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1. THE FACILITY

This report describes the research reactor operated by the University of Texas at Austin (UT-
Austin). This report provides the basis for a safety evaluation demonstrating that the facility and
the reactor does not cause undue risk to the health and safety of the public. This chapter of the
Safety Analysis Report reflects and summarizes descriptions and analyses in the individual chapters,
and will provide:

Introduction/overview

Summary and conclusions on principle safety considerations
General facility description

Overview of shared facilities and equipment

Comparison with similar facilities

Summary of operations

Compliance with NWPA of 1982

Facility modifications & history

1.1. INTRODUCTION

UT-Austin operates a 1.1 MW TRIGA Il research reactor (with pulsing to a maximum permitted
reactivity addition of 2.2% Ak/k) at the J.J. Pickle Research Campus (PRC), approximately ten
miles north of the main campus in Austin, Texas. A more complete description of the general
facility location and location within the PRC is provided in Chapter 2. This Safety Analysis Report
provides information and analysis to demonstrate that there are reasonable assurance operations
for an additional 20-year term that does not significantly challenge safety. Analysis shows a large
margin to thermal hydraulic conditions that might lead to a challenge of fuel cladding using
passive, natural convection cooling.

The reactor is located in the Nuclear Engineering Teaching Laboratory (NETL), a building that
houses an organized research unit of the UT-Austin Walker Department of Mechanical
Engineering in the Cockrell School of Engineering. The NETL serves a multipurpose role, with
the primary function as a “user facility” for faculty, staff, and students from the College of
Engineering. The facility supports the Nuclear and Radiation Engineering Program of the
Department of Mechanical Engineering for laboratory exercises in UT courses, undergraduate
research, and graduate research. The NETL supports educational programs for other organizations
and institutions including Historically Black College and Universities as well as other Minority
Serving Institutions. The facility supports development and application of nuclear methods for
researchers from other universities, industry, and government organizations. The NETL provides
nuclear analytic services to researchers, industry, and other research and industrial laboratories for
testing and evaluation of materials. The NETL provides public education through tours and
demonstrations.

pg. 1-1
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1.2 SUMMARY AND CONCLUSIONS ON PRINCIPLE SAFETY CONSIDERATIONS

The decision to build a new TRIGA was based on historical experience with a TRIGA | on the
UT-Austin main campus. Space considerations on the main campus and a well-established
infrastructure at the PRC campus led to facility sitting.

TRIGA 11 reactors routinely operate at power levels up to approximately 2 MW with natural
convection. At power levels less than 2 MW, fission product inventory is limited enough that
emergency planning requirements are somewhat simplified. Therefore, 1.1 MW was initially
selected as the maximum steady-state license limit that provides a large margin to thermal limits
and complex emergency planning.

Heat generation in TRIGA fuel produces less than half of the critical heat flux with natural
convection at power levels up to about 2 MW (see Chapter 5). The initial license power level of
1.1 MW provides an extremely large margin to thermal hydraulic limits in passive, natural
circulation. The TRIGA fuel inherently reduces the potential for thermal fission as fuel
temperature increases. Therefore, temperature increases from operation at power intrinsically limit
maximum steady-state power level. The TRIGA fuel design retains a large fraction of fission
products generated during operation, with stainless steel cladding acting as a passive barrier to
release for the fission products that escape the fuel matrix.

The NETL TRIGA shielding was designed to limit personnel exposure rates from radiation
generated during reactor operation in accessible areas of the pool and shield structure at 1.5 MW
to less than 1 mrem/hr. The maximum dose rate is shown to be at floor level. Current experimental
programs at the beam ports limit routine access to the biological shielding surface near the core.
Additional shielding information is provided in Chapters 3, 4 and 10.

The principle off-site exposure source term during normal operations is **Ar, a noble gas with a
110-minute half life. Buildup of airborne radioactive contamination in the facility is controlled by
a dynamic confinement and an argon purge system. Stack effluent from the dynamic confinement
system is limited to maintain receptor doses to less than 10CFR20 limits, as discussed in Chapters
9 and 11. There are no routine liquid releases, and the production of radioactive waste during
normal operations is extremely limited (with most radioactive waste held for decay). Accident
analysis (Chapter 13) demonstrates potential consequences from postulated scenarios do not result
in unacceptable consequences.

The reactor design has many safety features, including a large margin to thermal hydraulic limits,
passive cooling, robust shielding, fuel matrix characteristics, and stainless-steel cladding.

1.2. GENERAL DESCRIPTION OF THE FACILITY

1.2.1. Site

Land development in the area of the current NETL installation began as an industrial site during
the 1940's. Lease agreements between the University and the Federal government after the 1950’s
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led to the creation of the Balcones Research Center. The University became owner of the site. The
site name was changed in 1994 to the J.J. Pickle Research Campus (PRC) in honor of retired U.S.
Congressman James “Jake” Pickle.

The PRC is a multidisciplinary research campus on 1.87 square kilometers. The site consists of
two approximately equal areas, east and west. The NETL building is located in an area of about
nine thousand square meters on the east tract. Sixteen separate research units and at least five other
academic research programs conduct research on the PRC. Adjacent to the NETL site are the
Center for Research in Water Resources, the Bureau of Economic Geology, and the Texas
Advanced Computing Center (TACC), illustrating the diverse research activities on the campus.
The Commons Building provides cafeteria service, recreation areas, meeting rooms, and
conference facilities. A more complete description of the environment surrounding the NETL is
provided in Chapter 2.

