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2004 NETL Annual Report
EXECUTIVE SUMMARY

The Nuclear Engineering Teaching Laboratory (NETL) facility continues to support the
academic and research missions of The University of Texas but has begun to provide these
support functions to other institutions. The NETL and NRE programs received an Innovations
in Nuclear Infrast‘ructure and Education (INIE) grant from the DOE in June of 2002. The INIE
Southvrest Consortium is a partnership between the University of Texas, Texas A&M University,
the University of New Mexico and the Sandia National Laboratories. The funds from this
program have permitted significant upgrades of the experimental facilities- and rescarch
programs. The environmental research and analysis services performed by the NE;;L during; this
past year. supported the Sandia National Laboratories, Los Alamos National Lal;oratory, Oak
Ridge National Laboratory, the Canadian govemrh_ent, the National Oceanic and .Atmospheric

Administration, the University of Illinois, Texas A&M University and the State of Texas.
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FORWARD .

The mission of the Nuclear Engineering Teaching Laboratory at The University of
Texas at Austin is to:

* Educate the next generation of Ieaders in nuclear science and engineering.

¢ Conduct leading research at the forefront of the international nuclear community.

s Apply nuclear technology for solving multidisciplinary problems.

e Provide service to the citizens of Texas, the U.S., and the international community.

This objective is achieved by carrying out a well-balanced program of education, research,
and service. The NETL research reactor supports hands-on education in reactor physrcs and
nuclear science. ' In addition, students in non-nuclear ﬁelds such as physics, chemrstry, and

biologyv use the reactor in laboratory course work It may also be used in education

programs for nuclear power plant personnel, secondary schools students and teachers, and

the ger.eral pubhc

The NETL research reactor benefits a wide range of on-campus and off-campus
users, including academic, medical, industrial, and government organizations. The principal
services offered by our reactor involve material irradiation, trace element detection, material
analysis, and radiographic analysis - of objects and processes. Such services establish
beneficial links to off-campus users, expose faculty and students to multidisiplinary research
and commercial applications of nuclear science, and earn revenues to help support Nuclear

Engineering activities.

Sheldon Landvsberger
Director
- Nuclear Engineering Teaching Laboratory
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1.0 NUCLEAR ENGINEERING TEACHING LABORATORY

1.1 Introduction

Purmose of the Report

The Nuclear Engineering Teaching Laboratory (NETL) at The University of Texas at
Austin prepares an annual report of program activities. Information in this report provides an
introduction to the education, research, and service programs of the NETL. A TRIGA nuclear
reactor is the major experimental facility at the Laboratory. The reactor opcrates at power levels

up to 1100 kilowatts or with pulse reactivity insertions up to 2.2% Ak/k.

Figure 1-1 | NETL - Nuclear Engineering Teaching Laboratory

The annual.re;.)orts also satisfy requirements of the University Fuel Aesistﬁxlcc Program,
U.S. Department of Energy (DOE) [contract number DE-AC07-ER03919, Aﬁ]&{dnmnt A015;
C85-110742 Task Order 2, Mod. 1], and the licensing agency, the US Nuclear Regulatory
Commission (NRC) [docket number 50- 602] This annual report covers thc penod from J zmuary
1 2004 to December 31 2004

o S UL
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Availability of the Facility

The NETL facility serves a multipurpose role. The use of NETL by faculty, staff, and
students in the College of Engineering is the Laboratory's primary function. In addition, the
development and applicati‘on of nuclear methods are done to assist rescarchers from other
universities, industry, and government. NETL provides services to industry, government and
other laboratories for the testing and evaluation of materials. Public education through tours and

‘demonstrations is also a routine function of the laboratory operation.

Operating Regulations

Licensing of il_ctivities at NETL involve both Federal and State agcncic_s.;.if The nuclear
.rea'ctor'is subject to the terms and speciﬁcations of fNuclear Regulatory Commission (NRC)
License R-129, a class 104c research reactor license. - Another NRC license, _"S_NM-ISO, for
special nuclear material, provides for the use of a subcritical assembly with neutron sources.
Both licenses are responsibilities of the NETL. For general use of radioisotopes the university
mainteins a broad license with the State of Texas, L00485." Functions of the broad license are the

reéponsibility of the University Office of Environmental Health and Safety.

NETL History |

.Develo'pment 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 became part of the
‘Mechenical Engineering Department where it remains to this day. The program installed,
operatsd, and dismantled a TRIGA nuc]ear reactor at a site on the main campus-in the’
engineering building, Taylor Hall. Initial criticality for the first UT reactor was.Au‘guet 1963
with the final operation in April 1988. Power at startup was 10 kilowatte (1963) with one power
upgraéle to 250 kilowatts (1968). The tofal humup’ during a 25 year period fron;;“1§83 to 1988
was 26.1 megawatt-days. Pulse-c‘apability of the reactor was 1.4% Ak/k with a total of 476
pulses during the operatmg lustory Drsmantlmg and decommlssrommr of the f'rc111ty were
complated in December 1992. . ' '

Plannmg for a new facrhty, whrch led to the shutdown of the campus f'zcrhty, bcuan in
October 1983, wrth constructlon commencmg in December 1986 and contmumo until May 1989.

‘ The final llcense was 1ssued m January 1992 and initial crmcahty occurred on M'xrch 12,.1992.
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The new facility, including s‘upport laboratoriés, administrative offices, and the reactor is the
central location for all NETL activities.

Land use in the area of the NETL site began as an industrial site during the 1940's.
Following the 1950's, lease agreements between the University and the Federal govémmcnt led
to the creation of the Balcones Research Center. In the 1990's, the University became owner of
the sits, and in 1994 the site name was changed to the J.J. Pickle Research Campus to honor

retired U.S. Congressman James “Jake” Pickle.
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1.2  NETL Building

J.J. Pickle Research Campus

The J.J. Pickle-Research Campus (PRC) is a multidiscipline research campus with a site
area of 1.87 square kilometers. Areas of the site consist of two approximately equal eas: and
west tracts of land. An area of about 9000 square meters on the east tract is the location cf the
NETL building. Sixteen separate research units and at least five other academic research
programs, including the NETL facility, have research efforts with locations at the research
campus. Adjacent to the NETL site is the Center for Research in Water Resources and Burcau of
Economic Geology, which are examples of the diverse research activities on thé,campus. A
Commions Building prov_idés cafeteria service, recreatioh areas, meeting rooms, axfd conference

facilities. Access to the NETL site is shown in Figure 1-2.
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NETL Building Descfintion
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 sqm (3600 sq ft) and 80 sqm

(900 sq ft), eight support laboratories (217 sq m, 2340 sq ft), and six supplemental arcas (130 sq

" m, 1430 sq ft). Conference and office space is allocated to 12 rooms totaling 244 sq m (2570 sq

ft). Ore of the primary laboratories contains the TRIGA reactor pool, biological shield structure,
and the neutron beam experiment areas. A second primary laboratory consists of 1.3 meter (4.25
ft) thic walls for use as a general purpose radiation experiment facility. Other areas of the

building include support shops, instrument laboratories, measurement laboratories, and material

Laboratories, Equmment

The NETL facility makes available several types of radlatlon facnlmes and an array of
radiation detection eqmpment. In addition to the reactor, facilities include a subcritical assembly,
a gamma irradiator, various radioisotope sources, and several radiation producing machines.

The gamma irradiator 1 Isa multicurie cobalt-60 source with a design activity of 10,000
curies. The gamma irradiator is in permanent storage and is not currently available for use.

Radioisotopes are ‘available in millicurie quantltles for calibration of radiation detection

equipment.

Neutron sources of plutonium-beryllium and californium-252 are available. ‘A subcritical
assemtily of 20% enriched uranium in a polyethylene moderated cylinder provxdes an
experitnental device for laboratory demonstrations of neutron multiplication and neutron flux
measurements. .

Laboratories provide locations to setup radiation experiments, test instrumentation, prepare
materials for irra_dia_fiori, process radioactive samples and experiment with radiochemical

reactions.

5
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UT-TRIGA MARK II Research Reactor
The TRIGA Mark II nuclear reactor at the Nuclear Engineering 'feaching Laboratory of

2004 NETL A‘hnual Report

The University of Texas at Austin is an above-ground, fixed-core research reactor. The nuclear

core, containing uranium fuel, is located at the bottom of an 8.2 meter deep water-filled tank

surrounded by a concrete shield structure. The highly purified water in the tank serves as the

. reactor coolant, neutron moderator, and a transparent radiation shield. Visual and physical access

to the core is possible at all tlmes The TRIGA Mark II reactor is a versatile and inherently safe

research reactor conceived and developed by General Atomics to meet the rcqulrements of

education and research. The UT-TRIGA research reactor provides sufficient power and ncutn on

ﬂux for comprehenswe and productive work in many fields including physics, chemlstx Y,

' 'engmePrmg, medlcme and metallurgy. The word TRIGA stands for Training, Research Isotope

production, General Atomics.
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Reactor Description

Reactor Operation. The UT-TRIGA research reactor can operate continuously at noniinal

powers up to 1 MW, or in the pulsing mode where typical peak powers of 1500 MW can be
achieved for durations of about 10 msec. The UT-TRIGA with its new digital control system
provides a unique facility for performing reactor physics experiments as well as reactor operator
training. The pulsing operation is particularly useful in the study of reactor kinetics and control.
Neutrcens produced in the reactor core can be used in a wide variety of research applications
irl_ollr_df.ng nuclear reaction studies, neutron scattering experiments, and nuclear analytical and
irradiation servioes. | .!

Special heutron facilities include a rotary specimen‘rack which is located in'jthe reactor
graphite reflector, a pneumatlcally operated "rabbit" transfer system, whlch pcnetrates the rezctor
core and a central thlmble which allow's samples to be inserted into the peal\ flux reglon of the
core. L,ylmdrlcal vords in the concrete shield structure, called neutron beam ports, allow

neutrons to stream out away from the core. Experiments may be done insidc the beam ports or

outside the concrete shield in the neutron beams.

Nuclear Core. The reactor core is an assembly of about 100 fuel elements s_rin‘ounde(l by
an annular graphite neutron reﬂeotor. Each element consists of a fuel region capped at top and
bottom with a graphite section, all contained within a thin-walled stainless steel tube. The fuel
region is a metallic alloy of low-enriched uranium evenly distributed in zirconium hydrlde
(UZrH). The physncal properties of the TRIGA fuel provrde an inherently safe operatlon Rapid
power transients to hlgh powers are automatically suppressed without using mechanical control;
‘the reactor quickly retume to normal power levels. Pulse operation, which is a normal mode of
operation, is a practical demonstration of this inherent safety feature. | .

