, or are transferred to the University of Utah RHD to disposal.

Although argon-41 is released from the UUTR, this release is not considered to
be waste in the same sense as liquid and solid wastes; it is an effluent, which is a routine
part of the operation of the facility. Typically, this gas simply mixes with reactor room
and other facility air and is discharged along with the normal ventilation exhaust.

Liquid wastes are not customarily released from the UUTR.
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11.2.3 Release of Radioactive Waste

The UUTR does not have a policy of releasing radioactive waste to the
environment as effluent. If contaminated liquids are produced, they are contained
locally, added to absorbent, and transferred to a waste barrel in preparation for transfer
to RHD. Solid waste is likewise routinely contained on-site.

11.2.4 Routine Waste Collection

The Radiological Health Department routinely collects properly packaged and
tagged solid and liquid materials from laboratories on campus including the UUTR
Reactor Facility. It is the user's responsibility to properly tag the waste container and
accurately estimate the specific radionuclide content in the waste.

11.2.5 Radioactive Waste Storage

The RHD accumulates and stores properly tagged waste materials in an
appropriate location prior to transfer to a permanent, licensed disposal site.

11.2.6 Disposal to Sanitary Sewer System

Authorized users only may release to the sanitary sewer small quantities of non-
alpha emitting radionuclides not to exceed the limits established in 10 CFR 20.2003 with
the approval of the RHD. In order to ensure that total university releases do not exceed
the appropriate limits, individual user release limits may not exceed those listed in the
Table 11.2-1. (Hazardous [chemical] wastes with a radioactive component [officially
labeled "Mixed wastes'] are subject to additional regulatory control. Proper disposition
of these wastes must be determined by prior consultation with the RHD). The Table
11.2-1 is an example from 10 CFR 20. 2003 and when the facility needs to release any
radioactive isotope such as in the Table 11.2-1, it is required to in coordinate with the
University Radiological Health Department.
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11.2.7 Radioactive Waste Packaging and Labeling

The RHD collects to dispose only packaged and labeled radioactive waste
materials. The basic packaging and labeling requirements are:

Dry waste such as paper, gloves, and plastics, should be placed in the standard
Low Specific Activity box (LSA box), which has been lined with a plastic bag. No
biological waste whatever is allowed in dry waste. Glass pipettes, broken glass, needles
and any other sharp items should be placed in a strong inner package, which is placed in
the larger box. Damp material and other waste that will give off vapors or fumes should
be contained in small, well-sealed plastic bags or containers before they are placed in
the box. (Animal carcasses, blood and tissue, and larger amounts [10 grams] of waste
that will putrefy should be frozen and disposed of according to animal waste procedures
given below.)

Table 11.2-1 User release limit for several isotopes [1OCFR20.2003]

Radionuclide Activity Activity limit for Activity limit for
concentration for exempt exempt
exempt material consignment(Bq) consignment (Ci)

(Bq/g)
H-3 1.0x10 6  1.0x10 9  2.7x10-2

C-14 1.0x10 4  1.0x107  2.7x10 4

P-32 1.0x10 3  1.0x105  2.7x106

S-35 1.0x105  1.0x10 8  2.7x103

Ca-45 1.0x10 4  1.0x10 7  2.7x10-4

Cr-51 1.0x10 3  1.0x10 7  2.7x10-4

1-125 1.0x10 3  1.0x10 6  2.7x105-

Liquid waste that cannot be disposed of via the sewer system must be collected
and stored in an appropriate container. Some liquid wastes must be absorbed on floor-
dry and disposed of as solid waste. The RHD should be consulted for more specific
assistance relating to liquid waste collection.

Liquid scintillation fluid vials. The waste from liquid scintillation counting
deserves special mention because of both the volume and the requirement to use non-
hazardous and non-toxic media:

* when vials are reused: the spent cocktail should be emptied into a liquid
waste container and treated as liquid waste. This operation should be
conducted in an operating fume hood

" when vials are disposed of with contents: Vials should be collected in their
original carton or packed carefully in a separate box or bag. Filled scintillation
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vials must not be mixed with dry waste. The RHD should be consulted for
more specific assistance as required
when empty vials are disposed of. empty vials should be placed in a dry
waste bag

11.2.8 Records and Labeling

The university license and state regulations require that inventory and control
methods cover all aspects of work with radioactive material. Therefore, all packages and
containers of radioactive waste must be labeled with a radiation symbol and a
description of the contents. The label should indicate the radionuclide, the activity in
kBq or MBq, and the name of the authorized user. Containers should be securely closed,
both top and bottom, with strong tape or other appropriate devices. Flaps must not be
tucked one under the other; this method is not as strong as properly folded and taped
flaps. Radioactive label tape is not strong. Both the tops and bottoms of boxes must be
secured. Plastic bags should be tied or taped closed. It is especially important to avoid
inadvertent collection of radioactive waste by custodians. This goal will be achieved by
proper and prominent labeling of radioactive waste containers in the laboratory. As
waste is being accumulated in a container, a record of each addition should be made.
The record sheet must be summarized and be properly labeled with the waste tag.

11.2.9 Release of Radioactive Waste

As mentioned in Section 11.2.3, the UUTR does not have a policy of releasing
radioactive waste to the environment as effluent. The UUTR release only a sample,
which satisfies some specific conditions. Non-routine liquid radioactive waste is
generated from decontamination or maintenance activities. Possible gaseous
radioactive isotopes that are generated from the UUTR facility are Argon-41 and
Nitrogen-16. The amount of Argon-41 satisfies 10 CFR 20 limits. Nitrogen-16 generation
is very small and during the reactor operation, the ARM near the reactor tank and
reactor room ceiling do not exceed 0.05 mR/hr. All solid waste or experimental samples
are surveyed using portable GM counter, ion chamber, 16 channel alpha spectrometer
and high purity germanium gamma spectrometer. If a sample satisfies a specific limit,
then it can be released or disposed. RPR 54 and 55 specifies the specific procedures for
the disposal, release and shipment of radioactive waste. The limits for specific isotopes
are outlined in 49 CFR 173.425, and within 49 CFR 173.433 (d) (2) for mixed
radionuclides. The exempted amount is specified in 10 CFR 30.71. Figure 11.2-1 shows
one example of release from the UUTR to US Air Force.
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CENTER
1225S Central Camrpus Dr.

Room 104
Salt Lake City, UT 94112

801-581-41A8
Memorandum

To:
Fron" CENTER
Date: Octobeir 13, 2009
Subject: Survey remuts of USAF electronic parts # 27-10622-1, 27-10622-2,27-10622-3
27-10622-3-910, 27-10622-4 27-10623-2 and 27-10623-4

The USAF electronic parts that were irradiated im the University of Utah TRIGA reactor
on 10/05/09 and 10/06/09 were characterized using the -PGe detechon system on
10113/09 and surveyed on 10/13/09. The following isotopes were found in the paris and
are sumrie as follows-

Cr-r1 0-3 11
in-64 0.m2 MO
Co.8 0.38 14.2

Co-60 1.73 04.1
Fe-60 0.15 5.6
Cu-64 2170 0.9

Mo-CO 2.24 82.9
Ag-lltn 3.M3 134.4

Sn-113 0am2 a.9
Sb-122 0.43 10.0
56-124 a.03 t.i

W-187 10.54 300.0

These axe within the excepted limits outlined in 49 CFR 173.425, and within 49 CFR
173.433(d(X2) for mixed radionuclides& These quantities are exempt within 10 CFR
30.71.

The electronic parts were also surveyed using a Ludlun Model 19 survey meter (S/N
15251, calibrtion date 02105109). At contact the highest dose reading for the parts was
less tha 50 pR/hr. These are within the excepted limits outlined in 49 CFR
173.421(a)(2) of 0.5 mR/hr.

A wvpe test of the packages was performed to check for removable beta-gamma and
alpha contamimation. The entire package was wipxe and the wipes counted with a TBM-

Figure 11.2-1 Example of sample release from the UUTR to US Air Force [Notice that in 2010,
"CENTER" was changed to "UNEP"]
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Appendix 11.2.A

For Table 11.2.A-1,
y(E) is the photon energy in MeV,
a (E) is the MCNP 5 determined flux density for photon energy E

IIH20 (E) is the mass attenuation coefficient for water for photon energy E
p

AS•o 2 (E) is the mass attenuation coefficient for sand for photon energy E

'•a (E) (cm 2/g) is the mass attenuation coefficient in air for photon energy E

B(E) is the photon dose buildup factor for photon energy/E
tka(E) is the photon fluence rate at point a //t N
D6(E) (Gy/hr) is the dose rate in air for photon energy the tof interest
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Table I1.2.A-1 Calculations results for the 90 kW UUTR
at 90 w 7.53E+15 n/sec i _ _ _

a= 183 p(H 20)[ 1 "_ _ gcm x(Ha0) cm 92

Phi p(SiO 2)t1.6 g/cm X(S[O2) CM 61

y(E) SA(E) R.(E)/p H 20 p.(E)/p SiO 2  pn(E)/p Air B(E) 0.(E) I D.(E) Dý(E)

(MeV) -(y/cm 2-n) (cm 
2
/g) (cm 2/g) 1 (cm 

2
/g) (y/cm

2
-sec) (Gy/sec) (Gy/hr)

0,40 8.032E-05 0.106 0,095 0.030 2.6 7.71E-03 1.46E-14 2.30E-12

0.80 1.945E-05 0.079 0.071 0.029 2.3 2.51E-01 9.28E-13 1.26E-10

1.20 9.173E-06 0.065 0.058 0.0029 2.3 1.50E+00 8.30E-12 1.13E-09

1.60 5.731E-06 0.056 0.050 ,} 0,029 2.3 4,63E+00 3.42E-11 4.64E-09

2.00 3.993E-06 0.049 0.045 0.024 1.8 9.67E+00 7.281-11 8.04E-09

2.40 1.476E-05 0.045 0.041 0.024 1.8 8.22E+01 7.42E-10 8.20E-08

2.80 1,572E-06 0.041 0.038 [ 0.024 1.8 1.62E+01 1.71E-10 1.88E-08
3.20 1.522E-06 0.038 0.035 0.024 1.7 2,59E+01 3.12E-10 3.16E-08

3.60 1.063E-06 0.036 0.033 0.024 1,i.7 2.69E+01 3.64E-10 3.69E-08

4.00 7.104E-07 0.034 0.032 0.019 1.6 2.55E+01 3.05E-10 2.90E-08
4.40 7.864E-07 0.032 0.030 0.019 1.6 3.71E+01 4.89E-10 4.64E-08

4.80 7.070E-07 0.031 0.029 0,019 1.6 4.26E+01 6.13E-10 5.81E-08

5,20 3.856E-07 0.030 0.028 0.019 1.6 2.86E+01 4.46E-10 4.23E-08

5.60 2.933E-07 0,029 0.027 0.019 1,6 2.63E+01 4.41E-10 4.18E-08

6.00 2.207E-07 0.028 0.027 0.017 1.5 2.30E+01 3,65E-10 3.18E-08

6.40 2.853E-07 0.027 0.026 0.017 1,5 3.40E+01 5.75E-10 5.00E-08
S680 1,197E-07 0.026 00025 0,017 1,5 1.63E+01 2.92E-10 2.540-08

7,20 7.260E-08 0.025 0025 0.017 1.5 1.10E+01 2.10E-10 1.83E-08

7.60 2.704E-07 0.025 0.025 0.017 1,5 4.52E+01 9.09E-10 7.90E-08

8.00 1.294E-06 0.024 0.024 [ 0.015 1.4 2,36E+02 4,62E-09 3.77E-07
8.40 2.182E-08 0.024 0.024 0.015 1.3 4.33E+00 8.91E-11 6.73E-09

8.80 8,493E-08 0.023 0.023 0.015 1.3 1.82E+01 3.92E-10 2.96E-08
9.20 8.018E-08 0.023 0.023 0.015 1.31.3 83E+01 4.13E-10 3.12E-08

9.60 3.434E-08 0.023 0,023 0.015 1.3 8.30E+00 1.95E-10 1.48E-08

10.00 1,594E-08 0.022 0.023 0.015 1. 3 4.08E+00 9.47E-11 7.16E-09

10.40 1.126E-10 0.022 0.022 0.015 1.3 3.02E-02 7.29E-13 5.51E-11

10.80 3.616E-10 0.022 0.022 0.015 1.3 1.02E-01 2.55E-12 1.93E-10

11.20 7.514E-11 0.021 0.022 0.015 1.3 2.21E-02 5.76E-13 4.35E-11

11.60 3.870E-11I 0,021 0.022 0.015 1.3 1.18E-02 3.19E-13 2.41E-11

12.00 2.420E-10 0.021 0.022 L 0,015 T 1.3 7.68E-02 2.14E-12 1.62E-10

12.40 2.212E-11_ 0.021 0.022 0.0 5 1.3 7.230-03 2.08E-13 1.57E-11
12.80 0.000E+00 0.020 0,022 0.015 1.3 0.OOE+00 0.00E+00 0.00E+00

13.20 3.210E- 1 1 0,020 1 0021 0.015 1.3 1.12E-02 3.43E-13 2.60E-11

13.60 0.000E+00 0.020 0.021 0.015 1.3 0.00E+00 0.0OE+00 0.OE+00
S14.00 1,806E-11 0.020 0.021 I 0.015 1.3 6.67E-03 2.17E-13 1.64E-11

14.40 2.271E-11 0.020 0.021 0.015 1.3 8.62E-03 2.88E-13 2.181-11

14.80 0.000E+00 0.020 0.021 0.015 1.3 0.00E+00 0.00E+00 0.OOE+00

15.20 0.O00E+O0 0.019 0.021 0.015 1.3 O0.OE+00 0. 00E+00 0.OOE+00

15.60 0.000E+00 '0.019 0.021 0.015 I 1.3 0.00E+00 0.00E+00 0.000+00

16.00 0.000E+00 0.019 0.021 0.015 1.3 0.00E+00 0.00E+00 0.000+E00

16.40 0.000E+00 0.019 0,021 0.015 1.3 0.00E+00 0. 00E+00 0. 00E+00

16.80 1.809E-11 0.019 1 0,021 0.015 1.3 7.69E-03 3.00E-13 2.27E-11

17.20 0.OOE+00 0.019 0.021 0.015 1.3 0.00E+00 0.00E+00 0.0OE+00
17 ,O0 0 0.019 ! 0.021 0.015 1.8 0, OOE+O0 0.,OOE+00 0. OOE+O01800 0. -+ 0 0019 0 0021 i 0,5 1.8 0.00E+00 0, ooE÷00 0.0 E00

18.40 0.000E+00 0.019 0.021 0.015 1.3 0.00E+00 0.00E+00 0,00E+00

18.80 0.OO0E+00 0.018 0,020 0,015 I 1.3 0.00E+00 0.00E+00 0.00E+00

19.20 0.000E+00 0.018 0.020 0,015 2 1.3 0.00E+00 0.00E+00 0.00E+00

19.60 0.000E+00 0.018 0.020 0.015 1.3 0.00E+00 0.00E+00 0.00E+00

20.00 0.000E+00 0.018 1 0.020 i 0.013 1.3 0.00E+00 0.00E+00 0.00E+00

Total 1.430E-04 -I _ _ _ 7.46E+02 1.22E-08 1.07E-06

____ - i t tN/yr) ý13.45
__8Gyiyr 865E-04

_.Sv/yr 6,49E-04
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12. CONDUCT OF
OPERATIONS

LEVEL 1
The University of Utah

Vice President for
RResearch (VPR)_ 2

LEVEL 2
Manager of the Utah
Nuclear Engineering

< Facilities (UN EF)____
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This chapter describes and discusses the Conduct of Operations at the University
of Utah TRIGA Reactor (UUTR). The Conduct of Operations involves the administrative
aspects of facility operations, the facility emergency plan, the security plan, the reactor
operator selection and requalification plan, and environmental reports.

12.1 Organization

The formal licensee of the UUTR is the President, The University of Utah. However,
the UNEP Director is responsible for licensing and reporting information to the NRC. The
President is informed of license issues via the normal university reporting channel,
originating from the UNEP Director through the Vice Provost for Research to the
President.

12.1.1 Structure

The administrative organization of the UUTR is summarized in Fig. 12.1-1. The
lines of responsibility and the lines of communication (consultation) are to be strictly
followed (UUTR TS 6.1.2). Failure to follow this organizational structure is a reportable
occurrence as defined in UUTR TS 1.1. The organizational chart is essentially a set of
three columns and three rows. The columns are defined by common functions:
operations, reactor safety, and radiation safety. The rows are defined by levels of
responsibility: administration, management, and staff. Administration is responsible for
the overall operation of the facility including coordination of operations, reactor and
radiation safety sections, budget authorization, and interfacing with regulatory
organizations. Management is responsible for assisting administration when necessary
and supervising day-to-day operations. Staff are responsible for executing day to day
operations tasks.

The UUTR maintains a small staff of Reactor Operators (RO) and Senior Reactor
Operators (SRO). There are no specialized staff solely responsible for implementing the
radiation safety function, but each staff member has been trained in radiation safety
and is responsible for the implementation of a radiation protection program. The direct
line of responsibility for operation of the reactor is as follows: RO's, SRO's, Reactor
Supervisor (RS), and manager of the facilities, Vice President for Research and President
(U of U).

The Department of Radiological Health and the Reactor Safety Committee are
separate support entities, which provide independent radiation surveys and audits,
respectively, for the UUTR. Both of these committees are directly responsible to the
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University of Utah Vice President for Research and not to management or staff of the
UUTR; thus the independent characteristic of radiation safety reviews and audits is
guaranteed.

LEVEL 1
The University of Utah

Vice Presideni for

LEVEL 2
Manager of the Utah
Nuclear Engineering

Facilities (UNEF)
_ ~ REACTOR SAFETYCOMMITTEE (RSC)

LEVEL 3
Supervisory Senior

Reactor Operator (SRO)

4 ------> Line of communication

- , Line of responsibility
and reporting

Figure 12.1-1 University of Utah Administrative Organization for Nuclear Reactor
Operations [Clarified - December 2009; in compliance with ANSI/ANS 15.1-2007]

As indicated in Fig. 12.1-1, the Reactor Safety Committee shall report to Level 1.

Radiation safety personnel shall report to Level 2. Additional description of levels

follows:

a. Level 1: Individual responsible for the reactor facility's licenses, i.e., the

Associate Vice President for Research in the Office of Vice President for

Research; The Vice President for Research will assign which of the Associate

Vice Presidents for Research will be the responsible Level 1 individual.

b. Level 2: Individual responsible for reactor facility operation, i.e., the Utah

Nuclear Engineering Facility (UNEF) Manager shall be the Director of the

Utah Nuclear Engineering Program (UNEP).

c. Level 3: Individual responsible for day-to-day operation or shift shall be the
reactor supervisor (RS). This person shall be a senior reactor operator (SRO).

d. Level 4: Operating staff shall be senior reactor operators, reactor operators,

and trainees.

3031 P a g e



UUTR CHAPTER 12

12.1.2 Responsibility

" President, the University of Utah - chief executive officer of the university;
" Vice President for Research - research programs associated with the

university are administered through the research office. The UNEP is
administered through the research office;

" Radiation Safety Committee - The RSC is responsible for radiological safety
on the entire university campus and controls the movement and use of all
radioisotopes and radiation producing machines on campus. The RS in full
consultation with the RSO enforces the regulations of this committee within
the reactor area.

* Reactor Safety Committee - The reactor safety committee is responsible for
reviewing proposed experiments, modifications and procedures, and
changes thereto, with respect to the TS, CFR, SAR, and ANSI Standards, the
Experiment Authorization and Modification Authorization procedures
established and general common sense. The RSC is also responsible for
auditing operation, operational records, any operating abnormalities, and
the expected performance of facility equipment effecting nuclear safety. The
RSC makes recommendations to UUTR through the appropriate channels
based on their reviews of these items. In addition, the RSC reviews any
reported safety-limit violations and assists in preparation of required reports,
as necessary. In order to fulfill these responsibilities, the RSC shall meet at
least semi-annually and on call of the Chairman. Documentation of the
activities of the RSC shall be maintained. The documentation shall include
the names and qualifications of the members, the agenda and approved
minutes of all RSC meetings, RSC actions, and copies of all correspondence
and reports to or from the RSC. RSC documentation is transmitted annually
to the University Archives.

" The UNEF Manager - the director is accountable for ensuring all licensing
requirements, including implementation and enforcement, in accordance
with the NRC codes and guides. This is a level 2 position. The UNEF Manager
with the most senior a Senior Reactor Operator (SRO) is responsible for
liaison with the NRC regarding technical and emergency matters and for
enforcement of all regulations. The UNEF Manager under all conditions shall
be the UNEP Director. In the absence of the UNEP Director, The University of
Utah shall appoint a person to serve as the Interim UNEF Manager.
Therefore, Director has final authority and ultimate responsibility for the
reactor facility and, within the limitations established by the facility license,
makes final policy decisions on all phases of reactor operation, appoints
personnel to all positions that report to the Director, and is advised in
matters concerning radiation safety by the Radiation Safety Committee and
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matters concerning safety by the Reactor Safety Committee. This individual
holds a Senior Reactor Operator's License;

" Reactor Supervisor - the reactor supervisor is responsible to the UNEP
director for directing the activities of reactor operators and for the day-to-
day operation and maintenance of the reactor. The reactor supervisor shall
be certified as a senior reactor operator. This is a level 3 position;

" The reactor operator reports - to the reactor supervisor and is primarily
involved in the manipulation of reactor controls, monitoring of
instrumentation, and operations and maintenance of reactor related
equipment. A reactor operator shall be certified as either a senior reactor
operator or a reactor operator. This is a level 4 position; and

" The RSO - is an experienced health physicist and is responsible for the
radiological health and safety of the University community. The RSO works
with the RS to ensure the radiological safety of operations within the reactor
facility and is responsible for the transfer of radioisotopes outside the UNEF.
The RSO is available for consultation in the event of any emergency. The RSO
may perform only those duties specified for the RSO or a health physicist.

* Activities at the facility- will always be under direct control of an NRC
licensed SRO designated by the RS. An SRO must be on call (but not
necessarily on site) when the reactor is not secure. The SRO will be
responsible to the RS for the overall facility operation including safe
operation and maintenance of the facility and its associated equipment.
Temporary changes to procedures that do not change their original intent
may be made by the SRO (UUTR TS 6.4). The SRO may perform any duties
not specified here and duties specified for RO's. RO's licensed by the NRC
can legally operate the TRIGA reactor. RO's may directly supervise trainees
when manipulating core reactivity. All RO's and trainees are under the
direction of an SRO.

12.1.3 Staffing

All reactivity changes shall be made by, or in the presence and under the
direction of the licensed operator of record at the time the reactivity changes are made.

1. When the reactor is not secured, the minimum staff shall consist of (UUTR TS
6.1.3):

a. A licensed reactor operator in the control room, e.g., Reactor
Operator (RO) (may be the SRO or RS).

b. A designated Senior Reactor Operator (SRO) on call but not
necessarily on site.
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c. Another person present at the facility complex who is able to carry
out prescribed written instructions.

2. A list of reactor facility personnel by name and telephone number shall be
readily available in the control room for use by the operator. Level 1/2The list
shall include:

a. management personnel,
b. radiation safety personnel,
c. other operations personnel;

3. Events requiring the presence at the facility of the senior reactor operator
are:

a. initial startup and approach to power,
b. all fuel or control-rod relocations within the reactor core region,
c. relocation of any experiment with reactivity worth greater than one

dollar;
d. recovery from unplanned or unscheduled shutdown or significant

power reduction.

12.1.4 Selection and Training of Personnel

The selection, training, and requalification of operations personnel shall meet or
exceed the requirements of American National Standard "Selection and Training of
Personnel for Research Reactors," ANSIOANS-15.4-1988 ~R1999, Sections 4 through 7.

The Reactor Supervisor shall be responsible for the facility's Requalification
Training Program and Operator Training Program. RO's and SRO's must have a degree in
Nuclear Engineering or related field, or be working towards the completion of a degree.

The UUTR maintains a RO/SRO qualification and requalification program to
ensure the competence of its operators. The training program covers basic nuclear
phenomena, health physics, and reactor operations and involves both lectures and
hands-on experience. The requalification program presents the same material. All
licensees must take part in an annual requalification exam. The Reactor Supervisor is
responsible for conducting the training and requalification programs. Topics covered of
this training include:

* Organization;
" Security and access control;
* Radiation occupational safety; and
* Emergency procedures and responses
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12.1.4.1 General Training for the UNEF Personnel

Training and orientation for all personnel within the UNEF who work with
radioactive materials is specifically discussed in Chapter 11.

12.1.4.2 Initial Reactor Operator Training

Either a reactor operator or a senior reactor operator trainee shall be signed up
for two-semester training courses. For initial training for either a reactor operator or a
senior reactor operator, the following documents shall be studied and knowledge
demonstrated:

Training session 1: Basis nuclear reactor physics, regulations, radiation safety and
protection, emergency procedures and 10 CFR codes;
Training session 2: reactor operating procedures, instrumentations, Technical
specifications, physical securities, license and experiments.

12.1.5 Radiation Safety

This is covered in Chapter 11.

12.2 Review and Audit Activities

An independent oversight committee referred to as the Reactor Safety
Committee (RSC) conducts the review and audits on a biennial basis. Appointments to
the Reactor Safety Committee are initiated by the RSC itself and are annually reviewed
and approved by the President of the University.

The Reactor Safety Committee has been assigned approval authority for review
and audit activities.

The Reactor Safety Committee (RSC) shall function to provide an independent
review and audit of the facility's activities including (UUTR TS 6.2):

1. reactor operations
2. radiological safety
3. general safety
4. testing and experiments
5. licensing and reports

307 P a g e



UUTR CHAPTER 12

6. quality assurance

12.2.1 Composition and Qualifications

The RSC shall be composed of at least five members knowledgeable in fields that
relate to nuclear reactor safety. The members shall collectively represent a broad
spectrum of expertise in the appropriate reactor technology.

The members of the committee shall include the Reactor Supervisor and faculty
and staff members designated to serve on the committee. The University's Radiation
Safety Officer shall be an ex officio member of the RSC.

Members and alternates shall be appointed by and report to Level 1
management (UUTR TS 6.2.1). Individuals may be either from within or outside the
operating organization (University qualified and approved alternates may serve in the
absence of regular members).

12.2.2 Charter and Rules

The RSC shall conduct its review and audit functions in accordance with a written
charter. This charter shall include provisions for (UUTR TS 6.2.2):

* meeting frequency;

* voting rules;

* quorums; method of submission and content of presentations to the
committee;

* use of subcommittees; and

* review, approval and dissemination of meeting minutes.

12.2.3 Review Function

The responsibilities of the RSC or designed subcommittee(s) thereof shall
include, but is not limited to, the following (UUTR TS 6.2.3):

1. review and approval of all new experiments utilizing the reactor facility
2. review and approval of all proposed changes to the facility license by

amendment, and to the Technical Specifications
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3. review of the operation and operational records of the facility
4. review of significant operating abnormalities or deviations from normal and

expected performance of facility equipment that effect nuclear safety
5. review and approval of all determinations of whether a proposed change,

test, or experiment would constitute a change in the Technical Specifications
or on unreviewed safety questions as defined by 10 CFR 50.59

6. review of reportable occurrences and the reports filed with the Commissions
for said occurrences

7. review and approval of all standard operating procedures and changes
thereto

8. biennial review of all standard procedures, the facility emergency plan, and
the facility security plan.

A written report or minutes of the findings and recommendations of the review
group shall be submitted to Level 1 and the review and audit group members in a timely
manner after the review has been completed.

12.2.4 Audit Function

The RSC or a subcommittee thereof shall audit reactor operations semiannually,
but at intervals not to exceed 8 months. The semiannual audit shall include at least the
following (UUTR TS 6.2):

1. review of the reactor operating records
2. inspection of the reactor operating areas
3. review of unusual or abnormal events
4. radiation exposures at the facility and adjacent environs

12.3 Procedures

Written procedures shall be prepared and approved prior to initiating any of the
activities listed in this section. The procedures shall be reviewed by the Reactor
Supervisor, and approved by the UNEP Director. The procedures are reviewed by the
RSC annually to ensure that they are appropriate. The procedures shall be adequate to
assure the safe operation of the reactor, but will not preclude the use of independent
judgment and action should the situation require.
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The utmost care shall be taken to keep thorough, accurate records of UUTR
operations, including detailed documentation of standard operating procedures for all
routine activities and the methods of review for proposed and existing procedures.
These documents, known collectively as the "UNEP Surveillance and Procedures Log"
apply only to activities performed in the UNEF and UNEP at the U of U. Facility users are
directly accountable for any activities they may undertake within the facility which are
not outlined in these documents. This section lists the forms and procedures included in
the "UNEP Surveillance and Procedures Log" as well as the approval process for new
standard procedures. It also describes UUTR policy in the event that a deviation from
standard procedure is necessary during reactor operation.

12.3.1 Reactor Operations

The following activities will typically require written procedures (UUTR TS 6.4):
* startup, operation, and shutdown of the reactor;
* fuel loading, unloading, and movement;
" routine maintenance of the control rod drives and reactor safety and

interlock systems or other routine maintenance that could have an effect on
reactor safety;

" testing and calibration of reactor instrumentation and controls, control rods
and control rod drives;

* administrative controls for operations, maintenance, and conduct of
irradiations and experiments that could affect reactor safety or core
reactivity;

* implementation of the Emergency Response Plan; and

* actions to be taken to correct specific and foreseen potential malfunctions of
any systems, including responses to alarms and abnormal reactivity
changes.

12.3.2 Health Physics

The following activities will typically require written procedures:
" testing and calibration of area radiation monitors, facility air monitors,

laboratory radiation detection systems, and portable radiation monitoring
instrumentation;

" working with radioactive materials;

* facility radiation monitoring program including routine and special surveys,
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personnel monitoring, monitoring and handling of radioactive waste, and
sampling and analysis of solid and liquid waste and gaseous effluents
released from the facility;

0 monitoring radioactivity in the environment surrounding the facility;
personnel orientation and training;

0 receipt of radioactive materials at the facility, and unrestricted release of
materials and items from the facility; and

* transportation of radioactive materials.

12.4 Required Actions

This is covered in the UUTR Technical Specifications.

12.5 Reports

This is covered in the UUTR Technical Specifications.

12.6 Records

This is covered in the UUTR Technical Specifications.

12.7 Emergency Planning

The UUTR Emergency Response Plan contains detailed information concerning
the UUTR response to emergency situations. The UUTR Emergency Response Plan is
written to be in accordance with ANSI/ANS 15.16, Emergency Planning for Research
Reactors.
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The Emergency Response Plan is designed to provide response capabilities to
emergency situations involving the UUTR. Detailed implementing procedures are
referenced in this plan. This approach provides the UUTR emergency staff the flexibility
to cope with a wide range of emergency situations without requiring frequent revisions
to the plan. The objective of the Emergency Plan is to provide a basis for action, to
identify personnel and material resources, and to designate areas of responsibility for
coping with any emergency at the UNEF that could impact public health and safety. This
plan identifies both on-site and off-site support organizations that are required to be
contacted for specialized assistance depending upon the nature of the emergency.
Implementation of the plan on a day-to-day basis is the responsibility of the Reactor
Supervisor and UNEP Director who serve as the Emergency Coordinators in an
emergency. Provisions for reviewing, modifying, and approving the emergency
implementation procedures are defined in the plan to assure that adequate measures to
protect the staff and general public are in effect at all times.

