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The inherent safety of this TRIGA resctoy has been demonstrated by
the extensive experience acquired from similar TRICA systems throughout
the world. Forty-eight TRIGA reactors are now in operation throughout
the world and of these 31 are pulsing. TRIGA reactors have more than
450 reactor years of operating experience, over 30,000 pulses, and wmore
than 15,000 fuel element years of operation The safety arises from a
large, prompt negative temperature coefficlent that is characteristic of
uraniue zirconium hydride fuel-moderator elements used in TRIGA systens
At the fuel temperatire increases, this coefflclent {mmediately
compensates for reactivity insertions. The résult is that reactor powel
excurslons are terminated quickly and safely

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

Because the reactor fuel 1s similar, the previously cited
experience and tests apply to this TRIGA systen As & result it has
been possible to use accepted safety analysis technigques applied to
other TRIGA facilities to update evaluations with regard to the
characteristics of this facility (1:6]

1. ) CONCLUSIONS

Past experience has shown that TRIGA systems can be designed,
constructed. and safely operated in the steady state and pulsing modes
of operatio This history of safety and the conservative design of the
reactor have permitted TRIGA systems to be sited in urban areas using
buildings without pressure type containment such as {8 normally
associated with reactors of like power levels

Results of this safety analysis indicate that the TRIGA Mark 11
resctor system proposed for construction and operation will pose no
health or cafety problem to the public when operated in eithex normal o1

abnormal conditlions

Abnormal or accident conditions consldered iIn this analysis
IR EL lude

a A step insertion of reactivity with the reactor at low and
high power levels,

b Complete and Instantaneous loss of coolant water In the
reactor pool,

And fisslon product release from a fuel element ruptured in
alr
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Chapter ?
SITE DESCRIPTION

The site for the TRIGA reactor facilty will be located on the cast
tract of the Balcones Research Center, a tract of land owned and
operated by The University of Texas. The Research Center is located in
notthern Travis County and the City of Austin about 11.6 kilometers

porth-northwest of The University of Texas at Austin campus. Figures
2.1 thru 2-4 display the facility locations in relation te surrounding
arvas 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 regien and
Balcones fault zone. The Balcones Research Center east and west tracts
span part of the inactive fault zone. The east tract {s within the
transition region to rolling plains.

Site location of the TRIGA reactor is in the northeast region of
the research center east tract. Adjacent to the north boundary of the
research center and near to the eastern boundary, the site location is
near the intersection of Braker Lane and Burnet Road. Figure 2.4 shows
the site location within the Balcones Research Center. Reference
guidance for site evaluation was ANS 15. 7 11)

7.1 CENERAL 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
6 7 kilometers for private aircraft, 9.7 kilometers for commercial
afrcra*t and 20.8 kilometers for military aireraft.

A total area of 1.87 square kilometers is contained within the
Research Center east and west tracts of land. The east side of the
Center {s bounded by a State highway, FM 1325, 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 FM 1325 and with lLoops 1 and 360
are within two kilometers of the site. Both highway lcops are planned
for extension into the area associated with the vest tract of land [2].

An area of about 9000 square meters in a rectangulair 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
bulfer zone exists between the site area and activities or structures to
the cast 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
repion is primarily open space that will provide the access to other
development projects north of the general site area.

2-1



e




» aand1yg

ALNNOD SIAVEL

{;@< Ralcones
- 4s 3 Research
J: P T " Center
&3 ;

b ~

i./6 4VS




’g&» |
r o ‘ .
P
N
T i R
~a " |
‘u“-, ¥
'] ‘\‘ .
| ) Balcones
'
\ Research

Center

A

.
..
3 Q?\ -

= I

EXPRESSWAYS FREEWAYS and MAJOR ARTERIALS

Exproasways and Freewsys
e BAAOr ATLOTI0N

CITY OF AUSTIN

Figure 2-3



Toacning u.uwn

imigl \

b,:‘.,‘? "

“r-' . 5
| ___." E e

o i\ |- .
1’_‘}‘:" ‘t‘: ‘2
n ¥ .
" '3& J&“ —_-‘—Q q}‘- F | é
(1)
,,

|
| . “L —
| a ! e (el |
| ; - i i\ \ C!J i)
: M“& f I S | |
| \t \ .l‘
— ‘ ..—-‘?"_" \
= Ine \
- . 'F 4