Reactor Reﬂector The 'llummum canned graphlte neutron reflector surroundmg the

reactor was ﬂooded in 2000 by the NETL staff to correct pressurization problcms The reflector

was replaced this reporting year with slight modification.
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Reactor Control. The instrumentation for the UT-TRIGA research reactor is contained in

a compact microprocessor-driven control system. This advanced system provides for flexible

and efficient operation with precise power and flux control. It also allows permanent retention of
all pertinent data. The power level o.f the UT-TRIGA is controlled by four control rods. Three of
these rods, one regulating and two shim, are sealed stainless steel tubes containing powdered
boron carbide followed by UZrH. As these rods are withdrawn, boron (a neutron absorber)
leaves the core and UZrH (fuel) enters the core, increasing power. The fourth control rod, the
transient rod, is a solid cylinde.r of borated graphite fo]lowéd by ziir, clad in aluminum, and |
operated by pneumatic pressure to permit pulse operation. The sudden ejection of the transient

rod produces an immediate burst of power.:

THICA ¢0sttor @ e1oes sortion Yarongt Doamwores

" Figure 1-4 TRIGA Reactor Detail =

W e peein i eae



2004 NETL_}/_':\nnual Report

Experiment Facilities

The experimental and irradiation facilities of the TRIGA Mark II rcactor are exteasive
and versatile. Experimental tubes can easily be installed in the core region to provide facilities
for high-level irradiations or small in-core experiments. Areas outside the core and reflector are
available for large experiment equipment or facilities.

The reactor is equipped with a central thimble for access to the point of maximum flux in

the core. The central thimble consists of an aluminum tube that fits through the center hole of

the top and bottom grid plates. Experiments with the central thimble include irradiation of small

samplzs and the exposure of materials to a collimated beam of neutrons or gamma rays.

A rotafy multiple-position specimen rack located in a well in the top of the éraphitc

reflector provides for batch production of radioisotopes and for the activation and i_l_fradiation of

multiple sarr}bles. ‘When rotated, all forty positions in the rack are exposed to neutron fluxes of

the same iﬁtensity. Samples are loaded from the top of the reactor through a tube iﬁto the rotary

‘rack using a specimen lifting device. A rack design feature provides pneumatic pressure for

insertion and removal of samples from the sample rack positions.
A pneumatic transfer system permits applications with short-lived radioisotopes. The in-

core terminus of the system is normally located in the outer ring of fuel element positions, a

" region of high neutron flux. The sample capsule (rabbit) 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 from one to three different sender-receiver stations.
Special cadmiume-lined facilities have been constructed that utilize an internal area of the

core created by removing three fuel elements.

ot

Beam Port Facilities

Five neutron beam ports penetrate the concrete biological shield and_reactof water tank at

core level. These beam ports were designed with different characteristics to accommodate a .

- Wide variety of experiments. Speci}m'e_ns may be placéd inside a beam port or outsi:c:ie the beam

port in a neutron beam from the beam port'. When a béam port is not in use, speciali shielding
reduces the»ra'diation. levels outside the concrete biolo_gicél shield to safe values. This shielding
consists of an inner shield plug, outer shield plug, Ale_avd_-ﬁlled shutter, and circular steel cover

plate.

"3
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Beam Port (BP) #1 is connected to BP #5, end to end, to form a through beam port. The
through beam port penetrates the graphite reflector tangential to the reactor core, as seen in
Figure 1-6. This configuration allows introduction of specimens adjacent to the reactor corc to
gain access to a high neutron flux, allows access from either side of the concrete biological
shield, and can provide beams of thermal neutrons with relatively low fast-neutron and gamma-
ray contamination. . ,

Beam Port #2 is a tangential beam port, terminating at the outer edge of the reflector.
However a void in the graphite reflector extends the effective source of neutrons into the
reflector to prov1de a thermal neutron beam with minimum fast-neutron and g:amma ray
backgrounds.'Beam Port #2 is out of commission due to Reflector flooding. .

Beam Port #3 is a radial beam port. The beam port pierces the graphite 1eﬂector and
termmates at the inner edge of the reflector. This beam port perrmts access to a posrtlon adjacent
to the reactor core, and can provide a neutron beam with relatively hrgh fast-neutron and gamma-
ray fluxes. Beam Port #3 contains the Texas Cold Neutron Source Facility. :

. Beam Port #4 is a radial beam port whrch also termmates at the outer edge of the

reflector. A void in the graphlte reﬂector extends the effective source of neutrons to the reactor

core. This configuration is useful for neutron-beam experiments which requirc neutron energies

L hlgher than thermal energies. Beam Port #4 is out of commission due to Reflector flooding.

- A neutron beam coming from a beam port may be modlﬁed by using collimators,

. moderators and neutron filters. Collimators are used to limit beam size and beam drvergence
Moderators are used to change the energy of neutron beams (e.g., cold moderator). Filters aliow
neutro:as in selected energy intervals to pass through while attenuating neutrons with other

energics. .

oo o e
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Physical Dimensions of Standard Beam Ports

Beam Port Port Diameter

. BP#1, BP#2, BP#4
BP #3, BP#5

 AtExit:

15.24 cm
20.32 cm

15.24 cm
20.32cm |
25.40 cm
40.64 cm
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1.4 Nuclear Engineering Academic Program
The Nuclear Engineering Program (NE) at The University of Texas at Austin is locatzd
within the Mechanical Engineering Department. The Program's undergraduate degree is the
Bachelor of Science in Mechanical Engineering, Nuclear Engineering Option. It is best
described as a majo'r in Mechanical ‘Engineering with a minor in Nuclear Engineering. As such,
all Mechanlcal Englneenng degree requirements must be met.
" The Progmm s graduate degrees are completely autonomous they are Master of Scnence
‘in Engmeermg (Concentratlon in Nuclear Engmeermg) and Doctor of Philosophy (Concentration
in Nuclear Engineering). Course requirements for these degrees and the quahfymg exammahon
for the Ph.D. are separate and distinct from other areas of Mechanical Engmeermg A
Dlssertatron Proposal and Defense of Drssertatlon are also required for the Ph.D. degree and are
acted on by a NE dlssertatron committee. ’ !
Of the five undergraduate Nuclear Englneermg courses and the dozen ﬂraduate Nuclcar
Engm«’enng courses, ﬁve courses make extenswe use of the reactor facility. Table 1-3 lists the

courses that use the reactor and its experrment facrhtles

Table 1-3
 Nuclear Engineering Courses

Undergraduate
ME 361F Instrumentation and Methods
ME 361G Reactor Operations and Control .
ME 177K Nuclear and Radlatron Engmeermg Concepts

Graduate :

. ME 388R.3 Kinetics and Dymmrcs of Nuclear Systeéms
ME 389R.1 Nuclear Engineering Laboratory
ME 389R.2 Nuclear Analytical Measurement Techmques

" ME 397M Radioactive Waste Management -
ME 337D Radiation and Radiation Protection

- In addltlon to these fomtal classes the NETL often prov1des short one. day short courses
or tou1 s for Texas agencres hrgh schools and the Boy Scouts of Amerrca The NETL has
partrcrpated in the JAEA Fellowslup programs for over ﬁve years. Several F cllows and Visiting -
Screntrsts spend 3 6 months at the NETL per year. _ .
1 12 B




2004 NETL Annual Report

1.5 NETL Divisions

The Nuclear Engineering Teaching Laboratory operates as a unit of the Department of
Mechanical Engineering at The University of Texas. Figure 1-8 shows the responsibility line
organization of the Nuclear Engineering Teaching Laboratory. The staff includes the Health
Physics aﬁd Reactor Operations to support the Experimenter and Users groups and to insure
compliance with all licensed activities. _

- The Operation and Maintenance Division (OMD) is respornsible for the safe and effective

operations of the TRIGA nuclear reactor. Activitifzs of OMD i‘nclu.de neutron and gamma

irradiation service, operator/engineering training courses, and teaching reactor short courses.

Diréctor

. Laboratory Manager = - | | | Faculty and Facility Users
| Health Physicist and Research Support .

Technicians

-Associate
Director

Administrative and
Clerical Staff

[ ] _ e
Reactor Supervisor | {Electronics Technician

Iﬁeactor Operatorél "

Figure 1-6 NETL Staff Organization
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Reactor Operations and Maintenance

The role of these individuals is the routine maintenance and safe operation of the TRIGA
. Mark IT Research Reactor. With the assistance of the NETL licensed operalors; Health Physicists
and Elzctronics Technician this division performs most of the work necessary to meet the
Technical Specifications of the reactor license. Personn-el implement modifications to reactor
systems and furnish design assistance for new experiment systems. The reactor operators may
operate standard reactor experiment facilities.

Servrces provrded to other dlvrsrons at the laboratory include assistance in the areas of
initial experiment design, f'tbncatron and setup. Mamtenance repaxr support, and mventory
control of computer, electronic, and mechanical equipment is also provrded Burldmg systems
mamtenance is also coordmated by the OMD. Other actrvmes mclude schedulmg and

'coordmatxon of facrllty tours.

Laboratory and Research Activities

. The prineipal objectives of the Laboratory research staff involve support of the research
and.educationalmiss'ions of the university at large. Elemental measurements using instrumental
neutron aetiuation analysis provide nuclear analytical support for individual projects ranging
from student project support for classes to measurements for faculty research projects. Project
support is in the areas of engineering, chemistry, physics, geology, biology, zoology, and other
areas. Research project support includes elemental measurements for routine enviromnent'll and
mnovatrve research projects. In the area of educ'ttlon the division, with available state-of-ths-art
equipment, helps stlmulate the mterest of students to consider studies in the arcas of science and
engmeermg Education in the irradiation and measurément of radioactivity is presented to
collegv hlgh school and other student _groups in class demonstratlons or on a one-on- one basis.

‘The neutron activation analysis technique is made available to different state aéencresrto.assmt
with qualrty control of sample measurements. Analysis of samples for the presence of various
clements and measurements of envrronmental effects assists detectlon of toxic elements:

Radlatlon measurement systems avarlable 1nclude several high purity germanium -
detectors wrth relatlve efﬁcrencres rangmg from 20 to 40% The detectors are coupled to sever'tl
| Canberra and ORTEC PC-based systems Two of the detectors are equrpped w1t11 an automatlc

..samplo changer for full t1me (1 c., 24 hrs a day) utlllzatron of the counting eqmpment One .

o4
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detector operates in a Compton Gamma Ray Suppressron System that provides improved low
backgl ound measurements. A PC based acquisition and analysis system supports the analysis of
Compton Suppressmn spectra and short half-life nuclear reaction.

