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The receipt, possession, and use of the byproduct and special nuclear
materials as authorized by this license will be in accordance with
the Commission's regulations in 10 CFR Parts 30 and 70, including
Sections 30,33, 70.23 and 70.31.

2. Facility License No. R-129 is hereby issued to the University of Texas at
Austin as follows:

A

The license applies to the TRIGA Mark 11 nuclear reactor (the
facility) owned by the University of Texas at Austin (the
licensee). The facility is located on the licensee's site in
Austin, Texas, and is described in the licensee's application
for 1icense of November 9, 1984, as supplemented.

Subject to the conditions and requirements incorporated herein,
the Commission hereby licenses the University of Texas at Austin:

(1) Pursuant to Section 104c of the Act and 10 CFR Fart 50,
"Domestic Licensing of Production ard Utilization Facilities,"
to possess, use, and operate the facility at the designated
location in Austin, Texas, in accordance with the procedures
and limitations set forth in this license;

(2) Pursuant to the Act and 10 CFR Part 70, "Domestic Licensing
of Special Nuclear Material," to ‘eceive, possess, and use
up to 5.8 kilograms of contained uranium=-235 enriched to less
than 20 percent in the isotope uranium=235 in the form of
reactor fuel; up to 20 grams of contained uranium-235 of any
enrichment in the form of fission chambers; up to 10 milligrams
of uranium-233, 50 milligrams of contained uranium=235 of any
enrichment, 10 milligrams of plutonium=-240, 40 milligrams
of plutenium-239, and 10 milligrams of plutonium=-241 in the
form of foils; 1 gram of plutonium=-239, and 10 grams of
contained uranium-235 of any enrichment in the form of
reference materials; and to possess, but not separate, such
special nuclear material as may be produced by the operation
of Lhe facility.

(3) Pursuant to the Act and 10 CFR Part 37, "Rules of Genera)
Applicability to Domestic Licensing of Bypr:duct Material,"
L0 receive, possess, and use a b-curie sealed plutonium-
beryllium neutron source and a 2-curie sealed americium-
beryllium neutron source in ronnection with operation of the
facility; 1200 micrograms of lifornium=-252 encapsulated in
stainless steel in connecti .. with operation of the facility,
10 kilocuries of cobalt-60 in the form of sealed stainless
steel pins; up to 0.1 curie of byproduct material, atomic number
3-83, in the form of reactor components transferred from
Facility Operating License No. R-92; and to possess, use, but
not separate except for byproduct material produced in reactor
experiments, any amount of byproduct material in the form of
reactor fuel transferred from Facility Operating License
No. R-92 and, such byproduct material as may be produced by
operation of the facility.
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(4) Pursuant to the Act and 10 CFR Part 40, "Domestic Licensing
of Source Material," to receive, possess, and use up to
8 milligrame of uranium=236 and 150 grams of uranium-238 in
the form of foils.

C. This license shal)l be deemed to contain and is sub;ect to the
conditions specified in Parts 2C, 30, 50, 51, 55, 70, and 73 of
10 CFR Chapter 1, tn all applicable provisions of the Act, and to
the rules, regulations, and orgers of the Commission now or hereafter
in effect and to the additional conditions specified below:

(1)  Maximum Power Leve)

The licensee is authorized to operate the facility at
steady-state power levels not in excess of 1100 kilowatts
(thermal) and in the pulse mode with reactivity insertions
not to exceed 2.2 percent Ak/k,

(2) Technical Specifications

The Technical Specifications contained in Appendix A are
hereby incorporated i+ the licerse. The licensee shal)
operate the facility in accordance with the Technical
Specifications.

(3) Physical Security Plan

The licensee shall fully implement and maintain in effect
all provisions of the physical security plan approved by
the Commission and al)l amendments and changes made pursuant
to the authority of 10 CFR 50.90 and 10 CFR 50.54(p). The
approved plan, which i¢ exempt from public disclosure
Pursuant to the pravisions of 10 CFR 2.790(d), is entitled
‘Physical Sev.=ity Plan for the UT [University of Texas]
TRIGA Mark 11 Reactor Facility," Revision 1, dated

August 1990.

D. This license is effective as of the daf> of issuance and shal)
expire twenty years from its date of issuance.

FOR THE NUCLEAR REGULATORY COMMISSION
M?/wﬂ
<
Thomas E. Murley, Director
Office of Nuclear Reactor Regulation
Enclosure:
Appendix A Technical

Specifications

Date of Issuance: January 17, 1992
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Revision 1 Tech 1lcal Specifications

1.0 DEFINITIONS

1.1 Certifiel Operators

An individual authorized by the U.§ Nuclear Regulatory Commission to
carry out the esponsibilities associated with the position requiring the

certification.
1.1.1 Senior Reactor Operator

An individual who 1s licensed to direct the activities of reactor
cperators. Such an individual may be referred to as & class A

operator.
1.1.2 Reactor Operator

An individual who is licensed to manipulate the controls of & reactoer.
Such an individusl may be referred to as e class B operator.

1.2 Instrumentation Channel

A channel s the cowbination of sensor, line, amplifier, and output
device which are connected for the purpose of measuring the value of &

paramsier,
1.2.1 Channe) Test

Channel test is the introduction of a signal into the channel for
verification that it is operable.

1.2.2 Channel Check

Channel check is & qualitative verification of acceptable performan e
by observation of channel behavior. This wverification, whe.e
possible, shall include comparison of the channel with other
independent chani:ls or systems measuring the same variable

1.2.% Channel Calibratien

Channel calibration is an adjustment of the channel such that its
output corresponds with acceptable accuracy to known values of the
parazeter which the channel measures. Calibration shall encompass the
entire channel, including equipment actuation, alarm, or trip and
shall be deemed to include a channel test.

1.3 Confinement

Confinement means an enclosure on the overall facility which controls the
movement of air into it and out through a controlled path. '

12/90 Page >
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1.4 Experiment

Any opers lon, component, or target (excluding devices such as
detectors, foils, ete. ), which is designed to investigate non routine
reactor ~naracteristics or which is intended for irradiution within
the poos, .0 or in & bean tube or irradistion facility and which is
not rigidly secured tu a core or shield structure o as to be part of
thelr design.

1.4.1 Experiment, Moveable

A moveable experiment is one where it is intended that all or part of
the experiment muy be moved in or near the core or inte and out ef the
reacior while the reactor is operating.

1.4.2 Experiment, Secured

A secured experiment 1s aeny experiwent, experiment focility, or
component of an experiment that is held in 4 stationary position
relative to the reactor by mechanical weans. The restraining force
wast be substantially greater than those to which the experiment might
be subjected by hydraulic poeumatic, buoyant, or other forces which
are normal to the operating environment of the experiment, or by
forces which can arise as & result of credible conditions

1.6.3 Experimental Facilities

Experimentsl facilities shall mean rotary specimen rack, preunatic
tran: fer tube, central thimble, beasm tubes and irradiation fecilities
in tne core or in the pool.

1.5 Fuel Element, Standard

¢ fuel element s a single TRIGA element of standard type Fuel 1s U-2ri
clad in stainless steel ¢lad.  Hydrogen to pirconium ratio is nominal
1.6,

1.6 Puel Element, Instrumented
An instrumented fuel elemant 15 a specisl fuel element fabricated for

tenporature measurement. The element shall have at least one
thernocouple enedded in the fuel near the axial and radial midpoints,

1.7 Mode; Munual, Auto, Pulse, Square Wave

Each mwode of operation she'l mean operation of the resator with the mode
selection switches in *he manual, sute, pulse or square wave position,

1.8 Steady-state

Steady-state mode operation shall mean any operation of the reactor with
the mode selection switches in the wanual, auto or square wave position
The pulse mode switch will define pulse operation

12790 Fage &
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1.9 Operable

Operable means & component or system {» capavle of perforaing its
intended function.

1.10 Operating

Operating maans a8 component or s sten is perfoiaing Ity Intended
funet!n.

1.11 Protective Action
Protective action is the initiation of & signal or the operation of
equipment within the reactor safety svstesm in response to & varieble or
condition of the reactor fecility haviryg reached a specified linit,
1.11.1 Instrument Channel level
At the protective {nstrument channcl level, protective sction i the
generation and transmiseion of a trip signal Indicating that & reactor
variable has reached the specified limit.
1.11.2 Instrument System Level

At the protective instrument systew level, protective attion is the
generation and transmission of the command sigral for the safety

shutdown equipment to operate.
1.11.3 Reactor Safety System level

At the reactor safety systen level, protective action is the operation
of sufficlent equipment to immediately shat down the reactor.

1.12 Reactivity, Excess

Excess reactivity fs that amount of reactivity thar would exist if all
the control rods were moved to the maximum reactive condition from the
point whi @ the reactor is exactly eritical.

1.13 Reactivity Limits

The veactivity limits are those limits lmposed on the yveactor core excess
reactivity., Quantities are referenced to & reference core condition

Page 7
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1.14 Reactor Core, Standard

A standard core is an arvengement of standard TRIGA fuel in the reac.or
| grid plate and may lnclude installed experiments.

1.1% Reactor Core, Operationsl

| An operations) core is & standard core for which the core parameters of

| excess reactivity, shutdown margin, fuel temperature, pover calibration, |
and reactivity worths of contrel rods and experiments have been
determined to satisfy the requirements set forth in the Technical
Specifications.