12.8 Security Planning

The UUTR physical security plan ensures the protection of special nuclear
materials on the premises. All such material associated with the UUTR NRC License R-
126 is classified in the category of low strategic significance. The plan contains detailed
information concerning the UUTR security measures. The plan provides the UUTR with
criteria and actions for protecting the facility from such acts as intrusion, theft, civil
disorder and bomb threats. Primary responsibility for the plan and facility security rests
with the UNEP director. Implementation of the plan on a day-to-day basis during hours
of operations is also the responsibility of the UNEP director.

12.9 Operator Training and Requalification

This reactor operator training and requalification program is designed to satisfy
the requirements of the NRC's rules contained 10 CFR 55. It also generally complies with
the requalification program in ANSI/ANS 15.4, Selection and Training of Personnel for
Research Reactors.

312 1 P a g e



UUTR CHAPTER 12

12.9.1 Responsibility

The responsibility for this program rests with the reactor supervisor. This
responsibility shall cover the following items:

" Selecting knowledgeable individuals to give classroom lectures and to supervise
retraining operations;

" Certifying to the UNEP director that each individual has successfully completed
the requalification program; and

* Granting of exemptions to the requalification program as provided for in this
plan.

12.9.2 Schedule

The requalification program shall be conducted on a cycle not to exceed two years.
Upon conclusion, it will promptly repeated.

12.9.3 Content

The requalification program shall consist of preplanned lectures, written
examinations, an annual operating examination, and routine reactor operations.

12.9.4 Annual Lectures

Lectures shall be given annually (not to exceed 15 months) which cover the
following:

* Emergency response Plan; and
* Physical Security Plan.
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12.9.5 Biennial Lectures

Lectures shall be given biennially (not to exceed 30 months) which cover the

following:
* Facility design, characteristics, instrument control and safety system
* Reactor principles
* Operating procedures, Technical Specifications, and administrative procedures;

and
* Radiation protection.

12.9.6 Written Exam

Written exam shall be given covering the lecture material. The individual giving
the lecture on a particular subject shall formulate, administer, and grade the written
examination on that subject. Any licensed individual preparing and grading an
examination is exempt from taking that examination. All written examinations will be
proctored by the individual administering the exam, or by either appointed
representative, but shall not be an individual taking the exam.

A grade equal to or greater than 70% will constitute a passing grade. Failure to
achieve a passing grade will result in an accelerated retraining program in the subject
area failed. This accelerated retraining program will be left to the discretion of the
reactor supervisor.

12.9.7 Quarterly Operating Requirements

To maintain current license, each calendar quarter, a reactor operator shall
operate the reactor for a minimum of four hours and perform a supervised reactor
startup, including a core excess measurement and increase to power. For senior reactor
operators, direct supervision of these operations may be considered equivalent to
actual performance.

If a licensed reactor operator or senior reactor operator has not met these
quarterly operating requirements, then before resumption of licensed duties, the
operator or senior operator shall:
Satisfactorily perform the annual operating exam; and
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Operate the reactor for a minimum of six hours under the direction of a senior reactor
operator.

12.9.8 Annual Operating Exam

To maintain a current license, each calendar year, each reactor operator or
senior reactor operator shall successfully complete an annual operating exam to be
administered by the reactor supervisor. Successful completion is left to the discretion of
the reactor supervisor. The annual operating exam for the reactor supervisor shall be
administered by a senior reactor operator. The annual operating exam shall include the
following:

* Reactor startup;

* Core excess measurement;
* Increase power to 90 kW;

* Change in power level > 10% in manual;
* Record a reactor log book;
* Respond to any annunciators;
* Shut down the reactor;
* State responses, or respond to, all of the following situations:

1) loss of coolant;
2) loss of electrical power;
3) loss or male function of a nuclear instrumentation;
4) rod drop
5) inability to drive control rods;
6) fuel cladding failure; and
7) response to the high radiation alarm.

12.9.9 Medical Certification

All reactor operators and senior reactor operators shall undergo a medical
examination by a physician biennially, not to exceed 30 months. The physician should be
conversant with the medical requirements of this program. Following completion of the
medical examination, an NRC form 396 shall be signed by the UNEP Director.
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12.9.10 Records

Required documents and records pertaining to the requalification program for a
reactor operator or senior reactor operator shall be maintained until the respective
operator's license is renewed or surrendered (UUTR TS 6.8.2).

12.10 Startup Plan

This is not applicable.

12.11 Environmental Report

This shall be submitted as a separate document.
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Approved UNEP Forms

Form No.
Monthly

UNEP-001RIO

UNEP -020R12

Semi-Annual

UNEP -003R6

UNEP -011R2

UNEP -012R3

UNEP -015R3

UNEP -038R2

Annual

UNEP -023R4

Biennial

UNEP -002R3

UNEP -004R1

UNEP -009R2

UNEP -01OR1

Unscheduled

UNEP -005R4

UNEP -006R3

UNEP -007

UNEP -008R4

UNEP -013R4

UNEP -016

UNEP -017R1

Title RSC Ann rval
Title RSC Approval

TRIGA Prestart Checklist (3 sheets)

Monthly Inspection Checksheet (3 sheets)

Semi-Annual Control Rod Calibrations (2 sheets)

Calibration of Temperature Monitoring Channels (4 sheets)

Semi-Annual Thermal Power Calibration (2 sheets)

Emergency Kit Check

Semi-Annual Ventilation System

Maintenance and Verification (3 sheets)

Annual Maintenance and Calibration of the Area Radiation
Monitors (ARMs) and Continuous Air Monitor (CAM) (3 sheets)

Biennial Control Rod Inspection/Control Rod Movement

or Repair (2 sheets)

Biennial Fuel Rod Inspection (2 sheets)

Tank Inspection Procedure (2 sheets)

Heavy Water Reflector Element Inspection

Procedure (2 sheets)

Core Change and Critical Fuel Loading (2 sheets)

Procedure for Changing Filters in the TRIGA Pool Water

Refrigeration/Purification System (4 sheets)

Procedure to Change Central Irradiator

Procedure for Adding Water to the Reactor Tank (2 sheets)

Adjustment of Power Monitoring Channels (3 sheets)

Agreement for Off-Hours Access

Familiarization Checksheet

04/02/04

04/02/04

03/29/00

03/12/97

03/18/98

09/17/03

03/26/02

12/17/97

05/23/02

12/17/97

12/17/97

12/17/97

03/29/00

12/17/97

05/25/88
12/17/97

09/18/02

07/27/88

05/13/98
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Form No.

UNEP -018

UNEP -021R21

UNEP -022R2

UNEP -024

UNEP -025

UNEP -027R4

UNEP -028R1

UNEP -030

UNEP -031

UNEP -032

UNEP -033

UNEP -035R1

UNEP -036

UNEP -037

Title

Fuel Element Inventory Sheet

UNEP Emergency Call List - revised 06/10/04NA

Maintenance Log (2 sheets)

Replacement of Ion-exchange Resin (2 sheets)

Requalification Program Progress Checklist (2 sheets)

TRIGA Reactor Irradiation Request and Performance (2 sheets)

Experimental Facility Reactivity Worth

Determination Procedure

Cf-252 Irradiation Request and Performance

Safeguard Event Log

Liquid Effluent Discharge Authorization (2 sheets)

UNEP Security Alarms

Audit and Review Program Checklist (2 Sheets)

Calibration of pH Meter

Radiological Emergency Classification Checklist

RSC Approval

05/25/88

09/21/94

11/30/88

NA

03/26/96

03/12/97

03/21/90

03/21/90

03/19/92

05/29/91

06/09/93

06/08/95

12/14/94
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13. ACCIDENT ANALYSES
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This chapter provides information and analysis to demonstrate that the health and

safety of the public and workers are protected in the event of equipment malfunctions or other
abnormalities in reactor behavior. The analysis demonstrates that facility design features,
limiting safety system settings, and, limiting conditions for operation ensure that no credible
accident could lead to unacceptable radiological, consequences to people or the environment.

13.1 Introduction

In about 1980, the U.S. Nuclear Regulatory Commission requested an independent and
fresh overview analysis of credible accidents for TRIGA and TRIGA fueled reactors. Such an
analysis was considered desirable since safety and licensing concepts had changed over the
years. The study resulted in NUREG/CR-2387, Credible Accident Analysisfor TRIGA and TRIGA's-
Fueled Reactors [Reed College SAR]. The information developed by the TRIGA experience base,
plus appropriate information from NUREG/CR-2387, serve as a basis for some of the
information presented in this chapter. The reactor physics and thermal-hydraulic conditions in
the UUTR at power level of 100 kW are established in Chapter 4.

The fuel temperature is the limit on operation of the UUTR. This limit stems from the
outgassing of hydrogen from UZrH fuel and the subsequent stress produced in the fuel element
cladding material. Calculations performed by General Atomics and confirmed by experiments
indicate that no cladding damage occurs at peak fuel temperatures as high as approximately
530 0C (986 OF) for low-hydride-type (UZrH 1.0), aluminum-clad elements, [Reed College SARI
and 1175 °C (2150 OF) for high-hydride-type (UZrH 1.60), stainless-steel-clad elements.[Reed
College SAR]. Cladding damage in the high-hydride-type, stainless-steel fuel is caused by a
pressure buildup in the element as a result of the evolution of hydrogen produced by
dehydriding of the fuel with increasing temperature. The pressure internal to the fuel element
reaches the point where the cladding fails. Cladding damage in the low-hydridetype, aluminum-
clad fuel is caused by a phase change in the fuel matrix that occurs at about 530 C (986 OF). The
phase change causes the fuel to swell that causes the cladding to fail. For a core containing only
aluminum clad fuel or containing both aluminum and stainless steel clad fuel, a fuel
temperature limit of 500 'C (932 OF) is determined by the cladding damage threshold
temperature of the low-hydride-type, aluminum-cladding fuel elements. For a future core with
only stainless steel clad fuel, fuel temperature limits of 1,100 °C (2,012 OF) (with clad < 500 °C)
and 930 °C (1,706 OF) (with clad > 500 °C) for UZrH with a H/Zr ratio less than 1.70 have been set
to preclude the loss of clad integrity, [Reed College SAR].

Ten credible accidents for research reactors were identified in NUREG-1537 [NUREG-
1537, Guidelines for-Preparing and Reviewing Applications for the Licensing of Non-Power
Reactors, Format and Content, Report NUREG-1537 Part 1, Office of Nuclear Reactor
Regulation, U.S. Nuclear Regulatory Commission, 1996.] as follows:

1. The maximum hypothetical accident (MHA);
2. Insertion of excess reactivity;

3201 Page



UUTR , ,,.CHAPTER 13

3. Loss of coolant accident (LOCA);
4. Loss of coolant flow;
5. Loss of pool water;
6. Mishandling or malfunction of fuel;
7. Experiment malfunction;
8. Loss of normal electrical power;
9. External events; and
10. Mishandling or malfunction of equipment.
In normal operation a TRIGA type non-power reactor does not in and of itself constitute

a threat to the health and safety of the facility staff or the general public. In this Chapter the
analyses of postulated accidents that have been categorized into one of the above nine groups
are presented: some categories do not contain accidents that appeared applicable or credible
for the UUTR; some categories contain an analysis of more than one accident even though one
is usually limiting in terms of impact. Any accident having significant radiological consequences
was analyzed. For those events that do not result in the release of radioactive materials from
the fuel, only a qualitative evaluation of the event is presented. Events leading to the release of
radioactive material from a fuel element were analyzed to the point where it was possible to
reach the conclusion that a particular event was, or was not, the limiting event in that accident
category.

The MHA for TRIGA reactors is the cladding failure of a single irradiated fuel element in
air with no radioactive decay of the contained fission products taking place prior to the release.

13.2 Accident Initiating Events and Scenarios, Accident

Analysis, and Determination of Consequences

13.2.1 Maximum Hypothetical Accident (MHA)

The failure of the encapsulation of one fuel element, in air, resulting in the release of

gaseous fission products to the atmosphere is considered to be the Maximum Hypothetical
Accident (MHA) for TRIGA and therefore the UUTR. Administrative controls prevent removal of
fuel from the reactor pool during fuel handling, but one could postulate fuel failure in air during
fuel transfer circumstances. Potential consequences of fuel failure in air including inhalation by
the public are considered as the MHA scenario.

13.2.1.1 Accident Initiating Events and Scenarios

A single fuel element could fail at any time during normal reactor operation or while the
reactor is in a shutdown condition, due to a manufacturing defect, corrosion, or handling
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damage. This type of accident is very infrequent, based on many years of operating experience
with TRIGA fuel, and such a failure would not normally incorporate all of the necessary
operating assumptions required to obtain a worst-case fuel-failure scenario.

For the UUTR, the MHA has been defined as the cladding rupture of one highly
irradiated fuel element with no radioactive decay followed by the instantaneous release of the
noble gas and halogen fission products into the air. For this accident, the fuel cladding type
makes no difference as either element would contain the same amount of uranium-235 and,
hence, the same inventory of fission products. The following assumptions and approximations
were applied to this analysis:

1. For long-lived radionuclides, calculations of radionuclide inventory in fuel are based
on continuous operation prior to fuel failure for 40 years at the core thermal power of 0.7192
kW (assume the core is operated at 90kW for 70 hours per year), the actual value for the UUTR
over the past 40 years.

2. For short-lived radionuclides, the calculations of radionuclide inventory in fuel are
based on the operation at the full thermal power of 90 kW for 100 days prior to fuel failure.
(The operation time should be long enough for radionuclides inventory to reach its saturation;
numerical modeling and simulations as presented in proceeding sections show that 100 days of
a continuous full power operation of the UUTR is long enough time to model the radionuclides
inventory at the saturation point.)

3. Radionuclide inventory in one "worst-case" fuel element is based on a 78-fuel
elements core. The hottest channel is in the stainless steel fuel element, which contains 
grams of uranium per element; value of 2.0 for the ratio of the maximum pin power in the core
to the average pin power is selected as a conservative value (details of the MCNP5 modeling
are given in Section 4.5). Thus, it assumed that the worst case is defined as follows: a fuel
element is exposed to generation of a thermal power of 2x(0.7192/78) = 18.44W (0.09866
MW/TU); thus for the 100 days of full-power operation, it follows: 2(90/78) = 2.31kW (12.35
MW/TU).

4. The fraction of noble gases and iodine contained within the fuel that is actually
released is 1.0 x 10-4 selected as a conservative value based on the NUREG 2387; this value may

be compared to 1.5 x 10-s that was measured at General Atomics ["Fuel Elemerits for Pulsed
TRIGA Research Reactors," Nuclear Technology 28, 31-56 (1976), Simnad, M.T., F. C. Faushee,

and G.B. West] and used in SARs for other reactor facilities [NUREG-1390, Safety Evaluation
Report Relating to the Renewal, of the Operating License for the TRIGA Training and Research
Reactor at the University of Arizona, Report NUREG-1390, Office of Nuclear Reactor Regulation,
U.S. Nuclear Regulatory Commission, 1990.].

5. The fractional release of particulates (radionuclides other than the noble gases and
iodine) is 1.0 x 10-6, a very conservative estimate used in NUREG-2387 [NUREG/CR-2387 (PNL-
4028), Credible Accident Analyses for TRIGA and TRIGA-Fueled Reactors, Report Pacific

Northwest Laboratory, Richland Washington, 1982., Hawley, S. C., and R.L. Kathren].
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13.2.1.2 Accident Analysis and Determination of Consequences

Radionuclide Inventory Buildup and Decay. A mass of uranium-235 yields thermal
power P (kW) due to thermal neutron induced fission. The fission rate (fissions per second) is
equal to the product of thermal power (kW) and a factor k = 3.12 x 1013 (fissions per second per
kW). If a fission product is produced with a yield Yand decays with the rate constant 2, it is
easily shown that the equilibrium activity A., of the fission ,product, which exists when the rate
of production by fission is equal to the rate of loss due to its decay, is given byA., = kPY. The
power, must be small enough or the uranium mass large enough that the depletion of the
uranium-235 becomes negligible. Starting at time t=0, the buildup of activity is given by

A(t) = A. (1- e-- )

For the times much greater than the half-life of the radionuclide, A Z A, and for the
times much less than the half-life, A(t) = AJt. If the fission process ceases at time tj, the
specific activity at later time t is given by

A(t) = Aý (1-e-11 )e-('')

For example, fission product 1311 has a half-life of 8.04 days (2 =0.00359 h-') and a chain
(cumulative) fission product yield of about 0.031. At thermal power of I kW, the equilibrium
activity is about A. = 9.67 X 1011 Bq (26.1Ci). After only four hours of operation, though, the
activity is only about 0.37 Ci, For equilibrium operation at 90 kW, distributed over 78 fuel
elements, the average activity per element would be 26.1x90/78 = 30.12 Ci per fuel element.
The worst-case fuel element would contain twice this activity. With a release fraction of 1.0 X
10-4, the activity available for release would be about (30.12)(2)(1.0 x10-4) =6.024x10-3 Ci. This

type of calculation is performed by the TRITON [M. D. DeHart, TRITON: a two-dimensional
transport and depletion module for characterization of spent nuclear fuel, ORNL/TM-2005/39,
Version 6, Vol. I, Sect. T1, Jan 2009] and KENO6 [D. F. Hollenbach, L. M. Petrie, S. Goluoglu, N. F.
Landers and M. E. Dunn, KENO-VI: a general quadratic version of the keno program, ORNL/TM-
2005/39, Version 6, Vol. II, Sect. F17, Jan 2009] codes in SCALE6 code package for hundreds of
fission products and for arbitrary times and power levels of operation as well as arbitrary times
of decay after reactor operation.

Data from TRITON and KENO6 in SCALE6 Calculations. SCALE6-TRITON code is a two-
dimensional transport and depletion module for characterization of spent nuclear fuel, and in
the following depletion calculation, TRITON is coupled with SCALE6-KENO6, a three dimensional
Monte Carlo code to obtain the isotope concentration and activities for various UUTR's
operational times and powers. The fuel pin that has the highest thermal power is the stainless
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steel pin; therefore the 2D/3D stainless steel fuel unit cell depletion models are developed for
TRITON and KENO6 respectively. One million neutrons were used in KENO6 simulations.

For simulations assuming 100 days of a continuous full power operation, the red dashed
line in Fig. 13.2-1 shows the total activity in the stainless steel fuel pin at various times, while
the black solid line displays the potential released total reactivity if cladding crack accident
occurs at each time point (represented by red triangles). According to this simulation the
radioactive nuclide inventories will reach the saturation point at around 60 days. The long-lived
radionuclides concentration will continue to build up slowly, but this effect will not have an
impact on the released activity, because the released activity is dominated by the halogen and
noble gases whose half-life is very short (halogen and noble gas half-lives are listed in Table
13.2-5). Because the gas release factor of 10-4 is 100 times larger than the release factor for
other nuclides (10-6), the radioactive gas has a great contribution to the total released activity.
Figure 13.2-2 shows the released activity of halogen and noble gases (only 34 nuclides whose
released activities are larger than 1000 pCi are shown in the figure). Their inventory reaches
the saturation at around 60 days as well. Therefore, a 100 days continuous full power operation
is conservative assumption to simulate the maximum hypothetic accident.

Table 13.2-1 shows halogen and noble gas activities to potentially be released in a
maximum hypothetical accident at the UUTR for short-lived radionuclides simulation obtained
using SCALE6 while Table 13.2-2 shows particulate activities to potentially be released in a
maximum hypothetical accident at the UUTR for short-lived radionuclides simulation obtained
using SCALE6 both modeled assuming the UUTR operation at 12.35 MW/TU thermal power for
100 consecutive days. Table 13.2-3 shows halogen and noble gas activities to potentially be
released in a maximum hypothetical accident at the UUTR for long-lived radionuclides
simulation obtained using SCALE6 while Table 13.2-4 shows particulate activities to potentially
be released in a maximum hypothetical accident at the UUTR for long-lived radionuclides
simulation obtained using SCALE6 over 40 years of operation assuming 0.5014MW/TU thermal
power. Tables 13.2-1 shows halogen and noble gas activities to potentially be released in a
maximum hypothetical accident for short-lived radionuclides obtained using SCALE6, Table
13.2-2 shows particulate activities to potentially be released in a maximum hypothetical
accident at the UUTR for short-lived radionuclides using SCALE6, Tables 13.2-3 shows halogen
and noble gas activities to potentially be released in a maximum hypothetical accident for long-
lived radionuclides obtained using SCALE6 and Table 13.2-4 shows particulate activities to
potentially be released in a maximum hypothetical accident for long-lived radionuclides
obtained using SCALE6; these values are expressed in /Ci, per nuclide, immediately after 7, 14,
and 28 of the reactor shutdown. In these tables, the activities per element are multiplied by the
release fractions, thus yielding maximum activities to potentially be released in a maximum
hypothetical accident.

SCALE6 was asked to output the top 500 nuclides that have the highest activity, but only
the nuclides with a released activity larger than 0.1 pCi are presented in Table 13.2-1 to Table
13.2-4.

324 P a g e



UUTR CHAPTER 13

Total activity presented in the fuel pin and protential released activity

0.25

to

0

0CO

46

p
O-

0

U)
,)

0.20-

0.15-

0.10-

0.05 -

A .... ... .... A ... A ....

-- Released activty if accident occurs
A,- Total activity in the fuel pin

12000

...10000

C
8000

4000

M

02000 0

0

140
0.00 eT

0
2 I I 1 1

20 40 60 80 100
1

120

Time (days)

Figure 13.2-1 Total activity in the fuel pin and potential released activity in the UUTR obtained using
SCALE6 (UUTR at 90kW for 100 days of continuous operation)

Source Terms. Table 13.2-1 shows halogen and noble gas activities potentially released
in maximum hypothetical accident at the UUTR for short-lived radionuclides obtained using
SCALE6, and Table 13.2-2 shows particulate activities potentially released in maximum
hypothetical accident at the UUTR for short-lived radionuclides obtained using SCALE6. Table
13.2-3 shows halogen and noble gas activities potentially released in maximum hypothetical
accident at the UUTR for long-lived radionuclides obtained using SCALE6, and Table 13.2-4
shows particulate activities potentially released in a maximum hypothetical accident at the
UUTR for long-lived radionuclides obtained using SCALE6.
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Figure 13.2-2 Released activity of halogen and noble gas from the UUTR obtained using
SCALE6 (UUTR at 90kW for 100 days of continuous operation)

Table 13.2-1 Halogen and noble gas activities potentially released in maximum hypothetical accident
at the UUTR for short-lived radionuclides obtained using SCALE6

Element Potentially released activity (/uCi) at time after reactor shutdown - in days
0 days 7 days 14 days 28 days

br83 1072.6 8.7 8.7 8.7
br84 2098.9 17.0 17.0 17.0
br84m 33.2 0.3 0.3 0.3
br85 2510.1 20.3 20.3 20.3
br86 3510.0 28.4 28.4 28.4

br87 4081.9 33.1 33.1 33.1
br88 3483.8 28.2 28.2 28.2
br89 2162.4 17.5 17.5 17.5
br90 1125.3 9.1 9.1 9.1
br9l 448.4 3.6 3.6 3.6

br92 54.4 0.4 0.4 0.4
br93 6.4 0.1 0.1 0.1
he6 6.1 0.0 0.0 0.0
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i131 5739.7 3250.2 1799.8 571.0

i132 8728.2 2040.9 515.1 93.1

i132m 18.5 0.1 0.1 0.1
i133 13183.9 156.6 106.9 107.0
i133m 852.6 6.9 6.9 6.9
i134 15561.3 126.1 126.1 126.1
i134m 725.5 5.9 5.9 5.9
i135 12473.7 101.1 101.1 101.1
i136 5293.0 42.9 42.9 42.9
i136m 2487.6 20.2 20.2 20.2
i137 6107.9 49.5 49.5 49.5

i138 2966.1 24.0 24.0 24.0
i139 1557.8 12.6 12.6 12.6

i140 304.3 2.5 2.5 2.5
i141 82.1 0.7 0.7 0.7
i142 11.8 0.1 0.1 0.1
kr83m 1072.4 8.7 8.7 8.7
kr85 10.2 10.2 10.2 10.2
kr85m 2517.5 20.4 20.4 20.4
kr87 5119.2 41.5 41.5 41.5
kr88 6991.9 56.6 56.6 56.6
kr89 8935.7 72.4 72.4 72.4
kr90 9629.1 78.0 78.0 78.0
kr9l 6677.9 54.1 54.1 54.1
kr92 3338.0 27.0 27.0 27.0
kr93 974.9 7.9 7.9 7.9
kr94 176.5 1.4 1.4 1.4
kr95 15.0 0.1 0.1 0.1
kr96 75.1 0.6 0.6 0.6
kr98 3.2 0.0 0.0 0.0
xel31m 61.9 56.9 46.6 26.6
xe133 13305.4 6466.7 2646.5 507.4
xe133m 386.5 71.7 10.7 3.2
xe134m 66.0 0.5 0.5 0.5
xe135 10918.7 105.1 105.0 93.9
xe135m 2313.8 18.7 18.7 18.7
xe137 12195.2 98.8 98.8 98.8
xe138 12505.5 101.3 101.3 101.3
xe139 10017.8 81.2 81.2 81.2
xe140 7274.1 58.9 58.9 58.9
xe141 2483.9 20.1 20.1 20.1
xe142 878.6 7.1 7.1 7.1

xe143 53.7 0.4 0.4 0.4
xe143m 53.7 0.4 0.4 0.4
xe144 12.7 0.1 0.1 0.1

Subtotal 214752.0 13474.5 6556.9 2728.5
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Table 13.2-2 Particulate activities potentially released in maximum hypothetical accident at the UUTR
for short-lived radionuclides obtained using SCALE6

Element Potentially released activity (jiCi) at time after reactor shutdown - in days
0 days 7 days 14 days 28 days

aglO9m 0.7 0.0 0.0 0.0
ag1l 0.3 0.2 0.1 0.0
agl11m 0.3 0.0 0.0 0.0
ag112 0.3 0.0 0.0 0.0
ag113 0.3 0.0 0.0 0.0
ag113m 0.1 0.0 0.0 0.0
ag114 0.2 0.0 0.0 0.0
ag115 0.2 0.0 0.0 0.0
agi15m 0.1 0.0 0.0 0.0
ag116 0.3 0.0 0.0 0.0
ag117 0.1 0.0 0.0 0.0
agll7m 0.1 0.0 0.0 0.0
ag118 0.1 0.0 0.0 0.0
ag118rn 0.1 0.0 0.0 0.0
ag119 0.2 0.0 0.0 0.0
ag120 0.11 0.0 0.0 0.0
ag121 0.1 0.0 0.0 0.0
as77 0.2 0.0 0.0 0.0
as78 0.4 0.0 0.0 0.0
as79 0.9 0.0 0.0 0.0
as80 2.5 0.0 0.0 0.0
as8l 3.9 0.0 0.0 0.0
as82 5.2 0.0 0.0 0.0
as82m 0.5 0.0 0.0 0.0
as83 6.8 0.1 0.1 0.1
as84 2.5 0.0 0.0 0.0
as84m 2.0 0.0 0.0 0.0
as85 5.2 0.0 0.0 0.0
as86 10.1 0.1 0.1 0.1
as87 1.0 0.0 0.0 0.0
as88 2.5 0.0 0.0 0.0
ba137m 0.7 0.7 0.7 0.7
ba139 127.5 1.0 1.0 1.0
ba140 123.0 84.4 58.0 27.6
ba141 115.6 0.9 0.9 0.9
ba142 114.2 0.9 0.9 0.9
ba143 110.1 0.9 0.9 0.9
ba144 87.3 0.7 0.7 0.7
ba145 38.4 0.3 0.3 0.3
ba146 18.4 0.1 0.1 0.1
ba147 4.9 0.0 0.0 0.0

