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12/

1 9 Operable

Operable means & component or system s capable of performing fits
intended function,

1.10 Operating

Operating means & component or system {s performing its (Intended
function.

1.11 Protective Action

Protective action is the iInitiation of a signal or the operation of

equipment within the reactor safety system in response to a variable eor

condition of the reactor facility having reached a specified limit,
1.11.1 Instrument Channel Level

At the protective instrument channel level, protective action is the
genervation and transmission of a trip signal indicating that a reactor
variable has reached the specified limit,

1.11.2 Instrument System Level

At the protective instrument system level, protective action is the
generation and transmiesion of the command signal for the safety

shutdown equipment to operate,
1.11.3 Reactor Safety System Level

At the reactor safety system level, protesctive action is the operation
of sufficient equipment to immediately shut down the resctor.

1.12 Reactivity, Excess

Excess reactivity is that amount of reactivity that would exist i{f all
the control rods were moved te the maximum reactive condicion from the
point where the reactor is exactly critical.

1.13 Reactivity Limits

The reactivity limits are those limits imposed on the reactor core excess
reactivity, Quantities are referenced to a reference core condition.

90 Page 7
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1.14 Reactor Core, Standard

A standard core is an arrangement of standard TRIGA fuel in the reactor
grid plate and may include Installed experiments.

1.15 Reactor Core, Operational

An operational core is a standard core for which the core parameters of
excess reactivity, shutdown margin, fuel temperature, power calibration,
and reactivity worths of control rods and experiments have been
determined to satisfy the requirements set forth In the Technical

Specifications.

1.16 Reactor Operating

The reactor is operating whenever it is not secure” or shutdown.

1.17 Reactor Safety Systems
Reactor safety systems are those systems, including thelr associated

input channels, which are designed to initiate automatic reactor
protection or to provide information for initiation of manual protective

action,
1.18 Reactor Secure
The reactor is secure when:
1.18.1 Suberitical
There is insufficient fissile material or moderaior prosent in the

reactor, control rods or adjacent experiments, to attain criticality
under optimum available conditions of moderation and reflection, or

1.18.2 The following conditions exist :

a. The minimum number of neutron absorbing control rods are fully
{nserted in shutdown position, a&s required by technical
specifications,

b. The console key switch is in the off position and the key is
removed from the lock,

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

d. No experiments are being moved or serviced that have, on
movement, a reactivity worth equal to or exceeding one dollar.

12/%0 Page 8
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1.23 Safety Limits

Safety limits 2re limits on lmportant process variebles which are found
to be necessary to protect reasonably the integrity of the principal
barriers which guard against the uncontrolled release of radiocactivity.
The principal barrier is the fuel element cladding.

1.24 Scram Time

Scram time is the elapsed time between reaching a limiting safety systen
set point and a specified control rod movement.

1.25 Shall, Should and May

Tre word shall {s used to denote a requirement. The word should {s used
to denote a recommendation, The word may is used to denote permission,
neither a requirement nor a recommendation,

1.26 Shutdown Margin

Shutdown margin shall mean the minimum shutdown reactivity necessary to
provide confidence that the reactor can be made subcritical by means of
the control and cafety systems starting from any permissible operating
condition and with the most reactive rod in its most reactive position,
and that the reactor will remain suberitical without furcher operator
action,

1.27 Shutdown, Unscheduled

An unscheduled shutdown {is defined as any unplanned shutdown of the
reactor caused by actuation of the reactor safety system, operator error,
equipment malfunction, or a manual shutdown in res, nse to conditions

which could advorsely affect safe operation, not including shutdowns
which occur during testing or check-out operations.

1.28 Value, Measured

The measured value is the value of a parameter as {t aprears on the
output of a channel.

1.29 Value, True

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

12/90 Page 10
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1.30 Surveillance Activities

Surveillance activities (except those specifically required for safety
when the reactor is shutdown), may be deferred during reactor shutdown,
however, they must be completed prior to reactor startup unless reactor
operation 1is necessary for performance of the act.vity. Surveillance
activities scheduled to occur during an operating cycle which cannot be
performed with the reactor operating may be deferved to the end of the
eycle,

1.31 Surveillance Intervals

Maximum intervals are to provide operational flexibility and not to
reduce frequency. Established frequencies shall be maintained over the
long term. Allowable surveillance intervals shall not exceed the

following:

1.30.1
5 years (interval not to exceed 6 years).