1.16 Reactor Cperating

The reactor is operating vhenever it is not secured or shutdown.

1.17 Reactor Safety Systems

Resctor safety systems are those systems, including their associated
input channels, which are designed to initiate automatic reactor
protection vr to provide information for initiation of manual protective

action,
1.18 Reactor Secure
The 1eactor is secure vhen:
1.18.1 Subcritical
| There is insufficient fissile material or mcderator present in the

reactor, contrel rods or adjacent experiments, to attain criticality ;
under optisun available conditions of moderation and reflection, or

1.18.2 The follovwing coruitions exist |

a. The minimur nuawber of neutron sbsorbing control rods are fully
{nserted in shutdown position, as required by cechnical
specifications.

b. The console key switch is in the off position and the key Is
‘emoved from the lock,

¢. No work 1s in progress involving core fuel, core structure,
installed control rods, or control rod drives unless they are
physically decoupled from the control rods.

| d. No experiments are being moved or serviced that have, on
povement, o reactivity worth equal to or exceeding one dolla:

12/90 Fage &
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1.19 Resctor Shutdown

The teactor is shutdown if it &s suberiticel by at least one dollar in
the reference core condition with the reactivity of all installed

experiments included
1.20 Reference Core Condition

The condition of the core when it is at asbient tenperature (cold) and
the reactivity worth of wenon is negligible (<.30 dollars).

1.21 Reseazch Reactoy

A research reactor is defined as a device designed to support & self.
sustaining neutron chain resction for cesoarch, development, educational,
training, or experimental purposes, and vhich may have provisions for the
production of radiolsotopes

1.22 Rod, Control

A control rod is & device fabricated from neutron absorbing material or
fuel which is used to establis!. neutron flux changes and to compensate
for routine reactivity leses. A control rod may "¢ coupled to its drive
unit allowing it to perforu & safety functior when the coupling 1is

disengaged.
1.22.1 Shim Rod

A shim rod is a contrul rod having an electric sotor drive and scraw
capabilities.

1.22.2 Regulating Rod

A regulating rod is a contrel red used to maintain an intended power
level and may be varied manually or by @ servo-controller. The
regulating rod shall have scranm capability.

1.22.3 Standard Rod
The regulating and shim rods are standard control rods.

1.22.4 Transient Rod

A transient rod is a control rod used to initiate & power pulse that
is operated by a motor drive and/or air pressure. The transient rod

shall have scram capability

12/7%0 Fage ¢
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1.2 Safety Limits

Safety limits are limits on lmpurtant procecs variables which are found
to he necessary to protect teasenably the integrity of t- priveipal
barriers which guard wgainet the uncintrolied release of radiosctivity.
The privcipa) bairier 18 the fuel element eladding.

1.26 Seran Time

Soram time is the elapsed time between resc'. "o a limiting safery systen
set point an?! o svecified contrel rod moven 1.

1.25 Shall, Should and May

The word shall {s used te dencle o requirement. The wvord should 1s used
to senote & recommundetion., The word way 1s used to denote permission,
neither & voquirement nor & recommendation.

1.26 shutdown Margin

mtdewn warg!a shall wean the min‘mun shutdown reactivity necessary to
piovide confidence that the reactor can be nade subciitical by means of
ths continl and safety systems starting fror any permissible operating
condition and with the most reactive red in 1ts most reactive position,
and that the roactor will remain subcritical without further opetator
sction.

1.27 shutdown, Unschedule?

An unsehrdulad shutdown is defined as any unplanned shutdoun of the
resctor causes by asctuation of the reactor safety system operator error,
equipment malfunction, or a manual sliutdown in response to conditions
wvhich could adversely affect safe operatiun, nol including shutdowns
which orcur during testing or check-out operations

1.28 Value, Measured

The measured value is the value of & pavametar as it appearr on the
output of & channel.

1.29 Value, True

The true value {s the actual value of a paremeter.

12/%0 Fage 17
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2.0 SAFETY LIMITS AND LIMITING SAFETY SYSTEM SETTINGS

2.1 Safety Linmis
Specification(s)

The maximum temperature in & standard TRIGA fuel element shall not exceed
1150°C for fuel element clad temperatures less than 500°C and shall not
excerd 950°C for fuel element clad temperatures greater chan 500°C
Temperatures apply to any condition of eperation.

2.7 Malting Saf-ty System Settings

1;’/9:)

2.2.1 Fuel Tenmperature

Specification(s)

The limiting safety system setting shall be 550°C as measured in an
instrumented fuel element. One instrumented element shall be located
in the B or C ring of the reactor ccre configuration

2.2.2 Pover Level (Manual, Auto, Square Wave)

Specification(s)

The maximur operating power level for the operation of the resctar
shall be 1100 kilowatts in the manual, suto and square wave modes.

2.7.3 Reactivity Insertion (Pulse)
Specification(s)

The maxiwim transient resctivity insertion fer the pulse operation of
the reactor shall be 2.2%1 Ak/k in the pulee mode.

Page 1
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3.0 LIMITING CONDITIONS FPOR OPERATION
3.1 Beacsor Core Paraneters

12/90

3.1.1 Excess Reactiviry

Specification(s)

Maximum excess reactivity shall be & 1 Ak/%
3.1.2 Shutdown Margin

Specification(s)

The reactor shall not be operated unless the shutdown margin provided
hy con.rol rods is greater than 0.2% ak/k with:

. The rescter in he veterence core condition.

b. The most reactive control red fully withdrawn,

¢. All movesble experiments in their sost reactive state.
3.0.3 Transient Insertions
Specification(s)

Total worth of the transient rod shall be limited to 2 .6% 2k/k and
the total withdraval tiry for the rod shall not exceed 15 seconds.

3.1.4 Fuel Elements

Specification(s)

The reactor shall not be operated vith fuel element damage ercept for
the purpose of locating ar removing the elewents. A fuel element
shall be considered damaged and must be resoved from the cove 1f:

a. In measuring the elongation, the length excencs the original
length by 2.5 ma (1/10 inch).

b. In measuring the transverss benc, the bend excers: che original
bend by 1.5875 am (1/16 inch).

¢. A clad defect exists as indicated by release of fission products
or visual observation

Page 13
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3.2 Beactor Conrtel mod Safety Sysien
3.2.1 Control Assemblies

12790

Specification(s)

The rtesctoy

operable, and

3.2 2 Reactor Control System

sha'l not be operated unless

e s L L ER——

P e,

Technical s ecifications

the control trods are

a. Control rods shall not be operable if damage is apparent to the

tod ¢r drive assemblles.

b. The scram time wmessured from the instant a simulated signal

reaches the value of & liniting safety system setting to the
{nstant that the slovest scramssble control rod reaches {ts

fully inserted position shall not exceed 1 second.

¢. Maximus reactivity insertion rate of a standard contrel rod
shall be less than 0.2% Ak/k per second.

Specification(s)

The revctor shall not be spersble unless the minimun safety Interlocks

are operable.

The folloving control system safety interlocks shall be

operable:
Interlocks Nusber Effective Mode
J .
a. Startup Vithdraval 4 prevent rod
Standard contrel rods vithdraval for
Transient control rod less than !
counts per sec
b. Sismultaneous Withdrawal & prevent rod
Standard control rods vithdraval for
Transient control rod two or more rods
¢. Non pulse condition 1 prevent withdrawal
Transient control rod for drive not down
except square wave
d. Pulse Vithdraval b prevent withdrava X
Standard contrel rods of nen pulse rods
¢. Transient Withdrawal 1 prevent rod X
Transient vontrol rod vithdrawal for more
than 1 kilowatt power
*Manual mode includes Auto and Square Wave modes
Page 14
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3.2.3 Reactor Safety System
Specitication(s)

The resctor shall not te operable unless the minimum safery channels
are operable. The following control rod scram enfety channels shall
be operable,

Nusber TEffective Hode

__Safety Chanuel Operable  Function .........Manual®  Pulse
#. Fuel Tempe ature 2 Scram at £550°C k3 X
b. Power Level 2 Scram at <1 1 Mv X

Pulse Power 1 Scram at S2000Mw X
¢. High Voltage 2 Scram on loss X X
d. Magnet Current 1 Scran on loss X X
¢. Manual Scram 1 Scranm on Jemand X X

Conuole Button
f. Watchdog Trip ? Scram on loss of

Microprocessor scan rate timer reset X x

*Hanul | wode inciudes Auto and Square Wave modes
3, 2.4 Reactor Insrument Systen

Specification(s)

A sinimun configuration of measuring channels shall be operable. The
following wminlmia reactor parameter peasuring channels shall be

operable:

Numbe r 4 Effective Mode
—.Measuring Chenvel . Qperable . Manual* _ Pulse
a. Fuel Temperature 2 X X
b. Power Level 2 X
¢. Pulse Power 1 X
d. Pulse Energy 1 X

$Marual mode incluces Auto and Square Wave modes

12790 Page 1°
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1.3 Qpexational Support Systems

3.3.1 Vater Covlant Systems

12790

Specification(s)

Corrective action shall be taken or the veartor shut dowu 1f auv of
the following (a.+d.) reactor coolant conditions are observed:

a.

b.

The bulk pool water temperature exceeds “8'C.