The group also manages the use of the five beam ports. Experiments at the beam ports
‘may be permanent systems which function for periods in excess of one or two years or temporary
systems. Temporary systems function once or for a few months, and generally require removal
and replacement as part of the setup and shutdown process. The reactor bay contains floor space
for each of the beam ports. Available beam paths range from 6 meters (20 ft) to 12 meters (40
ft). The objectives of the research function are to apply nuclear methods at the forefront of
modermn technology ‘and to mvesttgate fundamental issues rel'tted to nuclear :physics and
conde 1sed matter. Another mlssxon of the division is to obtam new, funded lesearch programs to
promcte the capabrhtles of the neutron beam prOJects division for academic, government and

industrial orgamzatlons and/or groups. '

The Laboratory Manager is responsible for coordinating all phases of a project, beginning

with the p"roposal and design, proceeding to the fabrication and testing, and concluding with the

operation, eValuation and dismantlement. Projects available at NETL are the Texas Cold
Neutron Source, Neutron Depth Proﬁlmg, Neutron Guide and Focusmg System, Prompt Gamma
Activation Analysns Neutron Radlography and Texas Intense Positron Sourcc.
The Laboratory Management group is also responsrble for radiation safety and
protection of personnel at the NETL as well as the protection of the general public. The laws
mandated by Federal and State government agencies are enforced at the facility through various
measures. Health physics procedures have been developed that are facility-specific to ensure that
all operations comply with the regulations. Periodic monitoring;fo.r radiation and contamination
assures that the use of the reactor and radioactive 'nuclides lS eonducted safel y with no hazard to, .
personnel outside of the »_facility.; Personnel exposures are always maintained ALARA‘("as low
as is reasonably achievable"). This practice is _consi'stent with the mission of the NETL.
~ Collateral duties of the Health Physics group include the inQentory and rhoniloring of hazardous
v maten als, and enwronmental health | '
... The Laboratory and Health Physws group consrsts of one full tlme Health

| 'Physu 1st/Nuclear Laboratory Manager w1th part-tlme student support The Health Physxclst is
B functlonally responsrble to the Management of the NETL and the Department Ch'nmnn but .
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maintains a feporting relationship to the University Radiation Safety Office. This arrangement
allows the Health Physicist to operate independent of NETL operations constraints to insure that
safety is not compromised. One or more part-time Undergraduate Research Assistalit (URA)
may assist as Health Physics Technicians. The URA reports to the Health Physicist and assists
with technical tasks including periodic sﬁrveys, equipment maintenance, equipment calibration,
and fccord keeping.

The Laboratory Safety Group provides radiation monitoring, personnel exposure

. monitoring, and educational activities. Personnel for whom permanent dosimeters are required

must attend an eight hour course given by the Health Physicist; This course covers basic
radiation principles including general safety practices, and facility-specific procedures and rules.

Each trainee is given a gtiided tour of the facility to familiarize him with emergency equipment

~ and to reinforce sa_fety?emergency procedures. The group supports University educational

activities through assistance to student experimenters in their projects by demonstration of the

- proper radiation work techniques and controls. The Health"Phy-sics group participzifes in

emergency p]annihg between NETL and t_hc City of Aust_ih to provide basic response

requirements and conducts off-site radiation safety training to emergency response personnel

. such as the Hazardous Materials Division of the Fire Department, and Emergency Medical

Services crews.
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2.1 Faculty, Staff, and Students
Organization. The University administrative structure overseeing the NETL program is
presened in Figure 2-1. A description follows, including titles and names of personnel. of the

administration and committees that set policy important to NETL.

President S C
University of Texas S
. ~ at Austin -
Radiation ' ] ‘
. -Safety ' —
Committee Executive Vice
- President

and Provost

' Dean :
College of Engineering
- Nuclear
Reactor
Chairman Committee

Department of
Mechanical Engineering

Director
Nuclear Engineering
Teaching Laboratory

Figure 2-1 - UniversitylAd‘miniistrative Structure over NETL

Admmrstratlon The Umversrty of Texas at Austm 1s one campus of 15 campuses cfthe - -

“ Umver 51ty of Texas System As the ﬂagslup campus UT Austm consrsts of 16 separate colleges B | o
s and schools The College of Engmeermg consrsts of six engmeermg departments with sepamte

degree programs NETL is one of several educatlon and research functlons wrthm the colleg,.

L e T s
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Table 2-1 and Table 2-2 list The University of Texas System Board of Regents which is the
governing organization and the pertinent administrative officials of The University of Texas at

Austin.

Table 2-1
The University of Texas System
Board of Regents for 2004

Chairman ] am’eé' R. Huffines

Vice Chairman Rita C. Clements -
Vice Chairman Woody L. Hunt =
_Vice Chairman . - - .- Cyndi T. Krier . e
Executive Secretary Francie A. Frederick
UT System Chancellor M. G. Yudof
Table 2-2
The University of Texas at Austin
~ Administration
President A | " Larry R. Faulkner
Executive Vice President and -
Provost ad interim - Sheldon Ekland-Olson
. Dean of College of Engineéﬁng _ Bénjamin Streetman

Chairman of Department _ :
of Mechanical Engineering Joseph J. Beaman
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Radiation Safety Committee. The Radiation Safety Committee convenes to review

radiological safety practices at the University during each academic term. The committee
composition is shown in Table 2-3. Committee general responsibilities are review of activities of

University research programs that utilize radiation source materials.

Table 2-3
2004 Radiation Safety Committee

Chair J.M. Sanchez
Member G. Hoffmann -
Member ~ -~ S.A.Monti .
Member ~.-J. Robertus
- . Member ~ B.G. Sanders
- Member . - . . D.J.OXelly
Ex officio member ~ S.Pennington

Ex officio member . ‘E.Janssen °

Nuclear Reactor Committee. The Nuclear Reactor Committee convenes to review the

activities related to facility operation during each quarter of the calendar year. The committee -
composition is .she\vn in Table 2-4. Committee general responsibilities are review of reactor

operation and associated activities.

Table 2-4
Nuclear Reactor Committee

Chairman K. Ball
Member S. Biegalski
Member . R.T: Johns -
Member - H. M. Liljestrand T e
Member - ~S.Landsberger '
- Member - S. Pennington
Ex officiomember, . J. Beaman
Ex officiomember =~  R.J. Charbeneau
Ex officio member " D.J. OKelly"
_Ex officio member . - M. Krause . -

' Exofficiomember -~ D.S.OKelly
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Table 2-5
NETL Personnel
NETL Facility Staff
Director S.Landsberger .
- Associate Director D. S. O’Kelly
- Reactor Supervisor - M.G. Kfause
- Laboratory and Safety Manager o D.J O’Kelly
- Research Associate (Positron) - - B.Hurst
.Research Associate (NAA/Rad Effects) ' S. Aghara
~ Electronics Technician/Reactor Operator ' L. Welch
Reactor Operator : J. Hedlund
Health Physics Technician’ D. Tillman
Administrative Associate J.L. Wiley
"NRE Faculty

S. Biegalski
D.E. Klein
S. Landsberger
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Mg. NETL funding is provided by state appropriations, research grants, and scrvice
activities. Research funding supplements the base budget provided by the State and is obtained
mostly through the process of competitive project proposals. Funds from service activities
supplement the base funds to allow the facility to provide quality data acquisition and analysis
capabilities. Both sources of supplemental funds, research projects and service activities,

contribute to the education and research environment for students.

Innovations in Nuclear Infrastructure and Education (INIE). The NETL received a significant

grant in 2002 in a partnership with Texas A&M University, The University of New Mexico and
Sandia National Laboratories. This five-year grant will enable the facilities to acqij'ire advaaced
experirnental equipment and provide shared resources within the so-callc_;_'c_‘l Southwest
Consortium. )

k)

Reflector Replacement Project. The NETL reactor was shutdown from late March'to early July

to replace the reactor reflector assembly. This significant shutdown curtailed the normal reactor

operational and experimental programs. .
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1c

1L

NETL/NRE Research 2004

Radiation shielding testing of advanced tungsten composite materials to reduce
environmental hazards of lead shielding (Ecomass Technologies)

. Radiation shielding tests and modeling of composite gloves for handling transuranic

materials (LANL)

Tensile strength degradauon of composite shleldmg gloves from high 'tlpha and neutron
doses (LANL) - . . -

Trace impurities and 1od1ne background levels in groundwater (Illmors Geologlcal
Survey) : ‘ .

. Neutron Actlvatlon Analysrs (NAA) of travertme and anthracrte from C1v1l War-era ships
-for nautlcal archaeology .

NAA of plant materials and soils to determine Arsenics and Antimony poll_utioﬁ levels on

' U.S/Mexico border (UT Pan Am)

. Germamum compounds irradiated to produce Arsemc products for tumor therapy for the

UT Medical Branch at Dallas

Heavy-metal particulate pollution levels over Russian smelters (NOAA)
Particulate atmOSpheric pollution levels over Finland (U of Alaska/NOAA)
Prompt gamma activation analysis of carbon composite flywheels (NASA/UT)

Radiation d'lmage modeling of 1ntegrated chip packagmg materials (Tcxas A&M/Texas

_ Instruments)

12.

Prompt gamma actlvatlon analysrs of hydrogen in electrochemlcal b'uterles

.NAA of Archaeologlcal Artlfacts (UT Middle Eastem Studles)

»
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Other projects and descriptions are given below:

Projects supervised under Dr. Stephen Biegalski: -

Dr. Ball

Hydrodynamic Analysis of CWS South June 2003 | $45,304
for 'STP Nuclear Power Station Texas to Aug. Dr.. .
Projects 2004 . Landsberger
Multiple Isotope Contribution Veridian . | Feb. 2003 | $19,077 :
Analysis (MICA) Software Tool to Jan.
a ) ' : 2004 .
-| NuGET Experiment Validation Sandia June 2003 | $40,000 | Dr. _
o S to Sept. | Landsberger
: 2003 Dr. Charlton
Computational Support for Safe Sandia June 2003 | $50,000 | Dr. .:
Operations of SNL's Nuclear to May Landsberger
Reactors * . 2005 : .
Development of a Prototype De51gn Los Alamos | June 2003 | $222,486 | Dr.
for an Automated System Able to | toFeb. Landsberger

‘| do Required Chemistry and 2005 - '
Preparation of a Sample Suitable ' -
for Analysis N o
Identification of Isotopes for Lawrence |Jan.2004 | $20,965
Forensic Studies of Nuclear Fuel Livermore | to Dec.

Activities with AMS - ' 2005
Investigation of R'ldl'lthC Belnvnor Sandia Jan. 2005 | $97,310 | Dr. Howell
| of Speat Fuel ‘ to Jun. :
: 2005 . -
, Development of Portable PGAA ‘| Brookhaven | Jun. 2004 - | $14,609
R System for Soil Analy51s ) ' to Aug.
2004 _
Development of Portable PGAA Brookhaven | Dec. 2004 | $43,429
System for Soil Analysis (Rev. 1) to May ‘
. . . o 2005
Computational Support for Safe Sandia June 2003 | $53,070 .
Operations of SNL's Nuclear to May S ™
Reactors (Rev. 3) 2005 : .
Threat Characterization -{ ORNL Oct. 2003 | $50,000 |Dr. =~ .