1.2.2. NETL Building

The NETL building is a 1950 sq meter (21,000 sq ft), facility with laboratory and office spaces.
Building areas consist of two primary laboratories of 330 sq m (3600 sq ft) and eighty sqg m (900
sq ft), eight support laboratories (217 sq m, 2340 sq ft), and six supplemental areas (130 sq m,
1430 sq ft). Conference and office space are allocated to twelve rooms totaling 244 sq m (2570 sq
ft). One of the primary laboratories contains the TRIGA reactor pool, biological shield structure,
and neutron beam experiment area. A second primary laboratory has walls 1.3 meter (4.25 ft) thick
for use as a general-purpose radiation experiment facility. Other areas of the building include
shops, instrument & measurement laboratories, and material handling facilities. An Annex was
installed adjacent to the NETL building in 2005, a 24- by 60-foot modular building. The annex
provides classroom space and offices for graduate students working at the NETL.

1.2.3. Reactor

The largest room in the NETL building is a vault-type enclosure that serves as a confinement
volume for the UT TRIGA nuclear research reactor. The TRIGA Mark Il reactor is a versatile and
inherently safe research reactor conceived and developed by General Atomics to meet education
and research requirements. The UT-TRIGA reactor provides sufficient power and neutron flux for
comprehensive and productive work in many fields including physics, chemistry, engineering,
medicine, and material science.

The NETL UT-TRIGA reactor is an above-ground, fixed-core research reactor. The reactor core
is located at the bottom of an 8.2-meter-deep water-filled tank surrounded by a concrete shield
structure (Figure 1.1). The water serves as a coolant, neutron moderator, and radiation shield. The
reactor core is surrounded by a graphite cylinder acting as a neutron reflector. Details of the reactor
are provided in Chapter 4, Reactor.
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Figure 1.1, UT TRIGA Mark Il Nuclear Research Reactor

1.2.3.a. Reactor Core

The reactor core is an assembly of cylindrical fuel elements surrounded by an annular graphite
neutron reflector. Fuel elements are positioned by an upper and lower grid plate, with penetrations
of various sizes in the upper grid plate to allow insertion of experiments. Each fuel element consists
of a fueled region with graphite sections at top and bottom, contained in a thin-walled stainless
steel tube. The fuel region is a metallic alloy of low-enriched uranium in a zirconium hydride
(UZrH) matrix. Physical properties of the TRIGA fuel provide an inherently safe operation. Rapid
power transients to high powers are automatically suppressed without using mechanical control.
The reactor quickly and automatically returns to normal power levels. Pulse operation, a normal
mode, is a practical demonstration of this inherent safety feature.
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Figure 1.2, Core and Support Structure Details

1.2.3.b. Reactor Reflector

The reflector is a graphite cylinder in an aluminum-canister. A ten inch well in the upper surface
of the reflector accommodates an irradiation facility, the rotary specimen rack (RSR), and
horizontal penetrations through the side of the reflector allow extraction of neutron beams. In 2000
the canister was flooded to limit deformation stemming from material failure in welding joints. In
2004, the reflector was replaced with some modifications, including a modification to the upper
grid plate for more flexible experiment facilities.

1.2.3.c. Reactor Control

The UT-TRIGA research reactor can operate continuously at steady-state powers up to 1.1 MW,
or in the pulsing mode with maximum power levels in the GW range for periods of up to ten milli-
seconds. The pulsing mode is particularly useful in the study of reactor kinetics and control. The
power level of the UT-TRIGA is controlled by a regulating rod, two shim rods, and a transient rod.
The control rods are fabricated with integral extensions containing fuel (regulating and shim rods)
or air (transient rod) that extend through the lower grid plate for full span of rod motion. The
regulating and shim rods are fabricated from boron-carbide contained in stainless steel tubes. The
transient rod is a solid cylinder of boron-carbide clad in aluminum. Removal of the rods from the
core allows the rate of neutron induced fission (power) in the uranium-zirconium-hydride (UZrH)
fuel to increase. The regulating rod can be operated by an automatic control rod that adjusts the
rod position to maintain an operator-selected reactor power level. The shim rods provide coarse
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control of reactor power. The transient rod can be operated by pneumatic pressure to permit rapid
changes in control rod position. The transient rod moves within a perforated aluminum guide tube.

The UT-TRIGA research reactor rod control system uses a compact microprocessor-driven control
system. The digital control system provides a unique facility for performing reactor physics
experiments as well as reactor operator training. This advanced system provides for flexible and
efficient operation with precise power level and flux control, and permanent retention of operating
data.

1.2.4. Experiment Facilities

Facilities for positioning samples or apparatus in the core region include cut-outs fabricated in the
upper grid plate, a central thimble in the peak flux region of the core, a rotary specimen rack in the
reactor graphite reflector, and a pneumatically operated transfer system accessing the core in an
in-core section. Beam ports, horizontal cylindrical voids in the concrete shield structure, allow
neutrons to stream out away from the core. Experiments may be performed inside the beam ports
or outside the concrete shield in the neutron beams. Areas outside the core and reflector are
available for large equipment or experiment facilities. A brief description of the facilities follows;
more complete descriptions are provided in Chapter 10 as well as Chapter 4.