3281 Page



UUTR CHAPTER 13

ba148 0.5 0.0 0.0 0.0
cd115 0.2 0.0 0.0 0.0
cd117 0.2 0.0 0.0 0.0

cd118 0.2 0.0 0.0 0.0
cdll9 0.2 0.0 0.0 0.0
cdll9m 0.1 0.0 0.0 0.0

cdl20 0.2 0.0 0.0 0.0
cdl2l 0.1 0.0 0.0 0.0
cdl2lm 0.1 0.0 0.0 0.0
cd122 0.3 0.0 0.0 0.0

cd123 0.2 0.0 0.0 0.0
cd124 0.3 0.0 0.0 0.0
cd125 0.1 0.0 0.0 0.0
cd126 0.2 0.0 0.0 0.0
cd127 0.2 0.0 0.0 0.0
cd128 0.1 0.0 0.0 0.0
cdl30 1.7 0.0 0.0 0.0

cdl3l 0.3 0.0 0.0 0.0
cel4l 102.0 88.5 76.4 56.9
ce143 117.9 4.4 1.1 1.0

ce144 23.6 23.2 22.8 22.1

ce145 78.1 0.6 0.6 0.6

ce146 59.5 0.5 0.5 0.5
ce147 37.5 0.3 0.3 0.3

ce148 31.7 0.3 0.3 0.3
ce149 15.5 0.1 0.1 0.1
ce150 8.0 0.1 0.1 0.1
cel51 2.0 0.0 0.0 0.0
ce152 0.4 0.0 0.0 0.0
cs136 0.1 0.1 0.1 0.0
csl36m 0.1 0.0 0.0 0.0

cs137 0.8 0.8 0.8 0.8
cs138 133.5 1.1 1.1 1.1
csl38m 4.4 0.0 0.0 0.0
cs139 126.1 1.0 1.0 1.0
csl40 113.8 0.9 0.9 0.9
csl4l 82.7 0.7 0.7 0.7

cs142 54.0 0.4 0.4 0.4
cs143 29.0 0.2 0.2 0.2
cs144 8.5 0.1 0.1 0.1

cs145 1.5 0.0 0.0 0.0

cs146 0.2 0.0 0.0 0.0
eu156 0.4 0.3 0.2 0.1
eu157 0.1 0.0 0.0 0.0

eu158 0.1 0.0 0.0 0.0
ga76 0.1 0.0 0.0 0.0
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ga77 0.1 0.0 0.0 0.0

ga78 0.3 0.0 0.0 0.0
ga79 0.4 0.0 0.0 0.0

ga80 0.2 0.0 0.0 0.0

ga81 0.2 0.0 0.0 0.0

ga82 0.1 0.0 0.0 0.0

ga84 0.2 0.0 0.0 0.0
ge77m 0.1 0.0 0.0 0.0

ge78 0.4 0.0 0.0 0.0
ge79 0.6 0.0 0.0 0.0

ge79m 0.3 0.0 0.0 0.0

ge80 2.3 0.0 0.0 0.0
ge8l 2.6 0.0 0.0 0.0
ge8lm 0.1 0.0 0.0 0.0
ge82 2.6 0.0 0.0 0.0
ge83 1.0 0.0 0.0 0.0

ge84 0.5 0.0 0.0 0.0
ge86 12.4 0.1 0.1 0.1
inll5m 0.3 0.0 0.0 0.0

in117 0.2 0.0 0.0 0.0

inl17m 0.2 0.0 0.0 0.0

inI18 0.2 0.0 0.0 0.0

inl19 0.1 0.0 0.0 0.0

inl19m 0.2 0.0 0.0 0.0
in120 0.2 0.0 0.0 0.0

inl2l 0.1 0.0 0.0 0.0

inl2lm 0.1 0.0 0.0 0.0

in122 0.3 0.0 0.0 0.0

in123 0.2 0.0 0.0 0.0
in123m 0.1 0.0 0.0 0.0
in124 0.3 0.0 0.0 0.0

in125 0.2 0.0 0.0 0.0

in125m 0.1 0.0 0.0 0.0

in126m 0.2 0.0 0.0 0.0

in127 0.9 0.0 0.0 0.0
in127m 0.2 0.0 0.0 0.0
in128 0.3 0.0 0.0 0.0

inl28m 0.3 0.0 0.0 0.0
in129 0.6 0.0 0.0 0.0

in129m 0.5 0.0 0.0 0.0

in130 1.8 0.0 0.0 0.0

in130m 0.1 0.0 0.0 0.0

inl3l 0.4 0.0 0.0 0.0

inl3lm 0.1 0.0 0.0 0.0

in132 0.1 0.0 0.0 0.0

la140 123.1 96.0 66.6 31.7
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la141 116.0 0.9 0.9 0.9

la142 116.1 0.9 0.9 0.9

la143 117.6 1.0 1.0 1.0

la144 108.6 0.9 0.9 0.9

la145 76.4 0.6 0.6 0.6

la146 33.2 0.3 0.3 0.3
la146m 14.8 0.1 0.1 0.1

la147 17.7 0.1 0.1 0.1
la148 7.2 0.1 0.1 0.1

la149 1.6 0.0 0.0 0.0

lal50 0.2 0.0 0.0 0.0

mo99 121.7 21.6 4.5 1.1

molOl 103.1 0.8 0.8 0.8
mo102 84.9 0.7 0.7 0.7
mol03 58.9 0.5 0.5 0.5

mol04 35.8 0.3 0.3 0.3

mo105 18.5 0.1 0.1 0.1

mol06 7.6 0.1 0.1 0.1

mol07 2.5 0.0 0.0 0.0

mol08 0.6 0.0 0.0 0.0

mo109 0.3 0.0 0.0 0.0

mollo 0.1 0.0 0.0 0.0

nblOO 117.4 1.0 1.0 1.0
nblOOm 6.3 0.1 0.1 0.1

nblOl 99.4 0.8 0.8 0.8
nbl02 56.3 0.5 0.5 0.5

nblO2m 15.7 0.1 0.1 0.1
nbl03 38.2 0.3 0.3 0.3

nbl04 7.5 0.1 0.1 0.1
nblO4m 5.7 0.0 0.0 0.0
nbl05 5.1 0.0 0.0 0.0

nbl06 0.3 0.0 0.0 0.0

nbl07 0.1 0.0 0.0 0.0

nb95 54.1 57.8 60.2 62.1

nb95m 0.9 0.9 0.9 0.7

nb97 120.0 1.1 1.0 1.0

nb97m 113.5 1.0 0.9 0.9

nb98 113.3 0.9 0.9 0.9
nb98m 0.8 0.0 0.0 0.0

nb99 72.4 0.6 0.6 0.6
nb99m 48.4 0.4 0.4 0.4

nd147 44.6 28.8 18.6 7.9
nd149 21.5 0.2 0.2 0.2

ndl5l 8.3 0.1 0.1 0.1

ndl52 5.3 0.0 0.0 0.0

ndl53 3.0 0.0 0.0 0.0
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nd154 1.3 0.0 0.0 0.0

nd155 0.4 0.0 0.0 0.0

nd156 0.1 0.0 0.0 0.0
np239 211.2 28.6 5.2 1.8

pd109 0.7 0.0 0.0 0.0

pdlll 0.4 0.0 0.0 0.0

pd112 0.3 0.0 0.0 0.0

pdll3 0.3 0.0 0.0 0.0
pd114 0.2 0.0 0.0 0.0
pd115 0.2 0.0 0.0 0.0

pd116 0.2 0.0 0.0 0.0

pd117 0.2 0.0 0.0 0.0

pd118 0.1 0.0 0.0 0.0

pdl20 0.1 0.0 0.0 0.0

pm147 2.6 2.8 2.9 3.0

pm148 0.1 0.0 0.0 0.0

pm149 21.3 2.6 0.4 0.2

pml5l 8.3 0.2 0.1 0.1

pm152 5.3 0.0 0.0 0.0

pm153 3.2 0.0 0.0 0.0

pm154 1.4 0.0 0.0 0.0

pml54m 0.1 0.0 0.0 0.0

pm155 0.6 0.0 0.0 0.0

pm156 0.2 0.0 0.0 0.0

pm157 0.1 0.0 0.0 0.0
pr143 117.4 91.3 64.4 32.0

pr144 23.6 23.2 22.8 22.1

pr144m 0.3 0.3 0.3 0.3
pr145 78.0 0.6 0.6 0.6

pr146 59.6 0.5 0.5 0.5

pr147 44.7 0.4 0.4 0.4
pr148 32.5 0.3 0.3 0.3

pr148m 0.8 0.0 0.0 0.0

pr149 21.4 0.2 0.2 0.2
pri5O 12.4 0.1 0.1 0.1

pri51 6.8 0.1 0.1 0.1

pr152 2.5 0.0 0.0 0.0

pr153 0.8 0.0 0.0 0.0

pr154 0.1 0.0 0.0 0.0
rblOO 0.7 0.0 0.0 0.0

rb88 70.4 0.6 0.6 0.6
rb89 93.4 0.8 0.8 0.8
rb90 88.1 0.7 0.7 0.7

rb90m 25.6 0.2 0.2 0.2
rb9l 110.9 0.9 0.9 0.9

rb92 95.7 0.8 0.8 0.8
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rb93 70.5 0.6 0.6 0.6
rb94 32.8 0.3 0.3 0.3

rb95 15.4 0.1 0.1 0.1
rb96 4.1 0.0 0.0 0.0
rb97 0.8 0.0 0.0 0.0
rb98 0.1 0.0 0.0 0.0
rhlO3m 50.1 44.3 39.2 30.7
rhl04 0.1 0.0 0.0 0.0
rhl05 18.5 0.9 0.2 0.2

rhlO5m 5.5 0.0 0.0 0.0
rhl06 1.4 1.4 1.4 1.3

rhl07 3.1 0.0 0.0 0.0
rhlO8 1.2 0.0 0.0 0.0
rhl09 0.7 0.0 0.0 0.0

rhlO9m 0.3 0.0 0.0 0.0
rh1lOm 0.5 0.0 0.0 0.0
rh1ll 0.4 0.0 0.0 0.0
rh112 0.3 0.0 0.0 0.0
rh113 0.3 0.0 0.0 0.0
rh114 0.1 0.0 0.0 0.0
rhl15 0.1 0.0 0.0 0.0
rul03 50.2 44.4 39.3 30.8
rul05 19.5 0.2 0.2 0.2
rul06 1.4 1.4 1.4 1.3
rul07 3.1 0.0 0.0 0.0
rul08 1.2 0.0 0.0 0.0
rul09 0.6 0.0 0.0 0.0

rullO 0.5 0.0 0.0 0.0
rull1 0.3 0.0 0.0 0.0
ru112 0.2 0.0 0.0 0.0

rull3 0.1 0.0 0.0 0.0

sb127 3.1 0.9 0.3 0.0

sb128 0.4 0.0 0.0 0.0

sbl28m 6.7 0.1 0.1 0.1
sb129 10.9 0.1 0.1 0.1
sb130 15.7 0.1 0.1 0.1

sbl30m 19.1 0.2 0.2 0.2
sbl3l 50.8 0.4 0.4 0.4
sb132 25.9 0.2 0.2 0.2
sbl32m 29.1 0.2 0.2 0.2
sb133 47.7 0.4 0.4 0.4
sb134 7.5 0.1 0.1 0.1

sbl34m 7.2 0.1 0.1 0.1

sb135 2.9 0.0 0.0 0.0
sb136 0.2 0.0 0.0 0.0

sb137 1.5 0.0 0.0 0.0
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se79m 0.9 0.0 0.0 0.0
se8l 4.0 0.0 0.0 0.0
se8lm 0.3 0.0 0.0 0.0

se83 4.9 0.0 0.0 0.0
se83m 5.5 0.0 0.0 0.0
se84 20.6 0.2 0.2 0.2

se85 20.4 0.2 0.2 0.2
se86 26.0 0.2 0.2 0.2

se87 15.6 0.1 0.1 0.1
se88 7.3 0.1 0.1 0.1
se89 1.0 0.0 0.0 0.0
se90 0.3 0.0 0.0 0.0
sm153 3.2 0.3 0.0 0.0
sm155 0.6 0.0 0.0 0.0
sm156 0.3 0.0 0.0 0.0
sm157 0.1 0.0 0.0 0.0
sm158 0.1 0.0 0.0 0.0
sn121 0.2 0.0 0.0 0.0

sn123m 0.3 0.0 0.0 0.0
sn125 0.2 0.1 0.1 0.0
sn125m 0.5 0.0 0.0 0.0
sn127 1.9 0.0 0.0 0.0
sn127m 1.1 0.0 0.0 0.0
sn128 6.6 0.1 0.1 0.1
sn128m 3.2 0.0 0.0 0.0
sn129 5.6 0.0 0.0 0.0
sn129m 4.0 0.0 0.0 0.0
sn130 12.1 0.1 0.1 0.1

sn130m 11.4 0.1 0.1 0.1
sn131 9.3 0.1 0.1 0.1
snl3lm 8.8 0.1 0.1 0.1

sn132 12.0 0.1 0.1 0.1
sn133 2.8 0.0 0.0 0.0

sn134 0.4 0.0 0.0 0.0
srlOO 0.8 0.0 0.0 0.0
srlOl 0.1 0.0 0.0 0.0

sr89 70.0 63.7 57.9 47.9
sr90 0.8 0.8 0.8 0.8
sr9l 115.8 0.9 0.9 0.9
sr92 117.9 1.0 1.0 1.0

sr93 123.9 1.0 1.0 1.0
sr94 120.3 1.0 1.0 1.0
sr95 104.7 0.8 0.8 0.8

sr96 74.6 0.6 0.6 0.6
sr97 34.8 0.3 0.3 0.3
sr98 16.2 0.1 0.1 0.1
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sr99 2.7 0.0 0.0 0.0

tcl00 0.1 0.0 0.0 0.0
tclOl 103.1 0.8 0.8 0.8

tcl02 85.1 0.7 0.7 0.7

tclO2m 0.2 0.0 0.0 0.0

tcl03 60.6 0.5 0.5 0.5

tcl04 37.6 0.3 0.3 0.3

tc105 19.5 0.2 0.2 0.2

tcl06 8.2 0.1 0.1 0.1
tcl07 3.0 0.0 0.0 0.0

tcl08 1.1 0.0 0.0 0.0

tc109 0.6 0.0 0.0 0.0

tc1lO 0.3 0.0 0.0 0.0
tclll 0.1 0.0 0.0 0.0

tc99m 107.1 20.8 4.3 1.0

te127 2.8 1.1 0.5 0.3
te127m 0.2 0.2 0.2 0.2

te129 10.0 1.0 0.9 0.7

te129m 1.7 1.5 1.3 1.0

tel3l 51.1 0.5 0.4 0.4

tel3lm 8.1 0.2 0.1 0.1

te132 85.4 19.8 5.0 0.9
te133 74.2 0.6 0.6 0.6

tel33m 67.4 0.5 0.5 0.5
te134 138.6 1.1 1.1 1.1

te135 66.4 0.5 0.5 0.5

te136 26.8 0.2 0.2 0.2

te137 9.0 0.1 0.1 0.1

te138 1.3 0.0 0.0 0.0

te139 0.1 0.0 0.0 0.0

tel40 0.3 0.0 0.0 0.0

u237 0.5 0.2 0.1 0.0
u239 211.9 1.7 1.7 1.7

y1O0  12.2 0.1 0.1 0.1
y101 5.7 0.0 0.0 0.0

y10 2  5.3 0.0 0.0 0.0

y103 0.1 0.0 0.0 0.0

y90 0.7 0.8 0.8 0.8
y9 1 81.1 75.5 69.5 59.1
y91m 67.3 0.5 0.5 0.5

y92 119.3 1.0 1.0 1.0

y93 125.7 1.0 1.0 1.0

y93m 43.9 0.4 0.4 0.4

y94 128.1 1.0 1.0 1.0

y95 126.6 1.0 1.0 1.0

y96 79.1 0.6 0.6 0.6
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y96m 40.1 0.3 0.3 0.3

y97 60.8 0.5 0.5 0.5
y97m 36.4 0.3 0.3 0.3

y98 38.2 0.3 0.3 0.3

y98m 22.0 0.2 0.2 0.2

y99 41.6 0.3 0.3 0.3

zn77 0.1 0.0 0.0 0.0

zn78 0.1 0.0 0.0 0.0

zrlOO 111.0 0.9 0.9 0.9
zrl01 61.3 0.5 0.5 0.5

zrl02 40.5 0.3 0.3 0.3

zrl03 10.1 0.1 0.1 0.1

zrl04 1.7 0.0 0.0 0.0

zrl05 2.3 0.0 0.0 0.0

zr95 85.4 79.3 73.6 63.4

zr97 119.7 1.1 1.0 1.0

zr98 111.0 0.9 0.9 0.9

zr99 112.1 0.9 0.9 0.9

subtotal 9483.8 979.2 767.1 576.0

Table 13.2-3 Halogen and noble gas activities potentially released in maximum hypothetical accident
at the UUTR for long-lived radionuclides obtained using SCALE6

Element Potentially released activity (pCi) at time after reactor shutdown - in days
0 days 7 days 14 days 28 days

br83 8.6 0.1 0.1 0.1

br84 16.8 0.2 0.2 0.2

br85 20.1 0.2 0.2 0.2
br86 28.1 0.3 0.3 0.3

br87 32.6 0.3 0.3 0.3

br88 27.8 0.3 0.3 0.3

br89 17.3 0.2 0.2 0.2

br90 9.0 0.1 0.1 0.1

br9l 3.6 0.0 0.0 0.0

br92 0.4 0.0 0.0 0.0

br93 0.1 0.0 0.0 0.0

i131 45.7 25.9 14.4 4.6
i132 68.6 16.4 4.3 0.9

i132m 0.1 0.0 0.0 0.0

i133 106.4 1.5 1.1 1.1

i133m 6.8 0.1 0.1 0.1

i134 124.4 1.3 1.3 1.3

i134m 5.8 0.1 0.1 0.1

i135 99.7 1.0 1.0 1.0
i136 42.3 0.4 0.4 0.4
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i136m 19.9 0.2 0.2 0.2

i137 48.8 0.5 0.5 0.5
i138 23.7 0.2 0.2 0.2
i139 12.5 0.1 0.1 0.1

i140 2.4 0.0 0.0 0.0
i141 0.7 0.0 0.0 0.0

i142 0.1 0.0 0.0 0.0
kr83m 8.6 0.1 0.1 0.1

kr85 4.3 4.3 4.3 4.3
kr85m 20.1 0.2 0.2 0.2

kr87 40.9 0.4 0.4 0.4
kr88 55.9 0.6 0.6 0.6
kr89 71.4 0.7 0.7 0.7
kr90 77.0 0.8 0.8 0.8
kr9l 53.4 0.5 0.5 0.5
kr92 26.7 0.3 0.3 0.3
kr93 7.8 0.1 0.1 0.1
kr94 1.4 0.0 0.0 0.0
kr95 0.1 0.0 0.0 0.0

kr96 0.6 0.0 0.0 0.0
xe131m 0.5 0.5 0.4 0.2

xe133 102.7 50.4 20.8 4.2

xe133m 3.1 0.6 0.1 0.0
xe134m 0.5 0.0 0.0 0.0
xe135 103.7 1.1 1.1 1.0
xe135m 18.5 0.2 0.2 0.2
xe137 97.5 1.0 1.0 1.0
xe138 100.0 1.0 1.0 1.0

xe139 80.1 0.8 0.8 0.8
xe140 58.1 0.6 0.6 0.6

xe141 19.8 0.2 0.2 0.2

xe142 7.0 0.1 0.1 0.1
xe143 0.4 0.0 0.0 0.0
xe143m 0.4 0.0 0.0 0.0
xe144 0.1 0.0 0.0 0.0
Subtotal 1733.0 113.8 59.5 29.5

Derived Quantities. The raw data shown in Tables 13.2-1 to 13.2-4 are the activities
potentially released from a single worst-case fuel element that has experienced a cladding
failure. This activity may itself be compared to the annual limit of intake (ALl) to gauge the
potential risk to an individual worker. By dividing the activity by a conservative value of
4.59x10 8 cm 3 free volume 1 of the reactor area to allow for equipment present in the room, one
obtains an air concentration (specific activity) that may be compared to the derived air

'This volume excludes the reactor area chem.-lab (the volume including this lab is 5.65x10 8cm 3)
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concentration (DAC) for occupational exposure as given in 10 CFR Part 20 or in EPA federal
guidance.

Comparison with the DAC and the All. The ALl is the activity that, if ingested or inhaled,
would lead to either (a) the maximum permissible committed effective dose equivalent
incurred annually in the workplace, nominally 5 rem, or (b) the maximum permissible dose to
any one organ or tissue, nominally 50 rem. The DAC is the air concentration that, if breathed by
reference man for one work year (2,000 hours), would result in the intake of the ALl. ALl does
not apply to noble-gas radionuclides.

Potential activity releases are compared to ALIs, and air concentrations in the reactor
area are compared to DACs in Tables 13.2-5 and 13.2-6. For certain radionuclide, the maximum
activity in Tables 13.2-1 to 13.2-4 is taken, and the radionuclides with lower than 101tCi are not
included in Tables 13.2-5 and 13.2-6. However, there is no credible scenario for accidental
inhalation or ingestion of the undiluted radioiodine released from a fuel element.

When DACs are compared with the potential airborne concentration of radionuclides in
the reactor area, br85, br86, br87, br88, br89, br90, br9l, br92, i131, i132, i133, i133m, i134,
i134m, i135, i136, i136m, i137, i138, i139, i140, i141, kr88, kr89, kr90, kr9l, kr92, kr93, kr94,
kr96, xe134m, xe135, xe137, xe138, xe139, xe140, xe141, xe142, xe143, xe143m, ba143, ba144,
ce144, ce145, ce146, cs138, cs139, cs140, cs141, cs142, la144, la145, mo102, mol03, nblOO,
nblOl, nbl02, nb97m, nb99, nb99m, pr146, rb90, rb9l, rb92, rb93, sr89, sr93, sr94, sr95, sr96,
tcl02, tc103, te132, te135, y91, y96, y97, zrlOO, zrl01, zr95, zr98 and zr99 are of the potential
consequence. However, annual dose limits could be attained only with a constant air
concentration over a long period of time. The iodine-133 released in the failure of a single
element, for example, would decay with a half-life of 20.8 hours. Thus, even the undetected
failure of a fuel element would not be expected to lead to the violations of the occupational
dose limits expressed in 10 CFR Part 20 or in other federal guidance.

Table 13.2-4 Particulate activities potentially released in maximum hypothetical accident at the UUTR
for long-lived radionuclides obtained using SCALE6

Element Potentially released activity (,uCi) at time after reactor shutdown - in days0 days 7 days 14 days 28 days

as83 0.1 0.0 0.0 0.0
as86 0.1 0.0 0.0 0.0
ba137m 0.6 0.6 0.6 0.6
ba139 1.0 0.0 0.0 0.0
bal40 1.0 0.7 0.5 0.2
ba141 0.9 0.0 0.0 0.0
ba142 0.9 0.0 0.0 0.0
ba143 0.9 0.0 0.0 0.0
ba144 0.7 0.0 0.0 0.0
ba145 0.3 0.0 0.0 0.0
ba146 0.1 0.0 0.0 0.0
ce141 0.9 0.8 0.7 0.5
ce143 0.9 0.0 0.0 0.0
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ce144 0.9 0.9 0.8 0.8
ce145 0.6 0.0 0.0 0.0
ce146 0.5 0.0 0.0 0.0
ce147. 0.3 0.0 0.0 0.0
ce148 0.3 0.0 0.0 0.0

ce149 0.1 0.0 0.0 0.0

ce150 0.1 0.0 0.0 0.0
cs137 0.6 0.6 0.6 0.6
cs138 1.1 0.0 0.0 0.0
cs139 1.0 0.0 0.0 0.0
csl40 0.9 0.0 0.0 0.0
csl4l 0.7 0.0 0.0 0.0
cs142 0.4 0.0 0.0 0.0
cs143 0.2 0.0 0.0 0.0
cs144 0.1 0.0 0.0 0.0
ge86 0.1 0.0 0.0 0.0
la140 1.0 0.8 0.5 0.3
Ia141 0.9 0.0 0.0 0.0

Ia142 0.9 0.0 0.0 0.0
Ia143 0.9 0.0 0.0 0.0
Ia144 0.9 0.0 0.0 0.0

Ia 145 0.6 0.0 0.0 0.0
la146 0.3 0.0 0.0 0.0

la146m 0.1 0.0 0.0 0.0
Ia147 0.1 0.0 0.0 0.0
Ia148 0.1 0.0 0.0 0.0
molOl 0.8 0.0 0.0 0.0
mol02 0.7 0.0 0.0 0.0
mol03 0.5 0.0 0.0 0.0
mo104 0.3 0.0 0.0 0.0

mol05 0.1 0.0 0.0 0.0

mol06 0.1 0.0 0.0 0.0
mo99 1.0 0.2 0.0 0.0
nblOO 0.9 0.0 0.0 0.0

nblOOm 0.1 0.0 0.0 0.0
nblOl 0.8 0.0 0.0 0.0
nbl02 0.4 0.0 0.0 0.0

nblO2m 0.1 0.0 0.0 0.0
nbl03 0.3 0.0 0.0 0.0
nbl04 0.1 0.0 0.0 0.0
nb95 1.0 1.0 1.0 1.0
nb97 1.0 0.0 0.0 0.0
nb97m 0.9 0.0 0.0 0.0
nb98 0.9 0.0 0.0 0.0

nb99 0.6 0.0 0.0 0.0
nb99m 0.4 0.0 0.0 0.0
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nd147 0.4 0.2 0.1 0.1
nd149 0.2 0.0 0.0 0.0
ndl5l 0.1 0.0 0.0 0.0
np239 1.6 0.2 0.0 0.0
pm 147 0.4 0.4 0.4 0.4
pm149 0.2 0.0 0.0 0.0

pml5l 0.1 0.0 0.0 0.0
pr143 0.9 0.7 0.5 0.3
pr144 0.9 0.9 0.8 0.8
pr145 0.6 0.0 0.0 0.0
pr146 0.5 0.0 0.0 0.0
pr147 0.4 0.0 0.0 0.0
pr148 0.3 0.0 0.0 0.0
pr149 0.2 0.0 0.0 0.0
prl50 0.1 0.0 0.0 0.0
prl5l 0.1 0.0 0.0 0.0
rb88 0.6 0.0 0.0 0.0
rb89 0.7 0.0 0.0 0.0
rb90 0.7 0.0 0.0 0.0
rb90m 0.2 0.0 0.0 0.0
rb9l 0.9 0.0 0.0 0.0
rb92 0.8 0.0 0.0 0.0
rb93 0.6 0.0 0.0 0.0
rb94 0.3 0.0 0.0 0.0
rb95 0.1 0.0 0.0 0.0
rhlO3m 0.5 0.4 0.4 0.3
rh105 0.2 0.0 0.0 0.0
rhl06 0.1 0.1 0.1 0.1
rul03 0.5 0.4 0.4 0.3

rul05 0.2 0.0 0.0 0.0
rul06 0.1 0.1 0.1 0.1

sbl28m 0.1 0.0 0.0 0.0
sb129 0.1 0.0 0.0 0.0
sbl30 0.1 0.0 0.0 0.0
sbl30m 0.2 0.0 0.0 0.0
sbl3l 0.4 0.0 0.0 0.0
sb132 0.2 0.0 0.0 0.0
sbl32m 0.2 0.0 0.0 0.0
sb133 0.4 0.0 0.0 0.0
sb134 0.1 0.0 0.0 0.0
sbl34m 0.1 0.0 0.0 0.0

se84 0.2 0.0 0.0 0.0
se85 0.2 0.0 0.0 0.0
se86 0.2 0.0 0.0 0.0
se87 0.1 0.0 0.0 0.0
se88 0.1 0.0 0.0 0.0
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sn128 0.1 0.0 0.0 0.0
sn130 0.1 0.0 0.0 0.0

snl30m 0.1 0.0 0.0 0.0
sn131 0.1 0.0 0.0 0.0
snl3lm 0.1 0.0 0.0 0.0
sn132 0.1 0.0 0.0 0.0

sr89 0.7 0.7 0.6 0.5

sr90 0.6 0.6 0.6 0.6
sr9l 0.9 0.0 0.0 0.0
sr92 0.9 0.0 0.0 0.0
sr93 1.0 0.0 0.0 0.0
sr94 1.0 0.0 0.0 0.0
sr95 0.8 0.0 0.0 0.0
sr96 0.6 0.0 0.0 0.0
sr97 0.3 0.0 0.0 0.0
sr98 0.1 0.0 0.0 0.0
tclOl 0.8 0.0 0.0 0.0

tcl02 0.7 0.0 0.0 0.0
tcl03 0.5 0.0 0.0 0.0
tc104 0.3 0.0 0.0 0.0
tcl05 0.2 0.0 0.0 0.0

tcl06 0.1 0.0 0.0 0.0
tc99m 0.9 0.2 0.0 0.0
te129 0.1 0.0 0.0 0.0
tel3l 0.4 0.0 0.0 0.0
tel3lm 0.1 0.0 0.0 0.0
te132 0.7 0.2 0.0 0.0

te133 0.6 0.0 0.0 0.0
tel33m 0.5 0.0 0.0 0.0
te134 1.1 0.0 0.0 0.0

te135 0.5 0.0 0.0 0.0
te136 0.2 0.0 0.0 0.0
te137 0.1 0.0 0.0 0.0

u239 1.6 0.0 0.0 0.0
ylO0  0.1 0.0 0.0 0.0
y90 0.6 0.6 0.6 0.6
y9 1 0.9 0.9 0.8 0.7
y91m 0.5 0.0 0.0 0.0
y92 1.0 0.0 0.0 0.0
y93 1.0 0.0 0.0 0.0

y93m 0.4 0.0 0.0 0.0
y9 4  1.0 0.0 0.0 0.0
y95 1.0 0.0 0.0 0.0

y96 0.6 0.0 0.0 0.0
y96m 0.3 0.0 0.0 0.0
y9 7 0.5 0.0 0.0 0.0
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y97m 0.3 0.0 0.0 0.0

y98 0.3 0.0 0.0 0.0
y98m 0.2 0.0 0.0 0.0

y99 0.3 0.0 0.0 0.0
zrlO0 0.9 0.0 0.0 0.0
zrlOi 0.5 0.0 0.0 0.0
zrl02 0.3 0.0 0.0 0.0
zrl03 0.1 0.0 0.0 0.0
zr95 1.0 1.0 0.9 0.8
zr97 1.0 0.0 0.0 0.0
zr98 0.9 0.0 0.0 0.0
zr99 0.9 0.0 0.0 0.0
Subtotal 79.7 13.5 11.7 9.9

Comparison with the Effluent Concentration. Effluent concentration, listed in the last

columns of Tables 13.2-5 and 13.2-6, are defined as continuous exposure (8,760 hours per

year) rather than 2,000 hours per year occupational exposure. Exposure to a constant airborne

concentration equal to the effluent concentration for one full year results in the annual dose

limit of 100 mrem to members of the public. As is apparent from Tables 13.2-5 and 13.2-6, the

reactor area average concentrations immediately after fuel element failure significantly exceed

the effluent concentrations for several radionuclides. Thus, only for these radionuclides is it
necessary to consider radioactive decay and atmospheric dispersal after release in estimating
potential risk to members of the public. For posting purposes, concentrations relative to DACs
are additive. For dosimetry purposes, products of concentrations and times, relative to DAC-
hours, are additive.