: Department of Homeland Secunty " | toJune ‘ Landsberger
Project -1 2005 . o
Software Package for Synthesxs of Los Alamos | Jan. 2005 | $69,223
Germanium Detector Efﬁcxency oL todan |
Curve‘ B 12006




2004 NETL Annual Report

Publications and Presentations

Peer Reviewed Joumnal Articles For 2004

1.

O. Doron, S. R. Biegalski, S. O’Kelly, B. J. Hurst, “Development of a Transport System
for the Copper Source of the Texas Intense Positron Source Facility,” submitted for
publication in Nuclear Instruments and Methods: B, 2004. -

B.J. Vieira and S. R. Biegalski, “Atmospheric Trace Metal Characterization in Industrial
Area of Lisbon, Portugal,” submitted for publication in the Journal of Radzoanalytwul
and Nuclear Chennstry, 2004

. S.R. Bregalskl T.C. Green, E. Alvarez, S. Aghara “Sources of Background at The

University of Texas PGAA Facility,” submitted for publication in the Jom nal of
Radtoanalyttcal and Nuclear Chemtstry, 2004. '

K. R. Jaclunan and S R. Biegalski, “Monte Carlo Generated Spectm for QA/QC of

- Automated NAA Routine,” sibmitted for publzcatzon in the Joumnal of Radroamlytlcal and

Nuclear Chemlstry, 2004.

S R. Blegalskr T.C. Green G. A. Sayre W C. Charlton, D J. Dorsey, S. Landsberger,

~ “Flux Weighted Efficiency Calibration of The Umversrty of Texas at Austin PGAA

Facility,” accepted for publication in the Journal of Radioanalytical and Nuclear
Chemistry, 2004.

S.R. Bregalskl and O. Doron “Positron Research Review,” Journal of Radzoanalyttcal
and Nuclear C/zenzzstry Vol. 262, No. 3, pp. 789- 796 2004.

S. R. Biegalski and P. Hopke “Total Potential Source Contribution Function Analysis of
Trace Elements Found in Aerosol Samples Collected near Lake Huron,” Envir onmental

' Sczence and Technology, Vol. 38, 4276 4284, 2004

K.M.F. Biegalski, S. Blegalskr “Deconvolutron of three dimensional beta- g,amrm
coinciderice spectra from xenon sampling and measurement units,” Journal of

Radtoanalytrcal and Nuclear Chenustry, 263(1) 259-265, 2005.

L

S. Blegalskl T. Vllarel “Correlatlons Between Atmospherlc Aerosol Trace Element
Concentrations and Red Tide at Port Aransas, TX On the Gulf of Mexico,” Jozu nal ¢ f
Ra(lzoanalytzcal and Nuclear Chemzstty, 263(3) 767 772 2005 L

. S Landsberger S B1ega15k1 D.J. O’Kelly, S. Basuma “Use ‘of Comcndent and Non-
Coincident Gamma Rays in Compton Suppression Neutron Activation Analysis,” *Journal

of Radzoanalyttcal and Nuclear Chemzstry, 263(3) pp 817-821, 2005
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Peer Reviewed Conference Proceedings during Period of Performance

1.

K.R. Jackman and S.R. Biegalski, “Simulated Spectra for QA/QC of Spectral Analysis
Software” Transactions of the American Nuclear Society, Vol. 91., 2004,

S. Biegalski and S. M. Whitney “Isotopic Ratios for Nuclear Fuel Cycle Analysis
Applicable to AMS” Transactions of the American Nuclear Society, Vol. 91.,2004.

;. -S. Biegalski and S. Landsberger,“ Laying the Foundation for Learning Beyond the

Baccalaureate Degree,” Transactions of The American Nuclear Socicty, Vol. 91.,2004.

W.S: Charlton, G. .Sayre; S..'Biegal.ski.,. T. Green, and S. L_andsberger, “Conrparison of
Measured and Calculated Prompt Gamma Ray Yields and Spectra for Verification of

- MCNPS5”Proceedings for the American Nuclear Socrety 14th Pacific B'lsm Nuclear :

‘ Conference March ,2004.

Charlton W S., S. Blegalskl T Green G. Sayre, and S. Landsberger “Companson of

Measured and Calcu]ated Prompt Gamma-Ray Yields and Spectra for Verification of

MCNPS” “14th Pacrﬁc Basrn Nuclear Conference held in Honolulu, Hawau “from March
21-25 2004.

Landsberger, S L Katz and D. J. O’Kelly, “Graduate Educatlon in Nuclear and
Radrochemrstry at the Umvers1ty of Texas at Austin,” Trans. ANS, 91, 801-803 (200 1).

Pratt, V. S., KM. Foltz-Bregalskr T. Pintel, E. Strassberg, andS Landsberg,er

“Development of Nonprolrferatlon Assessment Tool Software” Trans. ANS, 91, 309:310

(2004).

Talks

S. Bregalslu “The Future of Nuclear Power, 1nv1ted luncheon speaker, Llons Club of
Austm August 5 2004

: S Biegalski, "Activation Analysis at The Umversrty of Texas at Austm invited seminar .

at CENESTEN Rabat, Morocco, June 24, 2004. ' TS i

SR. Blegalskl T.C. Green, E. Alvarez, S. Aghara, " Sources of Baclwlound at The
University of Texas PGAA Facility," presentation at the Modern Trends ini Acuvatton
Analy51s (MTAA) conference Gullford England June 21-24 2004

K J ackman and S R Blegalskr " Monte Carlo Generated Spectra for QA/QC of -
. Automated NAA Routine "presentation at th¢ Modern Trends in Actlvatlon Analysrs T
: (MTAA) conference Gurlford England J une 21-24 2004 -

S Blegalskr 'md S Wlutney, "Isotoprc Ratros for Nuclear Fuel Cyclc Amlysrs Applic able

o - to AMS " invrted semmar by CAMS group at LLNL leermore, CA lune 4 2004.
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6. S. Biegalski, E. Alvarez, T. Green, S. Aghara, S. Landsberger, "Detection Limits
Assessment at the University of Texas PGAA Facility" 227th ACS National Meeting,
Anaheim, CA, March 28-April 1, 2004.

7. Defee, T., H. Wheat and S. Landsberger, “Corrosion for Welded Stainless Steel”, 205"
Electrochemical Society Meeting, May 9-14, San Antonio, 2004.

8. Landsberger, S., “Radiochemistry Trammg of Graduate Students in a Nuclear and
Radiation Engmeermg Program”, 227" ACS National Meeting, March 28- April 1, 2004,
An"lhelm Callfomla 2004.

9. Landsberger S. Blegalsl\l, S.R., S.K. Aghara, T. Green and E. Alvarez, “Detection
Limits Improvements at the Umversny of Texas PGAA Facility”, 227" ACS National
Meetmg, March 28- Aprlll 2004, Anahelm Callfomla 2004. o

~10. Landsberger S. L Katz S.O’ Kelly, andA Plloms “Developmentof Nuclear and
Radiochemistry Laboratories” American Association of Engineering Educatlon 2004
Annual Conference Salt Lake City, June 20 - June 24, Utah (2004).

11 Plionis, A., D. Haas, S. Landsberger, G. Brooks, “Creating a Rapid, chrodtlcnble
Automated Electrodeposmon Procedure for Trace Actinide Analysis in Environmental
* Samples” 50" Conference on Bioassay, Analytical and Environmental Radiochemistry”,
Cincinnati, Ohio, October 31- November 1, 2004. -
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Education and Training Activities

Tours and special projects are available to promote public awareness of nuclear crergy
iSsues. Tours of the NETL facility are routine activities of NETL staff and students.. A typical
tour is a general presentation for high school and civic organizations. Other tours given special
consideration are demonstrations for interest groups such as physics, chemistry and science
groups. . ‘

A total of 3221 visitors were given access to the facility during the reporting period. The
total i:nclu'_d'e_s tour grOLlps, official visitors, and facility mai'nten'ance personnel. ~ Tours for 15
groups with an éverage 20 persons/group were taken ihfoilgh the facility during t_th'e' breporting
period. The NETL typically hosts three intemationalh_‘visitors on IAEA (]nterﬁﬁfional Atomic
Energji Agency) Fellowship§ ayear. '
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2.3 Research Acitivities

Beam Port 2 Area Neutron Depth Profiling and Prompt Gamma Activation System

_ Beam Port 2 is a tangential beam and this results in a “softer” energy neutron beam
because the beam is resulting only from scattered reactor neutrons. The thermal ncutron energies
have teen optimized by installing a sapphire neutron energy filter in the beam. The beam port
has been out of service since the reflector flooded in the year 2000. The beam port is now
returned to operation with the replacement of the reactor reflector this year.

' Current projects in development include a reconstruction of the previous neutron depth
- profiling system‘and a thermal prompt gamma activation analysis system as an installed co-

, experi::nent sharing the neutron beam. . i

Texas Cold Neutron Source

The Texas Cold Neutron Source (TCNS) is located in one of the radial beam ports (BP

#3) and con51sts of a cold source system and a neutron guide system. The facrhty was ougimlly
constructed” usmg Texas Advance Research Program funding but later lmprovements were
funded by the Department of Energy or using internal NETL sources.
The cold source system includes a cooled moderator a heat prpe a cryooemc refrigerator,
a vacuum Jacket and connectmg lines. Eighty milliliters of mesitylene moderator is maintained
’by the cold “source system at ~36 K m a ‘chamber within the reactor graphite reflector.
Mesity lene 1,3,5- trimethylbenzene was selected for the cold moderator because it has been
shown to be an effective and safe cold moderator. The moderator chamber for the mesxtylcne isa
75 cm dlameter right-circular -cylinder 2.0 cm thick. The neon heat pipe (properly called
thermosyphOn) is a 3-m long aluminum tube which is used for cooling the.moderator charnber.
The heat pipe contains neon as the wo.r‘king fluid that evaporates at the'moderator chambc:: and
 condenses at the cold head. " | | :
'C__old neutrons cdming from the moderator chamber are transported by a 2-m-long ncutron
guide inside the beam port and a 4-m-long neutron guide (two 2-m sections) outside the beam
| port Both the internal neutron guide and the external neutron guide are curved. w:ith a radius of -

| curvature equal to 300 m.. To block lme—of-51ght radiatron streammg in the guides the cross- -

B ; sectional area of the guides is separated into three channels by l-mm-thicl\ vertical wal]s All'.: o

| ,reﬂecting surfaces are coated with N1-58 .
) The TCNS system pr0v1des a low background subthermal neutron beam for netltron_
- reaction and scattermg research Installation and testmg of the extemal curved neutron guides