1l.24.a. Upper Grid Plate 7L and 3L Facilities

The upper grid plate of the reactor contains four removable sections configured to provide space
for experiments otherwise occupied by fuel elements (two three-element and two seven-element
spaces). Containers can be fabricated with appropriate shielding or neutron absorbers to tailor the
gamma and neutron spectrum to meet specific needs. Special cadmium-lined facilities have been
constructed that utilize three element spaces.

1.2.4.b. Central Thimble

The reactor is equipped with a central thimble for access to the point of maximum neutron flux.
The central thimble is an aluminum tube extending through the central penetration of the top and
bottom grid plates. Typical experiments using the central thimble include irradiation of small
samples and the exposure of materials to a collimated beam of neutrons or gamma rays.

12.4.c. Rotary Specimen Rack (RSR)

A rotating (motor-driven) multiple-position specimen rack located in a well in the top of the
graphite reflector provides for irradiation and activation of multiple samples and/or batch
production of radioisotopes. Rotation of the RSR minimizes variations in exposure related to
sample position in the rack. Samples are loaded from the top of the reactor through a tube into the
RSR using a specimen lifting device. A design feature provides the option of using pneumatic
pressure for inserting and removing samples.
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1.2.4.d. Pneumatic Tubes

A pneumatic transfer system supports applications using short-lived radioisotopes. The in-core
terminus of the system is normally located in the outer ring of fuel element positions, with specific
in-core sections designed to support thermal and epithermal irradiations. The sample capsule is
conveyed to a sender-receiver station via pressure differences in the tubing system. An optional
transfer box permits the sample to be sent and received to three different sender-receiver stations.
One station is in the reactor confinement, one is in a fume hood in a laboratory room, and the third
operates in conjunction with an automatic sample changer and counting system.

1.2.4.e. Beam Port Facilities

Five neutron beam ports penetrate the concrete biological shield and reactor water tank at core
level, as shown in Figurel.3. The beam ports were designed with different characteristics to
accommodate a wide variety of experiments. Specimens and/or equipment supporting experiment
programs may be placed inside a beam port or outside the beam port in a neutron beam from the
beam port.

BP #3

Reflector

(Graphite)

BP #5 BP #1

Biological Shield
(Concrete)

Figure 1.3, Beam Ports

Shielding reduces radiation levels outside the concrete biological shield to safe values when beam
ports are not in use. Beam port shielding is configured with an inner shield plug, outer shield plug,
lead-filled shutter, and circular steel cover plate. A neutron beam coming from a beam port may
be modified by using collimators, moderators and/or neutron filters. Collimators are used to limit
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beam size and beam divergence. Moderators and filters are used to change the energy distribution
of neutrons in beams (e.g., cold moderator).

Beam Port 1 (BP1). BP1 is connected to BP5, forming a through port. The through port penetrates
the graphite reflector tangential to the reactor core, as seen in Figure 5-2. This configuration allows
introduction of specimens adjacent to the reactor core to gain access for neutron ad/or gamma
irradiation. Equipment supporting testing of electronic components and systems has been designed
and used in BP-1. Alternately BP-1 can provide beams of thermal neutrons with relatively low
fast-neutron and gamma-ray contamination for external neutron irradiation.

Beam Port 2 (BP2). BP2 is a tangential beam port, terminating at the outer edge of the reflector.
A void in the graphite reflector extends the effective source of neutrons into the reflector for a
thermal neutron beam with minimum fast-neutron and gamma-ray backgrounds. Tangential beams
result in a "softer" (or lower average-) energy neutron beam because the beam consists of scattered
reactor neutrons. BP2 has supported neutron depth profiling applications and prompt-gamma
neutron activation analysis and is currently being used for irradiation of cryogenically cooled
gaseous material.

Neutron Depth Profiling (NDP). Some elements produce charged particles with characteristic
energy in neutron interactions. When these elements are distributed near a surface, the particle
energy spectrum is modulated by the distance the particle traveled through the surface. NDP uses
this information to determine the distribution of the elements as a function of distance to the
surface.

Prompt-Gamma Neutron Activation Analysis (PGNAA). Characteristic gamma radiation is
produced when a neutron is absorbed in a material. PGNAA analyzes gamma radiation to identify
the material and concentration in a sample. PGNAA applications include: i) determination of B
and Gd concentration in biological samples which are used for Neutron Capture Therapy studies,
ii) determination of H and B impurity levels in metals, alloys, and semiconductor, iii) multi-
element analysis of geological, archeological, and environmental samples for determination of
major components such as Al, S, K, Ca, Ti, and Fe, and minor or trace elements such as H, B, V,
Mn, Co, Cd, Nd, Sm, and Gd, and iv) multi-element analysis of biological samples for the major
and minor elements H, C, N, Na, P, S, Cl, and K, and trace elements like B and Cd.

Cryogenically Cooled Gas Irradiation. Small quantities of gas are condensed to a solid phase on
a cold-head in BP-2. The irradiation provides research quantities of high specific-activity neutron
activated radioisotopes.

Beam Port 3 (BP3). BP3 is a radial beam port. BP3 pierces the graphite reflector and terminates at
the inner edge of the reflector. This beam port permits access to a position adjacent to the reactor
core and can provide a neutron beam with relatively high fast-neutron and gamma-ray fluxes. BP3
contains the Texas Cold Neutron Source Facility, a cold source and neutron guide system.