Table 13.2-5 Comparison of halogen and noble gas potential released activities immediately after the
reactor shutdown with ALIs and reactor area concentrations with DACs and effluent

concentrations(>'1O fCi)

Potentially Inhalation DAC Effluent Reactor Ratio Ratio to
Element Half-life released conc. Limit room conc. to effluent

activity (fiCi) All (pCi) (uCi/cm3 ) c(Ci/cm 3  DAC conc. limit
br83 2.40h 1072.6 6.Ox104 3.0x10-s 9.0x10-1 2.3x10° 0.1 26.0
br84 31.80min 2098.9 6.Ox104 2.0x10s 8.0x10-8 4.6x106 0.2 57.2
br84m 6.0min 33.2 2.0x102 1.0x10-7 1.Ox10-9 7.2x108 0.7 72.4
br85 2.90min 2510.1 2.x102 1.0x10-7 1.0x10-9 5.5x106 54.7 5468.6
br86 55.1s 3510.0 2.OxlO 1.0x10-7 1.0x10-9 7.6x106 76.5 7647.0
br87 55.65s 4081.9 2.0x102 1.0x10-7 1.0x10-9 8.9x106 88.9 8893.0
br88 16.29s 3483.8 2.OxlO 1.0x10-7 1.0x10-9 7.6x106 75.9 7590.0
br89 4.40s 2162.4 2.Ox1O2 1.0x10-7 1.0x10-9 4.7x106 47.1 4711.2
br90 1.91s 1125.3 2.OxlO 1.0x10-7 1.0x10-9 2.5x106 24.5 2451.7

br9l 0.541s 448.4 2.0x102 1.0x10-7 1.0x109 9.8x107 9.8 976.8
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br92 0.343s 54.4 2.0x10 2  1.0x10-7  1.0x10 9  1.2x10 7  1.2 118.6
i131 8.02d 5739.7 5.OxlOl 2.0x108 2.0xlOI° 1.3xlO 625.2 62524.0
i132 2.30h 8728.2 8.0xi03  3.0x106  2.0x108 1.9xlO 6.3 950.8
i132m 1.39h 18.5 8.0xlO3 4.0x1O6 3.0xO18 4.0xlO8 0.0 1.3
i133 20.8h 13183.9 3.0x102 1.Ox107 1.0x1O9 2.9xi0s 287.2 28723.2

i133m 9s 852.6 2.0xlO2 1.0x1O7 1.0x1O9 1.9xlO-6 18.6 1857.6
i134 52.5min 15561.3 5.0x104  2.0x1O5  6.0x1O8  3.4xi05  1.7 565.0

i134m 3.52min 725.5 2.OxlO2 l.Ox1O7 L.Ox109 1.6xlO6 15.8 1580.7
i135 6.57h 12473.7 2.0x10 3  7.0x107  6.0xi09  2.7x10 5  38.8 4529.3
i136 83.4s 5293.0 2.0xlO2 1.Ox107 1.0x10 1.2xlO 115.3 11531.6
i136m 46.9s 2487.6 2.0xlO2 l.Ox107 1.OxlO9 5.4x106 54.2 5419.7
i137 24.13s 6107.9 2.0xlO2 .Ox107 1.0x1O"9 1.3x10-5 133.1 13307.0
i138 6.23s 2966.1 2.0x102 1.Ox107 l.0x1O 6.5xi06 64.6 6462.1
i139 2.28s 1557.8 2.Ox102 1.Ox1O-z 1.0x1O-9  3.4xi06  33.9 3393.9
i140 0.86s 304.3 2.0xlO2 1.0x1O-7 1.0x1O 6.6x107 6.6 662.9

i141 0.43s 82.1 2.0xlO2 1.Ox107 1.0xlO"9 1.8x10-7 1.8 178.8
i142 0.2s 11.8 2.xlO2 1.OxlO7 1.OxlO9 2.6x108 0.3 25.8

kr83m 1.83h 1072.4 1.0x10-2 5.0x10-s 2.3x106 0.0 0.0

kr85 10. 7 8y 10.2 1.0x104 7.0x107 2.2x10-8 0.0 0.0
kr85m 4.48h 2517.5 2.0x10 5  1.0x10 7  5.5x10 6  0.3 54.8
kr87 76.3min 5119.2 5.xO10-6  2.0x10 8  1.1xlO-s 2.2 557.6
kr88 2.84h 6991.9 ---- 2.0x10 6  9.0x109  1.5x10 5  7.6 1692.6

kr89 3.15min 8935.7 2.0x102 1.0x107 1.0xi09 1.9x10-5 194.7 19467.7
kr90 32.32s 9629.1 2.0x102 1.0x10-7 1.0x10-9 2.1x10 5  209.8 20978.4
kr9l 8.57s 6677.9 2.OxlO2 1.0x107 1.0x109 1.5x10s 145.5 14548.9
kr92 1.84s 3338.0 2.OxlO 1.Oxl07 1.OxlO9 7.3x106 72.7 7272.4
kr93 1.29s 974.9 2.OxlO 1.0x10z 1.0x109 2.1x106 21.2 2123.9
kr94 0.21s 176.5 2.OxlO .OxlO-7 1.0x1o-9 3.8x107 3.8 384.4

kr95 0.MIs 15.0 2.OxlO 1.0x10-7 1.0x10-9 3.3x10-8 0.3 32.6

kr96 0.08s 75.1 2.OxlO 1.0x10-7 1.0x10-9 1.6x10-7 1.6 163.5
xel3lm 11.9d 61.9 4.0x10-4  2.0x106  1.3x10-7  0.0 0.1

xe133 5.25d 13305.4 1.0x10 4  5.OxlO7 2.9x105- 0.3 58.0
xel33m 2.19d 386.5 ---- 1.0x10 4  6.0x107  8.4x10-7  0.0 1.4

xel34m 0.29s 66.0 2.0x102 1.0x107 1.0x109 1.4x107 1.4 143.7

xel35 9.14h 10918.7 --- 1.0x10-5  7.0x10 8  2.4x10 5  2.4 339.8
xel35m 15.3min 2313.8 ---- 9.0x106 4.0x10-8  5.0x10-6  0.6 126.0
xe137 3.82min 12195.2 2.0x102 1.0x10-7 1.0x10-9 2.7x10s 265.7 26569.1
xe138 14.08min 12505.5 ---- 4.0x10-6 2.0x10s 2.7x10-s 6.8 1362.3
xe139 39.68s 10017.8 2.0x102 1.0x10-7 1.0x10-9 2.2x10-5 218.3 21825.4
xe140 13.6s 7274.1 2.OxlO 1.0xO7 1.xlO10-9 1.6x10s 158.5 15847.8
xel4l 1.73s 2483.9 2.x102 1.0x10-7 1.0x109 5.4x10-6 54.1 5411.5
xe142 1.22s 878.6 2.x102 1.0x10-7 1.0x109 1.9x10-6 19.1 1914.2

xe143 0.51s 53.7 2.OxlO 1.0x10-7 1.0x10-9 1.2x107 1.2 117.1
xel43m 0.96s 53.7 2.OxlO 1.0x10-7 1.0x10-9 1.2x107 1.2 116.9
xe144 0.39s 12.7 2.OxlO 1.0x10-7 1.0x10-9 2.8x108 0.3 27.7
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Comparison between UUTR MHA released activity and other facility's. REED TRIGA
MHA is simulated at a thermal power 5.2 times of UUTR MHA thermal power, and REED total
released activity from radioactive gas is 845214/214752= 3.94 times of UUTR's. REED total
released activity from radioactive particulate is 32686/9483.8=3.45 times of UUTR's. REED total
released activity is (845214+32686)/(214752+9483.8)=3.92 times of UUTR. The released activity
is roughly proportional to the thermal power. Therefore, UUTR source term calculation has the
correct order [Ref. Reed research reactor safety analysis report, August 2007].

Table 13.2-6 Comparison of particulate potential released activities immediately after reactor
shutdown with ALIs and reactor area concentrations with DACs and effluent concentrations (>10 fCi)

Potentially Inhalation DAC Effluent Reactor Ratio Ratio to
Element Half-life released c (UCi) (UCi/cm3) onc. Limit room conc. to effluent

activity (pCi) AL (pCi/cm3 ) (pCi/cm 3) DAC conc. limit
as86 0.95s 10.1 2.0x10 2  1.0xlo 7  1.0x10 9  2.2x10-8  0.2 22.0

ba139 80.06min 127.5 3.0x10 4  1.0x10s 4.0x108 2.8x10-7  0.0 6.9
bal40 12.75d 123.0 1.0x10 3  6.0x107 2.0x10 9  2.7x10 7  0.4 134.0
ba141 18.27min 115.6 7.0x104  3.0x10 5  1.0x10 7  2.5x10 7  0.0 2.5
ba142 10.6min 114.2 1.0x10 5  6.0x105 2.0x10 7  2.5x10-7  0.0 1.2
ba143 14.5s 110.1 2.0x10 2  l.Ox107 1.0x10 9  2.4x10 7  2.4 239.9
ba144 11.5s 87.3 2.Ox102 .Ox107 1.Ox10-9 1.9x1O7 1.9 190.2
ba145 4.31s 38.4 2.0x10 2  1.x107  1.Ox1O-9 8.4x10-8  0.8 83.7
ba146 2.22s 18.4 2.0xlO2 1.Ox10-7 1.0x10-9 4.0xlO-8 0.4 40.0
cel41 32.5d 102.0 7.0x1O2  3.0x10-7  1.Ox10-9  2.2x10-7 0.7 222.2
ce143 33.04h 117.9 2.0x10 3  8.0x1O7  3.0x1O-9  2.6x10-7 0.3 85.6
ce144 284.9d 23.6 3.0x101  1.0x108 4.0xlOn1  5.1x10 8  5.1 1285.7
ce145 3.01min 78.1 2.Ox102 .OxlO-7 1.OxlO9 1.7x107 1.7 170.2
ce146 13.52min 59.5 2.OxlO2 l.Ox107 1.Ox109 1.3x107 1.3 129.7
ce147 56.4s 37.5 2.0x1O 1.Ox107 1.Ox109 8.2x108 0.8 81.8

ce148 56s 31.7 2.0x102 .Ox107 1.OxO19 6.9x108 0.7 69.0
ce149 5.3s 15.5 2.OxlO2 .Ox107 1.0x10-9 3.4x108 0.3 33.8
cs138 33.41min 133.5 2.0x1O 1.0x1O7 1.Ox109 2.9x10-7 2.9 290.8
cs139 9.27min 126.1 2.0x1O l.OxlO7 1.OxlO9 2.7x10-7 2.7 274.7
csl40 63.7s 113.8 2.OxlO2 .Ox107 1.0x109 2.5x10-7 2.5 248.0
csl41 24.84s 82.7 2.0xlO2 1.Ox1O7 1.Ox109 1.8xlO-7 1.8 180.3
cs142 1.69s 54.0 2.0xlO2 1.0x1O7 1.Ox109 1.2x107 1.2 117.7
cs143 1.79s 29.0 2.0xlO2 .Ox107 1.Ox1O9 6.3x108 0.6 63.2

ge86 150ns 12.4 2.xO02 1.OxlO-7 1.OxlO-9 2.7x108 0.3 27.1
la140 1.68d 123.1 1.Ox10 3  5.0x10-7  2.0xlO-9  2.7x10 7  0.5 134.1

1a141 3.9h 116.0 9.0x103  4.0x10-6 1.0x108  2.5x107  0.1 25.3
1a142 91.1min 116.1 2.0x104 9.0x10-6 3.0x10-8 2.5x10-7 0.0 8.4
1a143 14.2min 117.6 9.0x10 4  4.0x10-s 1.0xl0-7  2.6x10 7  0.0 2.6
la144 40.8s 108.6 2.x102 1.0x10-7 1.0x10-9 2.4x10-7 2.4 236.5

la145 24.8s 76.4 2.Ox1O 1.0x10-7 1.0x10-9 1.7x10-7 1.7 166.5
la146 6.27s 33.2 2.Ox10 1.0x10-7 1.0x10-9 7.2x10 1 0.7 72.2
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la146m 10.Os 14.8 2.0x10 2  1.Ox10 7  1.0x10-9 3.2x10-8  0.3 32.2

la147 4.02s 17.7 2.0x10 1.0x107 1.0x10-9 3.9x10-8 0.4 38.6
mol0l 14.61min 103.1 1.0x105  6.0x10s 2.0x10-7  2.2x10-7  0.0 1.1
mol02 11.3min 84.9 2.0x102 1.0x107 1.0x10-9 1.8x10-7 1.8 185.0
mol03 67.5s 58.9 2.OxO02 1.OxlO7 1.0x1O-9 1.3x10-7 1.3 128.4
mol04 60s 35.8 2.OxlO2 1.0x107 1.0x109 7.8x10-8 0.8 77.9

mol05 35.16s 18.5 2.OxlO 1.0x107 1.0x10-9 4.0x10-8 0.4 40.2
mo99 2.75d 121.7 1.0x10 3  6.0x10-7  2.0x10-9  2.7x107  0.4 132.5
nblOO 1.5s 117.4 2.0x10 1.0x107 1.0x10-9 2.6x107 2.6 255.7
nblOl 7.1s 99.4 2.0x10 2 .OXl7 1.0x10-9  2.2x10-7 2.2 216.5

nbl02 1.3s 56.3 2.0x102 1.0x10-7 1.0x10-9 1.2x10-7 1.2 122.6
nblO2m 4.3s 15.7 2.OxlO 1.0x10-7 1.0x109 3.4x10-8 0.3 34.2

nbl03 1.5s 38.2 2.x102 1.0x10-7 1.0x109 8.3x10-8 0.8 83.3
nb95 35.Od 54.1 1.0x10 3  5.0x10-7  2.0x10-9  1.2x10-7  0.2 59.0
nb97 72.1min 120.0 7.0x10 4  3.0x10- 1.0x10 7  2.6x10-7  0.0 2.6

nb97m 52.7s 113.5 2.OxlO2 1.Ox107 1.0x1o9 2.5x10-7 2.5 247.3
nb98 2.86s 113.3 5.0x10 4  2.0x10 5  7.0x10 8  2.5x10-7  0.0 3.5

nb99 15.Os 72.4 2.OxlO 1.0x10-7  1.0x109 1.6x10-7 1.6 157.7
nb99m 2.6min 48.4 2.0x102 1.0x107 1.0x109 1.1x10-7 1.1 105.5

nd147 10.98d 44.6 8.Ox102 4.0x107 1.0x109 9.7x10-8 0.2 97.1

nd149 1.73h 21.5 2.x104 1.0x10-5 3.0x10-8 4.7x10-8 0.0 1.6
np239 2.36d 211.2 2.0x10 3  9.0x10 7  3.0x10 9  4.6x10 7  0.5 153.4
pm149 53.1h 21.3 2.0x10 3  8.0x10 7  2.0x10 9  4.6x10 8  0.1 23.1
pr143 13.57d 117.4 7.0x102 3.0x10-7 9.0x10-l° 2.6x10-7 0.9 284.3
pr144 17.28min 23.6 1.0x10s 5.0x10s 2.0x10 7  5.1x10-8  0.0 0.3
pr145 5.98h 78.0 8.Ox103 3.0x106 1.0x108 1.7x10-7 0.1 17.0

pr146 24.15min 59.6 2.OxlO 1.0x107 1.0x109 1.3x10-7 1.3 129.8
pr147 13.4min 44.7 2.0x105  8.0x10s 3.0x10 7  9.7x10-8  0.0 0.3
pr148 2.29min 32.5 2.0x102 1.0x107 1.0x109 7.1x108 0.7 70.7
pr149 2.26min 21.4 2.OxlO 1.0x107 1.0x109 4.7x108 0.5 46.6
prl50 6.19s 12.4 2.O×102 1.0x107, 1.0x109 2.7x10-8 0.3 27.0

rb88 17.77min 70.4 6.Ox104 3.0x10s 9.0x108 1.5x107 0.0 1.7
rb89 15.15min 93.4 1.0x10s 6.0x10s 2.Ox 107 2.0x10-7  0.0 1.0
rb90 158s 88.1 2.Oxlo 1.Ox10-7 1.OxO09 1.9x10-7 1.9 191.9

rb90m 258s 25.6 2.OxlO 1.0x107 1.0x109 5.6x108 0.6 55.7
rb9l 58.4s 110.9 2.OxlO 1.0x107 1.0x109 2.4x107 2.4 241.6
rb92 4.49s 95.7 2.OxlO 1.0x107 1.0x109 2.1x107 2.1 208.4
rb93 5.84s 70.5 2.0x102 1.0x107 1.0x109 1.5x107 1.5 153.7
rb94 2.70s 32.8 2.OxlO 1.Ox107 1.0xo09 7.2x108 0.7 71.5

rb95 0.38s 15.4 2,OxlO 1.0x107 1.0x109 3.4x108 0.3 33.6
rhlO3m 56.1min 50.1 1.Ox06 5.0x10-4 2.0x10- 1.1x10-7 0.0 0.1

rhl05 35.36h 18.5 6.OxlO 2.0x106 8.0x109 4.0x10-8 0.0 5.0

rul03 39.26d 50.2 6.Ox102 3.0x107 9.0x101° 1.1x107 0.4 121.5
rulO5 4.44h 19.5 1.0x10 4  5.0x10 6  2.0x10 8  4.2x10 8  0.0 2.1

sb129 4.40h 10.9 9.Ox103 4.0x106 1.0x108 2.4x10-8 0.0 2.4
sb130 39.5min 15.7 6.0x10 4  3.0x10s 9.0x10 8  3.4x108  0.0 0.4
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sbl30m 6.3min 19.1 2.OxlO 1.0x10-7 1.0x109 4.2x108 0.4 41.7
sb131 23.03min 50.8 2.0x104 1.0x10s 6.0x10s 1.1x10 0.0 1.8
sb132 2.79min 25.9 2.0x10 1.0x107 1.0x10s 5.6x108 0.6 56.5

sb132m 4.15min 29.1 2.0x10 2  1.0x10 7  1.0x10-9  6.3x10 8  0.6 63.4
sb133 2.5min 47.7 2.0x10 2  1.0x10 7  1.0x10 9  1.0x10 7  1.0 103.9
se84 3.1min 20.6 2.0x10 1.0x107 1.0x10-9 4.5x108 0.4 44.9
se85 31.7s 20.4 2.0x10 1.0x107 1.0x109 4.5x108 0.4 44.5
se86 15.3s 26.0 2.0x102 1.0x10-7 1.0x10-9 5.7x10-8 0.6 56.6
se87 5.5s 15.6 2.0x102 1.0x10-7 1.0x10-9 3.4x108 0.3 34.0
sn130 3.72min 12.1 2.OxlO 1.Ox10-7 1.0x1O-I 2.6x108 0.3 26.3

snl30m 1.7min 11.4 2.x102 1.0x107 1.0x10-9 2.5x108 0.2 24.9
sn132 39.7s 12.0 2.x102 1.0x10-7 1.0x10-9 2.6x10-8 0.3 26.1
sr89 50.57d 70.0 1.0x102 6.0x10-" 2.0x10-l° 1.5x107 2.5 762.5
sr9l 9.63h 115.8 4.Ox103 1.0x10-6 5.0x10-9 2.5x10-7 0.3 50.5
sr92 2.66h 117.9 7.0x103 3.0x10-6 9.0x10-9 2.6x10- 0.1 28.5
sr93 7.42min 123.9 2.x102 1.Ox10-7 1.Ox1o-9 2.7x10-7 2.7 269.9
sr94 75.3s 120.3 2.x102 1.0x10-7 1.0x10-9 2.6x10- 2.6 262.1
sr95 23.90s 104.7 2.0x102 1.0x10-7 1.0x10-9 2.3x10 2.3 228.1
sr96 1.07s 74.6 2.x102 1.0x10-7 1.0x10-9 1.6x107 1.6 162.6
sr97 0.429s 34.8 2.0xlO2 1.Oxl07 1.0x1O-9 7.6x10-8 0.8 75.9

sr98 0.653s 16.2 2.x102 1.0x10-7 1.0x10-9 3.5x108 0.4 35.3
tclOl 14.22min 103.1 3.0x10s 1.0x10 4  5.0x10 7  2.2x10 7  0.0 0.4
tcl02 5.28s 85.1 2.OxlO 1.0x10 7  1.0x10-9 1.9x10 1.9 185.4
tcl03 54.2s 60.6 2.x102 1.0x10-7 1.0x10-9 1.3x10-7 1.3 132.0
tcl04 18.3min 37.6 7.0x104 3.0x10s 1.0x107 8.2x108 0.0 0.8

tcl05 7.6min 19.5 2.x102 1.0x10-7 1.0x10-9 4.2x108 0.4 42.4
tc99m 6.Oh 107.1 2.0x10 5  6.0x10-s 2.o0x10-7  2.3x10 7  0.0 1.2
te129 69.6min 10.0 6.0x10 4  3.0x10-5  9.0x10-8  2.2x108  0.0 0.2
tel3l 25min 51.1 5.0x103 2.0x10-6 2.0x10-8 1.1x107 0.1 5.6
te132 3.2d 85.4 2.Oxlo2 9.0x10-8 9.0x101° 1.9x107 2.1 206.8
te133 12.5min 74.2 2.0x104 9.0x10-6 8.0x10-8 1.6x10- 0.0 2.0

tel33m 55.4min 67.4 5.Ox103 2.0x106 2.0x108 1.5x107 0.1 7.3
te134 41.8min 138.6 2.0x10 4  1.0x10-5  7.0x10-8  3.0x10 7  0.0 4.3
te135 19.Os 66.4 2.0x102 1.0x107 1.0x109 1.4x107 1.4 144.6

te136 17.63s 26.8 2.x102 1.0x107 1.0x109 5.8x10-8 0.6 58.3
u239 23.45min 211.9 2.0x105  6.0x10 5  2.0x10 7  4.6x10 7  0.0 2.3
ylO0  0.735s 12.2 2.0x102 1.0x10-7 1.0x109 2.7x108 0.3 26.7

y91 58.5d 81.1 1.Ox102 5.0x10-8 2.0x10-l° 1.8x107 3.5 883.4
y9lm 49.7min 67.3 2.0x10s 7.Ox10-O 2.0x10-7  1.5x10 7  0.0 0.7
y92 3.54h 119.3 8.0x103 3.0x10-6 1.0x10- 2.6x107 0.1 26.0
y93 10.18h 125.7 2.0x103 1.0x10-I 3.0x10-9 2.7x10- 0.3 91.3

y93m 0.82s 43.9 2.OxlO 1.0x10-7 1.0x10-9 9.6x108 1.0 95.7
y94 18.7min 128.1 8.0x104  3.0x10- 1.0x10-7  2.8x10 7  0.0 2.8
y95 10.3min 126.6 1.0x105  6.0x10-5  2.0x10-7  2.8x10 7  0.0 1.4
y96 5.3s 79.1 2.0x102 1.0x107 1.0x10-9 1.7x10-7 1.7 172.3

y96m 9.6s 40.1 2.x102 1.0x10-7 1.0x10-9 8.7x10-8 0.9 87.3
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y97 3.75s 60.8 -. 2,.oxo x- 1.ox0x10,- 1.3x1o- 1.3 2.5
y97m 1.17s 36.4 2.0x10 1.0x107 1.0x109 7.9x10-8 0.8 §9.3
y98 0.55s 38.2 2.0x10' 1.0x107 1.0x109 8.3x10-8 0.8 83.1

y98m 2.Os 22.0 2.0x102 1.0x10-7 1.0x10-9 4.8x10-8 0.5 47.9
y99 1.47s 41.6 2.0x102 1.0x10-7 1.0x10-9 9.1x10-8 0.9 90.6

zrlO0 7.1s 111.0 2.0x102 1.0x10-1 1.0x10-9 2.4x10-7 2.4 241.9
zrlO1 2.3s 61.3 2.0x102 1.0x10-7 1.0x10-9 1.3x107 1.3 133.6
zr102 2.9s 40.5 2.0x102 1.0x107 1.0x10-9 8.8x10-' 0.9 88.3
zr103 1.3s 10.1 2.0x10' 1.0x107 1.0x10-9 2.2x10-8 0.2 22.0
zr95 64.Od 85.4 1.0x101 5.0x10s 4.0x101° 1.9x10-7 3.7 465.2
zr97 16.74h 119.7 1.0x103  5.0x10 7  2.0x10-9  2.6x10-7  0.5 130.3
zr98 30.7s 111.0 2.0x10 1.0x107 1.0x10-9 2.4x10-7 2.4 241.8
zr99 2.1s 112.1 2.0x10 1.0x107 1.0x109 2.4x10-7 2.4 244.3

Dose to individuals from release of radionuclides. In order to estimate doses to
individuals from the hypothetical release of the above described source inventory, four
scenarios were examined:

Scenario A: In this scenario the west wall (effective surface area of 100m2) of the
reactor room is suddenly disappeared. The fission products and gasses are released into
the reactor room and mixed with the air instantaneously. The air in the reactor room is
moved out through the missing wall at the wind speed of I m/s. This is a ground level
release. It will take 4.7 seconds for the air to leave the reactor room at the rate of
10Om 3/sec.

Scenario B: The nuclide inventory shown in the tables above was completely released
and instantly mixed homogenously with the existing air in the reactor room. The
ventilation system was assumed to be working normally (operational mode) and the
only effluent was through the exhaust stack on the roof of the building. It was assumed
that the entire source inventory was exhausted through the ventilation system with one
complete room-air change. The standard exhaust rate is 6.11 x 105cm 3/sec; one room-
air change was expected to take 12.6 minutes. The physical height of the exhaust stack
is 40 ft; no modifications were made to the stack height based on exhaust velocity.

Scenario C: The nuclide inventory was completely released and instantaneously
homogenously mixed with the existing air in the reactor room. It is assumed that the
entire source inventory was leaked through the cracks in walls. The leak rate was
assumed to be 1.69x10 4cm 3/sec (from literature) and a very conservative rate of
6.15x10 3cm 3/sec one room-air change was expected to take 7.54 hours and 20.7 hours

respectively (shown in Table 13.2-8). These are the exposure times for the individuals
outside the reactor room. This is the ground level release.
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Scenario D: The nuclide inventory was completely released and instantaneously
homogenously mixed with the existing air in the reactor room. It is further assumed
that there is no crack or leaks from the reactor room. The worker is exposed to
radiation in the reactor room for 2 and 5 minutes. This scenario is the most
conservative assumption for the worker inside the reactor room and the only one
calculated for the worker inside the reactor room.

For scenarios above, the dose to an occupational worker who was assumed to remain in
the reactor room as well as the dose to an individual member of the public downwind from the
reactor building were estimated. For both individuals, the assumed breathing rate was 0.02
m3/hour (NRC Regulatory Guide 1.183, July 2000). Nuclides in the source inventory listed in
Tables 13.2-5 and 13.2-6 were evaluated in the dose estimates.

Calculations of atmospheric relative concentration (X/Q) are based on the Oregon State
University Safety Analysis Report and NRC Guide, Atmospheric Dispersion Models for Potential
Accident Consequence Assessments at Nuclear Power Plants [November 1983] and are
presented in Table 13.2-7 for ground level and stack ventilation.

Table 13.2-7: Atmospheric relative concentration for various distances

X (sec cm-3)
Distance (m) o (m) u (m) Q

Ground Level Stack Release
10 1.29 1.04 5.93x10-2 2.04x105-
50 2.45 1.20 2.71 x10-2  9.57x10-5

100 3.90 2.20 9.27 x10-3  4.58x10-3

150 6.18 3.22 4.00 x10-3  6.02x10-3

200 8.21 4.13 2.35 x10-3  5.19x10-3

250 10.21 4.98 1.57 x10-3  4.16x10-3

267 10.88 5.25 1.39 x10-3 3.86x10-3

The following correlations are used to calculate the committed dose equivalent (CDE)
to the thyroid and the committed effective dose equivalent (CEDE) for members of the general
public for each isotope of concern at a known distance from the UUTR facility.

(CDE or CEDE), D C A-2 ( e , 2:

where,

atmospheric dispersion factor at a given distanceD
B b tgD
BR: breathing rate
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DCFiti: internal dose conversion factor for isotope i
A1: initial activity of isotope i released into the reactor room
R: ventilation or leakage of air from the reactor area
V: reactor room volume
,{: ventilation constant
A1: decay constant for isotope i
tj: time when plume first arrives at the receptor point
t2 : time when plume has passed the receptor point

In order to calculate the deep dose equivalent (DDE) for both the thyroid and the whole
body for the member of the public, the following correlation is used for a known distance from
the UUTR facility:

X DCIý,1 A (eI - ,t2

(CDE or CEDE)D, D
4Ai

where, DCFext,i is the external dose rate conversion factor for isotope i. For the personnel in

the reactor room area for a given period of time being exposed (stay time, ST), the CDE and
CEDE are calculated as follows:

(CDE or CEDE)ST=Z DCFit'i " A, .BR(1-e-Alff !1

AeffiAe+)LV

2eff= 2+ A,

(ST: stay-time of personnel in the reactor room exposed
DDE to personnel in the reactor room for a given period of time for both the thyroid

and the whole body is obtained from the following equation:

(CDEyhyroid or DDE h y = DCboy )AT(1 -e-tT ) }I
Af V

The following values are used in above equations:
" The leak rate from the reactor room: 6.15x10 3m3/sec

* Reactor room ventilation exhaust rate: 2.2x10 9cm 3/hr

* Reactor room volume: 4.59x10 8cm3

" Receptor breathing rate: 3.3x10-4m3/sec (NRC "light work" rate).
Total effective dose equivalent (TEDE) is the summation of CDE and DDE.
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Table 13.2-8 Summary of dose estimates for MHA scenarios to public and workers at UUTR

Scenario Summary Applicable Dose Estimated Dose

limit

Scenario A (mrem) 0(0 rem:

Downwind Dose
distance (m) Thyroid TEDE"

10 0.2 0.1
Estimated dose to the member of the public: 50 0.1 0.0
Release of radiation to the outside of the reactor room 100
through the missing west wall of the reactor room 100 0.0 0.0

150 0.0 0.0

200 0.0 0.0

250 0.0 0.0

Scenario B

Downwind Dose
distance (m) Thyroid TEDE

10 0.0 0.0
Estimated dose to the member of the public: 50 0.0 0.0
Release of radiation through the exhaust stack 100
(ventilation system in operation mode) 100 0.2 0.3

150 0.2 0.3

200 0.2 0.3

250 0.2 0.3

Scenario C

Downwind Dose
distance (m) Thyroid TEDE

Estimated dose to the member of the public: 10 31.5 47.5 53.8 83.4
Entire source inventory was leaked through the cracks
in walls [the left column for dose values corresponds 10050 14.4216 24.5380
to leak rate of 1.69x10 4cm 3/sec (from literature) and 100 4.9 7.4 8.3 12.9
the right column to a very conservative rate of 150 2.1 3.2 3.6 5.6
6.15x10 3cm 3/sec]

200 1.2 1.9 2.1 3.3

250 0.8 1.2 14 22

Scenario D
2 Thyroid TEDE

Estimated dose to the worker inside the reactor m 5,000 28 4

room: no leaks of air from inside to outside;

workers are exposed for 2 and 5 minutes 513.5 22.1
min 5,000

TEDE is the total effective dose equivalent
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Table 13.2-8 summarizes the dose to an occupational work in the reactor room during
release and to an individual member of the public downwind from the reactor building. The
dose for thyroid is for both CDE and DDE. The estimated doses are much less than the
applicable dose limits for an occupational worker (5,000 mrem) or for an individual member of
the public (100 mrem). The scenarios described represent conservative conditions that are not
likely to occur and estimate doses less than applicable dose limits. Assumptions that result in
conservative estimates include:

* Source inventory based on exaggerated reactor run times
* Complete release of source inventory release into reactor room air
* Scenario 2 represent an unlikely rapid, ground-release condition
* Exposure times that equal the entire release of the source term
* Atmospheric conditions that exceed average values observed on the University of

Utah campus

13.2.2 Insertion of Excess Reactivity

The excess reactivity insertion is modeled based on the UUTR existing guidelines for
each experiment. The reactivity insertion of $1.2 is assumed (for example, the $1.2 reactivity
insertion is considered to be an extreme scenario of extremely low probability to occur at the
UUTR). This value is selected based on Technical Specification of UUTR according to which the
maximum value for reactivity insertion for a single experiment is limited to $1.00. In order to
stay on the conservative side, 20 cents is added to this value. The modeling is based on
synergistic use of PARET-ANL and MCNP5 and SCALE codes. In these models an automatic
SCRAM is introduced when the UUTR core power exceeds 100% of the licensed operational
power. Due to limitations of the time step size in the model and the rapid prompt jump in the
power, the SCRAM is observed at peak power of 700 kW rather than at 100kW [the model is
thus conservative in estimating the consequences of the accident]. The SCRAM at 700kW rather
than at 100kW introduces more power (while very small time step) for temperatures to rise.

The reactor's initial power is set to 90kW because that was a maximum operating power
of the UUTR. The fuel temperature, cladding temperature, and the moderator temperature are
analyzed to find if the fuel and cladding temperatures exceed the limits. In order to calculate
the fuel temperature feedback coefficients suitable to be used for PARET-ANL [1], the
neutronics calculations were performed for several temperatures and the following correlation
[1] was used to fit the data:

p D[ovD + y1 (T + y,) +Y, (T + +y, (T +4 )n]

where

3511 Page



UUTR CHAPTER 13

p: reactivity in units of dollar
y7: fitting coefficients
D: Doppler coefficient
T: average fuel temperature

For the moderator temperature feedback, two points were used to calculate the
temperature feedback coefficient as described in Section 4.5.3.4; these values are based on the
MCNP5 model. The data prepared for PARET-ANL simulation are based on SCALE5.1 model of
the UUTR. Table 13.2-9 therefore shows the comparison of the multiplication factors obtained
for the same conditions using the SCALE5.1 and the MCNP5 model of the 100kW UUTR, as well
as the SCALE5.1 values for the multiplication factors as a function of fuel temperatures. This
comparison gives enough confidence to use SCALE5.1 model to generate temperature
depended eigenvalues 2.

Table 13.2-9 Comparison of SCALE5.1 and MCNP5 for
100kW UUTR core at room temperature (293K)

Parameter SCALES.1 MCNP5

Multiplication Factor 0.97957 1.00649 + 0.00011

Percentage Difference -2.67 %

The multiplication factor as a function of fuel temperature is given in Table 13.2-10. As
expected, the multiplication factor decreases as the fuel temperature increases due to the fuel
temperature feedback. The quadratic fitting (as used in PARET-ANL) of the reactivity versus fuel
temperature is presented in Fig. 13.2-4 giving the coefficients used in PARET-ANL for fuel
temperature feedback coefficients as given in Table 13.2-11.