5.0
2 years (interval not to exceed 2-1/2 years).

1.91.3
Annual (interval not to exceed 15 months).

1.31.4
Semiannual (interval not to exceed 7-1/2 months).

1.31,5
Quarterly (interval not to exceed 4 months).

1.31.6
Monthly (interval not to exceed & weeks).

1.31.7
Weekly (interval not to exceed 10 days).

1.31.8
Daily (must be done during the calendar day).

12/90 Page 11
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2.0 SAFETY LIMITS AND LIKITING SAFETY SYSTEM SETTINGS

2.1 Safety Limit
Specification(s)

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

2.2 Limiting Safety System Settings

12/90

2.2.1 Fuel Temperature

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 € ring of the reactor core configuration.

2.2.2 Power Level (Manual, Auto, Square Wave)

Specification(s)

The maximum operating power level for the operstion of the reactor
shall be 1100 kilowatts in the manual, auto and square wave modes.

2.2.3 Reactivity Insertion (Pulse)
Specification(s)

The maximum transient reactivity insertion for the pulse operation of
the reactor shall be 2.2% Ak/k in the pulse mode.

Page 12
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3.0 LIMITING CONDITIONS FOR OPERATION
3.1 Reactor Core Parameterd

12/90

3.1.1 Excess Reactavity

Specification(s)

Maximum excess reactivity shall be 4 9% Ak/k.
3.1.2 Shutdown Margin

Specification(s)

The reactor shall not be operated unless the shutdown margin provided
by control rods is greater than 0.2% Ak/k with:

a. The reactor in the reference core condition.

b. The most reactive control rod fully withdrawn,

¢. All movealle experiments in their most reactive state.
3.1.3 Transient Insertions
Specification(s)

Total worth of the transient rod shall be limited to 2.8Y Ak/k, and
the total withdrawal time for the rod shall not exceed 15 seconds.

3.1.4 Fuel Elements
Specification(s)
The reactor shall no ve operated with fuel elament damage except for
the purpose of loca.ing and removing the elements. A fuel element
shall be considered damaged and must be removed from the core if:

a. In measuring the elongation, the length exceeds the original
length by 2.54 mm (1/10 inch).

b. In weasuring the transverse bend, the bend exceeds the original
bend by 1.5875 mm (1/16 inch).

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

Page 13
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3.2 Reactor Control and Safety Systen

12/90

3.2.1 Control Asseamblies

Specification(s)

The reactor shall not be operated unless the conirol rods are
operable, and

a. Control rods shall not be operable if damage 's apparent to the
rod or drive assemblies.

b, The scram time measured from the Iinstant a simulated signal
reaches the value of a limiting safety system setting to the
instant that the slowest scrammable control rod reaches its
fully inserted position shall not exceed 1 second.

¢. Maximum reactivity insert! : vate of a standard control rod
shall be less than 0.2% Ak'% por second,

3.2.2 Reactor Control System

Specification(s)

The reactor shall not be operable unless the minimum safety interlocks
are operable. The following control system safety interlocks shall be

operable:

Interlocks Number e, Effective Mode
—..Rod Drive Contrel . Opersble Function _ ___  Manual*  Pulse
a. Startup Withdrawal “ prevent rod 4

Standard control rods withdrawal for
Transient control rod less than 2
counts per sec
b. Simultaneous Withdraval & ] revent rod X
Standard control rods Athdrawal for
Transient control rod two or more rods
¢. Non pulse condition 1 prevent withdraval X
Transient control rod for drive not down
except square wave
d. Pulse Withdrawal 3 prevent withdrawal X
Standard control rods of non pulse rods
e. Transient Withdrawval 1 prevent rod X
Transient control rod withdrawal for more

than 1 kilowatt power

*Manual mode includes Auto and Square Wave modes
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3.3 Operational Support Systems

12/90

3.3.2

Water Coolant Systems

Specification(s)

Corrective action shall be *aken or the reactor shut down {f any of
the following reactor coolant conditions are observed:

b.

The bulk pool water temperature exceeds 4B8°C.

The water depth is less than 6.5 meters measured from the pool
bottom to the pool water surface.

. The water conductivity exceeds 5.0 umho/em for the average value

during measurement periods of one month.

. The pressure difference during heat exchanger operation is less

than 7 kPa (1 psig) measured between the chilled water outlet
pressure and the pool water inlet pressure to the heat
exchanger.