BALCONES RESEARCH CENTER

Figure 2-4

SAR 5/91







A rww et Total R AU
But of Tiny Tara' g - Bewy oty

R rey
e Chey

Table 2-1

TRAVIS COUNTY
1980 POPULATION DENSITY DISTRIBUTION

- —ann—~0*~0'n....—o'u‘-n.ﬂ-..uﬂ...—iﬂr-coor—
el ‘W dd e —ddis—.d»dnddd ' W g e Hededs

Y L L L HELLE E DL T LR L R L
drndnand e nvs i Wl ddddddd il dole L L L Ry
E’E'ﬁl“g'ﬁ!s!!‘!il!!'!!l!ii! SEERRRYEREYRIECENE
n-a -u. J-n' o - e —'.’o'-'"
IR, B8R, 5!"............2'2.!.‘ 5 . JEN8S
‘ a' ..». ..“ - --A‘

!5!55!ill!i!!'g'&!l!!l&!!&i{&!5%5532!55&!!&{35.!

-

LN CHEBEURRRERGEER SEURACAERERERSNALERGE

g pagEnnn
g!l!!!!2!!!‘!!!'::2!83&.:~: :::nzns:aun.dczzzzzzaz

Sopulatton
Bems ity

A ws Acres Tata'
Bt of Uity Tote’ Poowtatiom

e rwr
Is City

@ oam s A

e av

»n%

Tetal

in Lowmty

SAR

5/91

L)
el
o

"5 ave

».

Sowrce  Mopulcttes Pigures eecw tates from e

Tots!
= Clew

SR BE NN T OENENPR NN NEITSHON CBRRENESG e ®en e - -

--»oﬁ‘d..-nduul:--ddﬂonpuvtnduu-’-'»‘»'"dcdcunuvv-—- R L

BEIBERSFACESURSREEEARE 555_5533:55' !‘E!'"lillliliﬁ&

Aridel ddenrdddnaminnsdu el addneid e "'-.‘n'—.'----u‘—.

'gl!lilﬁ%iiﬁ!£5§§§l!!53535!553“§!!55! SRE2ELER lsgl Ell!

ol ¢4 5553 330t A A R TS ceevavsne s R BERE, BERE. .,
o “ddg 444

GUEBGAENEENNEERSUEISRERRCALRRERIENARRRBIRALEE NN
deddddadididdiddcdddansgapdrtinsdnddggdgsannnniiz i

Acrwage By cewsut trect wes oo







SAR .‘)/‘.”
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Approximately BOO persons were involved in activities on the east
tract of the Balcones Research Center in 1980 with projected activities
at the site to add an estimated 900 to 1000 persons by the late 1980's.
On the west tract the Microelectronles and Computer Technology
Corporatlon setup operations with approximateiy 500 persons in 1985,
Facilities north of the Research Center operated by International
Business Machines Corporation employed an estimated 6500 persons in 1985
with approximately 500 additional persons by 1990

Research activities at the Balcones Research Center are diverse,
consisting of many different research organizations of the university
sclence and engineering colleges. As of 1980, several resvarch progrens
were already situated at the research .- nter site of which the Applied
Research Laboratories, Center for Research {n Water Resourc( ' and Civil
Englneering Structures lLaboratory are examples. Between 1980 and 1985
additional facilitles and 3 major additional programs, the Center for
Enerpy Studies, Center for Electromechanics and Bureau of Economie
Geology were added to the research center functions. Since 1985 program
development, besides the Nuclear Engineering Teaching Laboratory (NETL),
included a computer facllity, the Center for High Performance Computing,
and an engineering facility, for microelectronics and manufacturing
research. Administrative functions of the Bureau of Economic Ceology
are situated adjacent to the NETL site. Expansion of other activities
near the NETL site i{s possible in the future. However, as of 1988 there
were no official plans for the adjacent site areas.