The water depth is less than 6.5 meters measured fros the pool
botton to the pool water surface.

 fThe water conductivity exceeds 5.0 umho/cm for the average value

during measurement periods of one mwonth.

The pressure difference during heat exchanger operation is less
than 7 kPa (1 psig) measured between the chilled water outlet
pressure 4nd the pool water inlet pressure to the heat

sxchanger.

 Pool water dats from periodic measurements shall exist for water

pH and radicactivity. Redicsctivity neasursments shall inc..de
total alpha-bets activity and gamma ray spectrunm analysis.

3.3.2 Alr Confinement Systeas

Specification(s)

Corrective action shall be taken or the reactor shut down if any of
the following air confinoment conditions do not exist:

a. Equipwent shall be operablc to isolate the reactor area uy

closure of room wventilation supply and exhaust dampers, and
shutdown of system supply and exna st fans

The reactor room ventilarion system shall have en automatic
sigrnal to isolate the areas if air particulate radicactivity
exceeds preset values.

An auxiliaery air purge system to exhaust air from experiment
syttems shall have & high efticiency particulate filtey.

Roon ventilatior shall require two air changes per hour o1
exhaust of pool areas by the auxiliary aly purge system.

Page 16
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3 3.3 Radlatior Monitoring Systems

Specification(s)

Rediation menitoring while the reactor is operating requires the
followir four conditions

a. A continuous air sonitor (particulate) shall be o[- .ble with

b.

resdout aud audible alars. The monitor shall sasple resctor
roow ai* within 5 seters of the pool at the pool access level.

Alarm set point shall be equal to or less than & measuresont
concentration of 2 x 10" uCi/emd with & tvo hour particulate

scouwmulation,

The particulate continuous air monitor shall be operating when
the reactor is operating. A set point of the moniter will
{rnitiate the isolation signal for the air ventilation system,

The particulate air menitor may be out of service for s period
of 1 weel provided the filter is evalusted datly, and a signal
from the argon-41 continuous air sonitor 1 ava'leble to provide
information fer manual shutdown of tlas HVAC,

A continuous air wmonitor (argon-41) shall be operable with
readout and asudible alara. The monitor shall saaple exhaust
stack air from the suxiliary air purge system when the system is
operacing. Alarm set point shall be equal to or less than »
weasurepent concentration of 2 x 10°% uCi/emd for a dally

releade.

The argon-41 continuous alr moniter sha'l '« operating vhen the
auxi)iary air purge system 1s operaf e aversge annual
concentration limit for release at ti. @ 11 be 2 x 1074

uCi/cmd.

1f the argon-41 monitor is not operable, operating the reactor
vith the suxiliary air purge systes shall be limited to a periecd
of ten davs,

 Ares radiation monitors (gamws) shall be operable with rcadout

and sudible alarm, Alarm set point shall be & measurement value
equal to or less than 100 mr/hr.

Une srea radiation monitor shall be operating at the pool level
when the reactor is operating. Two additional area radiation
monito.s shall be operating at other reactor areas wvhen the

teactor is operating

Page 17
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34 'inisations on Experiuents
3.4.1 Feactivity

12/90

Specification(s)

The reactor shall not be opersered unless the following conditions
governing experiment reactivity exist:

a. A movesble experiment shall have a resctivity worth less than

1.00 dollar.

The reactivity worth of any single se.ured experiment shall be
lecs then 2.50 dollars.

_The total of absolute reactivity worths of reactor core

experiments shall not exceed 3.00 dollars, in:luding the
potentiai reactivity which might reeult from malfunction,
floeding, volding, or rem val and insertion of the experiments

3.4.2 Materials

Specification(s)

The reactor shall rot be operated unless the following conditions
governing experiment materials exist:

Experiments containing materisls corresive to  reactor
components, compounds hi hly reactive with water, potentially
explosive materials, and liquid fissionable materials shall be
doubly encapsulated. Guidance for classification of materials
shall use the *Handbook of Laboratory Safety® Tables of Chemical
Information published by CRT Press.

1/ & capsule tails and releases material vhich could damage the
vesctor fuel or structure by corrosion or other means, removal
and physical {nspection shall be performed to determine the
consequences and need for coriective action, The results of the
inspection and any corrective action taken shall be reviewed by
the Director, or his designated alternate, and determined to be
satisfactory before operation of the reactor 1s resumed .

Explosive materials in quantities greater than 25 milligrams
shall not be {rradiated in the reactor or experimental
facilities. Explosive macerials in quantities less than 25
willigrans may be irradiated provided the pressure produced upon
detonation of the explosive has been calculated and/or
sxperimentally demonstrated to be less than the design pressure
vf the container.

tach fueled experiwent shall be controlled such that the total
inventory of lodire lsotopes 131 through 135 in the experiment
is no greater than 750 milllcurles anc the maximum strontium
inventory is no greater than 2.5 millicuries.

Page 18
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. Experiment materials, except f el matericls, which could off-

gas, sublime, volatilize, or produce aerosols under (1) normal
operating co.ditions of the experiment or reactor, (2) credible
sccident condftions 4n the reactor, (3) possible accident
conditions in the experiment shall be limited in activity such
that 1f 1001 of the gaseous activity or radioactive aerosols
produced escaped to the reactor room or the atmosphere, the
airborne concertration of radiosctivity averaged over a year
vould not exceed the occupational limits for maximunm permissible
concentration.

. In calevletions pursuant to e. above, the following assumptions

shall be wused: (1) 1f the effluent from an experimental
facility exhsusts through & holdup tank which closes
sutomatically on high radistion level, at least 101 of the
gaseous sctivity ¢7 aerosols produced will escape, (2) 1f the
effluent from an experimental fecility exhsusts through a filter
installation designed for greater than 99% efficiency for 0.29
micron particles, at least 101 of these vapors can escape. (1)
For materisls whose boiling point is above 55°C and where vapors
formed by beiling this material can escepe orly through an
undisturbed enlamn of water above the ccre, st least 101 of
these vapors ca&n escape. (4) Liaits for maximus permissible
concentrations are specified in the appropriste section of
10CFR20.

Page 19
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4.0 SURVEILLANCE REQUIREMENTS
&0 Py dskscie Farnmelels

12/

Wi

4.1 1 Excess Resctivity

Specification(s)

Excess reactivity shall be determined annuslly or after significant
control rod or reactor core changes.

4,1.2 Shutdown Margin

Specificetion(s)

Shatdown me~gin shail bYe detirmined annually eor after slgnificant
contrel rod or reactrr core changes.

L. 3 Translent Insertion

Specificetion(s)

rrancient rod function shall be  eveluated asnuslly or after
significant cottrol rod of reactor core changes. The transient red
drive anb assnciatad air supply shall be inspectid annually, end tne
drive evlinder shall be cleaqed ard lubricated annually,

A comps.d-on of pulse data srall be made vith previous meas irements at
annvai intervals or each tine the interval “o the previous weasurement
exceeds the annual interval.

4.1.4 Fuel Elemen.s

Specification(s)

The resctor fuel e.emenii iall be exanmined for physical uamsge by &
visual faspection, inc.uding a che.k of the dimensionil wes uiements,

made at blennial {rtarvals,

Pege 20
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4 2 Reactor Contrel and Safety Systen

12/%0

4.2.1 Control Assemblies
Specification(s)

Contro) rod worths shall be deterufned annually or after significant
control rod or reactor core changes, and

a. Eaci, control rod shall be inspected at bienaial intervals by
visual observation,

b. The scraa time of & scramsable contrel reod shall be measured
antually or after maintenance to the control rod or drive.

€. The resctivity insertion rate of & standard control rod shall be
peasured annually or after malntensnce 1o the control rod or

drive.
4.2.2 Reactor Control Systet

Specificetion(s,

The minfwun safety interlocks shall be tested at semiannual intervals
or after repair or modific.tion.

4.2.3 Reactor Safety Syst'n

Specification(s)

The * ‘nimus safety channels shall be calibrated annually or after
repa.. or modifications. A channel test shall be done prior to each
cays operation, ofter repair or modifications, eor prior to each
extended period of operation.

4.2 .4 Reactor Instrument System

Specification(s)

The minimus configuration of instrument channels shall be calibrated
annurlly or after repair or podification. Calibration of the power
mweasuring channels shall be by the calorimetric method. A channel
check and channel test of the fuel temperature instrunent channels and
power lavel instrument channels shall be made prior to each days
oprration or prier to each extended period of operstion,

Page &1
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4.3 Qpexational Suppert Sxatems

4.3 1 Veter Coolant Systens
fp cification(s)

The following measurements shall wonitor the e ctor coolant
conditions:

a. The pool tenperature channel shall have a4 chanoel calibration
annually, channel check wmonthly and will oe monitesed during
resctor operation.

b. The pool water depth channel shall have & chan <1 calll wilea
annuslly, channel check monthly and will be sonitored Juring
reactor operation,

¢. The water conductivity channel snall have & Jhane! calibra lon
snnually and poo) water counductivity will b mes ure  weekly

d. The pressure difference channel shall 1+ v & channel tert prior
to each days operation, after repalr or wofi€ic £1 a8, or pr.ev
to each extended period of operation of the .ea: . xchanger aud
vill be monitored during operation.