B . j__f_. L - _»-;" - “;7._' 2 13 : :
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the shielding structure, neutron focusing and a Prompt Gamma Activation Analysis faciltty are
complsted. The only other operating reactor cold neutron source in the United States is at the
Natioral Institute of Standards and Techno_logy and uses liquid hydrogen. At teast four major
centers for cold neutron research exist in Europe, with another two in Japan. |
The TCNS was upgraded this past year with a larger cryorefrigerator, cold head and
instrurnentation system. The larger‘refrigerat_or (22 watts from 4 watts) should cool the
thermosyphon system faster and produce a more rapid cooldown and better thermal control at
higher reactor-oi)wers The 'tutomatlc control system (shown below) will provide alarms and

automatic shutdowns if normal parameters are exceeded

o mMuLpil'vl"_"h
Dl ‘Hmmde?l’l

. Yhet'nocnlﬂa.?lkl - 3
Chut«[Kl -

1 CoiMesi) | 102000 BITYRY
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. Dpen? . Dt ] Stop | Clow | i LegongTe.. I ST
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- Figure 2-2 TCNS Control and 'Instr.umentation_'Cohs_ol'c -'-'.-.13 o -

_ Prompt G'lmma Actrvatron Analysrs Fac111tv - I

The UT-PGAA facility utlhzes the focused cold- neutron beam from the Texas Cold

Neutrcn Source.. The PGAA sample ]S Iocated at the focal pomt of the convcrg,mg gurde g

focusmg system The use of a gurded focused cold-neutron beam provrdcs a lngher c'rpture’ -

reactlon rate and a lower background at the sample detector area as compared to other f"tClllthS

_'usmghltered thermal neutron beams .‘ PR,
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The UT—PGAA. facility has been designed taking into account the advalltaéc' of the low
background. The following criteria have been used during the design: a) The structure and
shielding materials for the UT-PGAA facility were chosen to minimize the background
contribution for elements to be detected in the samples to be studied. b) The sample handling
system: was designéd to be versatile to permit the study of a wide range of samples with quick
and reproducible sample positioning with a minimum of material close to the samples. The
' sh1eld1ng was 1mproved to reduce the hydrogen capture gamma ray background
A 25% efficient n-type gamma-ray detector in a conﬁguratlon with an offset- port ‘dewar

was purchased to be used at the UT-PGAA facility in the early 1990’s. The detector was selected

1n order to mcorporate a Compton suppression system at a later date. Recent vacuum failures

.vrequlrc d repeated repalrs to thls detector Thus a new 66% p-type detectm was ptuchased as a

_replacement »__Tlns system could be conﬁgured for Compton suppressnon 1f lequxred A gamma-

o spectrum analy51s system'wuh ‘1'6 000 channels is used for data acquisition and processmg

The apphcatlons of .the UT-PGAA will mclude i) determmatmn of B and 'Gd -

‘concentration in blologlcal samples which are used for Neutxon Capture Therapy studlcs

ii) det:ermmatlon of H and B impurity levels in metals, alloys, and semiconductor, iii)
multielemental analy51s of ~ geological, archeological, and environmental samples for
 determination of nlaJor components such as ALS,K, Ca, Ti, and Fe, and minor or trace elements
such as H, B, Vv, Mn Co, Cd Nd Sm, and Gd and iv) multlelemental analysis of blolog,xcal

samplc s for the m’tjor and minor elements H, C, N Na P S, Cl and K, and trace elements like B

andCd. 1.E+01

1.E+00 -

-
m
S
-

1.E:02 -

. Counts per Second

. 1.E03 -

G e o ~:--~1ooo 2000 - 3000 -~ 4€00 -+ 5000 < - 6000 : 7000 . 8000 . . -.:
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Neutron Radiography Facility

The Neutron Radiography Facility at Beam Port 5 had not been significantly modifizd in
the past 5 years This changed in 2003 as Dr. Stephan Biegalski began to use the existing
radrog'aphy camera, upgraded the image capture boards and PC image arralysrs software and
purchased a much 1mproved neutron 1mag1ng system from NOVA Scientific based on Micro-

Channel Plate technology The system is strll under 1n1t1a1 testmg but expected resolutions are on

- the ordler of 50 mrcrons

Figure 2-4 MC.P'Neutron Imaging Detector (NOVA Scientiﬁc)

Texas Intense Posrtron Source

A reactor-based slow posnron beam faclhty is bemg fabricated '1t the . Nuclear
Engineering Teachmg L'tboratory (NETL) The facility (Texas Intense Positron Source ) will be
one of a few reactor-based slow positron beams in the world when completed The Texas In‘ense
P051tron Source consrsts of a copper source a source transport system a combmed positron
moderator/remoderator assembly, a posrtron, beam hne and a sample chamber. - High cnergy.
positrons t‘rom the source will be slowed down to a' few eV by a tungsten foil moderator that also

acts as a remoderator to reduce the beam size to enable beam transport to a target for

-

experr'nentatron The beam wrll be electrostatrcally guided and wrll dehver about 108
posrtrons/sec in the energy range. of 0-50 keV. o o _ .
Reactor-based posrtron beams utlhzmg a copper source have been 1mplemented at Delft

Umver srty of Technology, The Netherlands There are several drfferences between TIPS and

‘these leactor based posrtron beams The source/moderator array of the Delft posrtron bcam 1s_

e located 1nsrde one of the neutron beam ports of therr reactor and the" posrtron beam Is transported = S8

":';jout of the reactor and then remoderated before 1t enters lnto an experrment'tl chamber '
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Based on general experience on reactor based positron sources, we have decided that the
moderator/remoderator assembly and the positron beam optics should be entirely outside the
reactor biological shield. A source transport system will be placed in a 4 meter aluminum system
for low activation that will be inserted into one of the neutron beam ports of the NETL 1-MW

TRIGA Mark 11 research reactor. The transport system will be used to move the source (o the

irradiation location and out of the biological shield. The source will be moved away from the

neutron beam line to an ultra high vacuum (at around 10-10 torr) chamber, where the moderator
assembly is located. The transporter, load-lock transfer sytem and ultra high vacuum vsystems
will be: separated by gate valves.

_ The copper source of TIPS will be 1rrad1ated across from the core m the g,raphlte
reﬂector in the 1mddle sectron of the through port (BPl-BPS) The 1sotope 64Cu formed by
neutron capture in 63Cu (69 % i in natural copper) has a half life of 12 7 hours and the branc hmg

ratio for b + emrssron is 19 %. Our current source de51gn consists of copper e]ectroplated thinly
onto a carbon backmg. This source minimizes the unriecessary activation products because the
positrons produced are " relatively near the surface of the copper and may be ejected for
moderation and beam focus.

Preliminary designs and construction of the source transport system are completed. The
source transport system will use carbon fiber cord to move a sample carriage out near the rcactor
and back with minimal activation of transport components. The positron source may be

transferred with remote tools into the system Load-Lock device.

Cu-64 Load Locking System
(top view)

Radioisotope Prep. Chnmbcr'

Turba

Turbo

!
i
1N

Source Chambcr

L.’- ,

S :'Flgure 2 5 T[PS Load-Lock Source Transfer System S
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The Load-Lock will maintain the primary source chamber at ultra-high vacuum while permitting
source transfer at atmospheric pressures. ‘

The design and construction of the copper source, moderator assembly, and the positron
beam optics are completed and testing of these components are currently in progress. The high-
intensity low-energy positron beam of TIPS will be applied to defect characterization of metals,
semiccnductors, and polymers. The first planned experimental use will be to evaluate new low

density, high k insulators for the semiconductor industry and industrial coatings.

" TIPS Positron Annihilation

Spectl ometer (PAS)
,/;
"AMP,
22Na/64Cu Source\l YN,
0 ¢+ beam . w \I’ : \‘/
, . Mlcrochannel Plate ,-';/I \2\’3{ v
L ! _ e
Z . u' :

U 12TMey T
| Y (22Na only) ; '
B} t

Ep—

Fast Préamp

_-__1__;

‘i, Biased AMP -
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ADC -
CAMAC DAQ \ - -

: -‘Figli_lte 2-;6_TIPS I’_oSitrdh D.e_t,ect'i,on'Syste':m.: ' v_ L
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Other Projects at the NETL

Neutrino Mass Experiment

The UT Physics Department has obtained an NSF grant to investigate the theoretical mass
of the neutrino. The neutrino is classically considered to be a massless particle but some theories
dispute: this and leave the potential for a mass (although very small). The NETL has a Jarge
shielded room that is being refurbished to house this five-year experiment.

Radioc hemlstrv Laboratory

‘The Department of Energy provided lmtlal fundmg to equip and develop a graduate-level
radiochemistry laboratory to encourage students to enter this field and replace retiring radio
chemists in the DOE laboratories. Dr. Sheldon Landsberger and Dr. Donna O Kelly have

prepared several laboratorles and several students are now worklng on prOJects directly

7 sponsored by Los Alamos Natlonal Laboratory and Sandla Natronal Laboratories. The laboratory

consist of state-of-the- art Alpha Spectroscopy Systems, quuld Scintillation Countmo System

and several ngh Resolution Gamma Counting Systems.

Figure 2-7, Room 3.106 Radiochemistry Laboratory
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3.0 FACILITY OPERATING SUMMARIES
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3.1 Operating Experience

The UT-TRIGA reactor operated for 113 days in 2004. The reactor produced a total
energy output of 267 MW-hrs during this period. The'bumup per year in the twelve years of
operation is shown in Figuré‘ 3;1._ ' Sevt:rzil experiménts required 50% power or less so the
bumup is less then what it would have been if 'the réztctor \t)ere operating at full power. This

most si gmﬁcant factor in reactor operations was an effective 5 month reactor shutdown for the

"replacement of the reflector. Observing the graph below indicates that the avcrage reactor

operating schedule in the last 5 years (6 month shutdown in 2000 and 5 month shutdown 1 in

2004) is substantlally mcreased from the early years of operatlon
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3.2 Reactor Shutdowns

The reactor safety system classifies protective action trips as one of three types, a limiting
safety system (LSSS) trip, a limiting condition for operation (LCO) trip or a trip of the SCRAM
manual switch. In the event the switch is used for a normal reactor shutdown, the operation is
not considered a protective action shutdown. The following definitions in Table 3-1 classify the

types cf protective actions recorded.