2.3 CLIMATOLOGY

Austin, capital of Texas, is located on the Colorado River where
the stream crosses the Balcones Escarpment separating the Texas Hill
Country from the Blackland Prairies to the east. Elevations within the
City vary from 120 meters to 275 meters above sea level. Native trees
include cedar, oak, walnut, mesquite, and pecan.

The climate (4] of Austin {s humid subtropical with hot summers.
Winters are mild, with below freezing temperatures occurring on an
average of less than twenty-five days each year. Rather strong
northerly winds, accompanied by sharp drops In temperature, occasionally
occur during the winter months in connection with cold frents, but cold
periods are usually of short duration, rarely lasting more than two
davs Daytime temperatures {n summer are hot, but summer nights are
usually pleasant with average daily minima in the low seventies,

Precipitation is fairly evenly distributed throughout the year,
with heaviest amounts occurring in late spring. A secondary rainfall
peak occurs in September. Precipitation from April through September
usually rcsults from thundershowers, with fairly large amounts falling
within short periods of time. While thunderstorms and heavy rains have
occurred Iin all months of the year, most of the winter precipitation
occurs as light rain Snow is insigniflcant as a source of molisture,
and usually .meits as rapldly as {t falls. The City may experlence
several seasons in succession with no measurable rain fall,

2-10
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CLIMATOLOGICAL DATA
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Prevailing winds are southerly throughout the year.  Northerly
winds accompanying the colder air masses in winter soon shift to
southerly as these air masses move out over the Gulf of Mexico.

Climatology data is summarized in Figure 2-7. Typical Austin wind
data are presented in Figure 2-8 [5].

The average length of the warm season (freeze-free period) is
270 days. Based on data from 1943.1961, the average date of the last
occurrence of freezing or below has occurred as late as April 13 (1940),
and as early as October 26 (1924). Meteorological data is tabulated in
Table 2-2 and Table 2-3 [4].

Destructive winds and damaging hailstorms are infrequent. On rare
occasions, dissipating tropical storms effect the City with strong winds
and heavy rains. The frequency of tornado type activity is illustrated
in Figure 2-9 (6], Recent tropic storm paths and local viting of
tornadoes and funnel clouds are presented in Figure 2-10 and Figure 2-11
{7.8]

2.4 GEOLOCY

The northwestern half of Travis county is part of the
physiographic province f Texas known as the Edwards Plateau. In Travis
County, this is a highiy dissected plateau with wooden hills rising in
some places more than 150 meters above the drainage pathways. In marked
contrast, the southeastern half of the county is gently rolling prairie
land which is part of the physiographic province known as the Gulf
Coastal Plain, These provinces are separated by the scarp of the
Balcones fault zone, which rises 30 to 90 meters above the Coastal
Plain. The scarp, however, is not a vertical cliff;, it is an indented
line of sloping hills leading up from the lower plain to the plateau
summit .

The rocks that outcrop in Travis County are primarily of
sedimentary origin and of Mesozolc (Cretaceous) and Cenozoic age. They
consist largely of limestone, «c¢lay, and sand strata which dip
southecastward toward the Gulf of Mexico at an angle slightly greater
than the slope of the land surface. Therefore, in going from southeast
to northwest the outcrops of progressively older formations are
encountered, and the rocks lowest in the geologic column have the
highest topographic exposure.

At the reactor facility site on the eac* tract, the geology is of
the Austin Group defined as chalk, marly limestone, and limestone with
light gray, soft to hard, thin to thick bed, and massive to slightly

nodular character. On the west tract, the geology changes to the
Edwards Formation of limestone and dolomite with light gray to tan, hard
te soft, thin to thick bed, and fine to medium grain character. The

separate formations are, respectively, the up and down side of a segment
of the Mount Bonnell Fault that passes approximately along the boundary
of the east and west Balcones Research Center tracts. Distance to the
fau.t is about 500 meters from the reactor facility site.