¢. Measure poois wvater pH with low 1o test pepe or squivalent
quarterly. Sasple pool water radicactivity quecterly fer total
alpha-beta activity, Analyze %00l water sample L janua
spectroscopy annually for isotipe ifentif e *ion.

%.3. . tir Confinenent Systems

Specification(s)

The following actions shall dewoustrate the air conf. ;ement
conditions:

8. Annual ex.mination of door seals and isolation d o ers.
b. Monthly functional tests of air corfirement iso ariun,

¢. Monthly check of the auxiliary aly putge system “oive alignaents
for experiments  areas

d. Daily check of ventilation system aligrwent for proper exhaust
conditions prisr to rescter operation.

Page 20
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5 ¢ Besctor Coolans Sysien

5.2.1 Natural Convection

Specification(s)

The reactor core shall be cooled by natural convection flow of vater.
$.2.2 Siphon Protection

Specification(s)

Pool water level rhall be protected by holes for siphon breaks in pool
vater systen pipe lines.

5.3 Besctor Core and Fuel

12790

$.3.1 Fuel Elements
Specification(s)

The standsrd TRIGA fuel element at fabrication shall have the
following characteristics:

a. Uratidum content: 8.5 Wtl uranium enriched to & nominal 19 7%
Uranfum- 235,

W, Zirconium hydride atom ratio nomingl 1.6 hydrogen to zirconium,
2riy .

¢. Cladding: 304 stainless steel, nominal 020 inches thick.
$.3.2 Control Rods

Specification(s)

The shim, regulating, and transient control rods shall have scranm
capability, and

a. Include stainless steel or aluminum clad and say be followed by
air or aluminue, or for & standard rod may be followed by fuel
with stainless steel clad,

b. Contain borated graphite, B,C powder, or boren and its compounds
in soiid fora as a poison.

¢. The transient rod shall have a wechanical limit An adjustable
limit will allow & variation of reactivity insertions.

d. Two shim rods, one regulating rod and the transient rod ave the
pinioum contrel rods.

Page ¢5
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$.3.3 Configuratien
Specification(s)

The reactor shall be an arrangement of core single grid positions
oocupled by fuel clements, contrel tods, and graphite elements.
§ingle element positions may be occupied by voids, water or experiment
facilities. Special nmultielement positions or single element
puéitions may ve occupled by approved experiments.

5.4 Reactor Fuel Element Storage
Specification(s)

s. All fuel elements shall be stored in a geometrical array where
the effective multiplication is less than 0.8 for all conditions
of woderation.

b. Irrediated fuel elements and tueled devices shall be stored in
an array which will permit sufficient natural convection cooling
by water or air such that the fuel element or fueled device
temperature will not exceed design values.

5 5 Reactor Pool lrradiator

Specification(s)
The irrediator assembly shall be an experiment facility.

a. A 10,000 Curie gamma irradiator may be located in the reactor
pool. The irradiator isotope shall be cobalt-60.

b. Location of the assembly shall be at a dopth of at Jeast & %
peters and at a distance of at least 0.0 meters from the reactor
core structure.

¢. Pool water sample requirements shall meniter pool water fog
source leakage. At a pool water activity of 2.5x107 wli/em
the gamma irradiator components shall be tested to locate and
remove any leaking source.

12/%0 Page 26
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6 0 ADMINISTRATIVE CONTROLS

6.1 Quganizatien
6.1.1 Structure
The facility shall be wunder the control of the Director or
supervisory Senior Reactor Operator. The sanagement for operation of
the facility shall consist of the organizationsl structure
established as follows:
President of
The University of Texas at Austin
)|
Executive Vice President
and Provest
.................. level 1
-JM .l
Rediation Dean College of Nuclear
Sufery Engineering Reactor
Committee Comnittee
|
i
Radiation Safety
Officer
|
: Chaivwan Department of Mechanical
‘ Engineering
|
1 ,
v Director Nuclear Engineering Teaching
Laboratory
................. level 2
Reactor Supervisor
1 1 |
| Health Physicist J XTI DL ERRARERY ) o bel,
Reacter Operators,
Technicians, Others
ciq o devel &
Responsibility we
Commutiication
12/%0 Page &7
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6.1.2 Responsibility

The Director shall be responsible te the Dean of the College of
Engineering and the Chairman of the Department of Mechanical
Engineering for safe operation and maintenance of the reactor and its
associated equipment. The Director or & supervisoery Senior Reactor
Operator shall review and approve all experiments and experimental
procedures prior to their use in the reactor. Individuals of the
wanagement organization shall be responsible for the policles and
operation of the facility, and shall be responsible for safegusiding
the public and facility personnel from undue radiation exposures and
tor edhering to the operating license and technical specifications

6.1.3 Scaffing
The minimur staffing when the reactor is not shutdown shall be:

&. A reactor operator in the contrel room.

b. A second person in the facility area that can perforn
prescribed written instructions. Unexpected absence for two
hours shell require {mmediate action to obtain an alternate
person.

¢. A senlor reactor operator readily available. The avallable
operator should be within thirty minutes of the facility and
reachable by telephone.

Events requiring the direction of & senior reactor operator shall be:

8. All fuel element or contrel rod relocations within the reactor
core reglon.

b. Relecation of any e periment with a veactivity worth of greater
than one dollar

¢. Recovery {ror aen unscheduled shutdown or significant power
reduction

d. Initial startup send approach to powver.
A list of reactor facility personnel by name and telephone number
shall be available to the operater in the control room The 1list
shall Include:

&. Management personnel.

b. Radiation safety personnel.

¢. Other cperations personnel

«2/90 Page 28
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6.1.4 Selection and Training of Personnel

The selection, training and requalificetion of operators shall wneet
or exceed the requirements of Aserican National Standard for
Selection and Training of Personnel for Research Reactors ANSI/ANS -
15.4. Qualification and requalification of licensed operators shall
be subject to an approved NRC (Nuclear Regulatory Commission)

progras,

6.2 Review and Audit

12/90

6.2.1 Composition and Qualifications

A Nuclear Reactor Committee shall consist of at least three (3)
members appointed by th- Dean of the College of Engineering that are
krovledgesble in fiele vhich relate to nuclear safety. The
university rediological satrety officer shall be a member or an ex:
officio member. The committee will perforn the functions of reviev
and audit or designate a knovledgeable person for audit functions.

6.2.2 Charter and Rules

The operations of the Nuclear Reactor Committee shall be in
accordance with an established charter, including provisions for:

a. Meeting frequency (at least once each six months).

b. Quorums (not less than one-half the menmbership where the
operating staff does not rer “ent a mejority).

¢. Dissenination, reviev, and approval of minutes.
d. Use of subgroups.
6.2.3 Reviev Function

The revievw function shall include facility operations related to
reactor and radiological safety. The following {items shali be
revieved.

a. Determinations that proposed changes in equipment, systems,
tests, experiments, or precedures do not invelve an unrevieved

safety question.

b. All new procedures and major revisions thereto, and proposed
changes in reactor facility equipment or systems having safety
signiticance.

c. All new experiments or clesses of experiments that could affect
reactivity or result in the release of radioactivity.

d. Changes in techvical specifications or license,
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. Violations of technical specifications or license.

. Operating abnormalities or violations of procedures having

safety significance,
Other reportable occurrences.

Audit reports.

6.2 .4 Audit Function

The audit function shall be a selected examination of operating
records, logs, or other documents. An audit vill be by & person net
directly resprnsible for the records and may include discussions with
cognizant personnel or observation of operations. The following
ttems shall bs sudited and a rveport made within 3 months to the
Director and Nuclear Reactor Committee:

d.

Conformance of facility operations with license and technical
specifications at leust once each calendar year.

_ Resu'ts of sctions to correct deficlencies that may occur In

reactor facility equipment, structures, systems, or wethods o©.
operation that affect safety at least once per calendar year.

 Function of the retraining and requalification program for

reactor operators at -east once every other calendsr year.

The reactor facility emergency plai and physical security plan,
and fmplementing procedures at least Snce every other yeat.

6.3 Qpezating Procedures

Vritten operating procedures shall be prepared, revieved and approved by
the Director or a supervisory Senior Reactor Operator and the Nuclear

Resctor

3
-
e,
d
e

|

|

|

|

|

| 12/%0

Committee prior to initiation of the following activities.
Stattup, operation, end shutdown of tha reactor.
Fuel loading, unloading and movement in the reactor.

Routine maintenance of major cowponents of systems that could
have &n effect on resctor safety.

. Surveillance calibrations and tests required by the technical

specifications or those that could have an effect on reactor
safety.

Administrative controls for operation, maintenance, and the
conduct of experiments or irradistions thar could have an
effect on reactor satety
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{. Personnel radiation protection, consistent with applicable
regulations or guldelines, and shall include & management
comnitment and programs to maintain exposures and releases as
lov &8 reascnably achievable.

g lmplementation of required plans such as the emergency pian or
physical security plan,

Substantive changes to the above procedures shall be made effective
sfter approval by the Director or & supervisory Senior Reactor Operator
and the Nuclear Resctor Committee. Minor modifications to the original
procedures which do not change the original intent m , be made by @
senior reactor operator but the modifications must be approved by the
Director or a supervisory Senior Reactor Operator. Tenporary deviations
from the procedures may be made by & senior resctor operator in orde* to
deal with special or wunusual circusstances or conditions. Such
deviations shall be documented and reported to the Director or &
supervisory Senior Reactor Operator.