Texas Cold Neutron Source. The TCNS provides a low background subthermal neutron beam for
neutron reaction and scattering research. The TCNS consists of a cooled moderator, a heat pipe, a
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cryogenic refrigerator, a vacuum jacket, and connecting lines. The TCNS uses an eighty milliliters
mesitylene moderator, maintained by the cold source system at ~36 K in a chamber within the
reactor graphite reflector. A three-meter aluminum neon heat pipe, or thermosyphon, is used to
cool the moderator chamber. The heat pipe working fluid evaporates at the moderator chamber
and condenses at the cold head.

Cold neutrons from the moderator chamber are transported by a 2-m-long neutron guide inside the
beam port to a 4-m-long neutron guide (two 2-m sections) outside the beam port. Both neutron
guides have a radius of curvature equal to 300 m. All reflecting surfaces are coated with Ni-58.
The guide cross-sectional areas are separated into three channels by 1-mm-thick vertical walls that
block line-of-sight radiation streaming.

Prompt Gamma Focused-Neutron Activation Analysis Facility. The UT-PGAA facility utilizes the
focused neutron beam. The PGAA sample is located at the focal point of the converging guide
focusing system to provide an enhanced reaction rate with lower background at the sample-
detector area as compared to other facilities using filtered thermal neutron beams. The sample
handling system design permits the study of a wide range of samples and quick, reproducible
sample-positioning.

The neutron guide and capillary focusing assembly may be used independent of the TCNS
utilization.

Beam Port 4 (BP4). BP4 is a radial beam port that terminates at the outer edge of the reflector. A
void in the graphite reflector extends the effective source of neutrons to the reactor core. This
configuration is useful for neutron-beam experiments which require neutron energies higher than
thermal energies.

Beam Port 5 (BP5). A Neutron Radiography Facility is installed at BP5. Neutrons from BP5
illuminate a sample. The intensity of the exiting neutron field varies according to absorption and
scattering characteristics of the sample. A conversion material generates light proportional to the
intensity of the neutron field as modified by the sample.

1.3. OTHER EXPERIMENT AND RESEARCH FACILITIES

The NETL facility makes available several types of radiation facilities and an array of radiation
detection equipment. In addition to the reactor, facilities include a subcritical assembly, various
radioisotope sources, machine produced radiation fields, and a series of laboratories for
spectroscopy and radiochemistry.

1.4. OVERVIEW OF SHARED FACILITIES AND EQUIPMENT
Utilities are provided (underground) by the Pickle research Campus infrastructure. Chill water for

HVAC and pool cooling is provided by a central chill water plant. Electrical power is provided by
a transformer near the NETL.
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1.5. OTHER TRIGA FACILITIES

The inherent safety of this TRIGA reactor has been demonstrated by the extensive experience of
similar TRIGA systems throughout the world. Forty-eight TRIGA reactors are now in operation
worldwide, and thirty-one of these are pulsing reactors. TRIGA reactor installations in the
U.S. are reflected in Table 1.1 (shutdown or decommissioned) and 1.2 (currently operating).
TRIGA reactors have more than 450 reactor years of operating experience, over 30,000 pulses,
and more than 15,000 fuel element years of operation. Safety arises from a large, prompt negative
temperature coefficient that is characteristic of uranium zirconium hydride fuel-moderator elements
used in TRIGA systems. As the fuel temperature increases, this coefficient immediately
compensates for reactivity insertions. The result is that reactor power excursions are terminated
quickly and safely.

Table 1.1, Shutdown or Decommissioned U.S. TRIGA Reactors

Thermal T Initial

Power (kW) ype Critical
GA-TRIGA I 1,500.00 TRIGA MARK 1Il  1/1/1966
TRIGA MK F, NORTHRUP 1,000.00 TRIGA MARK F  1/1/1963
UT TRIGA UNIV TEXAS 250 TRIGA MARK | 1/1/1963
BRR UC BERKELEY 1,000 TRIGA MARK 1Il  8/10/1966
TRIGA MK | MICH ST UNIV 250 TRIGA MARK | 3/21/1969
TRIGA COLUMBIA UNIV 250 TRIGA MARK Il 1/1/1977
TRIGA PUERTO RICO NUC CTR 2,000 TRIGA CONV 8/1/1960
UI-TRIGA UNIV. ILLINOIS 1,500 TRIGA MARK Il 7/23/1969
NRF NEUTRON RAD FACILITY 1,000 TRIGA MARK | 3/1/1977
TRIGA CORNELL 500 TRIGA MARK Il 1/1/1962
DORF TRIGA MARK F 250 TRIGA MARK F  1/1/1961
ATUTR 250 TRIGA MARK | 1/1/1989
GA-TRIGAF 250 TRIGA MARK | 7/1/1960
GA-TRIGA | 250 TRIGA MARK | 5/3/1958
UI-TRIGA MK | 100 TRIGA MARK | 8/1/1960
TRIGA, VET. ADMIN. 20 TRIGA MARK | 6/26/1959
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Table 1.2, U.S. Operating Research Reactors Using TRIGA Fuel