. Pool water data from periodic measurements shall exist for water

pH and radioactivity. Radioactivity measurements will include
total alpha-beta activity and gam + ray spectrur analysis.

3.3.2 Alr Confinement Systems

Specification(s)

Corrective action shall be taken or the reactor shut dewn {f any of
the following air confinement conditicas do not ~xist:

a.

Equipment shall be operable to {solate the reactor area bty
closure of room ventilation supply and exhaust dampers, and
shutdown of system supply and exhaust fans.

The reactor room ventilation system shall have an automatic
signal to isolate the area if air particulate radiocactivity
exceeds preset values.

. An auxiliary air purge system to exhaust air from experiment

systems shall have a high efficiency particulate filter.

. Room ventilation shall require two air changes per hour or

exhaust of pool areas by the auxiliary air purge system,

Page 16






Revision 1

Technical Specifications

3.4 Limitations on Experiments
3.4.1 Reactivity

12/90

Specification(s)

The reactor shall not be operater unles the following conditions
governing experiment reactivity exiaer:

a. A moveable experiment shall have a resctivity wotth less than

1.00 dellar.

The reactivity worth of any single secured oxperiment shall be
less than 2,50 dollars.

. The total of absolute reactivity worths of reantor core

experiments snall not exceed 3 .00 dollars, including the
potential reactivity which wmight result from malfunction,
flooding, voiding, or removal and insertion of the experiments.

3.4.2 Materiale

Specification(s)

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

Experiments containing materials corrosive to reactor
components, compounds highly reactive with water, potentially
explosive materials, and liquid filssionable materials shall be
doubly encapsulated. Guidance for classification of noterials
shall use the "Handbook of Laboratory Safety" Tables of Chemical
Information published by CRC Press.

If a capsule fails and releases material which could damsge the
reactor fuel or structure by corrosion oi other means, removal
and physical inspection shall be performed to determine the
consequences and need for corrective action. The results of the
inspection &nd any corrective action taken shall be reviewed by
the Director, or his designated alternate, and determined to be
satisfactory before operation of the reactor {s resumed.

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

Each fuzled experiment shall be controlled such that the total
invencory of iodine isotopes 131 through 135 in the experiment
is no greater than 750 millicuries and the maximum stroatium
inventory is no greater than 2.5 sillicuries.
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Exporiment materials, except fuel materials, whish could oft.
g4s, sublime, volatilize, or produce aerosols under (1) normal
operacing conditions of the experiment or rerwton, ‘&) ervedib,.c
accident c¢onditions in che reactor, (3) rossible accidont
conditions in the experiment shall '« limited in activity such
that {f 1001 of the gaseous activity or radloactive aerosols
prodiced escaped to the reactor room or the otmosphere, the
airborne concentration of radizactivity averaged over a year
would not exceed the occupational limits for maximuwn permissible
concentration,

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

shall be used: (1) If the effluent from an experimental
facility exhausts through a  holdup tank which closes
automatically n high radiation level, at least 10X of the
gaseous activity or aercsols produced will escape. (2) 1f the
effluent from an experimental facility exhausts through a filter
installatiun designed for greater than 99 efficlency for 0,25
micron particles, at least 10X of these “apors can escape. (3)
For materials whose bolling point ig above 55°C and where vapors
formed by boiling this material can escape only through an
undisturbed column of water above the core, at least 10X of
these vapors can escape. (4) Limits for maximum permissible
concentrations are specified In the appropriate section of
10CFR20,
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‘ SURVEILLANCE REQUIREMENTS

4.1 Reactor Core Farameters

4.1.]1 Excess Reactivity

rminecd ant iLi4Y { aillel] SifFENAL 1

Excess reactivaty shall

ontrol rod or reactor re changes
4.1.2 Shutdown Margir
&"'\ C l!{‘ ntl mnia)

Shutdown margin shall be determined annually or altel
control red or reactor rore hanges

4.1.3 Transient Inserti

specification(s)

Transient rod functiorn shall be evaluated annually 01 1fter
significant control rod ar reactor core nanges The transient 1
drive and associated air supply shall be inspected a ally and  the

drive cvlinder shall he cleaned and lubricated a

A comparison of pulse data shall be made with previous measurements at
annual intervals or each time the interval to the previous measuren

exceers the annual interval

4.1.4 Fuel Elements

ipecification(s)

The reactor fuel elemer*s saall be examined for physical damage t
visuali inspection, including « check of t .e dimensional measurems

made at biennial intervals
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4.
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? Reactor Control ard Safety System

4.2.1 Control Assemblies
Specification(s)

Gont ol rod worths shall be determined annually or after significant
control rod or reactor core changes, and

a. Each control rod shall be inspected at biennial intervals by
visual observation,

b, The srv.a time of a scrammable control rod shall be measured
annually or after maintenance to the control rod or drive.