6.4 Experiment Reviev and Approval

All nev experiments or classes of experiments shall be approved by the
Director or & Supervisory Senior Reactor Operator and the Nuclear
Reactor Operations Committee.

a. Approved experiments shall be carried out in accordance with
established and approved procedures,

b. Substantive changes to previously approved experiments shall
require the same reviev as a nev experiment.

¢. Minor changes to an experiment that do not significently alter

the experiment may be made by a supervisory senfor reactor
operator.

12/90 Page 31
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6 5 Requized Actions

6. 5.1 Action to be Taken in Case of a Safety Limit Vielation

In the event of & safety limit violation, the following action shall
be taken:

..

The reactor shall be shut down and reactor operation shall not
be resumed until &« report of the vielation 1is prepared and
suthorization to restart by the Nuclear Regulatory Commission

(NRC) is issued.

The safety limit violation shall be promptly reported to the
Director of the facility or & designated alternate,

_ The safety limit violation shall be subsequently reported to

the RRC.

A safety limit violation report shall oe prepared and subnitted
to the Nuclear Reasctor.Committee The report shall describe:
(1) Applicable circumstances leading to the violation
ineluding, when known the cause and contributing factors, (2)
Effect of the wviolatien on reactor faclility components,
systems, or structures and on the health and safety of the
public, (3) Corrective action: taken to prevent recurrence.

6.5 2 Aetion to be Taken in the Event of an Occurrence that is
Reportable.

In the event of & reportable occurrence, the following action shall
be taken:

Reactor conditions shall be returned te normal .r the reactor
shutdown. 1f it is necessary to shut do'n the reactor to
correct the occurrence, operations shall not be resumed unless
suthorized by the Director or his desig.ated alternate,

Occurrence shall be reported to the Director or his designated
alternate .nd to the Nuclear Regulatory Commission as required,

Oceurrence shall be revieved by the KNuclear Reactor Committee
at the next regularly schiduled meeting.
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6.6 Reports

All written reports shall be sent within the prescribed interval to the
NRC, Washington D.C. 20555, Attn: Document Control Desk, with & copy to
the Reglonal Adoin strator, Region 1V,

6.6.1 Operating Reports

Routine annual reports covering the activities of the reactor
facility during the previous calendar year shall be subnitted within
three months following the end of each prescribed yesar. Each annual
operating report shall include the following information:

a. A narrative summary of reactor operating experience including
the energy produced by the reactor or the hours the reactor vas
critical, or both.

b. The unscheduled shutdowns including, wvhere eppilcable,
corrective action taken to preclude recurrence.

¢. Tebulation of major preventive and corrective maintenance
operations having safety significance.

d. Tabulation of major changes In the reactor facliity and
procedures, and tabulation of nev tests or experiments, or
both, that are significantly different from those performed
previously, {including conclusions that no unrevieved safety

questions vere involved.

e. A sumnary of the nature and amount of radiocactive effluents
re.eased or discharged to the environs beyond the effective
control of the university as determined at or before the point
of such release or discharge. The summary shall include to the
extent practicable an estimate of individual radionuclides
present in the effluent. I1f the estimated average release
after dilution or diffusion s less than 25% of the
concentration alloved or recommended, & statement to this
effect is sufficient.

f. A summary of exposures received by facility personnel and
visitors where such exposures are greater than 251 of that
slloved or recommended.

g A summarized result of environmental surveys performed outside
the facility,
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£.0.2 Special Reports

€.6.2.1
A written report within 30 days to the NRC of:

a. Permanent changes 4n the facllity orgeniration invelving
Director or Supervisor.

b. Significant changes in transiert or accident analysis as
described in the Safety Analysis Feport.

6.6.2.7

A report to NRC Operation Center and Feglon IV by telephone oot later
than the following working day and cenfirwed in writing by telegraph
or similar conveyance to be followed by & written report within 14
deys that describer the circumstances of the event of any of the
following:

a Violation of fuel element temperature safety llamit,
b. Release of radiosctivity above allowable liwits,
¢. Orher r«portable occurrences.

Other events that will be considered veportable events are listed in
this wsection, (Note: Where components or systems are provided in
addition to those required by the technical specifications, the
fallire of components or systems 1is mnot considerad reportable
provided that the minimurn number of components or systems specified
ar required psrfor: Jheir {ntended reactor safety function.)

a. Operation wit. actusl safety-~ystem settings for required
systems less conservative than the limiting safety systen
settings specified (n the technical speclfications.

t. Operation in violation of limiting conditions for operation
established in verhnica. specifications unless prowpt remedial
action {s taken.

¢. A reactor safety system compornent malfunction which renders or
‘ could render the rea:tor safety system incapable of perforuing
| {ts intended safery function wunless the malfunction or
| condition s discovered during maintenance tests or periods of
reactor shutdowns.

| d. An unanticipated or uncentrolled change in reactivity greater
| than one dollar. Reactor trips resulting from a kncwn cause
| are sexcluded

17 9’;, Page 3“
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12/%0

e Abnormal aend significant degradation 1In vreactor fuel, or
cladding. or both, coolant boundary, or confinement boundary
(excluding minor leaks) whare applicsble which could result in
exceeding prescribed radlation exposure limits of personnel or
enviroruent , or both,

f. An observed inadequacy in the Impiementation of administrative
or procedural controls such rhat the {nadequacy causes or could

nave caused the existence or devalopment or an unsafe condition
with regard to reactor operations.

6.6.2.3
A written repor® within 60 dav: »t' ¢ the completion of startup tests
or 9 months afte irf+tal eri - .aly, which ever is earlier, of the

startup test prograw, to the NRC of:

Characteristics of the reactor such as critical mass, excess
reactivity, power calibration, cortro. red calibrations, shutdown
margin and experiment facility worths, desc.ibing the measured values
of the operating conditions including:

a. Total control reactivity worth and reactivity of the rod of
highest reactivity worth,

b. Mini{muws shutdown margin of the reactor borh at ambient and
¢perating temperatures.

¢. #nn evaluation of facilicy perforwmance to date in comperison
wvith design conditions and measured operating characteristics,
end & reassessment of the safety analysis when weasurements
{ndicate that there may be substantial variance from prior
analysis submitted with the license application,
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€.7 Records

The records may be in the form of logs, data sheets, or other suitable
forms. The required information may be contained in single or multiple
records, or & combination thereof.

6. 7.1 Records to be Retained for the 1 .etime of the Reactor
Facility:

‘Note: Applicable annual reports, if they contain all of the
required information, may be used as records in this section.)

a. Gaseous and 1liquid radicactive effluents released to the
environs,

b. Offsite environmental monitorirg surveys required by technical
specifications.

¢. Events that impact or effect decommissioning of the facility

d. Radiation exposure for all personnel monitored.

e. Updated dravings of the reactor facility.

€.7.2 Records to be Retained for a Period of at Least Five Years or
for the Life of the Component Involved Whichever is Shorter:

a. Normal reactor facility operation (supporting documents such #s
checklists, log sheets, etc. shall be maintained for a period
of at least one year).

. Principzl maintenance operations.

Reportable occurrences.

Surveillance activities required by technical specifications.

Resctor facility radiation and contamination surveys vhere

required by applicable regulations.

Experiments performed with the reactor.

Fuel inventories, receipts, and ~hipments.

Approved changes in operating procedures.

Records of meeting and audit reports of the revie. and audit

group.

" oo

- e e

6.7.3 Records to be Retained for at Least One Licensing Cycle:
Retraining and requalifications of licensed operations personnel.

Records of the most recent complete cycle shal) be maintained at all
times the individual is employed.
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APPENDIX

A.1.0 DOCKET 50-602 INFORMATION

The Technical Specifications of this document depend on the analysis and

conclusions of the Safety Analysis Report. Descriptive information
{mportant to each specification s presented §n the form of the
spplicability, objective and Dbases. This in. wmetion defines the
conditions effective for each technical specification, except

administrative conditions, for the Docket 50-602 facility.

A.1.1 Applicability

The applicability defines the conditions, parameters, or eguipment to
which the specification applies.

A.1.2 Objective

The objective defines the goals of the specification in terms of limits,
frequency, or other controllable item.

A.1.3 Bases

The bases presents information lmportant to the specification, including
such things as justification, logical constraints and development

methodology.

12/90 Page 37
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A.2.0 SAFETY LIMITS & LIMITING SAFETY SYSTEM SETTINGS
APPLICABILITY, OBJECTIVES AND BASES

A.2.1 Safety Limit
Applicability

This specification applies to the temperature of the reactor fuel in e
standard TRIGA fuel element.

Objective

The objective is to define the maximum temperature that can be permitted
with confidence that no damage to the fuel element cladding will result.

Bases

The important parameter for a TRIGA reactor is the fuel element
temperature. This parameter is well sulied as a single specification
since it cen be measured directly. A loss in the integrity of the fuel
element cladding could erise from & build-up of excessive pressure
between the fuel-moderator and the cladding {f the fuel temperature
exceeds the safety limit. The pressure is caused by the presence of
air, fission product gases, and hydrogen from the dissociation of the
hydrogen and zirconium in the fuel-moderator. Hydrogen pressure is the
most significant component. The wmagnitude of this pressure |{s
determined by the fuel-moderator tempersature and the ratic of hydrogen
to zirconium {n the alloy.