Thermal Initial

Power (kW) Type Critical
ANN. CORE RES. REACTOR (ACRR) 4,000 TRIGA ACPR 6/1/1967
UC DAVIS/MCCLELLAN N. RAD.
CENTER 2,000 TRIGA MARK 11 1/20/1990
OSTR, OREGON STATE UNIV. 1,100 TRIGA MARK |1 3/8/1967
TRIGA 11 UNIV. TEXAS 1,100 TRIGA MARK |1 3/12/1992
NSCR TEXAS A&M UNIV. 1,000 TRIGA CONV 1/1/1962
UWNR UNIV. WISCONSIN 1,000 TRIGA CONV 3/26/1961
WSUR WASHINGTON ST. UNIV. 1,000 TRIGA CONV 3/13/1961
PSBR PENN ST. UNIV. 1,000 TRIGA CONV 8/15/1955
AFRRI TRIGA 1,000 TRIGA MARK F 1/1/1962
GSTR GEOLOGICAL SURVEY 1,000 TRIGA MARK | 2/26/1969
DOW TRIGA 300 TRIGA MARK | 7/6/1967
ARRR 250 TRIGA CONV 7/9/1964
RRF REED COLLEGE 250 TRIGA MARK | 7/2/1968
UCI, IRVINE 250 TRIGA MARK | 11/25/1969
KSU TRIGA MK 11 1,250 TRIGA MARK |1 10/16/1962
NRAD 250 TRIGA MARK |1 10/12/1977
MUTR UNIV. MARYLAND 250 TRIGA MODIFIED 12/1/1960
TRIGA UNIV. UTAH 100 TRIGA MARK | 10/25/1975
UNIV. ARIZONA TRIGA 100 TRIGA MARK | 12/6/1958

The prompt shutdown mechanism has been demonstrated extensively in many thousands of
transient tests performed on two prototype TRIGA reactors at the GA Technologies laboratory
in San Diego, California, as well as other pulsing TRIGA reactors in operation. These tests
included step reactivity insertions as large as 3.5% Ok/k with resulting peak reactor powers up
to 8400 MW(t) on TRIGA cores containing similar fuel elements as are used in this TRIGA
reactor.

Because the reactor fuel is similar, the experience and tests from other TRIGA installations
apply to this TRIGA system. As a result, it has been possible to use accepted safety analysis
techniques applied to other TRIGA facilities to update evaluations with regard to the
characteristics of this facility.

1.6. SUMMARY OF OPERATIONS

The UT TRIGA reactor has operated routinely since 1991 except for the time required
implementing a digital control system as a planned upgrade, and time to replace a failed reflector.
The number of days of reactor operation by year is provided in Figure 1.4A, and the total energy
generation per year in Table 1.4B. The reactor is operated to meet demands of experimental
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programs and service work, with the only limit on operating time associated with personnel

availability.
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Figure 1.4A, Days of Operation per Year

1.7. COMPLIANCE WITH NWPA OF 1982

Compliance with NWPA of 1982 is assured by the Department of Energy. A copy of the fuels
assistance contract is provided in Chapter 15.

1.8. FACILITY HISTORY & MODIFICATIONS

The Department of Mechanical Engineering of the Cockrell School of Engineering at UT-Austin
supports a Nuclear and Radiological Engineering Program. Development of the nuclear
engineering program was an effort of both physics and engineering faculty during the late 1950's
and early 1960's. The program subsequently became part of the Mechanical Engineering
Department where it currently resides. The program installed and operated the first UT TRIGA
nuclear reactor in Taylor Hall on the main campus with initial criticality in August 1963, rated for
ten kilowatts; the license was upgraded for 250 kilowatts operations in 1968. The Taylor Hall
reactor operated for 25 years.

In October 1983, planning was initiated for the NETL to replace the original UT TRIGA
installation. Construction was initiated in December 1986 and completed in May 1989. The NETL
facility operating license was issued in January 1992, with initial criticality on March 12, 1992.
Dismantling and decommissioning of the first UT TRIGA reactor facility was completed in
December 1992.

The original computers supporting the control console have been replaced, and the operating

system changed from DOS to a Unix based system. In December 1999, a reflector failure was
identified. The reflector was subsequently replaced.
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2. SITE DESCRIPTION

The site for the TRIGA reactor facility is located in the east tract of the J.J. Pickle Research
Campus, an area owned and operated by The University of Texas at Austin. The Research Center
is located in northern Travis County and the City of Austin about 11.6 kilometers north-northwest
of The University of Texas at Austin campus. Figures 2.1 to 2.4 display the facility locations in
relation to surrounding areas. Located near the transition line between hill country and rolling
plains, the site is situated about 7.4 kilometers from where the flood-controlled Colorado river
crosses the transition region and Balcones fault zone. The J.J. Pickle Research Campus east and
west tracts span part of the inactive fault zone. The east tract is within the transition region to
rolling plains.

The TRIGA reactor is located in the northeast region of the research center east tract. The site
location is adjacent to the north boundary of the research center near to the eastern boundary. The
location is near the intersection of Braker Lane and Burnet Road. Figure 2.4 shows the site location
within the JJ Pickle Research Campus.

2.1. GENERAL LOCATION AND AREA

Major activities of The University of Texas at Austin, State of Texas government, and City of
Austin business district are centered at respective distances of 11.6, 12.6, and 12.9 kilometers to
the south-southwest. Distances to air traffic landing facilities in the area are approximately 15
kilometers to the Austin Executive Airport and 16 kilometers to the Breakaway Park Airport. The
nearest large commercial airport (Austin-Bergstrom International Airport) is approximately 22
kilometers from the NETL building.

A total area of 1.87 square kilometers is contained within the Research Center area east of Loop 1
(Mopac). The east side of the Center is bounded by a State highway, FM 1325, known as Burnet
Road, and the west side is bounded by a Federal highway, US 183. The two tracts are divided by
a rail line, formerly the Missouri-Pacific, with 0.93 square kilometers in the east tract and 0.94
square kilometers in the west tract of land. Highway intersections of US 183 with Burnet Road
and with Loops 1 and 360 are within two kilometers of the site.