Table 3-1
Protective Action D_efmitions

.ty

Protective Actidn_

Description

Safety System Setting . Setpoint corresponds to detection of lmntmg
LSSS safety system settmg ' ’
: Examp]es

fuel temperature .

percent power

Condition for Operation
LCO - (analog detection)

Hardware action detects inoperable conditions
within a safety channel or the instrument control
and safety system.
Examples:

pool water level

detector high voltage

external circuit trips

Condition for Operation

~ LCO - (digital detection)

Software action detects inoperable conditions

- within a program function of the instrument

control and safety system.
Examples:

~watchdog timers

. program database errors

Manual Switch
(protective action)

Operator emergency shutdown L

Manual Switch

(intentional operation) . -

~ Operator routine shutdown =,

~ There were 8 safety system protective unseheduled shittdowns in 2004. :'~:T\vo of these
~ were thermocouple spurious tnps on Fuel Temperature Channel 1 ThlS trip seems to be only

re]atec to that cucuxt but attempts to recreate the faxlure have not been successfu] Two scrams -

;_33 ;_;5{7;Lf§;¥ja?¥¥7
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were caused by operator error while operating too close to a high power scram setpoint. Two
other scrams were a result of instrumentation ﬂuctuations at high power. These scrams will be
corrected by increasing the licensed high power limits in the near futurc. All scrams were

reviewed by the Senior Reactor Operator prior to returning the reactor to normal operations.

2004 SCRAM Log

Date : Time | Type _ .| Comments :

2/12/2004 9:35 | SCRAMFT1 Thermocouple Intermittent Failure.

7/27/2004 15:00 | SCRAM NM% or HV SCRAM @ 1 kW during Rod Cals }

‘| 8/11/2004 13:02 | SCRAM %PWR2 (NP) | Manual Mode fluctuations 83-105%; Hx
' : o "~ | on, Stirrer on. Detector adjustments.

9/22/2004 10:07 | SCRAM %PWR2 (NP) | Operator Error: Switched to Auto Mode
: ' ‘ too soon to reach full power,

9/22/2004 | 10:20 | SCRAM %PWR2 (NP) | Operator Error: Heavy finger wh|Ie:
: ’ banking rods at full power. "

10/25/2004 | 11:21 SCRAM FT1 Thermocouple Intermittent Failure.

11/1/2004 17.03 | SCRAM %PWR2 (NP) | Power fluctuations while banklng rods at
. S fult power.

11/22/2004 | 11:40 | SCRAM NM% or HV Spurious trip at full power: Rods banked
- no rod manipulations, auto mode.
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© 3.3 Utilization

© Utilization was reduced for this reporting year due to a reactor shutdown to replace the
reflector. However, this repair will place two beam ports back in operation and significantly
increase the available neutron flux in all experiment locations. There were a significant number
of sample irradiated and hours of operation during the reporting peri'o‘d because the NETL staff
completed several projects early to avoid the pending reactor shutdown. Two operators received
new licenses during the year. The NETL staff continues to perform activation and analysis
services as a public service and in support of the overall UT mission. Neutron activation analysis

| accounted for much of the reactor utlllzatlon time with teaching labs and beam port research
pl‘Oj jects malung up the remamder “The Prompt Gamma Analysis System was in use for much of
the year for student prOJects and a project under the DOE Nuclear Engmeermg Educatlon and

Research (NEER) program.

3.4  Routine Scheduled Maintenance

All surveillances and scheduled maintenance were completed during the.reporting year.
Some maintenance was scheduled to occur after the Reflector Replacement because the reactor
was ‘shutdown for 4 months. Al results met or exceeded the limits of the Technical

Specifications. }

3.5  Facility Changes and Corrective Maintenance
TRIGA Rcﬂector Replacement

- The TRIGA Reflector was ﬂooded in the year 2000 to prevent further pressurization from gas
bulldup The cause of the gas bulldup is still being lnvestlgated Funds were recelved through -
the DOE Umver51ty Reactor Instrumentatlon Program to replace the Reﬂector General Atomics

| agreed to waive some normal fees at the company was selected to build the replacement Several
 design changes were approved by the Umversﬂy Nuclear Reactor Commlttee tothe new
. A Reﬂector All changes were determmed to not affect the ongmal as- desxgned replacement
requm-ments The followmg are spemﬁc descnptlons of Reflector changes 'md testmg for the '

-new Reflector Assembly
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Aluminum cans inserted into graphite voids of Beam Port 2 and Beam Port 4.

The flooding of the original Reflector caused the large graphitc void flux traps in
BP 2 and 4 to flood, effectively shutting off the neutron beams. Two aluminum
void cans were 1nserted during constructlon of the new Reflector to prcvent this in
the event the Reﬂector were to ever fail agam These voids were he]mm leak
tested prior to insertion into the graphite.

The upper grid plate was modified slightly to allow more experiment flexibility.
The center 6- element cutout'rem'ains but an identical cutout was transposed to the

edge of the core to mmlmrze reactor perturbatlons when used. The three element

“cutouts were also moved to reduce the flux perturbatlon and i 1mprove ‘the

' expcrxmental flexibility. The new grld plate is shown below.

Figure 3.1 New Reactor Grid Plate .

: Hrgher level Quallty Assurance was pcrformed during the Reﬂector

m'\nuf'rcturmg The NETL Reactor Superv1sor traveled to S'm Dlego to obscrve -

the final weldmg and QA testmg GA specrﬁcatrons requrre that the lcak testmo

| - '_ _would be performed wrth only two psm hellum pressure msrde the reﬂector l"he :

o “"_"rehtrvely hrgh helrum background in the weldmg facrllty requlred a shroud to be |
used to 1solate the Reﬂector Addmonally, an NETL requested devratron of the

i .'.-testmg procedure was approved T hrs requlred the actual gas pressure to be as .. t

;’_i.'hrgh as the delta—pressure under used whrch was 12 psra A weld was found to be .
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defective at this higher pressure. Hence, the requested higher testing pressures -
revealed a weld failure that would been discovered only after the new Reflector

* failed under testing.

The Reflector was repiaced without dratning the reactor pool. This required the
through tube of Beam Port 1 & 5 be plugged during.the Reflector removal. The bellows
assemblies were pressure tested to 5 psia following installation of the new Reflector. The
reactor core was reloaded in July and fully tested and recalibrated. The TRIGA reactcr

was released for unrestricted operations on July 3.0, 2004.

Recexpt of Rcactor Fuel

: In August, the NETL recelved prevxously irradiated TRIGA fuel from the
Umversxty of Illinois. Addmonally, the facility received an essentially unused reactor
_core from the Manhattan College ThlS fuel will be used to eventmlly establish a new
o reactor core or subcrltlcal system at the NETL. NRC Llcense 50-129 and 70-180 were

| changed to accommodate hlgher quantmes of SNM and to receive nradnted fuels.

3.6 La.boratory Inepections
| Inspecti'ons of laboratory operations are conducted by univcrsity.and licensing
agency personnel Two committees, a Radiation Safety Committee and a Nuclear
Reactor Commlttee revxew operatlons of the NETL fac111ty The Nuclear Reactor

‘, Commxttee convened at the txmes listed in Table 3- 6.

 Table 3-6
Committee Meetings ,
Nuclear Reactor Commlttee B
"= First Quarfer :*+ ¥ No meetmg e
~.Second, Quarter ; %, March 10,2004 <
.~ . Third Quarter - -~ .| "‘}-f-'»Septemb‘er_.l.S '290'4 e
- FourthQuarter ", - Nomeeting . .. _




2004 NETL Annual Report

“Inspections by licensing agencies include federal license activities by the U. S. Nuzlear
Reguletory Commission (NRC), Nuclear Reactor Regulation Branch (NRR), and state license
activities by the Texas Department of Health (TDH) Bureau of Radiation Control (BR.C). NRC
and TDH inspections were held at the times presented Ain Table 3-7. The NRC visited the NETL
four times in 2004. The inspections were: two normal facility inspections, one inspection of the
'reﬂector replacement and one observation of the annual emergency drill. ‘No Violations were

noted.

-Table 3-7
Dates of License Inspections
License S - Dates '
R-129 . February, May, October November
SNM-180 - None -
1.00485(48) March 8, 2004

Routme mspectrons by the Ofﬁce of Envrronmental Health and S'tfety (OEHS) for

| compllance with umversrty safety rules and procedures are conducted at varymg intervals

' throughout_ the year. In response to safety concerns at other sites on the main campus, scveral
additional OEHS inspections have been made. Inspections cover fire, chemical, and radiolcgical
hazards. No srgmﬁcant safety problems were found at NETL whlch reflects f'tvorably on thev
positive safety culture for all hazard classes at the NETL. Safety concems mcluded such iteéms as

_storage of combustrbles compressed gases, and ﬁre cxtmgursher access.
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3.7 Radiation Exposures

A radiation protection program for the NETL facili’ty provides monitoring for personnel
radiation exposure, survéys of radiation areas and contamination areas, and measuremen:s of
radioactive effluents. Radiation exposures for personnel, building work arcas and areas of the
NETL site are shown in the following tables. Site area measurements include exterior points
adjacent to the building and exterior points away from the building.

Table 3-8 summarizes NETL personnel dose exposure data for the calendar year. Reactor
fuel movement from the reactor pool to storage pits and back to the pool resulted in a higher total
personnel dose. Diver dosimetry for the Reflector replacement is not included in Table 3-8 but
s‘hqwn else where. Figure 3-3 locates the building intémal and external dosimcg':y sites. Dots
lqc_hte ﬁxéd mbnito'ring points within the building. ﬁumbers identify the immédiate sitc area

_ r;;diaﬁon r_heasp_remcnt'points éxtéripr to the buil'ding.' These nﬁeasuréments do not indicate any
measurable dose from work within the NETL; building. Table 3-9 and Table 3-&0 summarize
dovs‘es recorded in facility work areas and the site areas. Table 3-11 contains a list of the basic

“requirements and frequencies of measurements. -

Additional measurement data is available from the State of Texas Department of Health.