2-13
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LOCAL WATER AQUIFERS

Flgure 2-14
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with the Glenn Rose Formation supplies small quantities of water west ot
the Balcones Fault Zone. Water bearing areas in the formation are at
varying depths and l'terally discontinuous, On the Balcones Research
Center east tract, wells drilled for environmental monitoring have
produced ground water at depths of less than 15 meters. Figure 7-14
shows the location ot the ground water aquifers,

Water supply tor the research center and wastewatey treatment 18
provided by the City of Austin Although wells inte the aquiters
provide substantial water the city supply is filtered river watel
Other area municipalities and organizations wutilize aquifer water
Control of private wells is the function of county and state Health
Departments Gross beta radioactivity of city water has been measured
ard is reported in Table 2-4

Table 2-4
GROUND WATER ACTIVITY
(gross beta)

[
Travis County 6 x 1077 uCl /ml

L] 4
Balcones Research Center 8 x 10O uCi/ml

2.7 HISTORICAL

Relocation of the UT TRIGA reactor and related facilities to the
Balcones Research Center site is to help accommodate growth of programs
both at the University maln campus and at the Research Center site The
facility location at the Research Center is to be in the north-east
corner of the research center site

The original research center site area was operated as a magnes {um
manufacturing plant by the Federal government in the 1940's, Subsequent
arranpements and acquisition by the University would determine
activities of the site throughout the 1950's, 1960's and 1970's
Activities at the site were not fully developed prior to the 1980's
University functions or research activities werve moved to the site when
reguired accommodations were not avallable on the main campus A few
funct fons of the University at the sit. had resulted in the construction
of major facilities sultable for long tei~ use. Other activities at the
site have utilized existing structures or other buildings not suited for
long, term use.

A major program [12) was established in the 1980‘s to develop the
Balcones Research Center site activitles. As part of the first phase of
deve lopment , several major research programs associated with energy and
engineering were moved to facilities constructed at the site Features
of the site, before the development activities by the University and
after initial development in the 1980's, are {llustrated in Figures 215
and 2-16

2-23
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Chapter 3

FACILITY DESIGN
STRUCTURES, SYSTEMS AND COMPONENTS

The facility in which the TRIGA reactor is to be located is a

building with several spccial design features. Most of the building
desipgn specifications are for criteria that are independent of the
reactor systems. However, several design features and specifications

are to assure safe facility operation and effective utilization of
facility equipment.

Bullding areas include office space and laboratory space. Space
for administrative functions, library or conference rooms, maintenance
shops and utility equipment will support all facility activ ties. The
reactor. which is the primary plece of facility equipeent, will
establish the fundamental requirements for two basic areas of the
building. One area is the reactor bay that contains the primary reactor
structures and experiment facilities. The other area will contain the
ecperation control center with space for the control console, training
activities, and records maintenance.

Building c¢rientation on the site plan is shown in Figure 3-1
Total gross floor space of the facility is about 1950 square meters
(=21,00) sq. ftr,)

several design requirements » protect against the release of
radiosctive materials from reactor operation are set by the compliance
requirements of the appropriate standards or regulations. Other
potential releases that might occur from specific experiments or special
materials or conditions are also subject to these standards and
regulations. Facility design includes features for control of airborne
release from reactor operation and releases of ligquid waste or solid
waste from other facility activities.

3.1 GENFRAL CONDITIONS

The design of a structure to contain the TRIGA reactor facility depends
at least partly on the protection requirements for the fuel elements.
Among, these requirements are the control of personnel access to special
nuclear material and the control of personnel exposure to radiovactive
fuel material. Design of the fuel elements as a physical containment
system is the basic design assumption. This fuel design contrcls the
release of radicactive material during routine reactor operation and
potential acrident conditions. Facility design will control the
exposure to the radiation levels that the fuel will create during
operation, Other facility design requirements will control the release
of operation efflaents such as radioactive gases from either normal
operation or accident conditions, Rupture of a fuel element will be the
desipgn basis accident Design of the reactor bay as an alr confinement
system will protect the operation personnel and the general public
against the operation hazards of the reactor. These hazards are release
of air activation products during normal operation and the

3-1

2y






T —— SN
- — e e e e s

SAR 5791

release of fuel flsslon products durlng accident conditions Re ledse
criterion are based on Title 10 Chapter 20 of the U.S. Code of Federal
Rl‘]‘,n\ul fons |1