Table 13.2-10 UUTR multiplication factor as a function of fuel temperature obtained using SCALE5.1

T(°C) k-SCALE5.1 p ($) k-MCNP

100 0.97207 -3.7 1.00644 ± 0.00011

200 0.96272 -5.0 ---

300 0.95311 -6.3 ---

400 0.94361 -7.7 ---

500 0.93660 -8.7 ---

600 0.92470 -10.4 ---

2 SCALE5.1 (NEWT code, under the SCALE5.1) is based on discrete ordinate method with 238-fine group structure; MCNP5 is a
Monte Carlo based calculation code; a difference due to methodology is expected (2.67%). The SCALE5.1 model of the UUTR
core is shown in Fig. 13.2-3.
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Figure 13.2-3 SCALE5.1 1OOkW UUTR core model

Table 13.2-11 UUTR reactivity as a function of fuel temperature fitting data as used in PARET-ANL

Fitting D 7o 71 72 73 74 n

Linear 1.0 -2.4536 -1.2521 x 10-' 0.0000 0.0000 0.0000 1.0

Quadratic 1.0 -2.4664 -1.2425 x 10-2-1.3714 x 10-7 0.0000 0.0000 1.0

The reactivity insertion accident is modeled as follows: reactivity is inserted at 0.25
seconds and the UUTR SCRAM automatically acts when the power passes the set point. The
power shape is plotted in Fig. 13.2-5. The temperature of the fuel and the moderator and the
departure from nucleate boiling are analyzed to assure that fuel will not melt or the
temperature would not increase over the limits. The moderator and fuel temperatures are
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shown in Fig. 13.2-6: the fuel and the moderator temperatures do not exceed the limits
verifying that during an excess activity insertion accident, the fuel integrity will not be
jeopardized; the fuel temperature change is more rapid than the water temperature change;
the moderator temperature after 50 seconds from shutdown (SCRAM) will reach the
temperature very close to inlet temperature (20.6 °C) which is 20.77 'C.

-2

-3

-4

-5

-6

-7

-8

4-,

U

Cu

y =-1.3714E-07x - 1.2,25E-02x - .4664E+00

-9

-10

-11 h + 4 I

50 150 250 350 450 550 650

Fuel Temperature (C)

Figure 13.2-4 SCALES.1 fuel temperature feedback coefficient for the UUTR

The DNBR estimates described in Section 4.6.2 showed that the CHF is to be

approximately 520kW/M 2 (obtained from Fig. 4.6-9). The hottest rod during the power prompt

jump to 700kW (as shown in Fig. 13.2-5) will be approximately 14kW, which gives the maximum

heat flux of 312.74kW/m 2 . This predicts the DNBR of 1.66, which is a safe value for the very
short amount of time before the SCRAM. The fuel temperature rises to approximately 1100 C
which is within the safe operating limits of TRIGA fuel. Therefore, during the unlike event of
excess reactivity accident in the order of $1.2, the integrity of the fuel and cladding are not

jeopardized.
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Figure 13.2-5UUTR reactor power change versus reactor time for $1.2 reactivity insertion accident
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Figure 13.2-6 UUTR maximum centerline fuel temperature and coolant temperature as a function of
time for $1.2 reactivity insertion
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13.2.3 Loss of Coolant Accident (LOCA)

Accident initiating events and scenarios. Although total loss of reactor pool water is
considered to be an extremely improbable event, such a failure is analyzed. Limiting design
basis parameters and values are addressed in "The U-Zr-Hx Alloy: Its Properties and Use in
TRIGA Fuel," Report E-117-833, Simnad, M T, General Atomics Corp., 198 as follows:

Fuel-moderator temperature is the basic limit of TRIGA reactor operation. This limit stems
from the out-gassing of hydrogen from the ZrH, and the subsequent stress produced in the
fuel element clad material. The strength of the clad as a function of temperature can set
the upper limit on the fuel temperature. A fuel temperature safety limit of 11500C for
pulsing, stainless steel UZrH,.65 ... fuel is used as a design value to preclude the loss of clad
integrity when the clad temperature is below 500°C. When clad temperatures can equal
the, fuel temperature, the fuel temperature limit is 9500C. There is also a steady-state
operationalfuel temperature design limit of 7500C based on consideration of irradiation-
and fission-product-induced fuel growth and deformation.
Loss of pool water in UUTR. UUTR facility has no beam ports and the reactor cooling

systems and return lines contain ant-siphon holes approximately one foot below the normal
water level to prevent the tank from drying out. The only possible scenario for losing the water
inside the tank is an intense shock from earthquake. However, this unlikely event has been
analyzed for amount of radiation released from the open core, and the change of fuel
temperature.

A float switch alarm, operating on a 24 hour basis is provided in the tank to alert the
Merrill Engineering Building Security Guard if the water level falls below 6 inches of its normal
level. In such an event, the reactor if under operation is automatically shut down by SCRAM
signal and the Campus Police Department, the UNEF Director, the Reactor Supervisor, and the
Radiation Safety Officer are alerted immediately.

The following is the calculation of the effect of loss of pool water and it follows the
methodology used in the 1985 SAR:

The time it takes for the water in the tank to drain is calculated by Darcy's law as follows:

dx = K

dt

where,
K: constant depending on the nature of the sand, maximum value of 3,000

M /2

[year" m(H20)]
[Handbook of Applied Hydraulics, McGraw Hill, New York (1952) p. 165]
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Therefore, the time it would take for the tank to drain is t=1/K=19.3 hours (The height
of the tank is 6.7 meters). This time is long enough for the personnel to use continual flooding
of the core tank from the tap water line in the laboratory until radiation levels are acceptable,
or the fuel can be removed to a storage facility.

Integrity of Fuel Element Cladding. The following analyses are the same as reported in

1985 SAR. The 1985 SAR calculations were based on a two-dimensional, transient heat transfer
code, developed by Gulf Energy and Environmental Systems, Inc., for obtaining maximum
temperature in the core after a water loss; the maximum fuel temperature for 100kW
operation was obtained to be 61°C. Thus, as stated in the 1985 UUTR SAR, this temperature is
low enough that the pressure exerted by trapped air and fission product gases in the fuel is less

than 30 psi that produces a stress of 264 psi; the yield stress for aluminum at 150 'C is 8,000
psi. These values are obtained under the assumption that the heat is removed by natural

convection of air; the conduction to grid and radiation heat losses are neglected.
The after-shutdown power density in the B-ring (Fig. 4.6-1) fuel element (hottest

channel) is given by a modified version of Unterneyer-Weill formula as follows:

q= + 1O)02 _O.87(t-t 0 +2x1 0 2 -0.05]-V= Vf I L( I 2 1 Ltt~O-2-'7.~o2lY-2-'

p: peak-to-average power density in the core = 1.281 as estimated using the MCNP5
model for 1OOkW UUTR (Section 4.5.2)
P: reactor power = 3.413 x 105 Btu/hr
Vf. volume of the fuel in the core = 0.78 ft3

L: length of the fuel = 1.25 ft
x: distance measured from the bottom of the fuel element, ft
t: time after the core exposed to the air, sec
to: time from shutdown to the time the core is exposed, sec
Calculated power density values for 1OOkW in the B-ring as a function of time exposed

to air at the center are presented in Table 13.2-12. The assumption for this evaluation is that
the reactor has been operating for 1,000 hours before the accident occurs. It is conservatively
assumed that all the energy produced by fission products decay in the element is deposited in
that element. Axial power density profile for 100kW is shown in Fig. 13.2-7 at time=0 of
exposure to air; as expected, the profile follows cosine shape distribution.
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Table 13.2-12 Power densityforfuel element in ring B as a function of time exposed to air at

the center (axially)

Power Density LBtu 7
Time exposed to air (s) hr. ft3]

100 kW

0 1555.86

60 1554.80

120 1553.75

3600 (1 hr) 1494.21

7200 (2 hrs) 1436.16

14400 (4 hrs) 1329.42

86400 (1 day) 646.01

172800 (2 days) 211.53

The heat is removed from the by the natural convection of air. The air velocity through
the channel can be determined by setting the frictional pressure loss equal to the buoyancy.
Entrance and exit losses are about 2 to 5% which will be ignored:

i5P (buoyancy) : 3P(friction)

,5P(buoyancy) = (p 0 - p 1 ) L

2

where L is the length of the channel and densities at the entrance and exit are p0 and pi
respectively. The frictional pressure drop for TRIGA is modeled so the free-flow area is
converted into an annulus around the fuel element. With an annular space of inner diameter
D1 and outer diameter D2, the frictional pressure drop becomes:

3581 Page



UUTR CHAPTER 13

1700

- 1500

1300

4-.>- 1100

0
a. 700

500

0 0.2 0.4 0.6 0.8 1 1.2

Axial Distance From Bottom of the Rod (ft)

Figure 13.2-7 Axial power density profile for a fuel element in the ring B

,u: viscosity of air, lb/hr-ft
v: velocity of the air, ft/hr
L: length of the fuel element, ft
Di: fuel element diameter, ft
D2 : D1 + 2b, ft (b is the effective separation distance between B ring and C ring)

b = 1(0.0113+0.04930) = 0.0303ft
2

For the channel between the B ring and the C ring, the pressure balance equation
showed earlier becomes:

(p0 -p,) = 6.88 x 10-5 i-v

where the i is the average viscosity of the air in the channel and is a function of the entrance

and exit temperatures, V and is the average air velocity in the channel. The mass flow rate of
air in the channel is calculated using:
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w = v3Ac

where 5 is the average air density in the channel and A, is the flow area associated with the

channel. Combining the equation for mass flow rate and the pressure balance, it follows:

w=405(;o-p ')0
p1

Assuming that the average quantities in above equation are averaged over properties of
inlet and outlet, the equation for mass flow rate becomes:

The properties of air can be approximated by linear equation as follows:

1
p=2.5 x 10-2T

and

/u = (0.01135+0.6017 x 10-4 T)

where T is in *Rankine.
Replacing the approximations for the density and viscosity into equation for mass flow

rate, it follows:

W3.24 x IOQ~ 0 72) Fib

(,22)[0.01 135 + 0.30085 x io- (T, +T)]l

Once the mass flow rate throughout the channel is obtained, the heat transfer
coefficient needs to be determined and the amount of heat removed by natural circulation of
air through the core. The heat transfer coefficient is conservatively given with:
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h = O.532- (Gr. Pr)0 25

where kfis the thermal conductivity of film air at temperature Tf, Gr is Grashof number, and Pr
is the Prandtl number. The thermal conductivity coefficient and specific heat of the air is:

k = (0.0009+ 0.26 x 10-4 T)

and

Btu
Cp = 0.240 Btu

Using the above expressions and the heat transfer coefficients, along with expressions
for extrapolated density and viscosity presented earlier:

{0.0009 + 0.13 x 10-4 (Tw + Ta)}3 x 0.25

5 0 .16 [ 1 2 ) 0 , x ( T ._ T)

L[0.01135+0.30085xlo0 (T. +T)]

where T,, is the wall temperature, Ta is the bulk air temperature, and Tfis the average of the
two. Since the yield stress for SS is relatively much higher than aluminum, the calculations are
done for aluminum cladding only. The pressure produced is negligible compared to the yield
stress limit for aluminum. The specific heat and the thermal conductivity of the UZrH1 .0 is given
by the following expressions:

Cp = 26.3 + 0.0245T

kf = 10.7 -6.42x10- 4T

The pressure exerted on the cladding is determined as follows: the pressure from fission
product accumulation, hydrogen release, and air trapped inside the clad is determined. The
total number of fission product nuclei released to the gap between the fuel and the cladding is
determined based on: J. 0. Blomeke and Mary F. Todd (1958), "U-235 Fission Product
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Production as a Function of Thermal Neutron Flux, Irradiation Time and Decay Time", ORNL-
2127. The following calculation is for the 100kW UUTR:

Ni = 0.028x2.748x1020 = 7.72x1018 atoms

The number of gram-atoms in the gap is:

7.72 x 1018
_ 7.72-x 102 =1.282 x 10- 5 gram-atomsnP -6.02 x 1021

The partial pressure exerted by the fission products gases is:

RT
Pfp = nfp W

V = 3.23cm3

Therefore, the initial pressure exerted by all the fission product gases is:

S1.282x 10-5 RT=0.397x0RT

3.23

The partial pressure of the air in the fuel element is:

i RT03 - 4.46x 10 5 RT
22.4X 1

The total pressure exerted by the air and fission products is:

ýI P 1il= 1.09Pýi
P., )1~Ii a
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The pressure exerted by Hydrogen is negligible for the temperature range that is
considered (Fig. 4.2-3). Therefore, the total gas pressure at the maximum fuel temperature of
61 °C is:

P=PH+P,. = 0 +1 .0 9 (14 .7 )r61+273 3.23 = 63.3 psi

H K273 ) V -V

The volume increase due to expansion of clad is ignored and the total pressure is then:

63.3 63.3
P = - -19.59psi

V 3.23

The tangential stress in the fuel element cladding is then calculated as follows (more
details can be found in Section 4.2.1.2):

P.r
t

where t is the wall thickness (0.076 cm) and r is the fuel element can radius (1.8 cm), therefore
S = 464.2 psi for 100kW power.

According to the Aluminum Company of America handbook [Aluminum Company of
America, "Alcoa Aluminum Handbook," (1962)], the yield stress for type 6061 aluminum at 152
°C is greater than 8,000 psi. Therefore, the above calculations showed that following the loss of
coolant in the tank, the rupture of cladding will not occur. The parameters of interest are
summarized in Table 13.2-13.

Table 13.2-13 Parameters of interest for pressure inside the fuel cladding in the UUTR

Parameter Pressure

Maximum fuel temperature (°C) 61

Number of fission product atoms 7.720 x 1018

Fission product gram-atoms 1.282 x 10-5

Partial pressure exerted by the fission products (psi) 3.970 x 10-6

Total pressure (psi) 19.6

Tangential stress (psi) 464.2
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13.2.4 Radiation Levels After Loss of Pool Water

The dose rate on top of the UUTR core is calculated assuming that the core has been
operating at 100kW for a long time (1,000 hours) before the accident. As mentioned in
previous section, the water inside the tank will not drain out at once; therefore, the scenario
that is analyzed assumes the pool water leaks at the rate of 0.4 m per hour. In summary the
scenario used used in the model for the dose estimate is:

* reactor has been operating for 1,000 hours before the accident
" reactor is shutdown after the leak of pool water starts
" reactor core is approximated as a point source (emitting photons isotropically)
* average photon energy is 1.0 MeV
" attenuation by core components other than fuel elements is neglected
Each fuel element has 400 cm3 volume; for the core with 78 fuel elements the whole core

volume is 31,200 cm 3 which is equivalent to a sphere of a radius 19.53 cm. The fraction of
photons escaping from the core is given as a function of sphere diameter (rj) and the
attenuation coefficient (u,) of the core material for 1 MeV photons (= 0.207 cm-1) which is 0.197
[K. K. Aglintsev, Applied Dosimetry, (Eng. Ed.), Iliffe, London (1965)]. The calculated source
strengths are from SAR 1985 for 100kW UUTR, Table 13.2-14.

The dose rate is calculated using the following correlation with assumption that the core
is a point source:

D= S eff B(R/)e-Px4z R 2 K

where
D: the dose rate in rads/hr
Seji effective source strength
R: distance between core and location considered
K: conversion factor for MeV/cm 2 to rad/hr ( = 5.77 x 105 for 1 MeV photons)
B: Build-up factors [N. Tsoulfanidis, (1995). "Measurement and Detection of Radiation".

2 nd edition, Taylor & Francis]
/p: linear attenuation coefficient (water = 0.07072)
x: thickness of material, cm.
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Table 13.2-14 Source strength for 1OOkW UUTR [1985 UUTR SAR]

Time (hr) Source Strength Effective Source Strength

0.1 6.49 x 10"s 1.28 x 101

0.5 4.52 x 1O'5  8.90 x 1014

1 3.60 x 10Is 7.09 x 1014

5 2.20 x 1015 4.33 x 1014

10 1.70 x 1015 3.35 x 1014

24 1.20 x 1015 2.36 x 1014

The build-up factors are calculated as follows [a, b, and / from [N. Tsoulfanidis, (1995).
"Measurement and Detection of Radiation". 2 nd edition, Taylor & Francis]:

B = 1 + apreb~r

The dose rate at the top of the core is shown in Table 13.2-15. The dose rate becomes
extremely high when the water inside the tank drains out (completely). However, within first 5
hours, the dose rate is low enough (10 CFR 10.101) for reactor supervisor and personnel to
perform safety procedures.

Table 13.2-15 Dose rate calculated on a top of the core for various water levels

The dose rates shown in Table 13.2-15 relates to a top of the UUTR tank. In the 1985
Safety Analysis Report for UUTR the dose rates are provided for the laboratory floor. After 15.2
hr from the accident, the water level is at the top of the core but the core is still surrounded

3 These doses refer to the radiation levels on the reactor room floor obtained from Safety Analysis Report of UUTR
(1985).
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with water. In other words, the core is submerged in water; however, the height of the water
in the tank is just up to the top of the reactor core. The tank with two layers of aluminum and
stainless steel, with 0.61 meters of sand around the tank will reduce the dose rate at the
laboratory floor. In order to have the better conservative time frame for reactor personnel to
work in the .area after the accident happens the dose rate on top of the tank is also calculated;
these dose rates will affect the personnel in the control room.

13.2.5 Loss of Coolant Flow

UUTR utilizes natural convection cooling. Therefore, there is no primary cooling system
that could fail to cause loss of coolant flow accident. On the other hand, the loss of secondary
system coolant flow which keeps the water inside of the tank cool, will not introduce an
accident. The reactor can easily operate without pool cooling, but with reduced number of
hours. A siphon break is designed to prevent the drainage of water from the tank through
primary coolant line.

13.2.6 Mishandling or Malfunction of Fuel

Accident initiating events and scenarios. Events which could cause accidents at the UUTR
in this category include:

* Fuel handling accidents where an element is dropped underwater and damaged
severely enough to breach the cladding

" simple failure of the fuel cladding due to a manufacturing defect or corrosion
" overheating of the fuel with subsequent cladding failure

Accident analysis and determination of consequences. All these three scenarios result in a
single fuel element failure in water. In the unlikely event that this failure occurred in air, this is
the MHA analyzed in Section 13.2.1. In past the UUTR fuel elements are moved to new
positions or removed from the core only during periods when the reactor is subcritical.

Assumptions for this accident are almost exactly the same as those used for the MHA,
except that the presence of the pool water contains most of the halogens and, thereby, reduces
the halogen dose contribution. This accident analyzed for similar TRIGA facilities show that the
general public are well below the annual limits in 10 CFR Part 20, with the maximum dose being
less than 33 mrem TEDE for 500kW TRIGA. The occupational radiation doses to workers in the
reactor are are also well below the occupational annual limits as defined in 10 CFR Part 20, with
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the maximum dose below 1 mrem TEDE for a 5-minute exposure. Five minutes is very ample
time for workers to evacuate the reactor area if such an accident were to occur.

13.2.7 Experiment Malfunction

The UUTR TS section 3.1 and 3.2 specify the reactivity limits to prevent a serious reactor
accident. The main limits are:

1. The shutdown margin referred to the cold-critical xenon-free condition, with the
highest worth rod (safety rod) fully withdrawn, is greater than $0.50.

2. The rate of reactivity insertion by control rod motion shall not excess $0.30.

3. Any experiment with the reactivity worth greater than $1.00 is securely fastened so
as to prevent unplanned removal from or insertion into the reactor.

4. The excess reactivity for the cold critical, xenon free condition is less than $2.80.

5. The reactivity worth of an individual experimental is not more than $2.80.

6. Fueled experiments are limited such that the total inventories of 1-131 through 1-135
in the experiments are not greater than 10 mCi.

7. The quantity of known explosive materials to be irradiated is less than 25 milligrams.

8. Experiments containing materials corrosive to reactor components, compound
highly.reactive with water, potentially explosive materials, or liquid fissionable
materials are doubly encapsulated and able to withstand any overpressure condition
deemed likely to occur.

9. The concentration of Argon-41 released from the facility to the environment shall
not exceed 4x10-8 ýtCi/cm 3 averaged over 1 year.

These limiting conditions placed on experiments and irradiations are based on following
considerations:

1. The first specification is based on that the shutdown margin required by
specification is necessary so that the reactor can be shutdown from any operating
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condition and remain shutdown after cool down and xenon decay even if one
control rod should remain in the fully withdrawn position.

2. The maximum worth of a single experiment is limited so that its removal from the
cold critical reactor will not result in the reactor achieving a power level high enough
to exceed the core temperature safety limit (Fuel temperature).

3. Specification 8 is intended to prevent damage to reactor components resulting from
failure of an experiment involving explosive materials.

4. Specification 9 is intended to ensure that the health and safety of the public are not
endangered by discharge of Argon-41 from the UUTR facility.

13.2.8 Loss of Normal Electrical Power

Loss of electrical power to the UUTR could occur due to many events and scenarios that
routinely affect commercial power. Since the UUTR does not require emergency backup
systems to safely maintain core cooling, there are no credible reactor accidents associated with
the loss of electrical power. A backup power system present at the UUTR mainly provides
conditioned power to the instrumentation. The system provides emergency power immediately
after the loss of regular electrical power and continues to supply power for a period of several
hours. Battery-powered emergency lights are also located throughout the facility to allow for
inspection of the reactor and for an orderly evacuation of the facility. Loss of normal electrical
power to the UUTR facility during reactor operations will initiate a reactor scram. Loss of power
is addressed in the RRR Procedures, which require that, upon loss of normal power, the
operator on duty should verify the reactor is shutdown. This can be done without any
electrically powered indications. The backup power supply would allow enhanced monitoring.

13.2.9 External Events

Hurricanes, tornadoes, and floods are virtually nonexistent in the area around the UUTR.
Therefore, these events are not considered to be viable causes of accidents for the reactor

facility.
Recent history indicates that the region encompassing the state of Utah and adjacent

areas are zones of moderate seismic activity and minor consequence. In recent history, seismic
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occurrences have been low intensity events with little or no resulting damage. Should an
earthquake occur of significant severity, the consequences to the UUTR facility should not
cause events more severe than the MHA. Since the reactor pool was constructed of a large
mass of reinforced concrete, it will tend to vibrate as a single unit with a frequency of
oscillation that may be different from that of the surrounding building. In addition, the TRIGA
tank was built in an earthquake proof fashion with double wall and sand construction.
Dislocation between the reactor and surrounding structures could occur. This could lead to a
break in beam port tubes and other penetrations, which can cause the pool water to drain.
This non-instantaneous loss of coolant/shielding event was analyzed previously. An earthquake
of sufficient severity to cause dislocation of the reactor pool or surrounding structures would
undoubtedly be recognized and the reactor, if operating at the time, could be manually
shutdown and not restarted until the integrity of the reactor pool had been established. The
most severe consequence of a major earthquake would be the failure of the reactor's
aluminum tank. Because of the containment design employing a double wall, sand, and
concrete construction, the only credible damage scenario would result in a slow (Section
13.2.2) draining of the pool water. This condition would be easily recognizable allowing
sufficient time to shut down and secure the reactor, evacuate personnel, and consider possible
mitigation actions for minimizing radiation release and exposures. Major seismic events would
probably cause other related events, which would cause a reactor shutdown without operator
intervention. For example, loss of building power would initiate a shim-safety rod insertion,
since the control system is fail-safe with respect to power loss. Also, loss of significant
quantities of pool water will cause a reactor trip from low water level in the pool.

Therefore, there are no accidents in this category that would have more on-site or off-
site consequences than the MHA analyzed in Section 13.2.2, and, therefore, no additional
specific accidents are analyzed in this section.

13.2.10 Mishandling or Malfunction of Equipment

No credible accident initiating events were identified for this accident class. Situations
involving an operator error at the reactor controls, a malfunction or loss of safety-related
instruments or controls, and an electrical fault in the control rod system were anticipated at the
reactor design stage. As a result, many safety features, such as control system interlocks and
automatic reactor shutdown circuits, were designed into the overall TRIGA Control System.
TRIGA fuel also incorporates a number of safety features (Chapter 4) which, together with the
features designed into the control system, assure safe reactor response, including in some
cases reactor shutdown. No safety considerations at the UUTR depend on confinement or
containment systems. Rapid leaks of the coolant have been addressed in Section 13.2.3
showing that no damage to the reactor occurs as a result of these leaks. Since there were no
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credible initiating events identified, no accident analysis was performed for this section and no
consequences were identified.
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TECHNICAL SPECIFICATIONS AND BASES
FOR THE UNIVERSITY OF UTAH

TRIGA NUCLEAR REACTOR

This document constitutes the Technical Specifications for the Facility
License No. R-126 and supersedes all prior Technical Specifications. This
document includes the "Basis" to support the selection and significance of
the specifications. The bases are included for information purposes only.
They are not part of the technical Specifications, and they do not constitute
limitations or requirements to which the licensee must adhere.
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1. Definitions

1.1 Audit: An audit is a quantitative examination of records, procedures or other

documents after implementation from which appropriate recommendations are made.

1.2 Channel: A channel is the combination of sensor, line, amplifier, and output devices,
which are connected for the purpose of measuring the value of a parameter.

1.3 Channel Calibration: A channel calibration is an adjustment of the channel such that
its output corresponds with acceptable accuracy to known values of the parameter,
which the channel measures. Calibration shall encompass the entire channel, including
equipment actuation, alarm, or trip and shall include a Channel Test.

1.4 Channel Check: A channel check is a qualitative verification of acceptable
performance by observation of channel behavior. This verification, where possible, shall
include comparison of the channel with other independent channels or systems
measuring the same variable.

1.5 Channel Test: A channel test is the introduction of a signal into the channel for
verification that it is operable.

1.6 Confinement: Confinement is an enclosure of the overall facility that is designed to
limit the release of effluents between the enclosure and its external environment
through controlled or defined pathways.

1.7 Control Rod: A control rod is a device fabricated from neutron absorbing material or
fuel or both which is used to establish neutron flux changes and to compensate for
routine reactivity changes. A control rod may be coupled to its drive unit allowing it to
perform a safety function when the coupling is disengaged. Types of control rods shall
include:

1. Regulating Rod (Reg Rod): The regulating rod is a control rod having an
electric motor drive and scram capabilities. Its position may be varied
manually or by the servo-controller.

2. Shim/Safety Rod: A shim safety rod is a control rod having an electric motor
drive and scram capabilities.
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1.8 Core Lattice Position: The core lattice position is defined by a particular hole in the

top grid plate of the core. It is specified by a letter indicating the specific ring in the grid
plate and a number indicating a particular position within that ring.

1.9 Excess Reactivity: Excess reactivity is that amount of reactivity that would exist if all
control rods were moved to the maximum reactive condition from the point where the
reactor is exactly critical (keff= 1) at reference core conditions.

1.10 Experiment: Any operation, hardware, or target (excluding devices such as

detectors or foils) which is designed to investigate non-routine reactor characteristics or
which is intended for irradiation within an irradiation facility. Hardware rigidly secured
to a core or shield structure so as to be a part of their design to carry out experiments is
not normally considered an experiment. Specific experiments shall include:

1. Secured Experiment: A secured experiment is any experiment or component
of an experiment that is held in a stationary position relative to the reactor
by mechanical means. The restraining forces must be substantially greater
than those to which the experiment might be subjected by hydraulic,
pneumatic, buoyant, or other forces, which are normal to the operating
environment of the experiment, or by forces which can arise as a result of
credible malfunctions.

2. Unsecured Experiment: An unsecured experiment is any experiment or
component of an experiment that does not meet the definition of a secured
experiment.

3. Movable Experiment: A movable experiment is one where it is intended that
the entire experiment may be moved in or near the core or into and out of
the core while the reactor is operating.

1.12 Fuel Element: A fuel element is a single TRIGA® fuel element.

1.13 Instrumented Element: An instrumented element is a special fuel element in which
one or more thermocouples have been embedded for the purpose of measuring the fuel
temperatures during reactor operation.

1.14 Irradiation Facilities: Irradiation facilities shall mean beam ports, including
extension tubes with shields, thermal columns with shields, vertical tubes, rotating
specimen rack, pneumatic transfer system, sample holding dummy fuel elements and
any other in-tank irradiation facilities.
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1.15 Measured Value: The measured value is the value of a parameter as it appears on
the output of a channel.

1.16 Operable: A system or component shall be considered operable when it is capable
of performing its intended function.

1.17 Operating: Operating means a component or system is performing its intended
function.

1.18 Operational Core: An operational core shall be a fuel element core which operates
within the licensed power level and satisfies all the requirements of the Technical
Specifications.

1.19 Pulse Mode: Not applicable for the UUTR.

1.20 Reactivity Worth of an Experiment: The amount of reactivity introduced during an
experiment.

1.21 Reactor Operating: The reactor is operating whenever it is not secured or shut
down.

1.22 Reactor Operator (RO): An individual who is licensed to manipulate the controls of
a reactor.

1.23 Reactor Safety Systems: Reactor safety systems are those systems, including their
associated input channels, which are designed to initiate, automatically or manually, a
reactor scram for the primary purpose of protecting the reactor.

1.24 Reactor Secured: The reactor is secured when:
1. Either there is insufficient moderator available in the reactor to attain

criticality or there is insufficient fissile material in the reactor to attain
criticality under optimum available conditions of moderation and reflection;
or,

2. All of the following exist:
2.1 The three (3) neutron absorbing control rods are fully inserted as
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required by technical specifications;
2.2 The reactor is shut down; and

2.3 The console key switch is in the "off" position and the key is removed

from the console.

1.25 Reactor Shutdown: The reactor is shut down when:
1. It is subcritical by at least one dollar both in the reference core condition

and for all allowed ambient conditions, with the reactivity worth of all
installed experiments and irradiation facilities included; and

2. No experiments are being moved or serviced that have, on movement
reactivity worth exceeding the maximum value allowed for a single
experiment, or of one dollar, whichever is smaller.

3. No work is in progress involving core fuel, core structure, installed control
rods, or control rod drives unless they are physically decoupled from the

control rods.

1.26 Reference Core Condition: The reference core condition is the reactivity condition
of the core when it is at ambient temperature (cold) and the reactivity worth of xenon is
negligible (<$ 0.30).

1.27 Review: A review is a qualitative examination of records, procedures or other
documents prior to implementation from which appropriate recommendations are
made.

1.28 Safety Channel: A safety channel is a measuring channel in the reactor safety
system.

1.29 Scram time: Scram time is the elapsed time between reaching a limiting safety
system set point and the instant that the slowest scrammable control rod reaches its
fully-inserted position.

1.30 Senior Reactor Operator (SRO): An individual who is licensed to direct the activities
of reactor operators. Such an individual is also a reactor operator.

1.31 Should, Shall, and May: The word "shall" is used to denote a requirement; the
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word "should" is used to denote a recommendation; and the word "may" to denote
permission, neither a requirement nor a recommendation.

1.32 Shutdown Margin: Shutdown margin shall mean the minimum shutdown reactivity
necessary to provide confidence that the reactor can be made subcritical by means of
the control and safety systems and will remain subcritical without further operator
action, starting from any permissible operating condition with the most reactive rod is in
its most reactive position.