An area of about 9000 square meters in a rectangular shape of 120 meters by 75 meters will
comprise the general site location. The 120-meter length is along the north research center
boundary. Areas for parking, landscape and access roads are within the general site area. A buffer
zone exists between the site area and activities or structures to the east and west. To the west the
buffer zone is about 55 meters by 75 meters with parking also about 60 meters by 75 meters. The
east buffer region is primarily open space that will provide access to other development projects
north of the general site area.
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Figure 2.2, Travis County
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Figure 2.3, City of Austin
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Most areas adjacent to the Research Center are developed for mixed commercial and industrial
activities including warehouses, manufacturing facilities, and small business parks (see Figure
2.5). Mixed commercial and industrial areas south and east of the Research Center are bounded by
highway US 183, highway FM 1325 (Burnet Road), and the Texas New Orleans Railroad to the
east. Approximately 2.2 square kilometers of land are enclosed by the area. Much of the remaining
area to the west of the Research Center is bounded by highway US 183 and Loop 1 (Mopac) and
is residentially and commercially developed, with the Gateway shopping center and multiple
apartment complexes. On the southwest side of the intersection of West Braker Road and Loop 1
is the West Pickle Research Building, shown in Figure 2.4. Immediately north of the JJ Pickle
Research Campus east tract is a 2.3 square kilometer commercial complex. Residential areas are
located beyond adjoining areas around the JJ Pickle Research Campus with distances from the
reactor facility site of 1.2 kilometers to 2.0 kilometers. Few residential structures for either
multifamily or single-family units are located within a radius of 1.2 kilometers of the reactor site.

2.2. POPULATION AND EMPLOYMENT

Austin is composed primarily of governmental, business, and professional persons with their
families. The city has substantial light industry with little heavy industry. Many of the persons in
the local labor force are related to activities of the City and its role as a State Capitol, the University
and its educational and research programs, or the growing computer-based industries that have
established headquarters in the Austin metropolitan area. Travis County has experienced
substantial and steady population growth rates over the last several decades. Information on the
population of the City of Austin and Travis County is contained in Table 2.1.

Since this facility’s first criticality in 1992, the Austin population has increased from 466,000 to
974,447 in 2022, an over 100% increase. The growth rate slowed down from 2000-2004, but it has
steadily increased from then. According to the 2020 census and predictive data, the growth rate
will decrease over the next decade; however, the 2025 predicted population is 1,022,602 in Austin
and 1,538,624 in Travis County. The annual growth rate in 2022 was 1.50% for Austin and 2.75%
for Travis County.

Land usage of the area around JJ Pickle Research Campus is shown in Figure 2.5. The campus is
surrounded by commercial mixed-use buildings, including multiple shopping centers. There is a
small amount of mixed living areas within several miles of NETL, including apartments and small
homes. Population densities for Travis County are listed in Table 2.2 with a map of demarcation
lines in Figure 2.6. Population density in the area containing NETL, zip code 78758, has an average
of 5575 people per square mile. This is high compared to other densities in the area because this
zip code includes a large tract of residential areas on the far east side. The Research Campus is on
the far west side of the zip code, bordering zip code 78759 with 3153 people per square mile.
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Table 2.1, Austin and Travis County Population Trends!

City of City .Of City .Of i

Austin Annual | Austin A.US'FII‘] Travis Annual | Five Annual
vear | Total Area Growth | Full Limited County Growth | County Growth

Population Rate Purpose Purpose Rate MSA Rate

Population | Population

1940 87,930 111,053 214,603
1950 132,459 4.2% 160,980 3.8% 256,645 1.8%
1960 186,545 3.5% 212,136 2.8% 301,261 1.6%
1970 251,808 3.0% 295516  3.4% 398,938 2.8%
1980 345,890 3.2% 419,573  3.6% 585,051 3.9%
1990 465,622 3.0% 576,407 3.2% 846,227 3.8%
2000 656,562 3.5% 639,185 17,377 812,280 3.5% 1,249,763 4.0%
2001 669,693 2.0% 654,019 15,674 830,150 2.2% 1,314,344 5.2%
2002 680,899 1.7% 667,705 13,194 844,263 1.7% 1,353,122 3.0%
2003 687,708 1.0% 674,382 13,326 856,927 1.5% 1,382,675 2.2%
2004 692,102 0.64% 678,769 13,333 874,065 2.00% 1,419,137 2.6%
2005 700,407 1.20% 687,061 13,346 893,295 2.20% 1,464,563 3.2%
2006 718,912 2.64% 707,952 10,960 920,544 3.05% 1,527,040 4.3%
2007 735,088 2.25% 724,117 10,971 948,160 3.00% 1,592,590 4.3%
2008 750,525 2.10% 739,543 10,982 978,976  3.25% 1,648,331 3.5%
2009 774,037 3.13% 765,957 8,080 1,008,345 3.00% 1,706,022 3.50%
2010 790,390 2.11% 777,953 12,437 1,024,266 1.58% 1,716,289 0.60%
2011 807,536 2.17% 799,578 12,447 1,050,858 2.6% 1,763,487 2.75%
2012 824,682 2.12% 813,776 12,459 1,077,450 2.53% 1,811,983 2.75%
2013 841,828 2.08% 828,223 12,472 1,104,042 2.47% 1,861,812 2.75%
2014 858,974 2.04% 845,024 12,484 1,130,634 2.41% 1,917,667 3.00%
2015 876,120 2.00% 860,018 12,497 1,157,226 2.35% 1,975,197 3.00%
2016 893,266 1.96% 875,274 12,509 1,183,818 2.3% 2,034,453 3.00%
2017 910,412 1.92% 890,798 12,522 1,210,410 2.25% 2,100,572 3.25%
2018 927,558 1.88% 906,594 12,534 1,237,002 2.2% 2,168,841 3.25%
2019 944,704 1.85% 922,666 12,547 1,263,594 2.15% 2,239,328 3.25%
2020 963,121 1.95% 936,682 12,559 1,290,188 2.1% 2,306,508 3.00%
2025 1,022,602 1.50% 1,009,984 12,618 1,538,624 2.75% 2,673,875 3.00%
2030 1,101,633 1.50% 1,089,002 12,631 1,740,812 2.50% 3,062,318 2.75%
2035 1,172,228 1.25% 1,159,584 12,644 1,819,686 2.25% 3,464,732 2.50%
2040 1,232,023 1.00% 1,219,367 12,656 1,921,997 2.00% 3,920,026 2.50%