.The state agency lrecords envirohm_ental radioldgical ekpoéures at five sites in the vicinity of the

research reactor site. Samples are also taken for ahalyéis of sbil, vegetation, and sanitary waste

effluents.
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Table 3-8
Annual Summary of Personnel Radiation Doses Received Within the NETL Facility for
2004 |
Personnel Average Annual Dose ' Greatest Individual Dose Total Person mrem per Group
Group (mrem)(1) » {mrem)(1) (1)
Whole Lens of . Extremities Whole Body Lens of  Extremities - Whole Lensof Extremities
Body Eye SDE(4) DDE(2) Eye SDE(4) - Body Eye SDE:(4)
DDE(2) LDE(3) - LDE(3) DDE(2) LDE(@3)
Facility Operating [ ‘119 1M1 | 17 337 333 |. 470 1538 | 1561 2401
|and Research o co o T . o oo
Personnel )
CVistorsFim | | B
Badges/TLD M M M M ' M M M M M
Visitars PD's (5) 0 N/A N/A 0 N/A N/A 0 N/A N/A

(1) “M" indicat2s that each of the beta-gamma or neutron dosimeters during the reporting period was less than the vendor’s minimum
measurable quantity of 10 mrem for x and gamma rays and thermal neutrons, 40 mrem for energetic betas, and 20 mrem for fast rieutrons.
*N/A” indicates that there was no extremity monitoring conducted or _required for the group

(2), (3), (4) Deep, Eye and Shallow Dose Equivalents (DDE, LDE and SDE respectlvely) DDE applies to external whole- body exposure and
is the dose equivalent at a tissue depth of 1 cm (1000 mg/cm?). LDE applies to the external exposure of the eye lens and is taken s the dose
equivalent at a tissue depth of 0.3 cm (300mg/cm?). SDE applies to skin or extremity exposure, and is the dose equivalent at a tissue depth of

0.007 cm (7m ;/cmz) averaged over an area of 1 cm. ) . :

(5) PD's are packet ion chambers issued to persons who enter radloachve materials / restricted areas for penods of short duration, i.e., a few
hours or days.
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Table 3-9

Total Dose Equivalent Recorded on Area Dosimeters Located
Within the NETL Facility 2004

. |Location in Reactor Facility Monitor ID| Total Dose | (mrem) n | Shallow
T : — - (1.2)bax | - ' (4)
: : "Deep (3) : ¥
Reactor Bay, North Wall . 00277 ~:1931 1918 1913
Reactor Bay, East Wall . 00278 - |~ 282 285 286
Reactor Bay, WestWall .~~~ 00279 | 17831~ | 18143 *| 19605
Water Treatment Room *~ - - [00280 | 26145 . | 26228 | 26054
Shield Area, Room 1.102 00281 2. 3 3
Sample Processing, Room 3.102 {00173 8 ] 8 8
Gamma Spectroscopy Lab, - S
3.112 00174 M M M
Radiation Experiment Lab, 3.106 [00175 1 1 1
Reception Area, 2.102 00176 M M M
Office, Room 3.104 | 00222 8 9 7

(1) The total recorded dose equivalent values reported in mrem do not include natural background contribution and reflect
- the sumrnation of the results of 12 monthly beta, x- and gamma ray or neutron dosimeters for each location. A total dose
equivalent of "M" indicates that each of the dosimeters during the period was below the vendor's minimum measureable
-quantity of 10 mrem for x and gamma rays, 40 mrem for energetic betas, 20 mrem for fast neutrons and 10 mrem for-

thermal neutron. 'N/A" indicates that there was no neutron monitor at that location, - ' .

“, '_-_',,_.‘x_
- (2) Theso dose equtvalent values do not represent radiation exposure through an exterior wall d:rectly into an unrestncted
area. . . . . ]

»

(3) Deep lndncates Deep Dose Equnvalent which apphes to external whole-body exposure and is the dose equnvalent ata
tnssue depth of 1cm. . . . ) .

- (4) Shallow lnd:cates Shallow Dose Equnvalent and applies to external exposure of the skm oran extremlty. and |s taken :
- as the dose equwalent at a'tissue depth of 0.007 cm averaged over an area of 1 square cm. . :
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Table 3-10

Total Dose Equivalent Recorded on TLD Environmental
Monitors Around the NETL Reactor Facility 2004

Monitor I.D  Reactor Facility Locétion Total Recorded Dosé EquiVéIent.(1) (mrem)

00156 |Sidewalk, NETL Front Entrance
00157  |NETL Power transformer

00159 - |Reactor bay exterior wall, East
00160 - |Reactor bay exterior wall, West
00161 NETL Service Door

Z2zzz2=zz2

(1) The total recorded dose equivalent values reported in mrem do not include natural background contribution
and reflect the summation of the results of 12 monthly beta, x- and gamma ray or neutron dosimeters for each
location. A total dose equivalent of "M" indicates that each of the dosimeters during the period was below the
vendor's minimum measureable quantity of 10 mrem for x and gamma rays, 40 mrem for energetic betas 20
mrem for fast neutrons, and 10 mrem for thermal neutron. .

.. (@) Xor gamma ray exposure. May be followed by an 'H’ for energies greater than 250 keV effectlve or 'L' for
T energles less than 100 keV effectxve

A 33 e e
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Table 3-11
Radiation Protection Program
Requirements and Frequencies

Frequency

Radiation Protection Requiréement

Weekly

Gamma survey of all Restricted Areas.

Swipe survey of all Restricted Areas.

Swipe survey of Radioactive Materials Areas.

Response check of the continuous air monitor.

Response checks of the area radiation monitors.

Neutron survey of the reactor bay (during reactor operatlon)

Monthly

Gamma, neutron and swipe surveys of exterior walls and roof.
Exchange personnel dos1meters and interior area momtorm&, '

- dosimeters.
.Review dosimetry reports . :
' Response check emergency locker portable radnatlon

measuring equipment. -

" Review Radiation Work Permits.

Response check of the argon monitor.
Response check hand and foot monitor.

. Conduct backgrourrd checks of low background a]pha/beta

counting system.
Collect and analyze TRIGA primary water

As Required

Process and record solid wastes and liquid effluent dlscharges
Prepare and record radioactive material shipments.

Survey and record incoming radioactive materials.

Perform and record special radiation surveys.

- Issue radiation work permits and provide health physrcs

coverage for maintenance operations.
Conduct orientations and training.

Quarterly

Exchange TLD environmental monitors.
Gamma and swipe surveys of all non restricted areas.
Swipe survey of building exterior areas.

- Calibrate area monitors in neutron generator room. -

Perform Chi-square test, and determiné HV plateausand -
detection efficiencies on the low background a]ph’x/beta T
countmg Jstem

Semi-Annual g

Inventory emergency locker. -

_~ Calibrate portable : radiation monitoring instrufnents. _
- Calibrate continuous air momtor, argon monitor, and area’

- radiation monitors. - r o

o Callbrate persormel pocket dosrmeters

' 'Anriual

~ Leak test and inventory sealed sources. - Lo
"~ Conduct ALARA Committee meeting. R

Conduct personnel refresher training. .

Calibrate emergency locker port’rble radlatron detectlon
: ”quurpment : : : .
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3.8 Radiation Surveys

Radiation surveys of NETL work areas are shown in Table 3-12. Surveys with portable
instruments and measurements of radioactive contamination are routine. Supplemental
measurements are also made any time unusual conditions occur. Values in the table represent the
result of routine measurements. Environmental monitoring at sample sites exterior to the

building are generally done at random times or as a case by case evaluation.

Table 3-12

Annual Summary of
Radiation and Contamination
Levels Within the NETL
Reactor Facility 2004

.Accessible Location Area Radiation Contamination

Levels (mrem/hr)  Levels (dpm/1 1sq
cm)
Avg.(1) - Max. (1) 'Avg.. - Max.
TRIGA Reactor Bay:
Reactor Bay North : - <0.1 2 MDA | MDA
Reactor Bay South 0.15 15 (3) MDA MDA
Reactor Bay East <0.1 6 MDA MDA
Reactor Bay West . 3.5 - 10 MDA MDA
Reactor Pool Deck (3rd Floor) , <0.1 15 | MDA MDA
NETL Facility:

NAA Sample Processing (Rm 3.102) <0.1 3 MDA MDA
“NAA Sample Counting (Rm 3.112) <0.1 0.13 MDA MDA
Health Physics Laboratory - <0.1 0.9 MDA MDA
NAA Laboratory (Rm 3.106) ' <0.1 0.4 MDA MDA

) (1)Measurements made wrth Victoreen 4508 and/or Brcron Mncrorem portab!es survey meters in
- areas readrly accesslble to personnel : . : ; : :

.. (2)MDA for the G-5000 low level alpha-beta radlatlon countmg system Is 249 dpm/1 00cm beta and
) 58 dpm/1 00cm alpha Calculatlon of MDA based on NCRP Report #58. ¢

. (3)Water Treatment room at Ion exchanger
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Radiation Exposure during Reflector Replacement

Over several years, the NETL received incremental funding from the Department of
Energv to replace the reflector and return the TRIGA reactor to full capability. In order to
minimize the time the reactor needed to be shutdown and the impact to the educationa. and
research mission, the NETL staff chose to perform the work with the 10,000 gallon pool full and
thus minimize the necessary irradiated component decay time. The facility had operatec 100

MW-days since March 1992 with 80% of those hours being in the last 5 years. _Although the
| neutron ﬂux'produced near a 1.1 Mw research reactor is relatively low (2E12 11/c1112-sccjt, the
activation of reactor components represented a significant hazard. The pﬁnnry reactor
‘ compcnents are constructed from 6061 alummum wrth all fasteners fabricated from 304 stamless
steel. Dose rate measurements from a srmllar reactor (USGS 1 Mw) in 1989 mdrcated there
would be srgmﬁcant dose r'rtes possrble (5 to 100 R/hr) even followmg a six months reactor
shutdown period for decay Calculated dose rates were unreliable due to the rang,e of rcactor
power hlstory and neutron flux profiles near the core. Measured dose rates could not be taken
until 1mmed1ate1y prior to commencmg reactor mamtenance (following fuel removal) due the
hrgh background radlatlon levels but when measurements were taken after one month of the two
month decay perr_od the measurements indicated pe_ak contact dose rates of 20 R/hr on the
_stainles's steel hardware and 3 R/hr general area within 30 cm of the aluminum reflector.