The safety limit for the standard TRIGA fuel is based on calculations
and experimental evidence. The results indicate that the stress in the
cladding due to hydrogen pressure from the dissociation of zirconium
hydride will remain below the ultimate stress provided that the
temperature of the fuel does not exceed 1150°C and the fuel cladding
does not exceed 500°C, For conditions that might cause the clad
temperatures to exceed 500°C the safety limit of the fuel should be set
at 950°C.
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A.2.2.2 Tower lavel (Manual, Auto, Square Wave)

Applicability

This specificatior applies to the protective actlion for (ne reactor
during non pulse operation.

Objective

The objestive is to puevent the fuel elewent temperature safety limit
from being reuched.

Bases

Thermal and hydraulic celculations indicate that standard TRICA fuel
elements may be safely operated at powver levels in excess of 1500
kilowvetts with natural convection cooling. Conservative estimates
{ndicate that a departure from nucleate boiling ratic of
approximate’y two will occur at about 1900 kilowatts. A limiting
setting for tne power level measurement at 1.1 megavatts assures
sufficient margin for sufety to allow for calibration errors. The
pover calitration goal is & measurement acouracy of 5% although an
error of 101 may be vepresentative of some weasurements.

A.2.2.3 Reactivity insertion (Pulse)

Applicablilicy

This specification applies to the reactivity insertion fer the
reactor during pulse operation,

Objective

The chjective {s te preveut the fuel element temperature safety lieit
from belng reached.

Bases

Caleculations {ndicate that standard TRIGA fuel elements may be safely
operated at transient conditions in excess of 2.2% ak/k with aabdblent
cooling conditions. Conservative estimates Indicate that a
sub.tantial safety margin exists for the rise ot peak fuel
temperature with reac ‘vity insertions es large as 2.6% Akk.
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A.3.0 LIMITING CONRDITIONS FOR OPERATION

APPLICABILITY, OBJECTIVES & BASES

A. 3.1 Resstor Core Pexamelers

12/%0

A.3.1.1 Excese Reantivity

Applicabilircy

This specification applies to the reactivity coendition of the reacter
core in terms of the avallable excess ebove the cold xenon free,

eritical condition,
Chjective

The objective {s to prevent the fuel element temperature safety limit
from being resched by limiting the po.ontial resctivity available in
the reactor for any con'ition of operation.

Bases

Maximuz excess core reactivity is sufficlent to provide the core
rated pover, xenon compensation and reactivity for shatdown,
Analysis of the reactor core demonstiates that no single component
represents sufficient potential reactivity to veach the fuel elecent
temperature safety limit during any condition of operation.

A.2.1.2 Shutdown Margin
Applaicabliity

This specification applies to the reasctivity margin by which the
reactor core will be considered shutdown when the reactor 1is rot

operating.
Objective

The objective is to assure that the reactor can be chutr down safely
by a margin that is sufficlent te¢ compensate for the failure of &
control rod or the movement of an experiment.

Bases

The value of the shutdown wmargin assures that the reactor can be shut
down from eny coperating condition. These conditions include the
assumptlun that the highest worth control rod remains fully wathdrawn
and all moveable experiments are in the most reactive condition
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A.2.1.3 Transient lnsertions

Applicabiliry

This specification applies to the total potential worth of the
transiert rod and the sllovable reactivity insertion for reactor
puise operation.

Objective

fhe objective is to limir the resctivity evallable for pulse
{rsertion to & value that will not cause the fuel temperature safaty
1imit to be exceeded

Calculati{sns demonstrate that the total dInsertion of all the
transient rod worth will not exceed the f{uel temperatrre safety
limit. For a 2.81 &k/k pulse & safety margir would exist between the
fuel element safety limit and the rise of peak fuel temperature above
an assumed anblent pool temperature of 50°C. A preser timer insures
that che transient red will not temain in the puise position for an
extended time after the pulse. Yiperiments with jyulsed oprration :f
TRIGA reactors by the manufacturce indicate that insertions up to
3.8% aAk/k have no. exceeded the fuwl temperatuve safety limlt,

A.3.1.4 Fuel Elements
Applicab!ility

This specitication applies t> the meas rement parameters for the fue!
elements.

Jbjective

The objective s to verify the physical condition »f the tuel elenent
cladding.

The elongation limit has been specifled to assure thust the cladding
material will nc® be subjected to stresses that could cause a loss of
{ntegrity In the {fuel contalnment and to assure adequate conlant
flow. The limit eof transverse Lend has been shown to result in no
difficulty in disassembling the reactor cove. Anslysis of the
removal of heat from touching fuel elements shows that thers will be
no hot spots resulting in dazage to the fuel caused by this touching.
Experience with TRICA reactors has shown ihat fuel element bowing
that could resuit in touching has occurred without deleterious
effects.
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A 3.2 Beacter Contrel and Sefefy Jxsten

12/80

A.3.2.] Control Asseablies

Applicability

This specification applies to the f.wtion of the control rods.

Chjective

The objective is to determine that the sontrol ruds sre operavle by
specification of apparent physicel conditions, the scram times for
scramvable control rods and the veactivity {nsertion vates for

standard control rods.

The apparent condition of rhe centrol rod assemblies will provide
assuranc: that the vods will continue to perform reliably and as
designed. The s ecirication for rod scras time assuares toat the
reactor will shut down procptly when a scram signal is fnitiated.
The specification for rod veaciivity insertion rates assures that the
reactor will start up st a controllable rate vhen rods are withdrawn,
Analysis has indicated that for .he range of transiente enticipated
for a TRIGA veactor the specif.». scram time and insertion rate is
scdequatze to assure the safery »f the rewc.or.

A.3.2.2 Reactor Control System

Applicability

These specifications apply to loglc of the reactor control system

Nojective

The ehjective i3 to deternine the pinimum contrel system interlocks
operable for operativn of the reactor.

Bases

Incerlocks are specified to prevent function of the contrel red
drives unless certain specific conditions exist. Program logic of
the digital processors {mplument the interlock functions.

Two basic iuterlocks control all rod movements in the manual mode.
The interlock to prevent startup of the reactor at power levels less
than 2 neutron eps, which corresponds to approxisately 4 milliwatts,
assurce that sufficient neutrons are available for controlled reactor
rratup. Simultaneous withdrawal of more than one control rod is
prevented by an interiock to limlt the maximun positive reactivity
inserrion rate svailable for steady state operation
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Twe bes‘c interlocks contrul rod movements for the pulse mode. The
interlock ty prevent withdrawal of the wotor driven rods in the pulse
mode is designed to prevent changing the critical state of the
reactor prier to the pulse. A pover level Interlock controls

potential fuel temperature changes by satting s limit of less than 1
kilowatt for {nitiation of eny pulse.

Interlocks applicable to the tisisient rod determive clie proper rod
opevation duriug manusl mode and pulse mode cperation. The non pulse
condition interlock determines the allowable position of the rvod
drive for actuat.on of the FIRE switch, Actuation of the svitch
applies the air impulse for removal of the transient rod from the

TRACLOY CcOYe.

Auto wode 1s a special condition of the manusl wnde vith automatic
control of the regulating rod. Square wave mode 1s also & special
case of the manual mode with autezatic control excepc that pulse
logic applies to the fnitiation ot the suto wode condition,

A.3.2.3 Reactor Safety System

Applicabiliity

These specifications apply to operatior of the reactor safety system

Objective

The objective s to determine che winimun safety systen scrams
operable for the operaticn of the reactor.

Bases

Safety sysiem scram functirns consist of three types. These scram
types are the limiting -afety system settings, operable system
conditions, and the manus or program logic scrams. The scrans caute
wontrel rod insertion and reactor shutdown,

Scrams for limi:zing safety system settings consist of signal trip
levels that moniter fuel temperature aid pover level. The trip
levels are conservative by & significant wargin relative to the fuel
element temperature safety limit.

Operation without adegquate control and safety system pover supplies
is prevented by scrams on neutron derector high veltage and control

rod magnet current.

Manua! sction of the scram switeh, key switch, or conputer uctuation
of watchdng timers will initiate a protective aytion of the rTeantor

safety sysitem. Either of #wo watchdoy clreuits provide updating
timers to terminate operation in the event that key digital
processing routines fall, such as a display system. Each watchdog

circuit with four rvesettable timers contains one trip relay and

monitors one microcomputer
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A.}).2.4 Reactor Instrument Systen

Applicablilivy

These specifications apply to wmeasuresents of renctor operating
parameters.

Objective

The objective is to determine the sinimun instrument systew channels
to be operable for continued operation of the reactor.

Bases

The minfmun measuring channels are sufficient to provide signals for
sutomatic safety system operation. Signals from the measuring system
provide information to the control and safety system for a protective
action. Instruments provide redundancy by measurements of the same
savameters and diversification by measurements of dilferen’
parsneters. Two redundant temperature thermocouple sensors monitor
the fuel temperature lisiting safety system setting. Two redundant
percent power charnels wmunitor the power level limiting safety
system. A digital wide range chennel may also function as a safety
channel but only by diversification as a supplemental channel to &n
snalog linear vower channel. Pulse parameters of peak power and
ene. oy relezse are measurewents of a single detector chamber. There
are, however, two separate peak and energy monitoring circuits.
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A.3.3 Operational Support Sysien

12,/90

A.3.3.1 Vater Coolant Systeas

Applicability

This specification applies to the operating conditions for the
reactor pool and coolant water systems.