! Population figures are as of April 1 of each year.
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Table 2.2, Travis County 2023 Austin Population Density Distribution by Zip Code

pg. 2-9

Zip Code | Population Density
(pop/square mile)

78705 15685.1
78751 6559

78752 6339

78701 5967.5
78741 5758.6
78704 5613.2
78758 5575.3
78756 5568.6
78753 5176.8
78757 5153

78723 5109.9
78702 4777.2
78745 4528.7
78722 4378.5
78727 3856.7
78748 3780.7
78703 3748.6
78749 3707.2
78728 3262.2
78759 3152.6
78729 3129.3
78721 3004

Zip Code | Population Density
(pop/square mile)

78731 2959.7
78717 2594.1
78750 2502.1
78744 2144
78754 1958.5
78739 1715.2
78732 1251.5
78746 1180.2
78726 11455
78724 962.5
78735 947.4
78734 931.2
78747 930
78733 830.1
78737 679.4
78738 635.4
78730 610.4
78725 494.4
78736 424.8
78712 361.3
78742 178.9
78719 93.8
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18617

78719 /
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Figure 2.6, 2023 Zip Code Boundaries (the J.J. Pickle Research Campus is located in 78758 and
adjacent to 78759)
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Research activities at the J.J. Pickle Research Campus are diverse and have greatly expanded since
the construction of NETL. Research ranges from archeological research on non-vertebrate and
vertebrate paleontology to structural engineering to a center for energy and environmental
resources. A full list is compiled on the UT Library site?. It is difficult to put a number on how
many people work at J.J. Pickle, since the majority of permanent staff have offices on UT main
campus, and most other staff are part-time student research assistants. However, at the height of a
workday during a semester, there are upwards of 1500 people on the Pickle Research Campus.

Immediately adjacent to the NETL building is the geology building (see Figure 2.4), which houses
the Institute for Geophysics, the Bureau of Economic Geology, other research groups, and some
administrative offices. Expansion of other activities near the NETL site is possible in the future.

2.3. CLIMATOLOGY

Austin is located in central Texas at the junction of the Colorado River and the Balcones
escarpment, separating the Texas Hill Country from the prairies to the east. Elevations within the
city limits vary from 400 feet in the east/southeast to just above 1000 feet above sea level on the
northwest side as you begin to enter into the Hill Country. Given these large changes in elevation,
weather conditions at any one time can sometimes differ between various sectors of the city and
metro area.

Austin belongs to the Humid Subtropical Climate under the Koppen Climate Classification. This
climate is characterized by long, hot summers and short, mild winters, with warm spring and fall
transitional periods. Austin averages around 35.5 inches of rainfall per year, with May, October,
and June being the wettest months of the year, in that order. Austin has two automated surface
observation system (ASOS) sites.

Winter in Austin is typically characterized by relatively mild temperatures and a general lack of
precipitation. During winter, the area is alternately influenced by a continental air mass regime,
with winds from the north and west and drier air, and by a modified maritime air mass regime,
with south and southeast winds and moist air from the Gulf of Mexico. Mild weather prevails
during most of the winter. January is the coldest month of the year, with normal highs in the low
60s and normal lows in the low 40s. Very strong arctic fronts will occasionally usher in frigid
conditions to central Texas. The coldest low in recorded history was -2 on January 31, 1949.
Significant wintry precipitation, in the form of freezing rain, sleet, or snow, impacts the Austin
area on average about once every two years (significant meaning enough to cause large impacts to
travel, etc.). The largest snowstorm on record occurred on November 22-23, 1937, in which 11
inches of snow was recorded. The most recent snowstorm occurred on February 14-15, 2021, in
which 6.4 inches of snow fell.