A team of four divers from the UT Applied Research Laboratories (ARL) was trained to
perfonn these_repairs by the NETL staff 'and the UT Radiation Safety Office three weeks prior to
the start of the rep'tirs The UT ARL performs underwater research throughout the world and the
d1vers are hrghly qualified and experience research divers but had no eXperience as radiation
worke1 :s. The University's standard radiation training course for laboratory pcrsonnel was used as
a template for the radiation safety training for the divers. Sections of the trammg retevc nt to
radioactive materials use in a research laboratory were omitted while other areas specrﬁc to the
~dive operatron were covered wrth added deta11 After the general radlatlon safety trammg, toptcs
(time, drstance and shleldmg, contammatlon control; exposure rrsks etc.) were presented these -
) toplcs were apphed in task specrﬁc trammg Task specrﬁc trammg 1ncluded revrews of dose rate ,
' and contammatron survey maps of the reactor pool access controls use of survey mstruments 7 _ -

‘ decontammatlon procedures dosrmetry, and emergency procedures ’
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The replacement of the reflector component with the reactor pool filled and a two-month
decay period minimized the personnel radiation dose to the divers but provided a balance with
tlie operational needs of the facility. A full-scale mockup of the various components and
specialized remote tools were provided and used by the divers in a separate 15 meter deep
training pool prior to performing the actual dive. General Atomics International (manufacturer of
the TRIGA reactors) loaned a full size prototype reflector for this mockup training. This training
was necessary to allow the divers to become familiar with the remote operating tools fabricated
‘_by the UT-NETL and test the operation of these job-specific tools. The divers realized very
quickly during the mockup training how difficult it would be to operate pneumatic wrenches on

' long-reach rods and work near the radioactive components. A mockup ofa reactor bellows and

ﬂange .>ystem perrmtted the divers and NETL staff to test several options to purge a large pipe of

-coolant whr]e remstallmg the reﬂector assembly in the reactor pool. Many hours of labor and
potential exposures were saved because the procedures and equlpment were tested prior to
commencing the actual reactor repairs. ‘ ;

“Due to the extensive underwater experience of the ARL divers, the primary safety
concern was the preventlon of personnel overexposures during the pool dive. The divers were
contmuously momtored from the surface of the pool and with submerged cameras by the health
physics staff. The divers used umbrhcal equrpment for air, light and voice commumcatlon This
elimineted the need to retum to the surface to change breathing air ‘bottles and provided
continuous comnrtlrrtcation. Alarming radiation dosimeters were provided to each member of the
two mzmber diver team and were sealed in clear, leak-proof dive bags. The divers were
requested to routinely use the rate meters when performmg new tasks that could change the
radlologrcal conditions. 4 o A

Momtormg of diver doses was performed usmg Landauer Luxe1@ optrcally stimuliated
lumlnescent (OSL) dosrmeters in multlple locations on each diver. The OSL dosimeters ‘were
capable of prov1dlng accurate dosimetry while submerged in the pool. Dosrmetry was attached to
the diver’s upper and lower arms, upper and lower legs, front and back’of the head back, chest,
and hands. Additional self—rcady personal dosrmeters were attached to the arms, leg,s chest, and

back for 1mmed1ate post dwe evaluatlon

Thc NETL reactor pool 1s perhaps unrque when compared to many underwater radrolovlcal ,

‘, prOJect> because of the’ conﬁned spacmg The pool has an approxrmately oval cross sectron 2

meter Dy 3 meters but is 8 1 meters deep (Frgurel) The dlameter of the reactor core and' o
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reflector in the pool is over one meter thus leaving very little room to work around the
radioactive compouents. A portable herculite-covered lead shield curtain was hung directly in
front of the Reflector to reduce the background radiation in the area the divers had to work by a
factor of 100. This shield was fabricated from layers of commercially available lead blankets to
produce a curtain 1.5 by 0.5 meter by 10 cm thick. The weight of the shield (approximately 450
kg) r.equired' the facllity _crane to lower and hold it in position. The divers removed the stainless
steel bolts of the reflector by reaching around the curtain with remote pneumatic wrenches.
Remote tools were_ used to retrieve the removed radioactive stainless stecl hardware frora the -
pool floor and deposit them in retrieval containers. The containers were frequently pulled to the
pool surface and immediately emptied into a drop tube to transfer the material into a shiclded
container nine meters from the dive area. o

The pool ﬂoor and many components m the pool had been prevrously surveyed usmg small
- 'adhesrve patches for samplmg and found to be. contammated Although the contammatron levels
were riot hrgh (1000- 5000 dpm) it was noted that decontammatron of the diver’s surts would be

“difficult and would srgmﬁcantly increase the time the drvers were wearing then suits (thus

 interfering w1th the rest periods). Each diver wore a set of palnter s knce pads and 1ubber.

) overshoes (drver fins were not required) when worklng in the reactor pool. Sta_udard diver’s
- gloves were provided for mmlmal contamination control but the divers had been trained to only
use remote tools to .manipulate reactor components, Finally, a set of rubber mats were laid upon
- the pool floor to provide a contamination barrier and thus permit the divers to crouch or lay on
the pool floor if necessary. S h N
Diver surveying and decontamination areas were established as close as possible to the pool
exit area. The NETL facrllty was not designed for large amounts of water to be collected near: the
-pool area and the divers and equipment were decontammated using portable sh'rllow pools and
: hand spray bottles in the pool area.’ _
The divers were able to remove 31 of 32 sets of nuts and bolts on ﬂanges connectmg the
:reﬂector assembly to the neutron beam plpes but one nut serzed durmg rcmoval All manual

efforts. farled and the nut was finally removed usmg a hydrauhc nut sphttcr operated from the

. _.pool surface Thrs partlcular problem as a potentlal work 1ssue had been dlscussed in pre- le ‘ l o

| planmng and preparatrons When the nut selzer occurred the hydrauhc nut sphtter was rapldly' .

. ‘dehve 'ed by ovemrght couner wrth very lrttle loss in work progress '

Slaag e
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Four bolts attached the reflector assemb]y to the pool bottom but the clearance for the divers
was less than 30 vertical centimeters. The confined spacing made it difficult for the divers to
manipulate the long reach pneumatic wrenches. One nut did seize during removal but the
confined area prevented using another nut splitter. The nut and bolt were removed by

overtorquing the bolt using a manual wrench and breaking the bolt in two. The remaining bolts

~ were removed using the pneumatic tools and the reflector assembly was removed from the pool.

Before the dive, expected doses to the divers were estlmated to be a m’mmum of 500 mrem.

To be (onservatlve it was dec1ded that a change in operational procedures would occur if any

_dlver Ié: cerved more than 50 mrem in one dive. As stated earlier, the divers were provrded with

multlplc, d051metry Each leCI‘ had 13 OSL badges fmger badges and six dlrect rcadmg

'dosrmel ers for each leC Drfferent sets were used for old reﬂector removal and new reﬂector

“installation. As seen in Table I, all recorded drver doses were much less than ongmally expected.

TABLE]

Summary of Diver Exposures.

Deep Dose . ' '
L ' ‘Right Hand - Left Hand -
Equivalent B >
(mR). - (mR) . .
(mR) ' : o
Diver 1 97 210 | 230
Diver2. | . 8 . | 250, | - 340
Diver3 |- 12~ | 30 - | s0

The drrect readmg dosrmeters were heat sealed wrthm two poly bags for each drve After

_ each surfacmg, the dos1meters were read and the dose recorded Prror to re-use the dosrmeters

| were checked for damage and watcr re zeroed and resealed in po]y bags '
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Divers 1 and 2 performed the majority of the work over a two week period thh many single

dives cf two or more hours. Diver 3 performed one dive during installation of the new reflector.

Actual measured doses rates ranged from a general area of 1.5 R/hr to hot spot dose rates of 60
R/hr. The highest ‘whole body dose received was 44 mrem to Diver 1 and 340 mrem extremity
dose was received by Diver 2. Before the dive, discussions with the 'manufacturer of the (lirect-
reading dosrmeters determined that health physrcs personnel could expect leadmgs as much as
25% hl gher than the OSL badges. Thrs fact was seen after receipt of the data from Landauer.

Lessons from thls prOJect include the beneﬁts of good planning, dlrected and specific

: trarmn;’ proar'tms for radiation workers, and experrences in dealing with une‘<pected occurrences

despite careful planning. The dive operation occurred over a two week period wrth many single

dlves txceedmg 2 hours underwater. The ARL drvers set new drve time records during this

.pro_)ect but recelved relatrvely low total doses '
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3.9 Radioactive Effluents, Radioactive Waste |
Radioactive effluents are releases to the air and to the sanitary sewer system. The rnost
significant effluent is an airborne radionuclide, argon-41. Two other airborne radionuclides,
nitrogen-16 and oxygen-19, decay rapidly and do not contribute to effluent releases. Argon-41,
with a half-life of 109 minutes is the only airborne ravdbionuclide emitted by the facility. A
su;hmary of the argon-41 releases are Shown in Table 3-13. Total quantity of Ar-41 released in
2004Awa:s 41.8% of the T.S. allowance. ’Ii‘his‘is based on a conservative dilulio'n. factor.
Evaluation of . the radioactive gaseous e"fﬂuent'_by the COMPLY code indicates the NETL is in
compliance with dose li_mit'sj to the public with a calculafed effective dose ecjufv_zilent of 8.1

mfem/)r at the conservative receptor point.

Table 3-13

Monthly Summary of Argon-41 Effluent

Releases 2004 (1) -
Cate of Discharge " Total Quantlty of Ar-41 " Average Concentratlon of Ar-Tech Spec Percentage of
(1Month, 2001) Released (microcuries) 41 at Point of Release Ar-41 Released
January ’ ~ 1.266E+06 1.256E-07| 6.28%
February - - - 2490E+06 ‘ 2.470E-07 : 12.35%
[March - ’ '2.605E+06 2.585E-07 12.93%
lépril - : 0.000E+00 0.000E+00] =~ _ 0.00%
May - - s 0.000E+00 0.000E+00 : " 0.00%
J.Jne : 0.000E+00] =~ - _ 0.000E+00 0.00%
Jaly - - b5759E+03] - © . ..'5713E-10 0.03%
August - "~ 4.270E+05 ~ . . 4.243E-08 : 2.12%
September ' 1.270E+06 . 1.256E-07 m 6.28%
“|Cctober 4.120E+05 EE 4.090E-08 2.05%
November 4.670E405 = . 4.635E-08{ . - ~ 2.32%
Cecember | .. 2870808 _ __ __ __ _23%0E.08[ ____ . _ 118%
ANNUAL VALUE "~ O.180E+06 . . 7587E-08 . TTT3.99

) 5 e
' (1) Pomt of re!ease is the roof exhaust stack. Concenlratlon Includes dlluuon factor of 0.2 for mlxing with main exhausl
(<) Techmcal Specuﬁcanon hmn for contmuous release is 2 00E-6 mxcrocuneslcubxc cm. T
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Large liquid releases to the sanitary sewer are done from waste hold up tanks at irregular
intervals. To date, no releases have been made. The liquid radioactive waste tanks allow for
segregation of liquids for decay of the activity. Liquids may also be processed on-site to
concentrate the radionuclides into other forms prior to disposal. Small quantities of liquid
scintilletion cocktail or dilute concentrations may be disposed directly to the sanitary sewer if
below the limits of 10 CFR 20. Liquids captured during the Reflector replacement project were
evaluated but no activity was released. There were no solid waste transfers off the NETL R-129

License in 2004.

Table 3-14
Monthly Summary of Solid Waste Transfers for Disposal and Liquid Effluent

Releases to the Sanitary Sewer From the NETL Facility 2004 -
Dae of Disposal / |Release Volume | Total Activity ~ Total Activity Released (millicuries)
Discharge (Month,) [(cubis meters) (millicuries) :

l

January 0 NONE No Releases
February 0 NONE ~ No Releases
March 0 NONE No Releases
Apal 0 NONE No Releases
May 0 NONE No Releases
June - 0 NONE No Releases
July 0 NONE No Releases N
August 0 NONE No Releases -
September 0 NONE No Releases
Oc:ober 0 NONE No Releases
November 0 NONE No R‘eleases
Dezember 0 NONE ~No Releases *

3m