¢. The reactivity insertion rate of a standard control rod shall be
measur #d annually or after maintenance to the contrel rod or
drive,

4.2.2 Reactor Control System
Specification(s)

The minimum safety interlocks shall be tested at semiannual intervals
or after repair or modification.

4.2.3 Reactor Safety “ystem
Specification(s)

The minimum safety channels shall be calibrated annually or after
repair or modifications. A channel test shall be done prior to each
days operation, after repair or modifications, or prior to each
extended period of operation.

4.2.4 Reactor Instrument System
Specificetion(s)

The minimum configuration of instrument channels shall be calibrated
annually or after repair or modification, Calibration of the power
measuring channels shall be by the calorimetric method. A channel
check and channel test of the fuel temperature instrument channels and
power level instrument channels shall be made prior to each days
operation or prior to each extended period of overation.
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4.3.3 Radlation Monitoring Systems

Specification(s)

a. Calibrate particulate air monitor at semiannual intervals and
check operability weekly.

b. Calibrate argon-41 air monitor at biennial intervals and check

The following conditions shall apply to radiation monitoring systems:
operability monthly.

¢. Calibrate area radiation monitors at semiannual intervals and
check operability weekly prior to reactor operation,

4.4 Limitations on Experiments
4.4.1 Reactivity

Specification(s)

The reactivity of an experiment shall be measured before an experiment
is considered functional.

4.4.2 Materials
Specification(s)

Any surveillance conditions or special requirements shall be specified
as a part of the experiment approval,

12/90 Page 23
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5.2 Beactor Coolant System

5.2.1 Natural Convection

Specification(s)

The reactor core shall be cooled by natural convection flow of water.
5.2.2 Siphon Protection

Specification(s)

Pool water level shall v: nrotected by holes for siphon breaks in pool
water system pipe lines,

5.3 Reactor Core and Fuel

12/90

5.3.1 Fuel Elements
Specification(s)

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

a, Uranium content: 8.5 WtX uranium enriched to a nominal 19.7%
Uranium-235.

b. Zirconium hydride atom ratio: nominal 1.6 hydrogen to zirconium,
ZrHy .

c¢. Cladding: 304 stainless steel, nominal .020 inches thick.
5.3.2 Control Rods
Specification(s)

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

a. Include stainless steel or aluminum clad and may be followed by
air o. aluminum, or for a standard vod may be followed by fuel
with stainless steel clad.

b. Contain borated graphite, B,C powder, or boron and its compounds
in solid form as a poison,

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

d. Two shim rods, one regulating rod and the transient rod are the
minimum control rods.
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5.3.3 Configuration
Specification(s)

The resctor shall be an arrangement of core singie grid positions
occupied by fuel elements, control rods, and graphite elemoents.
Single el ment positions may be occupied by voids, water or experiment
facilities Special multielement positions or single element
positions may be occupied by approved experiments.

5.4 Reagtor Fuel E.cwent Storage
Specification(s)

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

b, Irradiated fuel elements and fueled 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)

12/90

The irradiator assembly will be an experiment facility.

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

b. location of the assembly will be at a depth of at least 4.5
meters and at a distance of at least 0.5 meters from the reactor
core structure.

¢. Pool water sample requirements will monitor pool water fo
source leakage. At a pool water activity of 2.5x10°° wuCi/cm
the gamma irradiator components will be tested to locate and
remove any leaking source.
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6.0 ADMINISTRATIVE CONTROLS
6.1 Qrganization

6.1.1 Structure

The facility shall be wunder the control of the Director or a
supervisory Senior Reactor Operator. The management for cperation of
the facility shall consist of the organizational structure

established as follows:

President of
The University of Texas at Austin

L

Executive Vice President
and Provost

.................. level 1
Radiation Dean College of Nuclear
Safet Engineering Reactor
Committee Committee
Radiation Safety
Officer
|
: Chalirman Department of Mechanical
, Engineering
!
!
Director Nuclear Engineering Teaching
Laboratory
.................. level 2
Reactor Supervisor
ool e T e AN BT PR LR A e b i bl level 3
Reactor Operators,
Technicians, Others
.................. level 4