Normal winter (DJF) precipitation is 7.25 inches, which comprises about 20% of the yearly
precipitation. It is not particularly uncommon for there to be very warm days in winter in Austin.
The hottest winter day on record was February 21, 1996, in which Austin reached 99 degrees. Late

2 "Pickle Research Campus." University of Texas Libraries. Web. 09 June 2011. <http://www.lib.utexas.edu/blsc/>.
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winter is also typically the peak of fire weather season across the area. Very dry air and gusty
northerly winds that filter into the region behind passing cold fronts, as well as the generally dry
conditions, create favorable conditions for wildfires. Summers in Austin are long and hot. Normal
highs reach 90 degrees by May 26 and remain above 90 until September 23. Temperatures reach
their peak in the first half of August, with normal highs in the upper 90s and lows in the mid-70s.
The hottest temperature on record is 112 degrees, which was reached on September 5, 2000, and
again on August 28, 2011. Normal summer overnight lows range from the low to mid 70s.
Southeast winds transporting moisture from the Gulf of Mexico can increase humidity values,
taking heat indices up above 110 degrees on occasion. The hottest summer and second hottest year
on record occurred in 2011, in which there were 90 days with temperatures reaching or exceeding
100 degrees.

June is now the third wettest month of the year, with an average of 3.68 inches of rain. July and
August tend to be relatively dry. Normal summer (JJA) precipitation is 8.38 inches, comprising
about 23% of the yearly precipitation. Precipitation is relatively evenly distributed throughout the
year with heaviest amounts occurring in May, October, and June, in that order. Precipitation in the
spring and summer usually results from thunderstorms. Thunderstorms in Austin can be very
efficient rainmakers, with large amounts of rain falling within short periods of time. Rainfall
amounts have exceeded 5 inches in several hours. The record for two-day rainfall occurred on
September 9-10, 1921, in which 19.03” of rain fell. Austin has a history of devastating flash floods.
Rainfall in the late summer and fall is typically controlled largely by any land-falling tropical
weather systems. Average yearly rainfall is 36.25 inches. Extremes vary from 11.42 inches in 1954
to 65.31 inches in 19109.

Prevailing winds are typically southerly; however, in winter, northerly winds are about as frequent
as those from the south, depending on the frequency of passing cold fronts through the region.
Average sunshine varies from about 50 percent in the winter to nearly 75 percent in the summer.
Low stratus clouds frequently develop at night and in the early morning hours during all seasons
with south and southeast winds, as Gulf moisture is lifted from the coastal plains to the higher
terrain over the Balcones Escarpment. On some days, these clouds do not dissipate, persisting all
day. In the winter, these stratus clouds may be accompanied by fog and drizzle, as south and
southeast winds brings Gulf moisture over the top of a shallow layer of cold air at the surface.
Aggregate wind data is provided in Figure 2.6 as a wind rose.

The average occurrence of the first freeze is November 29 and the average occurrence of the last
freeze is February 25 for the 120+ year period of record. Over just the 30 years from 1991-2020,
the average first freeze is on December 1st and the average last freeze is much earlier, on February
15th. The earliest first freeze on record was October 26, 1924 and the latest last freeze was on
April 9, 1914. The average occurrence of the first 100 degree day is July 9th and the average
occurrence of the last 100 degree day is August 21st, although over the last 30 years this average
is August 30th. The earliest 100 degree day on record was May 4, 1984 and the latest 100 degree
day on record was on October 2, 1938.

The severe weather season in Austin is primarily March through May. The majority of severe
weather comes in the form of large hail and strong winds. Tornadoes are not particularly common
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but do occur on occasion. The vast majority of these tornadoes are relatively weak, ranging from
EF-0 to EF-1 on the Enhanced Fujita Scale. However, incidentally the last F/EF-5 tornado to occur
in the state of Texas occurred in Jarrell, TX, just north of Austin in Williamson County, on May
27,1997. There have been 16 (F1) tornados in Austin between 2001 and 2015 (Table 2.3).

Tropical storms impact Austin on rare occasions (Figure 2.7 and Figure 2.8). The primary threat
to the Austin region from tropical storms is heavy rain causing flooding. The most recent tropical
storm to impact Austin was Hurricane/Tropical Storm Harvey in late August 2017. Austin Camp
Mabry received 7.94 inches of rain from Harvey while Austin Bergstrom received 10.07 inches.

Table 2.3, F1 Tornados in Austin, TX
Date Number

5/25/2015 7
1/25/2012
4/27/2009
3/25/2005
12/23/2002
11/15/2001

B, R, N R

75755

Longitude; -99.2734 ‘

Figure 2.7, Tropical Storm Paths W|th|n 50 Nautical Miles of Austin Texas (All Recorded
Hurricanes Rated H1 and UP)
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B 410
40 mi Latitude: 31.3077 Longitude:

Figure 2.8, Tropical Storm Paths within 50 Nautical Miles of Austin Texas (All Recorded
Storms Rated TROP or SUBTROP)

(s 1‘«.} Windrose Plot for [ATT] Austin - City/Camp Mabry
\IEM ;i Obs Between: 01 Jan 1970 03:00 AM - 27 Feb 2023 04:51 AM America/Chicago

N

Summary
Obs Used: 445017
Obs Without Wind: 58039

Avg Speed: 7.3 mph

Calm values are < 2.0 mph
Bar Convention: Meteorology
Flow arrows relative to plot center. s
Generated: 27 Feb 2023
Wind Speed [mph]
. 2-49 W 5-69 7-9.9 10-149 mmm 15-19.9 mmm 20+

Figure 2.9, Austin Wind Rose Data®

3 lowa State University, lowa Environment Mesonet, https://mesonet.agron.iastate.edu/ (accessed on August 2,
2023).
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The hottest year on record in Austin occurred in 2017, with an average temperature of 72.1 degrees.
The coldest year on record in Austin occurred in 1899, with an average temperature of 65.8
degrees. Tables 2.4 through Table 2.8 provide historical Austin meteorological data.
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