1.33 Steady-State Mode (S.-S. Mode): Steady-state mode shall mean operation of the
reactor with the mode selector switch in the steady-state position.

1.34 Surveillance Intervals: Allowable surveillance intervals shall not exceed the
following:

1. Biennial - interval not to exceed 30 months
2. Annual - interval not to exceed 15 months
3. Semi-annual - interval not to exceed 7.5 months
4. Quarterly - interval not to exceed 4 months
5. Monthly - interval not to exceed 6 weeks
6. Weekly - interval not to exceed 10 days

1.35 Utah Nuclear Reactor Facility: The physical area defined by the building that
contains the University of Utah TRIGA Reactor.
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2. SAFETY LIMITS AND LIMITING SAFETY SYSTEM
SETTINGS

2.1 Safety Limit - Fuel Element Temperature

Applicability

This specification applies to the maximum temperature of the reactor fuel.

Obiective:

The objective is to define the maximum fuel temperature that can be permitted

with confidence that a fuel cladding failure will not occur.

Specifications

1. The temperature in a stainless-steel clad, high hydride fuel element shall not

exceed 1,000°C under any conditions of operation

2. The temperature in an aluminum clad low hydride fuel element shall not

exceed 5300 C under any conditions of operation

Basis

The important parameter for a TRIGA reactor is the fuel element temperature.

This parameter is well suited as a single specification especially since it can be

measured. A loss in the integrity of the fuel element cladding could arise from a buildup

of excessive pressure between the fuel moderator and the cladding, if the fuel

temperature exceeds the safety limit. The pressure is caused by the presence of air,

fission product gases, and hydrogen from the disassociation of fuel moderator. The

magnitude of this pressure is determined by the fuel-moderator temperature and the

ratio of hydrogen to zirconium ratio in the alloy.
The safety limit for the high hydride TRIGA fuel is based on data, including the

experimental evidence obtained during high performance reactor tests on this fuel.

These data indicate that the stress in the cladding because of hydrogen pressure from

the disassociation of zirconium hydride will remain below the ultimate stress, provided

that the temperature of the fuel does not exceed 1,000*C and the fuel cladding is water

cooled.
The safety limit for the low hydride fuel elements is based on avoiding the phase

change in the zirconium hydride, which might cause excessive distortion of a fuel
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element. This phase change takes place at 5300C. Additional information is given in
Technical Foundations of the TRIGA Report GA-471, pages 63-72, August 1958.
It has been shown by experience that operation of TRIGA reactors at power level of
1,500kW will not result in damage to the fuel. Several reactors of this type have
operated successfully for years at power level of up to 1,500kW. Analysis and
measurements have shown that a power level of 1,500kW corresponds to a peak fuel
temperature of ~600°C.

More details are provided in UUTR SAR 4.2.1 and 4.5.3.
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2.2 Limiting Safety System Settings

Applicability

This specification applies to the settings that prevent the safety limit from being

reached.

Objective

The objective is to prevent the safety limits from being exceeded.

Specifications

1. For a core composed entirely of stainless steel cladding fuel, high hydride

fuel elements or a core composed of stainless steel cladding fuel, high

hydride fuel elements with low hydride fuel elements in the F or G hexagonal
ring only, limiting safety system settings apply according to the location of

the instrumented fuel as indicated in the following table:

Location of Instrumented Limiting Safety System
Fuel Element Setting for SS Cladding

B-hexagonal ring 800 °C

C-hexagonal ring 755 °C

D-hexagonal ring 680 °C

E-hexagonal ring 580 °C

2. Or a core with low hydride fuel elements installed in other than the F or G
hexagonal ring, limiting safety system settings apply according to the location
of the instrumented fuel element, as indicated in the following table:

Location of Instrumented Limiting Safety System
Fuel Element Setting for Al Cladding

B-hexagonal ring 460 °C

C-hexagonal ring 435 0C

D-hexagonal ring 390 °C

E-hexagonal ring 340 °C
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Basis

The UUTR is equipped with two independent instrumented fuel elements that
monitor the fuel temperature in the core. The fuel temperature is displayed on the
reactor console. Exceeding the set point will initiate a SCRAM. For a core composed
entirely of stainless steel cladding, high hydride fuel elements or a core composed of
aluminum cladding, low hydride fuel elements in the F or G hexagonal ring only, limiting
safety system settings apply according to the location of the instrumented fuel as
indicated in UUTR SAR Table 7.2-1 or this TS requirement. The fuel temperature
monitoring channels consists of a K type thermocouple and an Omega CN9000A
temperature controller. The useful range is 0 'C to 800*C with a ±10 C accuracy. Fuel
temperature set-points for the SCRAM function are set at 200 *C for 100 kW operation.

From the experience of running the UUTR at 90kW power, the instrumented fuel
elements indicate that the fuel element temperature for the C-ring and D-ring are
~110°C and 95°C respectively (measured temperature). The fuel temperature decreases
toward the outer fuel rings. Therefore, the fuel temperature in the E-ring will not exceed
the safety limit of 460°C. According to the PARET-ANL calculation, the maximum
centerline fuel temperature for the UUTR at 100kW power is 121.7°C (UUTR SAR 4.6,
Table 4.6-1). The UUTR TS does not limit the presence of the aluminum elements in the
B-ring, but for mixed cores with the aluminum cladding elements in one of the inner
rings (B through E-ring), the maximum (B-ring) limiting safety system temperature
setting is 460°C.

During the steady state operation at 100 kW, temperatures were calculated for
the beginning- of-life reference UUTR core. Linear extrapolation of temperature and
power indicates that an instrumented fuel element power of 1.895 kW will produce
121.7 0C in the instrumented fuel element at the midplane thermocouple location
(UUTR SAR 4.2.1.4, Table 4.2-3). The highest ratio of maximum to minimum power for
elements in the C-ring was calculated to be 1.266 (UUTR SAR 4.5.2.3, Table 4.5-6), so if
the instrumented fuel element is generating 1.895 kW, the maximum power in any C-
ring element would be limited to 1.895 x 1.266 = 2.399 kW. For a power of 2.399 kW,
the maximum temperature anywhere in the C-ring fuel element will be 154.1°C. These
values are well below the safety limits.
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3. LIMITING CONDITIONS OF OPERATION (LCO)

3.1 Reactor Core Parameters

3.1.1 Steady-State Operation

Applicability
This specification applies to the energy generated in the reactor during steady-

state operation.

Obiective
The objective is to assure that the fuel temperature safety limit shall not be

exceeded during steady-state operation.

Specifications
The reactor power level shall not exceed 100 kW.

Basis
Thermal-hydraulics calculations and design analysis are described in UUTR SAR

Chapter 4.6 addressing the fuel temperature limits during steady-state operation of the
UUTR. More specifically, these calculations are described in UUTR SAR 4.6.1 and 4.6.3.

3.1.2 Shutdown Margin

Applicability
These specifications apply to the reactivity condition of the reactor and the

reactivity worths of control rods and experiments. They apply for all modes of
operation.

Objective
The objective is to assure that the reactor can be shut down at all times and to

assure that the fuel temperature safety limit shall not be exceeded.

Specifications
The reactor shall not be operated unless the following conditions exist: The
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shutdown margin provided by control rod shall be greater than $0.50 with:
1. Irradiation facilities and experiments in place and the total worth of all non-

secured experiments in their most reactive state
2. The most reactive control rod fully-withdrawn
3. The reactor in the reference core condition

Basis
The value of the shutdown margin assures that the reactor can be shut down

from any operating condition even if the most reactive control rod (which is a safety
control rod) should remain in the fully-withdrawn position (UUTR SAR 4.2, 4.5.3.9).

3.1.3 Core Excess Reactivity

Applicability
This specification applies to the reactivity condition of the reactor and the

reactivity worths of control rods and experiments. It applies for all modes of operation.

Obiective
The objective is to assure that the reactor can be shut down at all times and to

assure that the fuel temperature safety limit shall not be exceeded.

Specifications
The maximum available excess reactivity based on the reference core

configuration shall not exceed $2.80.

Basis
If operating the UUTR with the minimum shutdown margin of $0.50 (UUTR TS

3.1.2) and typical measured control rod worths of $2.27 (Safety), $1.50 (Shim), and
$0.27 (Regulating), (UUTR SAR Section 4.2.2), the calculated core excess reactivity is
$1.50+$0.27-$0.50 = $1.27. This assumes: the non-scramable control rod is the
regulating control rod and is fully inserted in the core; the safety control rod is fully out
from the core; and the shim control rod is used to control the power level, therefore the
core reactivity. The shutdown margin calculated for the reference UUTR core
configuration assumes:

a) irradiation facilities and experiments are in place,
b) the most reactive control rod (safety control rod) is fully-withdrawn.
Changing the core configuration, or adding negative worth experiments will

make core excess reactivity more negative and shutdown margin less positive.
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3.1.4 Intentionally left blank.

3.1.5 Intentionally left blank.

3.1.6 Fuel Parameters

Applicability
This specification applies to all fuel elements.

Objective
The objective is to maintain integrity of the fuel element cladding.

Specifications
The reactor shall not operate with damaged fuel elements, except for the purpose

of locating damaged fuel elements. A fuel element shall be considered damaged and
must be removed from the core if:

1. The transverse bend exceeds 0.0625 inches over the length of the cladding
2. Its length exceeds its original length by 0.125 inches
3. A cladding defect exists as indicated by release of fission products, or
4. Visual inspection identifies bulges, gross pitting, or corrosion

Basis
Gross failure or obvious visual deterioration of the fuel is sufficient to warrant

declaration of the fuel as damaged. The elongation and bend limits are the values found
acceptable to the USNRC (NUREG-1537).
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3.2 Reactor Control and Safety System

3.2.1 Control Rods

Applicability
This specification applies to the function of the control rods.

Obiective
The objective is to determine that the control rods are operable.

Specification

The reactor shall not be operated unless the control rods are operable. Control
rods shall not be considered operable if:

1. Damage is apparent to the rod or rod drive assemblies; or
2. The scram time exceeds 2 seconds; or
3. The rate of reactivity insertion by control rod motion shall not exceed

$0.30 per second.

Basis
This specification assures that the reactor shall be promptly shut down when a

scram signal is initiated. Experience and analysis have indicated that for the range of
transients anticipated for a TRIGA reactor, the specified scram time is adequate to
assure the safety of the reactor.

The speed of the rods is adjustable and rods are normally set to insert or withdraw
the control rods at a nominal rate of 0.494 cm/sec. The control rods are designed to
safely change the reactor power and/or shut the reactor down. According to the UUTR
SAR 4.2.2, in order to determine the absolute maximum rate of reactivity insertion into
the reference UUTR core, the maximum reactivity value determined for the safety rod of
$2.24 was used. Using the average safety rod rise time of 77 seconds (total travel
distance is approximately 15 inches), the maximum reactivity insertion rate can be
calculated from the following equation:

dps dp$ dx $0.00352 lO00unit $0.046
dt dx dt unit 77seconds second

where
dp$
d : maximum reactivity insertion ratedt

3851 P a g e



UUTR CHAPTER 14

dpS: differential reactivity (it was assumed thatthe center of the control rod has
the maximum rod worth)
dx: the control rod (15 inches) was divided by 1,000 equal units
dt: rising time for the safety control rod (it was experimentally measured using a
stop-watch)
All three-control rods have the same rise time. Therefore, the obtained

$0.046/second is much lower than this TS requirement of $0.30/sec. The shutdown
margin must be greater than $0.50 [UUTR TS 3.1.2] and the excess reactivity must be
less than $2.80 [UUTR TS 3.1.3].

The scram time shall not exceed 2 seconds measured from the time when one of
the safety system settings is exceeded (power level or fuel temperature) to time when
the slowest scrammable control rod (which is a safety control rod) is fully inserted into
the core. The scram time specification is satisfied when the sum of the response times
of the slowest responding safety channel (that could be either power level or fuel
temperature exceeding the corresponding limits), plus the fall time of the slowest
scrammable control rod (which is a safety control rod), is less than or equal to 2
seconds.

3.2.2 Reactor Measuring Channels

Applicability
This specification applies to the information, which shall be available to the

reactor operator during reactor operation.

Objective
The objective is to specify the minimum number of measuring channels that shall

be available to the operator to assure safe operation of the reactor.

Specifications

The reactor shall not be operated in the specified mode unless the minimum
number of measuring channels listed in this table are operable:

Measuring Channel Minimum Number Operable

Start-up Count Rate 1

Reactor Tank Water Level 1

Area Radiation Monitor 1

Continuous Air Radiation Monitor (CAM) 1
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Footnote:

(1) For periods of time for maintenance to the radiation monitoring systems, the
intent of this specification will be satisfied if the installed systems are replaced
with portable gamma-sensitive instruments having their own alarms or which
shall be kept under visual observation.

(2) If any required measuring channels becomes inoperable while the reactor is
operating for reasons other than that identified in this TS, the CAM channel shall
be restored to operation within 48 hours, while other three channels will scram
the reactor immediately.

Basis
Start-up Count Rate: The number of neutrons in the UUTR core must be larger

than 2 for the reactor to be operable (UUTR SAR 4.2.4).
Reactor Tank Water Level: The distance from the top of the reactor tank to the

surface of the pool water must be less than 15.5 inches for reactor to be operable
(UUTR SAR 5.2).

Area Radiation Monitor: The reactor will be scrammed if radiation level in reactor
room is higher than 10 mrem/hr. Additionally, the radiation monitors provide
information to operating personnel of an emergency or existing danger from radiation
so that there will be sufficient time to evacuate the facility and take the necessary steps
to prevent the spread of radioactivity to the surroundings (UUTR SAR 11.1.1.3).

Continuous Air Radiation Monitor (CAM): The reactor can be operable for 48 hours
without the CAM system (UUTR SAR 5.6).

For footnote (1), taking these measuring channels off-line for short durations for
the purpose of a check or maintenance, test or calibration, is considered acceptable
because in some cases, the reactor must be operating in order to perform the check,
test, or calibration.

For footnote (2), events which lead to these circumstances are self-revealing to the
operator. Furthermore, recognition of appropriate action on the part of the operator as
a result of an instrument failure would make this consistent with UUTR TS 6.7.2.

3.2.3 Reactor Safety System

Applicability
This specification applies to the reactor safety system channels.

Obiective
The objective is to specify the minimum number of reactor safety system channels

that shall be available to the operator to assure safe operation of the reactor.
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Specifications
The reactor shall not be operated unless the minimum number of safety channels

described in this table are operable

[-Minimum NumberT
Safety System Interlock Operable Function

Manual console scam button 1 Manual scram
Magnet current key switch 1 Manual scram
Console power supply 1 Scram on loss of electrical power
Reactor tank water level 1 Scram at 15.5 inches below the top

of the UUTR tank
Startup count rate interlock 1 Prevent control rod withdrawal when

neutron count rate is less than 2
counts
per second

Control rod withdrawal All control rods Prevent manual withdrawal of more
interlocks than one control rod simultaneously

Safety System Measuring Minimum Number
Channel Operable Function

Fuel element temperature 1 Scram at or below the safety system
setting

Power level 2 Linear power channel scram at
1OOkW
Percent power channel scram at
110% of full licensed power

Footnote:

(1) Any single Linear Power Level, or Power Level safety channel or interlock may
be inoperable while the reactor is operating for the purpose of performing a
channel check, test, or calibration.

(2) If any required safety channel or interlock becomes inoperable while the
reactor is operating for reasons other than that identified in this TS, the
channel shall be restored to operation within 5 minutes or the reactor shall
be immediately shutdown.

Basis
Safety System Interlock
Manual console scram button: The manual scram must be functional at all times

the reactor is in operation. It has no specified value for a scram set point. It is initiated
by the reactor operator manually.
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Magnet current key switch: The reactor key must be in the key hole and "on"
position during the reactor operation. If the reactor is key removed from the key hole
and moved to "off" position, the magnet current in the control system will be
interrupted and all three control rods will be dropped in to the core. The reactor will be
scrammed.

Console power supply: If the reactor console loses the electrical power, the reactor
will be scrammed even if the UPS (Uninterrupted Power System) is installed.

Reactor tank water level: The UUTR pool water must have a specific water level to
avoid the reactor scram. The distance from the top of the reactor tank to the surface of
the pool water must be less than 15.5 inches. If the pool water level decreases, the
distance will be increased inducing the scram.

Startup count rate interlock: The control rod withdrawal interlock prevents the
operator from adding reactivity when the startup count rate falls below 2 cps. When this
happens, the count rate is insufficient to produce meaningful instrumentation response.
If the operator were to insert reactivity under this condition, the period could quickly
become very short resulting in an inadvertent power excursion. Then, a neutron source
is added to the core to create sufficient instrument response that the operator can
recognize and respond to changing conditions.

Control rod withdrawal interlocks: The single rod withdrawal interlock prevents
the operator from removing multiple control rods simultaneously assuring that
reactivity insertions from control rod manipulation is controlled. The analysis presented
in UUTR SAR 13.2.2.1 show that the reactivity insertion due to the removal rate of the
most reactive control rod (which is the safety control rod), or all the control rods
simultaneously, is still well below the reactivity insertion design limit of $2.80.

Safety System Measuring Channel
Fuel element temperature scram: The fuel element temperature scram is set to

one fourth of the LSSS for stainless steel cladding high hydride fuel element located in
the B-hexagonal ring, which is 2000 C (UUTR SAR 7.2.3.2). This is more than adequate to
account for uncertainties in instrument response and core position of the instrumented
fuel element. Additional information regarding the safe fuel temperature limits are
provided in UUTR SAR 4.6.

Power level scram: Linear power channel scram is at 100kW, and percent power
channel scram is at 110% of full licensed power. Therefore, the UUTR is operated at
around 90kW without scramming the reactor unnecessarily. The difference in around
10kW allows for expected and observed instrument fluctuations at the normal full
operating power at 90kW. Conversely, UUTR SAR 13.2.2.1 shows that this set point is
more than sufficient to prevent exceeding the reactivity insertion limit during normal
operation and prevent the operator from inadvertently exceeding the licensed power.
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3.3 Coolant System

Applicability

This specification applies to the primary water of the reactor tank.

Obiective
The objective is to assure that there is an adequate amount of water in the reactor

tank for fuel cooling and shielding purposes, and that the bulk temperature of the
reactor tank water remains sufficiently low to guarantee reactor tank integrity.

Specifications
The reactor primary water shall exhibit the following parameters:
1. The tank water level shall be greater than 18 ft above the top of the core;
2. The bulk tank water temperature shall be less than 950F (350C); and
3. The conductivity of the tank water shall be less than 5 [tmhos/cm, and
4. The pH shall be between 5 and 8.

Basis
The minimum height of 18ft of water above the top of the core guarantees that

there is sufficient water for effective cooling of the fuel and that the radiation levels at
the top of the reactor are within acceptable levels (UUTR SAR 4.3, UUTR SAR 4.5.3,
UUTR SAR 5.2).

The bulk water temperature limit is necessary, according to the reactor
manufacturer, to ensure that the aluminum reactor tank maintains its integrity and is
not degraded (UUTR SAR 4.3).

Experience at many research reactor facilities has shown that maintaining the
conductivity within the specified limit provides acceptable control of corrosion (NUREG-
1537). More information regarding the UUTR is provided in UUTR SAR 5.2.3.

The pH of tank pool water is kept between 5 and 8 (UUTR SAR 5.3) assuring the
water is kept chemically neutral.
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3.4 This section Intentionally left blank.

3.5 Ventilation System

ApplicabilitV
This specification applies to the operation of the facility ventilation system.

Objective
The objective is to assure that the ventilation system shall be in operation to

mitigate the consequences of possible releases of radioactive materials resulting from
reactor operation.

Specifications
1. The reactor shall not be operated unless the facility ventilation system is

operable, except for periods of time not to exceed 48 hours to permit repair
or testing of the ventilation system.

2. In the event of a substantial release of airborne radioactivity within the
facility, the ventilation system will be secured or operated in the limited
intake mode to prevent the release of a significant quantity of airborne
radioactivity from the facility.

Basis
During normal operation of the ventilation system, the annual average ground

concentration of 41Ar in unrestricted areas is well below the applicable effluent
concentration limit in 10 CFR 20.

The worst-case maximum total effective dose equivalent is well below the
applicable annual limit for individual members of the public during the maximum
hypothetical accident (MHA) when the west wall of the reactor room disappears. During
MHA, when the ventilation system is in its operational mode, the dose to public is well
below the limits as well. In addition, in a scenario when sloe release of the MHA
inventory is through the cracks in the reactor room wall, shows as well, that the
effective dose equivalent is well below the applicable annual limit for individual
members of the public. In scenario in which workers are exposed to MHA inventory that
was completely released and instantaneously homogenously mixed with the existing air
in the reactor room and when the ventilation system is secured or operated in the
limited intake mode, the effective dose to worker staying in the room for 2 or 5 minutes
is well below the occupational limit. This is described in the UUTR SAR 13.2.1.

Therefore, operation of the reactor for short periods while the ventilation

system is shut down for repair or testing does not compromise the control over the
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release of radioactive material to the unrestricted area nor should it cause occupational
doses that exceed those limits given in 10 CFR 20.

The exhaust gas and particulate radiation monitors will be affected by the status
of the ventilation system as they are designed to monitor the ventilation exhaust
directly and are not in close proximity to the source term (i.e., reactor core). However,
control of the release into the unrestricted area will be minimally compromised because
the ventilation will be by definition off and the leak rate is usually expected to be
negligible compared to the ventilation rate (order of 6.1x10 5 ). This is described in the
UUTR SAR 13.2.1.

3.6 This section intentionally left blank.

3.7 Radiation Monitoring Systems and Effluents

3.7.1 Radiation Monitoring Systems

Applicability
This specification applies to the radiation monitoring information, which must be

available to the reactor operator during reactor operation.

Obiective
The objective is to specify the minimum radiation monitoring channels that shall

be available to the operator to assure safe operation of the reactor.

Specifications
The reactor shall not be operated unless the minimum number of radiation

monitoring channels are operating:

Radiation Monitoring Channels Number

Reactor Room Area Radiation Monitor 1

Continuous Air Radiation Monitor 1
(particulate, noble gas, and iodine)
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Exception
When reactor room area radiation monitor channel becomes inoperable,
operations may continue only if portable instruments, surveys, or analyses may
be substituted for the normally installed monitor within one (1) hour of
discovery for periods not to exceed one (1) month.

Basis
The radiation monitors provide information to operating personnel regarding

routine releases of radioactivity and any impending or existing danger from radiation.
Their operation will provide sufficient time to evacuate the facility or take the necessary

steps to prevent the spread of radioactivity to the surroundings. The calculations show
that for routine operations and under the accident scenarios identified in UUTR SAR
13.2.1.1, predicted occupational and general public doses are below the applicable
annual limits specified in 10 CFR 20 (UUTR SAR 11.1.1.1 and UUTR SAR 13.2.2).

3.7.2 Effluents

Applicability
This specification applies to the release rate of 41Ar.

Oboective
The objective is to ensure that the concentration of the 41Ar in the unrestricted

areas shall be below the applicable effluent concentration value in 10 CFR 20.

Specifications
The annual average concentration of 41Ar discharged into the unrestricted area

shall not exceed 1 x10-8 tCi/ml at the point of discharge.

Basis
It is shown that during normal operation of the ventilation system the

concentration of 41Ar in unrestricted areas is below DAC (UUTR SAR 11.1.1.1.5 and
UUTR SAR 11.1.1.1.7).
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3.8 Experiments

3.8.1 Reactivity Limits

Applicability

These specifications apply to the reactivity condition of the reactor and the
reactivity worth of control elements and experiments.

Obiective
The objective is to ensure that the reactor can be shut down at all times and to

ensure that the fuel temperature safety limit will not be exceeded.

Specifications
The reactor shall not be operated unless the following conditions exist:
1. The absolute value of the reactivity worth of any single unsecured

experiment shall be less than $1.00;
2. The sum of the absolute values of the reactivity worths of all experiments

shall be less than $2.80.

Basis

The UUTR limits the worth of a single experiment to assure that sudden removal
of the experiment will not cause the fuel temperature to rise above the critical
temperature level of 5300 C.

By limiting the absolute values of the reactivity worths of all experiments in the
reactor at one time to $2.80 it assures that the removal of the total worth for all
experiments not to exceed the fuel element temperature limit of 5300 C for an aluminum
element and 1,0000 C for a stainless steel element.

Regardless of any other administrative or physical requirements, this limit has
been shown in UUTR SAR 13.2.2 to protect the reactor during the fuel's entire lifetime.

3.8.2 Materials

Applicability
This specification applies to experiments installed in the reactor and its irradiation

facilities.

Obiective
The objective is to prevent damage to the reactor or excessive release of
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radioactive materials in the event of an experiment failure.

Specifications
The reactor shall not be operated unless the following conditions governing

experiments exist:
1. Explosive materials, such as gunpowder, TNT, nitroglycerin, or PETN, in

quantities greater than 25 milligrams shall not be irradiated in the reactor or
irradiation facilities. Explosive materials in quantities less than 25 milligrams
may be irradiated provided the pressure produced upon detonation of the
explosive has been calculated and/or experimentally demonstrated to be
less than half the design pressure of the container; and

2. Experiments containing corrosive materials shall be doubly encapsulated.
The failure of an encapsulation of material that could damage the reactor shall

result in removal of the sample and physical inspection of potentially damaged
components.

Basis
This specification is intended to prevent damage to reactor components resulting

from failure of an experiment involving explosive materials. Operation of the reactor
with the reactor fuel or structure potential damages is prohibited to avoid potential
release of fission products.

3.8.3 Failures and Malfunctions

Applicability
This specification applies to experiments installed in the reactor and its irradiation

facilities.

Obiective
The objective is to prevent damage to the reactor or excessive release of

radioactive materials in the event of an experiment failure.
Specifications

Where the possibility exists that the failure of an experiment under normal
operating conditions of the experiment or reactor, credible accident conditions in the
reactor, or possible accident conditions in the experiment could release radioactive
gases or aerosols to the reactor bay or the unrestricted area, the quantity and type of
material in the experiment shall be limited such that the airborne radioactivity in the
reactor bay or the unrestricted area will not result in exceeding the applicable dose
limits in 10 CFR 20, assuming that:

1. 100% of the gases or aerosols escape from the experiment;
2. If the effluent from an irradiation facility exhausts through a holdup tank,
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which closes automatically on high radiation level, at least 10% of the
gaseous activity or aerosols produced will escape;

3. If the effluent from an irradiation facility exhausts through a filter installation
designed for greater than 99% efficiency for 0.3 micron particles, at least
10% of these aerosols can escape; and

4. For materials whose boiling point is above 1300 F and where vapors formed
by boiling this material can escape only through an undisturbed column of
water above the core, 10% of these vapors can escape.

Basis
This specification is intended to meet the purpose of 10 CFR 20 by reducing the

likelihood that released airborne radioactivity to the reactor bay or unrestricted area
surrounding the UUTR will result in exceeding the total dose limits to an individual as
specified in 10 CFR 20.

3.9 This section intentionally left blank.

396 1 P a g e



UUTR CHAPTER 14

4 SURVEILLANCE REQUIREMENTS

4.0 General

Applicability
This specification applies to the surveillance requirements of any system related to

reactor safety.

Obiective
The objective is to verify the proper operation of any system related to reactor

safety.

Specifications

1. Surveillance requirements may be deferred during reactor shutdown [except

Technical Specifications 4.3 (1) and 4.3 (5)]; however, they shall be

completed prior to reactor startup unless reactor operation is required for

performance of the surveillance. Such surveillance shall be performed as

soon as practicable after reactor startup. Scheduled surveillance, which

cannot be performed with the reactor operating, may be deferred until a

planned reactor shutdown.

2. Any additions, modifications, or maintenance to the ventilation system, the

core and its associated support structure, the pool or its penetrations, the

pool coolant system, the rod drive mechanism or the reactor safety system

shall be made and tested in accordance with the specifications to which the
systems were originally designed and fabricated or to specifications

reviewed by the Reactor Safety Committee. A system shall not be considered

operable until after it is successfully tested.

Basis

This specification relate to changes in reactor systems, which could directly affect

the safety of the reactor. As long as changes or replacements to these systems continue

to meet the original design specifications, then it can be assumed that they meet the

presently accepted operating criteria.
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4.1 Reactor Core Parameters

Applicability
This specification applies to the surveillance requirements for reactor core

parameters.

Obiective
The objective is to verify that the reactor does not exceed the authorized limits for

power, shutdown margin, core excess reactivity, specifications for fuel element

condition and verification of the total reactivity worth of each control rod.

Specifications

1. The fuel element temperature measuring channel shall be calibrated semi-

annually or at an interval not to exceed 8 months by the substitution of a

known signal in place of the instrumented fuel element thermocouple.

2. A channel check of the fuel element measuring channel shall be made each

time the reactor is operated by comparing the indicated instrumented fuel

element temperature with previous values for the core configuration and

power level.

3. The shutdown margin shall be determined prior to each day's operation,
prior to each operation extending more than one day, or following any

change (>$0.25) from a reference core.

4. The total reactivity worth of each control rod shall be measured semi-
annually or following any change (>$0.25) from a reference core.

5. The core excess reactivity shall be determined semi-annually or following any

reactivity change (>$0.25) from a reference core.

6. All fuel elements, and reflector elements (graphite and heavy water), and all

control rods shall be inspected biennially.

Basis

Experience has shown that the identified frequencies will ensure performance

and operability for each of these systems or components.
The value of a significant change in reactivity (>$0.25) is measurable and will

ensure adequate coverage of the shutdown margin after taking into account the

accumulation of poisons.
For inspection, looking at fuel elements from each ring biennially will identify any

developing fuel integrity issues in the core. The fuel is inspected for defects including

surface anomalies (spots or scratches of reddish brown, black, or white), cladding dents

and bent pins. An element is considered damaged if it meets the criteria outlined in

UUTR TS 3.1.6. Also, if an element releases bubbles directly from the cladding region

during or after being raised near the surface for visual inspection, then it may be

assumed that a pin hole leak was induced through depressurization. A leaking fuel
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element is potentially very difficult to detect and recognize because of the low levels of
activity associated with such a leak. There are two mechanisms of regular surveillance
which may detect the release of active materials: the Continuous Air Monitor (CAM) and
monthly spectroscopy of the tank water. The purpose of the CAM is to detect short-
lived gaseous products from gross leakage. The purpose of the monthly spectroscopy is
to detect and differentiate long-lived soluble products released in small quantities.
More information is provided in UUTR SAR 9.2.6.
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4.2 Reactor Control and Safety Systems

Applicability
This specification applies to the surveillance requirements of reactor control and

safety systems.

Obiective
The objective is to verify performance and operability of those systems and

components, which are directly related to reactor safety.

Specifications
1. The control rods and drives shall be visually inspected for damage or

deterioration biennially.
2. The scram time shall be measured semi-annually.
3. A channel check of each of the reactor safety system channels for the

intended mode of operation shall be performed prior to each day's
operation or prior to each operation extending more than one day.

4. A channel test of each item in table given in UUTR TS 3.2.3 shall be
performed semi-annually.

5. A channel calibration of the fuel temperature measuring channel shall be
performed semi-annually.

6. The speed of the control rod movement shall be measured semi-annually.

Basis
Experience has shown that the identified frequencies will ensure performance and

operability for each of these systems or components.
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4.3 Coolant System

Applicability

This specification applies to the surveillance requirements for the reactor tank

water.