Engineering Design, spe ifications, and construction for the
puilding are set by the State of Texas Uniform Ceneral Conditions and
The University of Texas at Austin Supplementing Conditions [2.3,4.5
Provisions of the Uniform Bullding Code (5] and other national codes tor
mechenical, electrical, and pluabing are applicable to this project
Equipment requirements wi'l apply Underwriter's Laboratories standards
or labels, when appropriate, to a plece, type, class, or group of
equipment ., Other specifications will conform to the standards ol the
American Society for Testing and Materials (ASTM) Provisions of the
Life Safety Code are applicable. One code of importance, the National
Fite Protectlion Code, will cetermine requirements that relate to iire
safety for significant facility operation hazards

Eaploration logs for the site conslst of & borings of depths to 30
feet (~9 meters) Approximate ground surface elevation is idl feat (241
meters), At an elevation of about 787 feet (240 meters), easch lag
records a conuistent subsurface structure typical of the region
Installation of & plezometer in one bore hole allows & check of ground

watel Evidence and experience indicate a periodic presence of some
ground water, although seasonal varifation of the level {s probable
Vater surface, depth at the time of plezometer installation was 29.1

feet (B B7 meters) after 24 hours and 9.3 feet (2.B3 meters) after 3
manths

The building site is located on a rock subsurface of limegtone.
Soil tests of the subsurface set the load capacity at 1690 kg/m“ (2.4
psi) Concrete plers and footings wili provide building foundations.

sefismic design specifications will meet the vequirements of the
Uniform Building Code for zone 0. The zone designation is a reference
that determines the appropriate earthquake activities in the continental
United States. These specifications require no special provisions
beyond those of standard bullding load requirements. Normal building
loads from gravity and wind forces will exceed the seismic accelerations
for bulldings in zone 0. A building of good construction should
withstand an earthquake acceleration of about 9% Ground
accelerations that vxceed this would be rare events in a reglon in which
earthquakes are already infrequent.

Wind load designs will meet requirements of the Uniform Building
Code for 70 mph (31.3 m/sec) winds. hormal wind and storm conditions
will be within these design factors. Those specifications Include
factors for gusts in excess of the wind load criteria. Hurrlcanes are
not likely to be a direct threat because of the natural dissipation of
energy on land. However, tornados are & concern with thelr extreme wind
velocities., Tornado type activity is roughly one event per Yyear per
1000 square miles (2590 sq. kilometers) in the gengral site arvea. This
activity represents a frequency of one per 2.5 x 107 yr for an area of a
square with sides of 333 feet (31 meters) typlcal of the bullding site.
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two floor levels will comprise the academic and laboratery wing
The entry floor level (second level) 1s an adninistrative and office

section, Laboratories will be on the next level (third level’
Construction of this wing Is reinforced conerete pier and columns with
pouted beam and slab floors and roof Exterior walls will consist of

concrete tilt panel, metal siding and window units Inierior walls arve
metal stud {rames with gypsum board panels. Doors are solid core wood

Entry way area and door is glass and metal frame Stalrwells at each
end of the bullding wing will provide access to each bullding level

standards and specifications of mechanical, electrical, and ether
systems will be typieal of university construction projects In some
cases, facility requirements may also supplement the standard
regulrement s

3:3 SPACE ALLOCATION

Net assignable space for administration, laberatory, and
supplemental areas is about 50% of the total floor space. Figures 3.4
through 3-7 show the floor plan arrangements.  Space in the building
will consist of two major experiment facilities, a reactor bay room and
a radiation experiment room. The reactor bay area consists of 350
square meters (3600 sq. ft.) of space for reactor structures, systems,
components, and experiments The radiation experiment room with about
§5 square meters (900 sq. ft.) is a free space cube voughly 9 meters (30
ft.) on & side with thick shield walls. Besides the wmajor experiment
areas, 8 general laboratory areas and 6 supplemental support areas will
be avallable The respective spatial areas ave 635 and 135 square
meters (6840 and 1430 sq. ft.). Office, conference, and administrative
space will contribute another 230 square meters (2510 sq. ftr.) of
assignable space in ten to twelve different rooms, These space
allocations represent the result of planning estimates for a typlcal
configuration of facility activities

Functional arrangement of facility activities is one result of the
two section building design. One of these sections, the reactor bay,
wing, contains the primary experiment facilities, support facilities,
such as shops and building mechanical and electrical equipment. The
academic and laboratory wing 1is the other section, which includes
edministrative, office, communication, conference, and laboratory
facilities.