Objective

The objective 1s tu assure thet adequatn conditions are maintained to
provide shielding »of the reacter radiation, protectior. against
corrosion of the resctor components, cooling of the reactor fuel, and
prevent lealsge from the primary coolant.

Bases

The specifications for corditions of the pool water coolant systew
provide controls that are to control the redlation exposures and
radioactive releases ausociated with the reactor fission product

inventory.

a. The bulk water temperature constraint assures that sufficient
core cooling exists under all anticipated operating conditions
and protects the resin of the water purificacion system from
deterioration.

b. A pool water depth of 6.5 meters ls sufficient to provide wore
than 5.25 meters of water above the reactor cote so that
radiation levels above the reactor pool are at reasonable

levels.

¢. Avnrage measurements of pocl coolant water conductivity of 5.0
smho/cm assure that water purity is waintained to control the
effects of corrosion and activation of coolant water

jopurities.

d. A pressure difference a: the heat exchanger chilled watex
outle: and the pool water inlet of 7 kPa will be sufficien. to
prevent loss of pool water from the primary reacor coolant
system ¢o the se.ondary chiliing vater system in *he event of a
lsak in the heat exchatger

e. Perlodic sampling of pool water pH and radiocactivity are
supplewental measurements that assist evaluation of the overall
condi-iens of the reacter pool. Protection eof aluminum
components requires & pH range of S to 8.5. Measurements of
radicactivity in the posol water provide information to evaluate
working hazards for personnel, leakage indications for
radivactive sources in the pocl, &nd monitoring for activation
of unknown components in the water,
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A.3.3.2 Alr Confinement Systems
Applicability

This specification applies to the air ventilatien conditions in the
reactor area during reactor operation.

Objective

The objective {s to control the release of air in the reactor &rea or
exper‘mental facilities,

Bases

The specifications for exhaust ventilation and {solation of the
reactor bay provide control for radiocactive releasces for bot’y routine
and non routine operating conditions.

a Alr confinement of the reactor bey inclules & prevision for
{solation of the air flow of the ventilation systam. Dampers
in the room supply a&ir ducts and room return air ducts limit
the leakage rate anu total relecse of radioactive airborne
waterials to & fraction of the available volume.

b. A signal frou s particulate air moniter in the vicinity of the
reactor pool initiates the automatic isolatiovn of the supply
aly daspers and re urn air daxpers, The isolation process
rakes less than one ..nute and includes the shutdown of supply
fan and exhaust fan. An equivalent to one maximum permissible
concentration is the set point,

| ¢. Alr from experiment aress within the uveutron flux regions of
| the ccre will veatilate separately from room air by way of &
Filter bank that includes a high efficlency perticulate filter.
Space is available to install a charcoal filter for special
experiment conditions.

| d. Control of concentrations of argun-41 in reactor room alr
| depends on ventilation of the rooa air at a raie of two air
| changes per hour o7 operation of the auxiliary purge air
| system, Oper.tion and isolatlon of the purge systeo is by
| mwanual con® ' of damper and fan switches.

|
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A.3.3.3 Radiation Monitoring Systexs
Applicabilifity

This specification applies to the radiation monitoring conditions in
the reactor area during reactor operation.

Objective

The objective {s to wonitor the radistion and radicactivity
conditions in the reactor area to control exposures or releases.

The radiation moniturs provide information to operating personnel of
{mpending or existing hazerds from radiation sc that there will be
sufficient time to take the necessary steps to control the exposure
of personnel and release of radioactivity or evacuste the facility.
Alarn setpuints do mnot include measurement uncertainty. These
setpoints a~e measured values and not true values

8. Alr particulate radicactivity accumulaies on the fllter of a
continuous monitor that records the radiation levels. An alert
and alarn ser point including remote readouts at the reactor
control console inform the cperator of the monitor status and

activity lavels. An  alarm limit at two thousand
picocurie/milliliiter detects particulate activity
concentration: at the occupational wvalues of 10CFR20. The

alarz ser point exceeds occupational values for any single
fission product nuclide in the ranges 24-105 and 129-149.
Seventy percent of the particulate isotopes are also detectadble
at the reference concontrations within two hours. The gaseous
argon-41 monitor can provide fission product gas monitoring
during repair of the particulate monitor.

b. Air gaseous vadioactivity of argon-41 concentraticns require
moritoring of the levels for effluent release and occupational
exposure. The alarm setpoint detects & release concentration
that will not exceed ten times elther the occupation value at
the stack or the reference concentration at the ground.
Calculations of & stack release concencration of 1.2 uCi/cm?
indicate that the equivalent ground level concentration is
equivalent to 1x10°® uCi/cm?. A license limit for the average
annual concentration is necessaty to fix the amount of
allowable release. Periods of inoperabler argon-41 monitoring
equipment of up to 10 days limit the amount of release without
measurement to & fraction of the total annual release.

¢. Several ares radiation monitors (six) are part of the permanent
installation Some locations are eaperiment areas in which
shield configurations determine the levels of radiation during
reactor operation., At the pool access area radiation levels
substantial enough to be a high radiation level may occur.
Alarm levels at 100 mr/hr will monitor radiation areas if the
limit of 2 or 5 mr/hr is not reasonable.
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S Ldeatations on Expeximents
A.3.4.1 Reactivity

Applicability

This specificetion applies to the ,eactivity of experisents located
in the reactor core.

Objentive

The objective is to control che smount of reasctivity associated with
experimants to values tlat will not endanger the reactor safety

limi*.

Bases

t. the worth f single aoveable experiment is limited so that
sudden removal movement of the experiment will rot cause prompt
eriticality. VWorth of a single unsecured experiment will not
cause a resctivity dinsertion thrt would exces? the core
tegperature safety limit,

b. The maximuw worth of a single experiment is limited so that the
fuel elewent teaperature safety limit will not be exceeded by
recsoval of the experiments. Since experiments of such worth
must be secured in viace, reaoval from the reactor operating at
full power win'4 vesult in a relatively slow powver increase
such that the re.actor protective systems would act to prevent
excessive pover levels from being sttained.

¢. The pasimus worth of all experiments {s limited so that removal
of the tota' wor'y of all experiments will not exceed the fuel
elewent tempiratare sifety limit.

A.3.4.2 Materials

Applicability

Thess specificetions apply to experiments installed in the reactor
ant its axperimente] facilities.

Object.ve

The objective is t> prevent the release of ralicactive material in
the event of & experiment fallure, either by failure of the
experiment or subsequent damage to the reactor compenents.

Bases
a. Double encaprulsation requirements lessen the leakage hazards of
some types of experiment materials,
b Operstion of the reactor with the reactor fuel or structure
damaged is prohibited to avoid release of fission products.
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Sncepsulation requirements for exploaive wmaterials set a
reference condition for the amount of maceri:l allewsble for

any reactor enje.iment. Dazage from the explosive reaction
depends on tie available enerzy release and resultant pgas
crestion. Approximate conditions for 25 wmilligrams of

exp osive material are the releas of 25 calories (104 joules)
of erergy and 25 milliliters of gas. If a 1 miliiliter volume
1s available for the reaction of an ¢~ losive material (density
1.65¢ gm/cu?), the energy vill rspresent an instantaneous
pressure of 1032 atmospheres and the gas release adds another
25 atuospheres. Stress calculations for a thin wall,
cylindricel capsule epecify the reculrements for the wall
thickness and ulameter of the encepsulation. The relationship
determines the stress linit as one fourth the product of the
pressure times the capsule Jiemeter to wall thickness ratio.
An slusinus capsule with & 1 milliliter volume requires a ratio
thet does rot exceed 5.2 At a volume of 5 milliliters capsule
dimensions with a diameter of 2.6 cm requivres & wall thickness
rf 1 ma. These limiting values sre within the constraints of
aluninum  tubular corttructlon components for experiment
facilities and mxperimenis. '
Fission proaduct inventory limits of 750 nillicurie i{odine and
4.5 wmillicurie strontium €ix the potential accident release
concentrazions These¢ ftwo isotopes represent the radioactive
exposure risk to indivicuals tor fissipn product nuclides with
short (fodine) ond long (strontium) half-lives. If the isotope
fodine-131 reprecents the total {inventory release of 750
pillicuries, the yvecility annual averag: release, including
building weke dilutton of the total {nventory, will be
equivalent to the refuvence lavel concentration of 2x10="1°¢
uCi/cm?. In the cuse of strontium-90 the release is less than
1/5 the reference level concentration of Sx10°12 uCi/cm?.
Proper shutdown of tne ventilation system by manual or
automatlc operation substantially reduces the effective total
release. Any release of the total experiment inventory within
the facility, however, in the form of {odine-121 or strontium-
90 will exceed the occupational values within the facility for
the oral ingestion or air inhalation of the radionuclides. As
an extreme case the evacuation times to maintain the average
annual concent ton are 1 hour for lodine-121 and 1 wonth for

strontium-90,

_ Acclidentsal release of radioactive macerials that cause alrborne

concentrations must meet 10CFR20 aversge annual limits.
Concentration limits apply to eoccupatiunal values that =zause
exposure within the facility wnd reference level concentrations
that may exist as a release from the facility Calculaticns
assume & complete release of the paterial but also must define
release rates and frequencles that are conservative or
reasonable estimates of accident conditions

This specification provides guidance for the calculation of
conditiors in part (e)
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A.4.2 Remctox Control and Safety Systen

A.4.2.)1 Control Asseablies
Applicability

This specification applies to the surveillance of the control rods.