Obiective
The objective is to assure that the reactor tank water level and the bulk water

temperature monitoring systems are operating, and to verify appropriate alarm settings.

Specifications

1. A channel check of the reactor tank water level monitor shall be performed
monthly.

2. A channel check of the reactor tank water temperature system, including a
verification of the alarm set point, shall be performed prior to each day's
operation or prior to each operation extending more than one day.

3. An operability check of the reactor tank temperature alarm shall be
performed monthly.

4. A channel calibration of the reactor tank water temperature system shall be
performed semi-annually.

5. The reactor tank water conductivity and pH shall be measured monthly.

Basis
Experience has shown that the frequencies of checks on systems, which monitor

reactor primary water level, temperature, and conductivity adequately, keep the tank
water at the proper level and maintain water quality at such a level to minimize
corrosion and maintain safety.

4.4 This section intentionally left blank.
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4.5 Ventilation System

Applicability

This specification applies to the reactor bay confinement ventilation system.

Obiective

The objective is to assure the proper operation of the ventilation system in

controlling releases of radioactive material to the unrestricted area.

Specifications
1. A channel check of the reactor room confinement ventilation system's ability

to maintain a negative pressure in the reactor room with respect to

surrounding areas shall be performed prior to each day's operation or prior
to each operation extending more than one day.

2. A channel test of the reactor room confinement ventilation system's ability

to be secured shall be performed annually.

Basis

Experience has demonstrated that tests of the ventilation system on the

prescribed daily and annual basis are sufficient to assure proper operation of the system

and its control over releases of radioactive material.

4.6 This section intentionally left blank.
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4.7 Radiation Monitoring System

Applicability
This specification applies to the surveillance requirements for the area radiation

monitoring equipment and the air monitoring systems.

Objective
The objective is to assure that the radiation monitoring equipment is operating

properly and to verify the appropriate alarm settings.

Specifications
1. A channel check of the radiation monitoring systems in UUTR TS 3.7.1 shall

be performed prior to each day's operation or prior to each operation
extending more than one day.

2. A channel test of the continuous air particulate, exhaust gas, and exhaust
particulate radiation monitors shall be performed monthly.

3. A channel calibration of the radiation monitoring systems in UUTR TS 3.7.1
shall be performed annually.

Basis
Experience has shown that an annual calibration is adequate to correct for any

variation in the system due to a change of operating characteristics over a long time
span.
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4.8 Experiments

Applicability
This specification applies to the surveillance requirements for experiments

installed in the reactor and its irradiation facilities.

Objective
The objective is to prevent the conduct of experiments, which may damage the

reactor or release excessive amounts of radioactive materials as a result of experiment
failure.

Specifications
1. The reactivity worth of an experiment shall be estimated or measured, as

appropriate, before reactor operation with said experiment.
2. An experiment shall not be installed in the reactor or its irradiation facilities

unless a safety analysis has been performed and reviewed for compliance
with UUTR TS 3.8 by the Reactor Safety Committee in full accord with UUTR
TS 6.2.3 of these Technical Specifications, and the procedures, which are
established for this purpose.

Basis
Experience has shown that experiments, which are reviewed by the staff of the

UUTR and the Reactor Safety Committee can be conducted without endangering the
safety of the reactor or exceeding the limits in the Technical Specifications.

4.9 This section intentionally left blank.
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5 DESIGN FEATURES

5.1 Site and Facility Description

Applicability

This specification applies to the University of Utah TRIGA Reactor site location and

specific facility design features.

Objective

The objective is to specify the location of specific facility design features.

Specifications
1. The restricted area is that area inside the MEB 1205 A room through 1205 G

room. The unrestricted area is that area outside the MEB 1205 A room

through 1205 G room, and MEB 1206.

2. The Merrill Engineering Building houses the TRIGA reactor.

3. The reactor room shall be equipped with ventilation systems designed to

exhaust air or other gases from the reactor room and release them from a

stack at a minimum of 40 feet from ground level.

4. Emergency shutdown controls for the ventilation systems shall be located in

the reactor control room.
5. Free volume of the reactor area shall be 5.65x10 8 cm 3 .

Basis

The Utah Nuclear Engineering Facility and site description are strictly defined

(UUTR SAR 2). The facility is designed such that the ventilation system will normally

maintain a negative pressure in the reactor room with respect to the outside

atmosphere so that there will be no uncontrolled leakage to the unrestricted

environment (UUTR SAR 9.1.4.1). Controls for startup and normal operation of the
ventilation system are located in the reactor control room (UUTR 9.1.2). Proper

handling of airborne radioactive materials (in emergency situations) can be conducted

from the reactor control room with a minimum of exposure to operating personnel

(UUTR SAR 9.1, UUTR SAR 11.1.1.1, and UUTR SAR 13.2.4).

4051Pagc



UUTR CHAPTER 14

5.2 Reactor Coolant System

Applicability
This specification applies to the tank containing the reactor and to the cooling of

the core by the tank water.

Obiective
The objective is to assure that coolant water shall be available to provide

adequate cooling of the reactor core and adequate radiation shielding.

Specifications
1. The reactor core shall be cooled by natural convection water flow.
2. The tank water inlet and outlet pipes to the heat exchanger and to the

demineralizer shall be equipped with siphon breaks not less than 18 feet
above the top of the core.

3. A tank water level alarm shall be provided to indicate loss of coolant if the
water level drops 15.5 inches from the top of the reactor tank.

Basis
This specification is based on thermal and hydraulic calculations which show that

the TRIGA can operate in a safe manner at power levels up to 100 kW with natural
convection flow of the coolant water (UUTR SAR 4.6.1).

In the event of accidental siphoning of tank water through inlet and outlet pipes
of the heat exchanger or demineralizer system, the tank water level will not drop below
18 feet measured from the top of the UUTR core (UUTR SAR 5.2).

The alarm is set when a water level drop below 15.5 inches from the top of the
reactor tank provides a timely warning so that corrective action can be initiated. This
alarm is located in the control room (UUTR SAR 5.2).
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5.3 Reactor Core and Fuel

5.3.1 Reactor Core

Applicability
This specification applies to the configuration of fuel and in-core experiments.

Obiective
The objective is to assure that provisions are made to restrict the arrangement of

fuel elements and experiments so as to provide assurance that excessive power
densities shall not be produced.

Specifications
1. The core assembly shall consist of TRIGAfuel elements.
2. The fuel shall be arranged in a close-packed configuration except for single

element positions occupied by in-core experiments, irradiation facilities,
graphite dummies, aluminum dummies, stainless steel dummies, control
rods, heavy-water elements, and startup sources.

3. The reflector, excluding experiments and irradiation facilities, shall be water
or a combination of graphite and water.

Basis
Only TRIGAfuel elements are authorized ever to be used (UUTR SAR 4.2).
In-core water-filled experiment positions have been demonstrated to be safe in the

Gulf Mark III reactor. The largest values of flux peaking will be experienced in
hydrogenous in-core irradiation positions. Various non-hydrogenous experiments
positioned in element positions have been demonstrated to be safe in TRIGA fuel
element cores of up to 2-MW operation (UUTR SAR 4.2).

The core will be assembled in the reactor grid plate, which is located in a tank of
light water. Water in combination with graphite and heavy water reflectors can be used
for neutron economy and the enhancement of irradiation facility radiation requirements
(UUTR SAR 4.2).

5.3.2 Control Rods

Applicability
This specification applies to the control rods used in the reactor core.
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Objective
The objective is to assure that the control rods are of such a design as to permit

their use with a high degree of reliability with respect to their physical and nuclear
characteristics.

Specifications
The shim, safety, and regulating control rods shall have scram capability and

contain borated graphite, B4C powder or boron, with its compounds in solid form as a
poison, in aluminum or stainless steel cladding.

Basis
The poison requirements for the control rods are satisfied by using neutron

absorbing borated graphite, B4C powder or boron as its compounds. These materials
must be contained in a suitable clad material such as aluminum or stainless steel to
ensure mechanical stability during movement and to isolate the poison from the tank
water environment. Scram capabilities are provided for rapid insertion of the control
rods, which is the primary safety feature of the reactor. More information is provided in
UUTR SAR 4.2.2.

5.3.3 Reactor Fuel

Applicability
This specification applies to the fuel elements used in the reactor core.

Objective
The objective is to assure that the fuel elements are of such a design and

fabricated in such a manner as to permit their use with a high degree of reliability with
respect to their physical and nuclear characteristics.

Specifications
TRIGA Fuel Elements: The individual unirradiated fuel elements shall have the

following characteristics:
1. Uranium content: maximum of 8.5 wt% enriched to less than 20% 23 5U;

2. Hydrogen-to-zirconium atom ratio (in the ZrHx): between 1.0 and 1.60;
3. Cladding: 304 stainless steel and aluminum, nominal 0.020 and 0.03 inches

thick respectively; and
4. Identification: top pieces of fuel elements will have characteristic markings

to allow visual identification of elements.

Basis
Each high hydride fuel element shall contain uranium-zirconium hydride and be

cladded with 0.020 inch of 304 stainless steel. Each element shall contain a maximum of
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20.0 weight percent uranium, which has a maximum enrichment of less than 20 percent
and 1.6 hydrogen atoms to 1.0 zirconium atom. Each low hydride fuel element shall
contain uranium-zirconium hydride and be cladded with 0.030 inch of aluminum or
0.020 inch of 304 stainless steel. Each element shall contain a maximum of 8.5 weight
percent uranium, which has a maximum enrichment of less than 20 % and 0.9 to 1.6
hydrogen atoms to 1.0 zirconium atom. These types of fuel elements have a long history
of successful use in TRIGA reactors. More information is provided in UUTR SAR 4.2.1.
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5.4 Fuel Storage

Applicability

This specification applies to the storage of reactor fuel at times when it is not in

the reactor core.

Obiective
The objective is to assure that fuel, which is being stored shall not become critical

and shall not reach an unsafe temperature.

Specifications
1. All fuel elements shall be stored in a geometrical array where the k- effective

is less than 0.9 for all conditions of moderation.
2. Irradiated fuel elements and fuel devices shall be stored in an array which

will permit sufficient natural convection cooling by water or air such that the
temperature of the fuel element or fueled device will not exceed the safety
limit.

Basis
The limits imposed are conservative and assure safe storage (NUREG-1537).

Detailed calculations confirming that the stored fuel shall not become critical are
presented in UUTR SAR Sections 9.2.4 and 9.2.5.
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6. ADMINISTRATIVE CONTROLS

6.1 Organization

Individuals at the various management levels, in addition to being responsible
for the policies and operation of the reactor facility, shall be responsible for
safeguarding the public and facility personnel from undue radiological exposures and for
adhering to all requirements of the operating license, technical specifications, and
federal regulations.

6.1.1 Structure

The reactor administration shall be related to the University as shown in Fig. 6-1.

6.1.2 Responsibilities

The following specific organizational levels, and responsibilities shall exist:

1. The UUTR is an integral part of the Utah Nuclear Engineering Facilities (UNEF)
of the University of Utah. The organization of the facility management and
operation is illustrated in Fig. 6-1. The responsibilities and authority of each
member of the operating staff shall be defined in writing.

2. As indicated in Fig. 6.1, the Reactor Safety Committee shall report to Level 1.
Radiation safety personnel shall report to Level 2. Additional description of
levels follows:

1.1 Level 1: Individual responsible for the reactor facility's licenses, i.e., the
Associate Vice President for Research in the Office of Vice President for
Research; The Vice President for Research will assign which of the
Associate Vice Presidents for Research will be the responsible Level 1
individual.
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1.2 Level 2: Individual responsible for reactor facility operation, i.e., the
Utah Nuclear Engineering Facility (UNEF) Manager shall be the Director
of the Utah Nuclear Engineering Program (UNEP).

1.3 Level 3: Individual responsible for day-to-day operation or shift shall be
the reactor supervisor (RS). This person shall be a senior reactor
operator (SRO).

1.4 Level 4: Operating staff shall be senior reactor operators, reactor
operators, and trainees.

~<LEVELJ1
j'he Unive'rFAt of Utahh

',!,rePrsidenit for
--esearch NPR)

~Con Inm) ittee'

- .------> Line of communication

-Line of responsibility
and reporting

Figure 6-1 University of Utah Administrative Organization for Nuclear Reactor Operations

6.1.3 Staffing

1. The minimum staffing when the reactor is operating shall be:
1.1 A reactor operator or the Reactor Supervisor in the control room;
1.2 A second person present in the UNEF able to carry out prescribed

instructions; and

412IPage



UUTR CHAPTER 14

1.3 If neither of these two individuals is the Reactor Supervisor, the
Reactor Supervisor shall be readily available on call. Readily available
on call means an individual who:
i. Has been specifically designated and the designation is known to

the operator on duty;
ii. Can be rapidly contacted by phone by the operator on duty; and
iii. Is capable of getting to the reactor facility within a reasonable

time under normal conditions (e.g., 30 minutes or within a 15-
mile radius).

2. A list of reactor facility personnel by name and telephone number shall be
readily available in the control room for use by the operator. The list shall
include:
2.1 UNEP Director and/or UNEF Manager
2.2 Reactor Supervisor
2.3 Radiation Safety Officer
2.4 Any Licensed Reactor or Senior Reactor Operator

3. Events requiring the direction of the Reactor Supervisor:
3.1 Initial startup and approach to power of the day;
3.2 All fuel or control-rod relocations within the reactor core region;
3.3 Relocation of any in-core experiment or irradiation facility with a

reactivity worth greater than one dollar; and
3.4 Recovery from unplanned or unscheduled shutdown or significant

power reduction.

6.1.4 Selection and Training of Personnel

The selection, training and requalification of operations personnel should be in

accordance with ANSI/ANS 15.4 - 1988; R1999, "Standard for the Selection and Training

of Personnel for Research Reactors."
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6.2 Review And Audit

The Reactor Safety Committee (RSC) shall have primary responsibility for review

and audit of the safety aspects of reactor facility operations. The RSC or a subcommittee
thereof shall audit reactor operations semiannually, but at intervals not to exceed 8
months. Minutes, findings or reports of the RSC shall be presented to Level 1 and Level 2
management within ninety (90) days of completion.

6.2.1 RSC Composition and Qualifications

An RSC of at least five (5) members knowledgeable in fields which relate to reactor
engineering and nuclear safety shall review and evaluate the safety aspects associated
with the operation and use of the facility. The RSC shall be appointed by Level 1
management.

6.2.2 RSC Rules

The operations of the RSC shall be in accordance with written procedures
including provisions for:

1. Meeting frequency (at least annually);
2. Voting rules;
3. Quorums (5 members, no more than two voting members may be of the

operating staff at any time);
4. Method of submission and content of presentation to the committee;
5. Use of subcommittees; and
6. Review, approval, and dissemination of minutes.

6.2.3 RSC Review Function

The responsibilities of the RSC, or designated Subcommittee thereof, include, but
are not limited to, the following:

1. Review all changes made under 10 CFR 50.59
2. Review of all new procedures and substantive changes to existing
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procedures;
3. Review of proposed changes to the technical specifications, license or

charter;
4. Review of violations of technical specifications, license, or violations of

internal procedures or instructions having safety significance;
5. Review of operating abnormalities having safety significance;
6. Review of all events from reports required in Sections 6.6.1 and 6.7.2 of

these Technical Specifications;
7. Review of audit reports; and
8. Review of the experiments and classes of the experiments.

6.2.4 RSC Audit Function

The RSC or a Subcommittee thereof shall audit reactor operations at least
annually. The annual audit shall include at least the following:

1. Facility operations for conformance to the technical specifications and
applicable license or charter conditions;

2. The retraining and requalification program for the operating staff;
3. The results of action taken to correct those deficiencies that may occur in

the reactor facility equipment, systems, structures, or methods of operation
that affect reactor safety; and

4. The Emergency Response Plan and implementing procedures.

415 1 P a g e



UUTR CHAPTER 14

6.3 Radiation Safety

The Radiation Health Physicist from the Radiological Health Department shall be
responsible for implementation of the radiation safety program. The requirements of
the radiation safety program are established in 10 CFR 20. The program should use the

guidelines of the ANSI/ANS 15.11 - 1993; R2004, "Radiation Protection at Research

Reactor Facilities".

416 1 P age



UUTR CHAPTER 14

6.4 Procedures

Written operating procedures shall be adequate to assure the safety of operation
of the reactor, but shall not preclude the use of independent judgment and action
should the situation require such. Operating procedures shall be in effect for the
following items:

1. Startup, operation and shutdown of the reactor;
2. Fuel loading, unloading, and movement within the reactor;
3. Maintenance of major components of systems that could have an effect on

reactor safety;
4. Surveillance checks, calibrations, and inspections required by the technical

specifications or those that have an effect on reactor safety;
5. Radiation protection;
6. Administrative controls for operations and maintenance and for the conduct

of irradiations and experiments that could affect reactor safety or core
reactivity;

7. Shipping of radioactive materials;
8. Implementation of the Emergency Response Plan.
Substantive changes to the above procedures shall be made only after review by

the RSC. Except for radiation protection procedures, unsubstantive changes shall be
approved prior to implementation by the UNEP director and documented by the UNEP
director within 120 days of implementation. Unsubstantive changes to radiation
protection procedures shall be approved prior to implementation by the RSO and
documented by the RSO (Radiation Safety Officer) within 120 days of implementation.
Temporary deviations from the procedures may be made by the responsible senior
reactor operator in order to deal with special or unusual circumstances or conditions.
Such deviationsshall be documented and reported by the next working day to the UNEP
director.
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6.5 Experiments Review and Approval

Approved experiments shall be carried out in accordance with established and
approved procedures. Procedures related to experiment review and approval shall
include:

1. All new experiments or class of experiments shall be reviewed by the RSC
and approved in writing by the Level 2 or designated alternates prior to
initiation; and

2. Substantive changes to previously approved experiments shall be made only
after review by the RSC and approved in writing by the Level 2 or designated
alternates. Minor changes that do not significantly alter the experiment may
be approved by Level 3 or higher.
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6.6 Required Actions

6.6.1 Actions to Be Taken in Case of Safety Limit Violation

In the event a safety limit (fuel temperature) is exceeded:
1. The reactor shall be shut down and reactor operation shall not be resumed

until authorized by the NRC;
2. An immediate notification of the occurrence shall be made to the UNEP

director, and Chairperson, RSC; and
3. A report, and any applicable follow-up report, shall be prepared and

reviewed by the RSC. The report shall describe the following:
3.1 Applicable circumstances leading to the violation including, when

known, the cause and contributing factors;
3.2 Effects of the violation upon reactor facility components, systems, or

structures and on the health and safety of personnel and the public;
and

3.3 Corrective action to be taken to prevent recurrence.

6.6.2 Actions to Be Taken in the Event of an Occurrence of the Type
Identified in Section 6.7.2 Other than a Safety Limit Violation

For all events, which are required by regulations or Technical Specifications to be
reported to the NRC within 24 hours under Section 6.7.2, except a safety limit violation,
the following actions shall be taken:

1. The reactor shall be secured and Director notified;
2. Operations shall not resume unless authorized by the Director;
3. The Reactor Safety Committee shall review the occurrence at their next

scheduled meeting; and
4. A report shall be submitted to the NRC in accordance with Section 6.7.2 of

these Technical Specifications.
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6.7 Reports

6.7.1 Annual Operating Report

An annual report shall be created and submitted by the UNEP Director to the
USNRC by the end of July of each year consisting of:

1. A brief summary of operating experience including the energy produced by
the reactor and the hours the reactor was critical;

2. The number of unplanned SCRAMs, including reasons therefore;
3. A tabulation of major preventative and corrective maintenance operations

having safety significance;
4. A brief description, including a summary of the safety evaluations, of

changes in the facility or in procedures and of tests and experiments carried
out pursuant to 10 CFR 50.59;

5. A summary of the nature and amount of radioactive effluents released or
discharged to the environs beyond the effective control of the licensee as
measured at or prior to the point of such release or discharge. The summary

shall include to the extent practicable an estimate of individual radionuclides
present in the effluent. If the estimated average release after dilution or
diffusion is less than 25 % of the concentration allowed or recommended, a
statement to this effect is sufficient;

6. A summarized result of environmental surveys performed outside the
facility; and

7. A summary of exposures received by facility personnel and visitors where
such exposures are greater than 25 % of that allowed.

6.7.2 Special Reports

In addition to the requirements of applicable regulations, and in no way
substituting therefore, reports shall be made by the UNEP Director to the NRC as
follows:

1. a report not later than the following working day by telephone and
confirmed in writing by facsimile to the NRC Operations Center, to be
followed by a written report that describes the circumstances of the event
within 14 days to the NRC Document Control Desk of any of the following:
1.1 Violation of the safety limit;
1.2 Release of radioactivity from the site above allowed limits;
1.3 Operation with actual safety system settings from required systems
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less conservative than the limiting safety system setting;
1.4 Operation in violation of limiting conditions for operation unless

prompt remedial action is taken as permitted in Section 3;
1.5 A reactor safety system component malfunction that renders or could

render the reactor safety system incapable of performing its intended
safety function. If the malfunction or condition is caused by
maintenance, then no report is required;

1.6 An unanticipated or uncontrolled change in reactivity greater than one
dollar. Reactor trips resulting from a known cause are excluded;

1.7 Abnormal and significant degradation in reactor fuel or cladding, or
both, coolant boundary, or confinement boundary (excluding minor
leaks) where applicable; or

1.8 An observed inadequacy in the implementation of administrative or
procedural controls such that the inadequacy causes or could have

caused the existence or development of an unsafe condition with
regard to reactor operations.

2. A report within 30 days in writing to the NRC, Document Control Desk,
Washington, D.C. of:
2.1 Permanent changes in the facility organization involving Level 1- 2

personnel; and
2.2 Significant changes in the transient or accident analyses as described in

the Safety Analysis Report.
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6.8 Records

6.8.1 Records to be Retained for a Period of at Least Five Years or for the
Life of the Component Involved if Less than Five Years

1. Normal reactor operation (but not including supporting documents such as
checklists, log sheets, etc., which shall be maintained for a period of at least
one year);

2. Principal maintenance activities;
3. Reportable occurrences;
4. Surveillance activities required by the Technical Specifications;
5. Reactor facility radiation and contamination surveys;
6. Experiments performed with the reactor;
7. Fuel inventories, receipts, and shipments;
8. Approved changes to the operating procedures; and
9. Reactor Operations Committee meetings and audit reports.

6.8.2. Records to be Retained for at Least One Certification Cycle

Records of retraining and requalification of certified reactor operators and senior
reactor operators shall be retained at all times the individual is employed or until the
certification is renewed.

6.8.3 Records to be Retained for the Lifetime of the Reactor Facility

1. Gaseous and liquid radioactive effluents released to the environs;
2. Offsite environmental monitoring surveys;
3. Radiation exposures for all personnel monitored;
4. Drawings of the reactor facility; and
5. Reviews and reports pertaining to a violation of the safety limit, the limiting

safety system setting, or a limiting condition of operation.
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15. QFIcNANCIL
QUAIFIIICATIO0"NS
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15.1 Financial Ability to Construct a Non-Power Reactor

This is not applicable for a renewal application.

15.2 Financial Ability to Operate a Non-Power Reactor

Pursuant to 10 CFR 50.33(f)2 we are submitting the operating costs for the UUTR
(University of Utah TRIGA Reactor) for FY2012 to FY2016. The current cost to operate
the reactor is approximately $140,436.00 for the year 2012 and increases to
$158,062.00 for the year 2016. The cost includes salary and benefits for the Reactor
supervisor. The University of Utah covers this salary and associated fringe benefit. All
activates other than those required for regulatory compliance are covered by the
research or service contract for which the work is preformed. Additional expenses in the
next four years are shown in Table 15.2-1. In this table we project a conservative
increase in the cost of the same expenditures at a rate of 3% per year.

The University of Utah covers the cost of insurance for the UUTR. Coverage is
provided by "American Nuclear Insurer's" for an annual premium of approximately
$9,500.00. Overhead costs such as utilities, confinement building maintenance and
health physics monitoring are provided by the University of Utah and are excluded from
this analysis of operating cost.

Tablel5.2- 1 The UUTR operating budget from 2012 to 2016; equipment upgrades and lab
supplies cost will be directly provided from the Utah Nuclear Engineering Program (UNEP)

Year/item 2012 2013 2014 2015 2016

Salary for Reactor $92,600.00 $95,378.00 $98,239.00 $101,186.00 $104,222.00
Supervisor
Benefits for RS $33,336.00 $34,336.00 $35,366.00 $36,427.00 $37,520.00

Electricity, Water $5,000.00 $5,150.00 $5,305.00 $5,464.00 $5,628.00

Insurance $9,500.00 $9,785 $10,079.00 $10,381.00 $10,692.00

Total $140,436.00 $144,649.00 $148,989.00 $153,458.00 $158,062.00
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15.3 Financial Ability to Decommission the Facility

The following analysis for decommissioning of the TRIGA reactor at the University of
Utah is based on the analysis done by the Defense Nuclear Agency, [ M. Forsbacka, M.
Moore. An Analysis of Decommissioning Costs for the AFRRI TRIGA Reactor Facility.
Defense Nuclear Agency, Armed Forces Radiobiology Research Institute. Bethesda,
Maryland 20814-5145], for the AFRRI TRIGA reactor facility. The cost of
decommissioning is divided into three major categories:

Waste disposal costs
Labor costs
Energy costs

For each of the major categories of costs, a detailed data is provided based on the
report mentioned above and the differences in design have been taken into account.
The dollars are adjusted to 2005 based on Consumer Price Index (CPI) 1.

15.3.1 Waste Disposal Costs

The amount of structural material that has been exposed to radiation in the
reactor building and the cost for transportation are provided in Table 15.3-2. The cost
of crates and transportations are obtained from [M. Forsbacka, M. Moore. An Analysis
of Decommissioning Costs for the AFRRI TRIGA Reactor Facility. Defense Nuclear
Agency, Armed Forces Radiobiology Research Institute. Bethesda, Maryland 20814-
5145], which is developed based on data provided in NUREG/CR-1756. For the purposes
of this report, the worst case scenario of shipment to a destination in Washington DC
has been considered. The cost per volume for disposing radioactive waste depository
was obtained from [M. Forsbacka, M. Moore. An Analysis of Decommissioning Costs for
the AFRRI TRIGA Reactor Facility. Defense Nuclear Agency, Armed Forces Radiobiology
Research Institute. Bethesda, Maryland 20814-5145] which is based on Barnwell charges
to be $2825/M 3 for 1989 dollars (which is equivalent to $4450/m 3 for 2005 dollars).
Plywood 3.5 m3 crates are used for removing the waste, which costs $400 for 1981
dollars (which is equivalent to $860 for 2005 dollars).

1 The CPI used in our calculations is obtained from Bureau of Labor Statistics (BLS)
(www.bls.gov/cpi). On their website, the CPI is defined as: "The Consumer Price Index (CPI) is a
measure of the average change over time in the prices paid by urban consumers for a market
basket of consumer goods and services." This index value has been calculated since 1913 and
for the current year, the index for the last month is used.
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The volumes are rounded up to stay on the conservative side for the estimation
of the costs. The shipping costs are adjusted based on [M. Forsbacka, M. Moore. An
Analysis of Decommissioning Costs for the AFRRI TRIGA Reactor Facility. Defense
Nuclear Agency, Armed Forces Radiobiology Research Institute. Bethesda, Maryland
20814-5145] for 2005 dollars and the highest value (which is for Stainless Steel) is used
for all the materials to again stay on the safe side for estimation of the costs.

Table 15.3-2 Waste disposal costs for 2005 dollars

Material Volume (M
3

) Crates (no.) Shipping Costs
Contaminated concrete 10 3 $53,350 $100,750
Contaminated sand 60 18 $320,100 $591,600
Contaminated aluminum 5 2 $26,675 $51,665
Contaminated Stainless Steel 5 2 $26,675 $51,665
Total $795,680

15.3.2 Labor Costs

The labor costs (Table 15.3-3) are obtained from [M. Forsbacka, M. Moore. An
Analysis of Decommissioning Costs for the AFRRI TRIGA Reactor Facility. Defense
Nuclear Agency, Armed Forces Radiobiology Research Institute. Bethesda, Maryland
20814-5145] which is based on NUREG/CR-1756. The TRIGA reactor at the University of
Utah is smaller than the AFRRI TRIGA facility; however, the numbers are unchanged to
have a conservative estimation of the costs of labor. The numbers are adjusted based
on CPI from 1981 dollars to 2005 dollars.

15.3.3 Energy Costs

The energy costs (Table 15.3-4) are obtained also from [M. Forsbacka, M.
Moore. An Analysis of Decommissioning Costs for the AFRRI TRIGA Reactor Facility.
Defense Nuclear Agency, Armed Forces Radiobiology Research Institute. Bethesda,
Maryland 20814-5145] which his based on NUREG/CR-1756 and the energy cost per
kWh is obtained from Department of Energy report for Electric Power Monthly averages
for Nov-09 report to be 6.18 cents per kWh for the state of Utah for all sectors.
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Table 15.3-3 Decommissioning labor costs (for DECON) for 2005 dollars

Workyears Rate Cost
(no.) ($1000/hr) ($1000)

Decomm superintendent 2 $192 $383
Decomm engineer 2 $163 $327
Secretary 2 $52 $104
Clerk 0.5 $52 $26
Health physicist 2 $101 $202
Radioactive shipment specialist 0.5 $84 $42
Procurement specialist 0.5 $84 $42
Contract and accounting specialist 0.8 $101 $81
Security supervisor 0.625 $120 $75
Security patrol officer 3.6 $55 $197
QA engineer 0.7 $101 $71
Control room operator 1 $74 $74
Consultant 1 $215 $215

Shift engineer 1 $112 $112
Craftsman 2 $69 $138
Crew leader 0.5 $95 $48
Utility operator 0.342 $69 $24
Laborer 6 $66 $399
Health physics technician 3 $65 $194
Total $2,752

Table 15.3-4 Energy costs

Equipment Energy use (kWh) Cost

General system 9000 $556.20

HV AV 20000 $1,236.00
Lighting 23000 $1,421.40

Control room 5200 $321.36
Fire protection 600 $37.08

Security 5600 $346.08
Communications 900 $55.62
Domestic water 36300 $2,243.34

Reactor water 23400 $1,446.12
Compressed air 15000 $927.00
Building heating 302600 $18,700.68
Decommissioning equipment 20000 $1,236.00

Total $28,526.88
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15.3.4 Total Decommissioning Cost and Inflation Adjusting

Methodology

The total cost for the reactor decommissioning based on cost break down shown
above is provided in Table 15.3-5. The cost of spent fuel removal, shipment, and
building demolition costs are provided in Table 15.3-5 as well.

Table 15.3-5 Total cost of decommissioning of TRIGA reactor the University of Utah using
DECON for 2005 dollars

Category Costs

Waste Disposal $795,680

Labor $2,752,000
Energy $28,527
Contigency fund $894,052

_ýncillarv
Spent fuel removal + Shipment $337,853

Site demolition $563,038

Total $5,371,150

The estimated cost of decommissioning the TRIGA reactor at the University of
Utah is based on 2005 dollars and it is intended to use CPI for adjusting the cost for
future dollar values.