3.4 REACTOR BAY AND OPERATION CONTROL

Reactor tank, shield and primary experiment facilities are located
in a reactor bay area that is about 18.3 meters on each side. A total
of 4575 cubic meters of volume {s enclosed in the reactor bay above the
3135 square meters of floor space. Operation control of reactor and of
reactor exps /iment activities is provided by an area located adjacent to
the reacte bay. Space Iin the operation control area is divided into
contral - m, conference room, offlce, and entry way. Total operation
control «rea (7.3 by 18.3 m) is 134 square meter of floor space and
roughly 489 cuble meters of air space. The stairwell in the acadenic
wing provides access to the reactor bay and operation control areas
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Design of the reactor bay is specified by constraints on the
function of the architecture design, access contrel for physical
security, radiation protection for personnel safety, and applicable
building code standards

All asccess poirts to the reactor bay arve located inside the
engineoring bullding and enter from the operation control area side
The remalning thiee sides of the reactor bay area are enclosed by
exterior walls Both ewerpency exits and equipment bay doors on the
first level open inte the adjacent area within the building from which
bullding exits are accessible. Adjacent areas on the operation control
side of the reactor bay provide some laboratory support functions In
conjunction with other bullding support functions On the first l-vel
adjacent to the reactor bay are staging areas for the equipment bay
doors, & mechanical equipment room, liquid waste storage area, radiation
expetriment contiol center, and other areas.

Adjacent to the reactor bay on the second level is the building
electrieal distribution, & mechanical equipment shop, electronics
equipment shop, and darkroom facility. The third level area adjacent to
the reactor bay functions as the resctor operation contrel center All
bullding air handling systems and hot water systems are on the fourth
level adjacent to the reactor bay

Access from the reactor operation control center level te the
reactor bay is et the top of the reactor shield at the point of access
to the reactor pool. A stairway next to the reactor shield structure
provides access to the first, second, and third levels of the bullding
adjacent to the reactor bay.

Two rooms within the reactor bay will enclose reactor support
systems. Pool water treatment systems for purificatien and cooling
equipment are on the first level. Auxiliary equipment for experiment
systems, such as pneumatic systems, will be in the second level room
Other features of the reactor bay include a five-ton bridge crane and
six fuel storape pits. The storage pits and reacter shield structure
are important systems to safely operate and store the reactor fuel
materials However, only the ventllation design for the reactor bay
will be an engineering safety feature.

The operation control level consists of the reactor control room,
rout lne entry hallway, operations eoffice, conference room, and file
storuape Windows between the operation control level and the reactor
bay «1low visual observation of operation activities. Routine access to
the operation control area is by way of the academic wing stairway.

Design of all access points and barriers between the reactor bay
or operation control area and adjacent areas will depend on requirements
for recess, security, fire and ventilation. Design will place limits on
the size of penetrations inte the area and require sealants to control
alr leakage.




SAR 5/9]

On the third level from the reactor floor the adjacent area to the
reactor bay 1s supplemented by the control room ares, conference ares
operation office, and routine entry point The third level entry way is
provided for access to the contrel area from the laboratory building and
access to the reactor bay from the control area, Access at the third
level is te the top of the rveactor shleld structure A stalr structure
is attached to the reactor shield with a supplementary access point to
the rvactor bay on the zecond level

Design of access polnts and interior walls are speclified tor
security control, firve contrel, and ventilation control, Penetrations,
besides the doors, into the reactor bay and control areas are limited in
sive and are sealed to limit alr leakage. Details of the reactor bay
area are presented in Figure 3.8, A 5.ton bridge crane is installed in
the reactor bay for movement of shield structures, heavy equipment, and
fuel transport loading.