Objective

The objective is to inspect the physical conditien of the reactor
control rods and establish the operable condition of the rod by
periodic measurement of the scram times and insertion rates.

Annual determination of control rod worths or measurements after
significant core changes provide information about changes in reactor
total reactivity and individual rod worths. The frequency of
{nspection for the control rods will provide periodic verification of
the condition of the coentrol rod assemblies. Verification will be by
measurement of fueled sections and visual observation of absorber
sections plus examination of linkeges and drives. The specification
{ntervals for scram time and insertion rate assure operable
performance of the rods. Deviations that are significant frow
acceptable standards will be promptly corrected.

A.4.2.2 Reactor Control Systes

Applicabilicy

This specification applies to the tests of the logic of the reactor
control system,

Objective

The objective is to specify irtervals for test, check or calibration
of the miniwmum control system interlocks.

Bases

The periodic test of the interlock logic at semiannual intervals
provides adequate information that the function of the control systenm
interlocks are functional. Changes to the interlock legic consist of
revisions to the microcemputer algorithms (hardware, software or
firmware) and repiir of input or output circuits including devices
that are sensors tor the interlocks. Calibrations or checks of the
control system logic are not considered applicable functions.
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A.&.2.3 Reactor Safety Systen
Applicability

This specification applies te tests of the function of the reactor
safety systenm,

Objective

The objective 1s to specify intervals for test, check or calibration
of the miniounm safety system scrams,

The periodic calibretion at ennual {ntervals provides adequate
information that the setpoints of the safety system scrams are
functional. Tests of the safety system prior to each planned
operation assure that each intended scram function is operasble.

A.4.2.4 Reactor Instrument System

Applicability

These specifications apply to calibrations, checks, and tests of
reactor measurement channels.

Objective

The objective is to specify intervals for test, check or calibration
of the minimunm instrument channels.

annual calibration of instrument channels are scheduled to allow
adjustments for changes In reactor and {instrumentation parameters,
Checks and tests prior to each system operation verify the function

of key channels and systems.
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A 4.3 Qperational Support fystems

A.4.3.1 Vater Coolant Systems

Applicability

This specification applies to surveillance conditions for the reactor
pool &nd coolant water systems.

Objective

The objective is to maintain the reactor coolant conditions within
scceptable specifications.

Conditions for the reactor coolant are monitored by visual
observation of measurements or automatic action of sensors. Periodic
checks and tests of measurement devices for the reactor coclant
~ystem parameters assure that the coolant system will perform {ts
{ntended function. Measurement frequencies of pool parameters relate
to the time periods appropriate to detection of abnormal conditions.
Pool temperature, depth, and heat exchanger pressure differences have
an immediste effect on system operation, Water conductivity, pH as a
supplemental {ndicator, and pool radicactive concentrations are
conditions that develop at rates detectable at monthly to annual

intervals.
A.4.3.2 Alr Confinemnnt Systems

Applicability

This specification applies to surveillance conditions for the air
ventilation in the reactor area.

Objective

The objective is to demonstrate the function of confinement and
release of air from the reactor bay.

Bases

Periodic tests and checks of alr corlinement conditions verify
appropriate ventilation functions. Monitoring frequencies verity
performance of the confinement system exhaust daily by an alignment
check that ‘ncludes observation of negative pressures. Tests of the
isolation feature at monthly {ntervals assure the acceptable
operation of the systen
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A.4.3.3 Radiation Monitoring Systems

Applicability

This specification applies to the surveillance conditions of the
radiation monitoring channels.

Objective

The objective is to assure the radiation monitors are functional.

Periodic calibrations and frequent checks are specified to maintain
reliable performance of the radiation wonitoring instruments.
Calibration and check frequen les follow the general recommendations
of guldarce documents.
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Ab.4 Lipitetions on Expeximents
A4 4.1 Reactivity
Applicability

This specification applies to surveillance of the resctivity of
experiments.

Objective

The objective is assure the reactivity of an experiment does not
exceed the allovable specification.

Bases

The measured reactivity or determination that the reactivity is not
significant will provide data that configuration of the experiment or
experiments is allovable.

A 4. & .2 Materials

Applicability

This specification applies to the surveillance requirements for
waterials inserted into the reactor.

Objective

The objective is to prevent the introduction of materials that could
damage the reactor or its components.

Bases

A careful evalustion of all experiments is performed to classify the
experiment as an approved experiment.
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A.5.0 DESICN FEATURES
OBJECTIVES & BASES

we
e
w

s

and Facility Descris

| b |
A 1

e

.

b
~

A.5.1.1 Locatior

¢. The shield and pool structure have been designed for radiatior
levels of less than 1 arem/M t locaetions that are not access

T ts to the reactor structure
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A.5.1.2 Confinevent
Applicablilicy

This specification applies co the boundary for control of air in the
area of the reesctor.

Objective

The objective is to assure thet provisions are made to control or
restrict the amount of release of radioactivity into the environment.

a. Calculations of the concentrations of released radionuclices
within the reactor area depend on the available eénclosed alr
volume to limit the concentrations to ecceptable levels.

b. Control of the reactor area air exchange is by fan motors and
{solation dampers for the supply and exhaust air which are
controlled by a logic signal from a radiation sensor to provide
automatic sir confinement.

¢. Emergency air ventilation is filtered to control the release of
particulates and & pressure difference relative to the external
ambient pressure is {ntended to prevent lsakage of air without
filtration,

d. Exhaust sir during reactor operaticn is released at an elevated
level for dispersion and is designed to provide a relative
pressure difference to the external ambient pressure.

A.5.1.3 Safety Related Systems

Applicabilicy

This specification applies to the requirements of any system related
to reactor safety.

Objective

The objective is to assure the proper funct.on of any system related
to reactor safety.

Bascs

This specification relates to changes in reactor systeus which could
affect the safety of the reactor operation. Changes or substitutions
to these systems that meet or exceed the original design
specifications are assumed to meet the presently accepte. operating
criteria. Questions that may include an unrevieved safety gquestion
are referred to the reactor operation committee.
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A 5.2 Reactox Coolant Systen
Applicabilicy

This specificatir.. applies to the reactor coclant system composed of
deionized water.

Objective

The objective is to assure that adequate water {is available for
cooling and shielding during reactor operation,

-
~8S5€8

8. This specification s based on thermal and hydraulic
calculations which show that a standard 85 element TRIGA core can
operate in a safe manner at pover levels up to 1,900 kW with natural
convection flow of the coolant water and a departure from nucleate
boiling ratio of 2.0,

b. Siphon breaks set the subsequent pool water level for loss of
coolant without an associated water return csused by {inadvertent
pumping or accidental siphon of water from the pool.

A.5.3 Reactor Coxe and Fuel

A.5.3.1 Fuel Elements
Applicability

This specification applies to the fuel elements used in the reactor
core,

Objective

The objective is to assure that the fuel elements are of such a
design and fabricated in such a manner as to permit their use with a
high degree of reliability with respect to their physical and nuclear
characteristics.

Bases

The design basis of the standard TRIGA core demonstrates that 1.5
megawatt steady or 36 megawvatt-sec pulse operation presents a
conservative limitation with respect to safer limits for the maximuw
temperature generated in the fuel. The fuel temperatures are not
expected to exceed $50°C during any condition of normal operation
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A.5.3.2 Control Rods

Applicability

This sperification applies to the control reds used {n the reactor
core.

Objective

The objective is to assure that the contrel rods are of such a design
as to permit their use with a high degree of reliabilicy with respect
to their physical and nuclear characteristics.

The poison requirements for the control rods are satisfied by using
neutron absorbing borated graphite, B.C powder, or boron and 1its
compounds. These materials must be contsined in & suitable clad
waterial, such as aluminum or stairless steei, to insure mechanic:l
stability during movement and to isolate the poison from the pool
water environment, Scram capabilities are provided f r rapid
{nsertion of the control rods which is the primary safety feature of
the reactor. The transient control rod is designed for a reactor

pulse.

A minisus configuration of control rods consist of two shim rods, &
regulating rod and the transient rod,

The configuration of rods {is necessary for the resctor to be
operable. 1f the appropriate sdjustments to the core reactivity are
sade the removal of one or more of the control rods will facilitate
the necessary inspection and repair activities. Definitions for
shutdown and subcritical require the reactor core to meet the
subcritical constr: = if any rod is out of the core and the reactor

is to be shutdow .
A.5.3.3 Configuration

Applicability

This specification applies to the configuration of fuel elements,
control rods, experiments and other reactor grid plate components.

Objective

The objective is to assure that provisions are made to restrict the
arrangesent of fuel elements and experiments to provide assurance
that excessive power densities sill not be produced.

Bases

Standard TRIGA cores have been in use for years and their
characteristics are well documented.
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