15.4 Numerical Example

The dollar values are updated based on CPI from Bureau of Labor Statistics (BLS)
are used to take into account the inflation over the years of life of the reactor. These
inflation adjusted factors are provided in Table 15.4-1.
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Table 15.4-1 Inflation adjusted factors from 1981 to 2010 obtained from Bureau of Labor
Statistics website

Year Range Adjusted Factor (Based on CPI)

1981-1985 1.18
1985-1990 1.21

1990-1995 1.17
1995-2000 1.13
2000-2005 1.13

2005-2010 1.11

As an example, equivalent of $25,000 of year 1981 in year 2000 can be
calculated as follows:

$1 (1981) x 1.18 x 1.21 x 1.17 x 1.13 = $1.89 (2000)
$25,000 x 1.89 = $47,250

Note: all the inflation adjusted factors are rounded to two significant digits.
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16. OTHER LICENSE
CONSIDERATIONS
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16.1 Prior Use of Reactor Components

16.1.1 Reactor Tank

The UUTR has been operated for over 35 years with existing components
including ion chambers, control rods, fuel elements, thermal irradiator, and inner
reactor pool tank. The upgraded reactor instruments include the CAM, flow meter, and
some other electronic parts in the control console. Recently, the UUTR staff installed a

TMnew reactor monitoring system using the Lab View . Some of the fuel elements were
replaced with new elements. Some of the fuel elements are used for many years.
However, the total reactor operation time of 50 hours per year is quite small compared
to other TRIGA facilities. For example, the UUTR usage in last 10 years (from 2000 to
2010 approximately) is between 0.0386 MW-day and 0.0835 MW-day. The UUTR facility
has never experienced a fission product leak problem with any of the fuel elements. The
existing TRIGA fuel in the UUTR is estimated to be adequate for operation in safe and
reliable manner for the next period of the license renewal.

The UUTR reactor tank is made of double wall. The inner aluminum tank wall is 8
ft in diameter. The distance between the inner aluminum tank and the side of the core
is -3 ft. The aluminum tank is at a sufficient distance from the UUTR core so that the
radiation damage is negligible. The neutron flux was determined based on the MCNP5
model of the 100kW UUTR core [100kW was used as conservative estimate because the
UUTR operates only at 90kW]. At 100 kW UUTR reactor power, the total core flux is
estimated using the MCNP5 core model to be 7.53x1015 neutrons/sec. Based on the
MCNP5 model, the average neutron flux (over the core) is 3.54x1012 neutrons/cm2-sec
at 100 kW. Therefore, total neutron flux that passes through the entire core surface
area is 7.53x1015 neutrons/sec at 100 kW. The distance between the bottom of the core
grid and the reactor pool floor is approximately 15 cm. At the floor of the tank, the total
neutron flux is estimated to be 2.73x10 9 neutrons/sec at 100 kW. Table 16.1-1 shows
the total neutron flux at the aluminum tank wall and the bottom of the reactor tank.
The neutron and gamma dose distribution at the core upper plane level across the pool
tank is shown in Fig. 16.1-1. The MCNP5 input file indicating details of these simulation s
listed in Appendix 16.A.

An 6061 aluminum alloy examined at the Oak Ridge National Laboratory for
neutron radiation damage after exposure to a maximum fast neutron (E>0.1 MeV)
fluence of 9.2x1022 neutrons/cm2 and a thermal neutron fluence of 1.38x10 23

neutrons/cm2 at 600 C showing that the voids and transmutation-produced silicon
precipitate were found to cause about 1.1% internal swelling [Kng, RT, Jostsons, A,
Farrell, K, "Neutron Irradiation Damage in a Precipitation-Hardened Aluminum Alloy,"
Oak Ridge National Laboratory Australian Atomic Energy Commission Research
Establishment, Tenn. Jan. 1973]. Almost all of the neutrons that reach the aluminum
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tank are thermal neutrons because the distance between the core surface and
aluminum tank is approximately 60 cm. The neutron flux 70 cm above the top of the
reactor core is negligible. Therefore, it is assumed that the neutron flux from the core
diminishes above the height of 146 cm (measured from the floor of the tank). As shown
in Figure 16.1-1, the gamma and neutron doses are negligible near the aluminum tank.
Maximum neutron and gamma doses on the surface of the core at the A-ring are
9.70x10 5 rem/hr and 2.68x105 rem/hr respectively. If the UUTR operates at 100 kW with
the calculated average neutron flux, it will take approximately 1.4x1013 hours of
operation to reach the neutron fluence of 1.38x10 2 3 neutrons/cm2. This estimate is
highly conservative and is showing that it is not possible to expect any damage of the
inner aluminum tank wall or the bottom surface of the reactor tank.

Table 16.1-1 Total neutron fluence near aluminum tank for 100kW UUTR
(obtained using the MCNP5)

-"Location" indicates the vertical height from the bottom of the reactor tank. When the height
increases more than 100 cm, there is no neutron flux. The center of the core was selected

as a reference point (0 cm) -

100 kW

Surface Location Ave 0 (n/sec)

Aluminum Tank -43 to -35 cm 9.79E+04

-35 to -25 cm 1.92E+05

-25 to -15 cm 1.72E+05

-15 to -5 cm 4.42E+05

-5 to 5 cm 6.28E+05

5 to 15 cm 3.38E+05

15 to 25 cm 5.27E+05

25 to 35 cm 9.11E+04

35 to 50 cm 3.28E+05

50 to 70 cm 4.41E+03

70 to 100 0.OOE+00

Al Tank Total -43 to 70 cm 2.82E+06

Tank Bottom -43 cm 2.73E+09

TI 3.99E+11
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Figure 16.1-1 MCNPS Neutron and Gamma Dose Distribution at the UUTR Core Surface across
the Pool Water Tank

16.1.2 Ion Chambers

The UUTR has one fission chamber, one compensated ionization chamber, and
two uncompensated ionization chambers. The location of these ionization chambers
and fission chamber are shown in Fig. 16.1-2. These fission chamber and ionization

chambers are connected to the neutron monitoring channels in the reactor control
console. The neutron monitoring channels contain startup channel, linear power

channel, percent power channel, and log power and reactor period channel. All
neutron-sensing chambers are sealed in aluminum can and mounted in the water
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reflector on the outside of the core so that their positions are adjustable vertically to
change sensitivity and for calibration.

The startup channel includes a fission chamber, power supply, preamplifier,
linear amplifier and linear and log-count-rate circuits. The channel provides power
indication from below the source level to approximately 10 W. In addition, a minimum
source-count interlock prevent control rod withdrawal unless the measured source level
exceeds a predetermined value (currently it is approximately 28 counts/sec). This
number will not be affected by the core power uprate.

The log channel displays the logarithm (base 10) of the reactor power. The log
channel and percent power channel are connected to the uncompensated ionization
chambers.

Figure 16.1-2 Fission chamber, compensated ionization chamber, and two uncompensated
ionization chambers

Table 16.1-2 shows the useful range of various channels on the reactor control

console. As shown in Table 16.1-2, the second column "Useful range" represents the

setting point on the control console. These setting points will be changed and calibrated

accordingly when the power uprate is admitted. Operating range of the 100kW UUTR's
ion chambers are shown in Fig. 16.1-3. The compensated and uncompensated ion
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chamber can be used for the reactor power of up to 1 MW. Fission chamber can be used
for several hundreds of counts/second. This fission counter will not be affected by the
UUTR reactor power uprate.

-7-.

ci

ci

104:

*ion ch"i mer

47 tompensated ion~chamber

.10•

101Oj•

100.K

.:i0 m

-14-

-. Fi isioh, cý mbuccouný4ts'/&6)
Source level

± mD

Figure 16.1-3 The operating range of fission chamber and ion chambers

16.2 Core Assembly

The core assembly consists of the upper, and lower grid plates, support

assembly, and the side plates. These plates have been subjected to a high radiation

environment and there has been no evidence of deformation or discoloration due to

this exposure, and no expectation of damage at proposed power levels. Thermal cycling

of these components is on the order of 15 to 100 °C with a typical period of one hour.
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The rise time to these sorts of temperatures is typically much faster than the cycling
period. Nevertheless these temperature effects are incapable of causing any damaging
or permanent deformations.

Table 16.1-2 Various channels for the UUTR. Useful range is the setting value on the control
console, not the detector or ionization chamber's range

Ion
chamber's Callibratio n

Channel Useful range resos Sensor type Accuracy interal
response interval

range
K-type thermal

Water 00 C to 1000 C couple, except for +1C semiannual
temperature Refrig. Water that is -

E-type
Fuel K-type thermal

temperature 00 C to 8000 C coupe + 10 C semiannual
channels couple

+ 1%of

Compensated ion reading
Linear power 100 mW to 100 mW to + 1% ofchamber 3dB -semiannual

channel 100 kW 1 MW Bandwidth: 20Hz range
switch

setting
+ 1%of

Integrated Compensated ion reading

power 1 W-hr to 100 1 W-hr to chamber (from + 1% of semiannual
channel MW-hr 100 MW-hr linear power range

channel) switch
setting

% power 100 W to 100 100 W to 1 Uncompensated ion + 1% of

channel kW MW chamber 3dB reading semiannual
Bandwidth: 20Hz

Log power 100 mW to 100 mW to Uncompensated ion +3 % of
chamber 3dB . semiannual

channel 100 kW 1 MW Bandwidth: 20Hz reading

Uncompensated ion
Reactor -32 seconds to chamber (from log 20% unnecessary
period +4 seconds power channel)

Rod position 0 to 100 % of MultiturnRod position rodMuttr+0.% unesay

indicators withdrawal potentiometer +0.2% unnecessary
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16.3 Fuel and Instrumented Fuel

Because the surveillance procedures and design criteria for fuel and
instrumented fuel are identical, they are evaluated together. TRIGA fuel used in the
UUTR is designed for a core lifetime of 7,000 MW days. Since the reactor's operation
began in 1975 the core has seen 17,000 kW hours (0.71 MW days) of operation or 0.01%
of the fuel's operational lifetime. However, the majority of the fuel in this core comes
from the University of Arizona and General Atomics (GA) and had an operational use of
approximately 210 MW days. As can be seen from these values, the UUTR current fuel
life is well below the limits established by General Atomics. Additionally, the fuel's
temperature limits (design basis limits of 530 =C for aluminum fuel, 1150 'C for stainless
steel fuel) have never been approached (maximum operating fuel temperature of the
UUTR reactor, at 100 kW, is less than 130 °C). To insure that corrosion, erosion, or
mechanical damage to the fuel is well within acceptable limits, the surveillance of the
fuel is performed monthly through water analysis, fuel leaks, and every two years visual
inspections of the fuel are performed to look for evidence of corrosion, erosion or
mechanical damage.

16.4 Neutron Source

The UUTR neutron source is a double encapsulated Pu-Be neutron source. This
source is removed from its position in the reactor core at power levels greater than 1.0
W, and therefore is not exposed to significant neutron flux at power greater than 1.0 W
or the heated cooling water thermal environment. Also, by visual inspection no
evidence of erosion, corrosion, or mechanical damage has been observed on the
neutron source.

16.5 Control Rods and Control Rod Drives

Because of the routine surveillance procedures for the control rods and the
integrally connected control rod drives these systems are evaluated together. The
control rods and control rod drives are physically inspected for erosion, corrosion, and
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mechanical damage every two years. Every six months the rods and rod drives are
calibrated and the rod reactivity worths are determined experimentally.

16.6 Fission Chamber

The fission chamber is used to verify a continuous neutron population in the
UUTR core. If a problem develops with the fission chamber, it will be removed from
service, and repaired or replaced as a maintenance procedure for the reactor.

16.7 Medical Use of Non-Power Reactors

No human-use irradiation studies will be performed at the UUTR. The University
of Utah's Radiation Safety Committee's Human Use Subcommittee must review and
approve through appropriate designated medical personnel all such applications.
Furthermore, while the UUTR may conduct research on the production of medical
isotopes there are no plans to produce any medical isotopes intended for human use.
Approval for such use must be obtained from the above medical channels as well as
both Utah and NRC regulatory agencies. If either of these circumstances change the
appropriate analysis will be performed, and the application for facility amendment will
be sent to the NRC.
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Appendix 16.A

TRIGGA 3D Model 1.72 in pitch, n-dose, p-dose,
c KCODE 500E6
c

ssw, core top, 90kW

c New SS Fuel
100 1 -5.636 -2 11 -12
101 2 -1.70 -2 12 -14
102 2 -1.70 -2 13 -11
103 3 -7.92 (-1 15 -16) (2:-
104 4 -1.0 1:-15:16 92 -93
c Old SS Fuel
110 like 100 but mat=12 rho=-5.63
111 like 101 but
112 like 102 but
113 like 103 but
114 like 104 but
c Al Fuel
120 5 -6.143 -3 21 -22
121 2 -1.70 -3 22 -24
122 2 -1.70 -3 23 -21
123 6 -2.70 (-1 25 -26) (3:-
124 4 -1.0 1:-25:26 92 -93
c Instrumental Fuel
130 like 110 but
131 like 111 but
132 like 112 but
133 like 113 but
134 like 114 but
c Graphite
140 2 -1.70 -3 23 -24
143 like 123 but
144 like 124 but
c Heavy Water
150 7 -1.056 -3 23 -24
153 like 123 but
154 like 124 but
c Water
160 4 -1.0 -1 92 -93
161 4 -1.0 1 92 -93
c Safety Control Rod
170 9 -2.52 -46 11 -93
171 6 -2.7 46 -47 11 -93
172 4 -1.0 (47 -50 11 -93)
173 6 -2.7 50 -1 92 -93
174 4 -1.0 1 92 -93
c Shim Control Rod
180 9 -2.52 -46 11 -93
181 6 -2.7 46 -47 11 -93
182 4 -1.0 (47 -50 11 -93)
183 6 -2.7 50 -1 92 -93
184 4 -1.0 1 92 -93
c Reg Control Rod
190 9 -2.52 -48 11 -93
191 6 -2.7 48 -49 11 -93

13:14)

6

23 :24)

u=l
u=l
u=1
u=1
u=1

u=2
u=2
u=2
u=2
u=2

u=3
u=3
u=3
u=3

u=4
u=4
u=4
u=4
u=4

imp:n=l
imp:n=l
imp: n=1
imp:n=1
imp:n=1

imp:n=1
imp:n=1
imp:n=1
imp:n=1
imp: n=1

$Fuel Meat
$Up Graphite
$Down Graphite
$Cladding
$H20

$Fuel Meat
$Up Graphite
$Down Graphite
$Cladding
$H20

imp:n=l $Fuel Meat
imp:n=l $Up Graphite
imp:n=l $Down Graphite
imp:n=l $Cladding
u=3 imp:n=l $H20

imp:n=1
imp:n=1
imp:n=l
imp: n=1
imp:n=l

u=6 imp:n=l
u=6 imp:n=l
u=6 imp:n=l

u=7 imp:n=l
u=7 imp:n=l
u=7 imp:n=l

$Fuel Meat
$Up Graphite
$Down Graphite
$Cladding
$H20

$Graphite
$Cladding
$H20

$D20
$Cladding
$H20

u=8 imp:n=l $H20
u=8 imp:n=l $H20

u=10
u=10

:(-50 -11 92)
u=10
u=10

u=11
u=11

:(-50 -11 92)
u=11
u=11

imp:n=l $B4C
imp:n=l $Al Cladding
u=10 imp:n=l $H20
imp:n=l $Al Tube
imp:n=l $H20

imp:n=l $B4C
imp:n=l $Al Cladding
u=11 imp:n=l $H20
imp:n=l $Al Tube
imp:n=l $H20

u=12 imp:n=l $B4C
u=12 imp:n=l $A1 Cladding
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192 4 -1.0
193 6 -2.7
194 4 -1.0
c Empty Control
196 4 -1.0
197 6 -2.7
198 4 -1.0
c Brand New SS
c 310 like 100
c 311 like 101
c 312 like 102
Graphite
c 313 like 103
c 314 like 104
c Lattice
200 4 -1.0

(49 -50 11 -93):(-50 -11 92)
50 -l 92 -93 u=12
1 92 -93 u=12

Rod
-50 92 -93 u=5

50 -1 92 -93 u=5
1 92 -93 u=5

Fuel, more U235

UUTR CHAPTER 16

u=12 imp:n=l $H20
imp:n=l $Al Tube
imp:n=l $H20

imp:n=l $H20
imp:n=l $Al Tube
imp:n=l $H20

but mat=5 rho=-5.781 u=15 imp:n=l $Fuel Meat
but u=15 imp:n=l $Up Graphite
but u=15 imp:n=l $Down

but u=15 imp:n=l $Cladding
but u=15 imp:n=l $H20

-101 102 -103 104 -105 106 92 -93 lat=2 u=9
fill=-7:7 -7:7 0:0
000000099999999

000000987878789
000009323113279

000091311113389
000911313153379

009311412212379
093313222423379

987251151183169
9 87 1 2 2 1 1 1 2 1 3 6 9 0

987138221316900
987112253369000

987811111690000
986666666900000

988888889000000
9 9 9 9 9 9 9 9 0 0 0 0 0 0 0 imp:n=l

-111 112 -113 114 -115 116 92 -93 fill=9 imp:n=l

(-121 122 -123 124 -125 126) 91 -94
(111: -112:113: -114:115: -116) imp:n=l $Al

-111 112 -113 114 -115 116 91 -92 imp:n=l $Lower Al

-111 112 -113 114 -115 116 93 -94 41 43 45
imp:n=l $Upper Al

-131 94 -97 41 43 45 imp:n=l $Top Water
-131 96 -91 imp:n=l $Bottom

-131 -96 95 imp:n=l $Bottom

201 4
$Lattices
202 6

Wall
203 6
Plate
204 6

Plate
206 4
207 4
Water
208 10
Concrete
301 9
302 6
303 9
304 6
305 9
306 6
c FNIF

-1.0

-2.7

-2.7

-2.7

-1.0
-1.0

-2.30

-2.52
-2.7
-2.52
-2.7
-2.52
-2.7

-40 93 -97
40 -41 93 -97

-42 93 -97
42 -43 93 -97

-44 93 -97
44 -45 93 -97

imp:n=l $Safety Rod above core region
imp:n=l
imp:n=l $Shim Rod above core region
imp:n=l
imp:n=l $Reg Rod above core region
imp:n=l

400 11 -0.00115 -141
401 8 -11.34 -140 141
c Heavy water block

imp:n=l $ FNIF Air
imp:n=1 $ ENIF Pb
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500
501
502
503

11
6
7
6

-0.00115 -159 160 -161 imp:n=l $ Heavy water Air
-2.7 159 -158 160 -161 imp:n=l
-1.056 158 154 -155 156 157 160 -161 imp:n=l
-2.7 (-154:155:-156:-157)

150 -151 152 153 160 -161 imp:n=l
c Al Tank
600 6
c

-2.7 131 -132 -97 95 imp:n=l $ Al tank

900 4 -1.0 -131 91 -94 140
(-150:151:-152:-153:-160:161)
(121:-122:123:-124:125:-126) imp:n=l $Water

Arround Core
999 0 132: -95:97 imp:n=0

C Surface Cards
1
2
3
11
12
13
14
15
16

cz
cz
cz
pz
pz
pz
pz
pz
pz

21 pz
22 pz
23 pz
24 pz
25 pz
26 pz
40 c/z
41 c/z
42 c/z
43 c/z
44 c/z
45 c/z
46 cz
47 cz
48 cz
49 cz
50 cz
91 pz
92 pz
93 pz
94 pz
95 pz
96 pz
97 pz
C Lattice
101 px
102 px
103 p
104 p
105 p
106 p
c Frame B
11 p

1. 873
1.82
1.79

-19.05
19.05

-29.21
29.21

-30.39
30.39

-17.78
17.78

-27.94
27 .94

-29.12
29.12
6.555
6.555

-13 .11

-13 .11

6.555
6.555
1.00
1. 11
0.200
0.318
1.750

-33.43
-30.89
30.89
32.79

-55.0
-51.12
45.0

Cells
2 .185

-2 .185

0.5
0.5

-0.5
-0.5

oundary

$Outer Radius
$Inner Radius
$Inner Radius for Aluminum Container
$SS Fuel Meat Bottom (7.5 inch * 2)
$SS Fuel Meat Top
$SS Fuel Graphite Bottom (4 inch)
$SS Fuel Graphite Top
$SS Cladding Bottom (1.18 cm)
$SS Cladding Top (1.18 cm)
$Al Fuel Meat Bottom (7 inch * 2)
$Al Fuel Meat Top
$Al Fuel Graphite Bottom (4 inch)
$Al Fuel Graphite Top
$Al Cladding Bottom (1.18 cm)
$Al Cladding Top (1.18 cm)

-11.354 1.00 $Safety Control Rod
-11.354 1.11 $Safety Control Rod Cladding

0.0 1.00 $Shim Control Rod
0.0 1.11 $Shim Control Rod Cladding

11.354 0.200 $Reg Control Rod
11.354 0.318 $Reg Control Rod Cladding
$ Safety and Shim Rod in Unit
$ Safety and Shim Rod in Unit Cladding
$ Reg Rod in Unit
$ Reg Rod in Unit Cladding
$ Inner radius of Al tube for control rod
$Lower Plate Bottom
$Lower Plate Top (1 inch)
$Upper Plate Bottom
$Upper Plate Top (0.75 inch)
$Concrete Bottom
$Water Bottom (2 inch)
$Water Top

0.8660254
0.8660254
0.8660254
0.8660254

0
0
0
0

2.185
-2.185
2.185

-2.185

1.732038 1 0 50.460
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112 p 1.732038
113 p 1.732038
114 p 1.732038
115 py 25.230
116 py -25.230
c Al Wall
121 p 1.732038
122 p 1.732038
123 p 1.732038
124 p 1.732038
125 py 27.135
126 py -27.135
C Reflector Surfaces
131 cz 116.046
132 cz 116.84
c 131 p 1.732038
c 132 p 1.732038
c 133 p 1.732038
c 134 p 1.732038
c 135 py 41.629841
c 136 py -41.629841
c FNIF

1
-i
-i

1
1

-i
-i

0
0
0

0
0
0
0

-50.460
50.460

-50.460

54.270
-54.270
54.270

-54.270

$ Water reflector
$ Al Tank

1
1

-1
-1

0
0
0
0

83.259682
-83.259682
83.259682

-83.259682

140 BOX -15.88 -26.77 -30.48
60.96
141 BOX -22.82 -24.91 -30.48
60.96
c Heavy water beside core
150 p 1.732038 1 0
151 p 1.732038 1 0
152 py 0.0

-15.24 26.40 0

-10.16 17.60 0

-22.00 -12.7 0

-8.80 -5.1 0

0 0

0 0

54.270
84.670

0.0
54.670
84.270

$ Al outer

$ Al outer
153
154
155
156
157
158
159
160
161

p
p
p
py
p
c/z
c/z
pz
pz

1.732.038 -1
1.732038 1
1.732038 1
0.2
1.732038 -1
30.08 17.37 5.7
30.08 17.37 5.5

-30.0
30.0

0
0
0

0 0.4
$ Air tub
$ Air tub

$ Heavy wal
$ Heavy wa'

Al wall

ter top
ter bottom

201 pz -18.5
202 pz -17.5
203 pz -16.5
204 pz -15.5
205 pz -14.5
206 pz -13.5
207 pz -12.5
208 pz -11.5
209 pz -10.5
210 pz -9.5
211 pz -8.5
212 pz -7.5
213 pz -6.5
214 pz -5.5
215 pz -4.5
216 pz -3.5
217 pz -2.5
218 pz -1.5
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219 pz -0.5
220 pz 0.5
221 pz 1.5
222 pz 2.5
223 pz 3.5
224 pz 4.5
225 pz 5.5
226 pz 6.5
227 pz 7.5
228 pz 8.5
229 pz 9.5
230 pz 10.5
231 pz 11.5
232 pz 12.5
233 pz 13.5
234 pz 14.5
235 pz 15.5
236 pz 16.5
237 pz 17.5
238 pz 18.5
239 pz 40.1 $ SSW surface

mode n p
kcode 1000000 1.0 10 500
ksrc -15.2950 -18.9227 0.0000

-10.9250 -18.9227 0.0000
-6.5550 -18.9227 0.0000
-2.1850 -18.9227 0.0000
2.1850 -18.9227 0.0000
6.5550 -18.9227 0.0000

10.9250 -18.9227 0.0000
-17.4800 -15.1381 0.0000
-13.1100 -15.1381 0.0000
-8.7400 -15.1381 0.0000
-4.3700 -15.1381 0.0000
0.0000 -15.1381 0.0000
4.3700 -15.1381 0.0000
8.7400 -15.1381 0.0000

13.1100 -15.1381 0.0000
-19.6650 -11.3536 0.0000
-15.2950 -11.3536 0.0000
-10.9250 -11.3536 0.0000
-6.5550 -11.3536 0.0000
-2.1850 -11.3536 0.0000
2.1850 -11.3536 0.0000

10.9250 -11.3536 0.0000
15.2950 -11.3536 0.0000

-21.8500 -7.5691 0.0000
-17.4800 -7.5691 0.0000
-13.1100 -7.5691 0.0000
-8.7400 -7.5691 0.0000
-4.3700 -7.5691 0.0000
0.0000 -7.5691 0.0000
4.3700 -7.5691 0.0000
8.7400 -7.5691 0.0000

13.1100 -7.5691 0.0000

443 1 P age



UUTR CHAPTER 16

17.4800
-24.0350
-19.6650
-15.2950
-10.9250
-6.5550
-2.1850
2.1850
6.5550

10.9250
15.2950
19.6650

-17.4800
-8.7400
-4.3700
4.3700
8.7400

17 .4800
21.8500

-15.2950
-10.9250
-6.5550
-2.1850
2.1850
6.5550

10.9250
15.2950
19.6650

-13 .1100
-8.7400
0.0000
4.3700
8.7400

13 .1100
17.4800

-10.9250
-6.5550
-2.1850
2.1850
10.9250
15.2950
-4.3700
0.0000
4.3700
8.7400

13 .1100
ml 1001.66c

40000.66c
92235.66c
92238.66c

mtl h/zr.60t
zr/h.60t

m2 6000.66c

-7.5691
-3.7845
-3.7845
-3.7845
-3.7845
-3.7845
-3.7845
-3.7845
-3.7845
-3.7845
-3.7845
-3.7845
0.0000
0.0000
0.0000
0 .0000
0.0000
0.0000
0.0000
3.7845
3.7845
3.7845
3.7845
3.7845
3.7845
3.7845
3.7845
3.7845
7 .5691
7.5691
7 .5691
7.5691
7.5691
7.5691
7.5691

11.3536
11.3536
11.3536
11.3536
11.3536
11.3536
15.1381
15.1381
15.1381
15.1381
15.1381
-0.015896
-0.899104
-0.016728
-0.068272

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0. 0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

$ new SS meat, H/Zr=1.6. 0.59% burn-up

mt2
m3

grph.60t
6000.66c

14000.60c
24000.50c

1.0

-0.0004
-0.0046
-0.190

$ graphite

$ ss cladding
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25055.66c
26000.50c
28000.50c

m4 1001.66c
8016 .66c

mt4 lwtr.60t
m5 1001.66c

40000 .66c

92235. 66c
92238. 66c

mt5 h/zr.60t
zr/h. 60t

m6 13027.66c
m7 1001.66c

1002. 66c
8016. 66c

mt7 lwtr.60t
hwtr.60t

m8 82000.50c
m9 5010.66c

5011. 66c
6000. 66c

ml0 1001.66c
6000. 66c
8016. 66c

11023. 66c
12000. 66c
13027. 66c
14000. 60c
19000. 66c
20000. 66c
26000. 50c

mll 7014.66c
8016. 66c

18000. 59c
m12 1001.66c

40000. 66c
92235. 66c
92238. 66c

mtl2 h/zr.60t
zr/h. 60t

phys:n 20
phys:p 30
pwt

-0.009
-0.699
-0.097

2.0
1.0

-0.010
-0.905
-0.01533
-0.06967

1.0
0.64
1.36
1.00

$ H20

$ Al meat, H/Zr=1.0, 8.91% burnup

$ Al
$ D20 (68% atom)

1.0
-0.1566
-0.6264
-0.217
-0.00619
-0.17520
-0.41020
-0.00027
-0.03265
-0.01083
-0.03448
-0.00114
-0.32130
-0.00778

0.000038125
0.000009501
0.000000166

-0.015896
-0.899104
-0.015354
-0.069646

$
$

Pb
b4c

$ Concrete

9 $Air
O2

64
$ Old SS meat, H/Zr=I.6, 8.77% burnup

$ 1 photon per n collision
(defualt)
FMESH4:n GE(

# de4
log

factors
2.5E-8
1.OE-7

1.OE-6
1.0E-5

OM~rec ORIGIN=-11
IMESH=117 IINTS=2
JMESH=117 JINTS=2
KMESH=39
OUT=ij

7 -117 38 $ bottom, left, behind
34 $ 234 bins from x = -117
34 $ 234 bins from y = -117

$ 1 bin from z = 38 to 39
$ output = array 54,756

n dose function table H-1
biological dose equivalent dose rate

to 117
to 117

df4
log

$
$

3.67E-6
3.67E-6
4. 46E-6
4. 54E-6
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1. OE-4
1. OE-3
1. OE-2
1. OE-1
5. OE-1
1.0
2.5
5.0
7.0
10.0
14.0
20.0

3. 061E15

4. 18E-6
3. 76E-6
3. 56E-6
2. 17E-5
9 .26E-5
1. 32E-4

1. 25E-4
1. 56E-4
1. 47E-4
1. 47E-4
2. 08E-4
2. 27E-4

$ =P(90,000W)/(1.602E-19*Fission Rate*Fission E dep infm4
core)
FMESH24 :p

de24

GEOM=rec ORIGIN=-117 -117 39 $ bottom, left, behind
IMESH=117 ITNTS=234 $ 234 bins from x = -117 to 117
JMESH=117 JINTS=234 $ 234 bins from y = -117 to 117
KMESH=40 $ 1 bin from z = 39 to 40
OUT=ij

log
0.01
0.03
0.05
0.07
0.1
0.15
0.2
0.25
0.3
0.35
0.4
0.45
0.5
0.55
0.6
0.65
0.7
0.8
1.0
1.4
1.8
2.2
2.6
2.8
3.25
3.75
4.25
4.75
5.0
5.25
5.75
6.25
6.75
7.5
9.0'
11.0

df 24
log
3 .96E-6

5 . 82E-7
2. 90E-7
2. 58E-7
2 . 83E-7
3 . 79E-7
5 OlE-7
6 31E-7
7 . 59E-7
8. 78E-7
9 . 85E-7
1. 08E-6
1. 17E-6
1. 27E-6
1. 36E-6
1. 44E-6
1. 52E-6
1. 68E-6
1. 98E-6
2. 51E-6
2 . 99E-6
3. 42E-6
3. 82E-6
4. 01E-6
4. 41E-6
4. 83E-6
5. 23E-6
5 60E-6
5. 80E-6
6 01E-6
6 37E-6
6. 74E-6
7 1lE-6
7 66E-6
8. 77E-6
1. 03E-5

$ p dose functions table H-2
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13.0 1.18E-5
15.0 1.33E-5

fm24 3.061E15
c
c
c Surface Source Write Card SSW

ssw 239 $ Surface Source Write card for surface 239 at z =

40.5 cm
c
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