3.9 SUPPORT FACILITIES

Support facilities for reactor operation include functions of the
academic and laboratory wing of the bullding, two shop areas for
mechanical and electronic work, and support laboratories

3.5.1 Health Physics Laboratory

A Health Physics Laboratory is situated adjacent to the reactor
facility on the second level Radiatlon counting systems for evaluation
of radiatien exposure or contamination are maintained in the Health
Physlcs Laboratory. Equipment such as a thermoluminescent reader and an
alpha beta proportional counter are maintained in the laboratory. Other
equipment and supplies operated or stored in the laboratory include
portable radiation monitors, coveralls, gloves and related items

3.5.2 Sample Mandling Laboratory

A sample handling laboratory is sltuated adjacent to the reactor
facility on the third level for the processing of radloactive sauples
and materials. Access ports via air or gas transfer tubes are installed
to move samples between the reactor area and the Sample Handling
Laboratory. Two separate sample transfer systems are provided, one for
the pneumatic tube irradiation facility and one for loading the rotary
specimen rack faclility.

A hood for handling radicactive materials and a sink for disposal
of radioactive liquids are installed in the Sample Handling Laboratory
A safety shower is adjacent the laboratory doorway

3.5 3 Effluent Control

Eftluent pathways for alr, liquid, or solid releases of
cadioactive material provide control of material releases. Contrel
pathways for air and liquid effluents are by way of two rooms, room
4.1M3 and room 1 108
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Control of air releases from reactor experiment areas is provided
in room &,1M3, which contains the air purge system isolation valve and
filter bank The filter bank normally contains prefilters and one high
efticlency particulate filter §pace will be available for expansion
that allows addition of a charcoal filter and additional high efficlency
particulate filter

Control of liguid releases that contain radicactive material i
provided In room 1,108, which contains storage tanks for collectlion,
processing, storage, or release of ligquid effluents The reactor Hool
will not release liquid effluents as a part of normal operation

Solid waste control will typically consist of canisters, such as
plastic bags and plastic or metal barrels. location of these canisters
for sulld waste contrel will be adjacent to experiment areas that
produce the waste

3.6 DESIGN EVALUATION
Building design, construction, and {nspection will provide a

facility for safe operation of the TRIGA reactor. The facility and it's
features apply standard engineering practices to control quality of

building systeus. The features are typical of other similar
installations and should provide a reasonsble margin of safety for the
operation of the TRICA reactor. No unusual site conditions exist to
threaten the bullding, Selsmic and wind loads determine bullding

structural design. These structural conditions protect against bullding
fallure from common site conditi ns of geologlcal or meteorological
orlgin.

Several special bullding features provide for control of effluents
and support of operation and experiment activities. One specific
engineering design feature, the reactor bay ventilation system, will
protect against uncontrollable releases of airborne radloactive
materials. Other bullding design features, such as the reactor shield
structure, fuel storage wells and liquid waste system, supplement the
ventilation system to provide protective or control functions that
prevent the uncontrollable release of radiation or radicactive material.

3-15
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Chapter &

TRIGA KEACTOR

The reactor design bases are predicted on the maximun operationcd
capability for the fuel elements and configuration described in this
report The TRICA reactor system has three major arvvas which are used
to define the reactor design bases

a. Fuel temperature,
b Prompt negative temperature coefficient,
¢ Reactor power

0f these three only one, fuel temperature, is a real limitation
A summary is presented below of the conclusions obtained from the
reacto design bases described in this section,

h.l DESICGN BASES

The fuel temperature is a limit in both steady-state and pulse
mede operation. This limit stems from the out-gassing of hydrogen {rom
U-2rH (M/Zr , %) fuel and the subsequent stress produced in the fuel
element clad material The strength of the clad as a function of
temperature can set the upper limit on the fuel timperature. Fuel
temperature limits of 1150°C (with clad g 500°C) and 970°C (with clad 2
500°C) for U-ZrH (N/2r ; 1.6%) have bLeen set to preclude the loss of
clad integrity. Simnad [34] summarizes the properties of U-ZrHy fuel
materials for TRIGA reactors, including the limiting design bases and
parameters.

The basic parameter which provides the TRICA system with a large
safety factor in steady-state operation and under translent conditions
is the prompt negative temperzture coefficient which is rather constant
with temperature (-0, 01% 8k/k*'C), as deseribed later. This coefficient
is & function of the fuel composition and core geometry,

Fuel and clad tenmperature limit the operation of the reactor
However, it is more convenient to set & power level limit which ls based
on temperature. The design bases analysis indicates that operation at
up to 1900 kW (with an 85 element core and 120°F inlet water
temperature) with natural convective flow will not allow film bolling,
and therefore high fuel and clad temperatures which could cause loss of
clad integrity could not occur

4.1.1 Beactor Fuel Temperature

The basic safety limit for the TRICA reactor system is the fuel
temperature; this applies for both the steady-state and pulse mode of
operation

4-1
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Two Mmiting temperatures are of interest, depending on the (yps
of TRICA fuel used The TRIGA fuel which is considered low hydride
‘hat with an H/Zr ratio of less than 1.5, has a lower temperature L {mit
than fuel with a higher H/Zr ratio Figure 4-1 indicates that (e
hipher hydride compositions are single phase and are not subject to th
larpe volume changes associated with the phase transformation

approximately 530°C in the lower hydrides Also, it has been noted [
that the higher hydrides lack any significant thermal diffusion of
hydrogen These two facts preclude concomitant volume changes Tha

{mportant properties of delta phase U-ZrH are given in Table &4-i

Table 4-1

PHYS1CAL PROPERTIES OF DELTA PHASE U-ZrH

Thermal conductivity (93°C - 650°C) 13 Btufhr~!t?"y

Elastic medulus: 20°C 9.1 x 10° ped
650°C 6.0 x 10° pst

Ultimate tensile strength (to 650°C) 24,000 psi

Compressive strength (20°C) 60,000 psi

Compressive yleld (20°C) 35,000 psi

Heat of formation um‘; 298°C) 37.72 keal/g-mole

Among the chemical properties of U-ZrH and ZrH, the reaction rate
of the hydride with water is of particular iInterest. Since the
hydriding reaction is exothermic, water will react more readily with
zirconium than with zirconfum hydride systems. Zireconium {8 frequently
used in contact with water in reactors, and the zirconium-vater reaction
is not a safety hazard. Experiments carried out at GA Technologies show
that the zirconium hydride systems have & relatively low chemical
reactivity with respect to water and alr. These tests have invelved the
quenching with water of both powders and solid specimens of U-ZrH after
hoating to as high as 850°C, and of solid U-Zr alloy after heating to as
high as 1200°C Tests have also been made to determine the extent to
which fission products are removed from the surfaces of the fuel
elemenits at room temperature. Results prove that, because of the high
resintance to leaching, a large fraction of the fission products is
retained in even completely unclad U-ZrH fuel
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For the test of the digcussion of fuel temperatoten, we will
concern ourselves with the higher hydride (M/2Zr 2 1.5) TRIGA fuel clad
with 304 stainless steel 0. 020 in. (0 508 mm) thick, eor & cladding
matevial equivalent in strength at the temperatures discussed

At room temperature the hydride is like ceramic and shows 1ittls
ductility. However, at the elevated temperatures of interest fod
pulsing, the material is found to be more duciile The effect of very
large thermal stress on hydride fuel bodies has been observed in Lot
cell ubservations te cause relatively widely spaced cracks which tend to
be cither radial or normal te the central anis and do not interfere with
radial heat flow Since the segments tend to be orthogonal, thels
relative positions appear to be quite stable

The limiting effect of fuel temperature then is the hydrogen jpas
over pressure Figure 4-2 relates wquilibrium hydrogen pressure ovel
the fuel as a function of temperature for material with three different
H/Zr ratios

The hydrogen gas over pressure is not in {tself detrimental but if
the stress produced by the gas pressure within the fuel cen exceeds the
ultimate strengta of the clad material, a rupture of the fuel clad could
pocut While the final conditions of fuel temperature and hydropet
pressure in which such an occurrence could come about are of interest,
the mechanisms in obtalning temperatures and pressures of concern are
dlfferent in the pulsing and steady-state mode of operation, and each
mechanism will be discussed Independently of the other.

In this discussion it will be assumed that the fuel consists ol
U-ZiH (H/Zr ; 1.6%) with the uranium <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>