Responsibility ---
Communication

12/90
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6.1.2 Responsiblility

The Director shall be responsible te the Dean of the College of
Engineering and the hairman of the Department of Mechanical
Engineering for safe operation and maintenance of the reactor and 1ts
assocliated equipment The Director or a supervisory Senior Reactor
Operator shall review and approve all experiments and experimenta

procedures prior t t use Iin the reactor Individuals of the
management organization shall be responsible for the policles ar
operation of the facility, and shall be responsible for safeguarding
the public and facility personnel from undue radiation exposures and
for adhering te the operating license and technical specifications
6.1 Staffing
The minimum staffing when the reactor is not shutdown si be
a. A rea r operator in the control room
b, A' second persor ir the facility area that car perforn
prescribed written instructions Unexpected absence for tw
hours shall require immediate action to obtain an alternate
"!"X‘-\'
¢. A senior reactor operator readily available The available
operator should be within thirty minutes of the facility and
reachable by telephone
Events 1 iring the direction of a senior reactor operator shall De
a. All fuel element or control rod relocations within the reacto:
core Teglol
b. Relocation of eny experiment with a reactivity wortl f greatex
than one dollar
¢. Recovery from an unscheduled shutdown or significant powel
reduction
d. Initial tartup and approach t pOWel
A list of reactor facility persor l] by name and telephone number
shall be available tc the perator 11 the trol 1 The i t
shall include
Management personnel
t Radiation safety pe! nne .l
ther perat X t c §
t . §
1 -
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6 1.4 Selection and Training of Personnel

The selection, training and requalification of operators shall meet
or exceed the requirements of American National Standard for
Selecticn 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)
program,

6.2 Review and Audit

12/90

6.2.1 Composition and Qualifications

A Nuclear Reactor Committee shall consist of at least three (3)
merbers appointed by the Dean of the College of Engineering that are
knowledgeable in fields which relate to nuclear safety. The
university radiological safety officer shall be a member or an ex-

officio member. The committee will perform the functions of review
and audit or designate a knowledgeable 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 membership where the
operating staff does not represent a majority).

¢. Dissemination, review, and approval of minutes.

d. Use of subgroups.
6.2.3 Review Function
The review function shall include facility operations related to
reactor and radiological safety. The following items shall be
reviewed:

a. Determinations that proposed changes in equipment, systems,

tests, experiments, or procedures do not involve an unreviewed

safety question,

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

¢. All new experiments or classes of experiments that could affect
reactivity or result in the release of radiocactivity.

d. Changes in technical 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 & selected examination of operating
records, logs, or other documents. An audit will be by a person not
directly responsible for the records and may include discussions with
cognizant personnel or observation of operations. The following
items shall be audited and a report made within 3 months to the
Director and Nuclear Reactor Committee:

a,

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

Results of actions to correct deficiencies that may occur in
reactor facility equipment, structures, systems, or methods of
operation that affect safety at least once per calendar year.

., Function of the retraining and requalification program for

reactor operators at least once every other calendar year.

The reactor facility emergency plan and physical security plan,
and implementing procedures at least once every other year.

6.3 QOperating Procedures

Written operating proedures shall be prepared, reviewed and approved by
the Director or a supervisory Senior Reactor Operator and the Nuclear

Reactor

b.

€.

12/90

Committee prior to initiation of the following activities:
Startup, operation, and shutdown of the reactor.
Fuel loading, unloading and movement in the reactor.

Routine meintenance of major components of systems that could
have an effect on reactor 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 irradiations that could have an
effect on reactor safety.
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f. Personnel rediation protection, consistent with applicable
regulations or guidelines, and shall {include a management
commitment and programs to maintain exposures and releases as
low as reesonably achievable.

g. Implementation of required plans such as the emergency plan or
physical security plan,

Substantive changes to the above procedures shall be made effective
after approval by the Director or a supervisory Senior Reactor Operator
and the Nuclear Reactor Committee. Minor modifications to the original
procedures which do not change the original intent may be made by a
senior reactor operator but the modifications must be approved by the
Director or a supervisory Senior Reactor Operator. Temporary deviations
from the procedures may be made by a senlor reactor operator in order to
deal with special or unusual circumastances or conditions. Such
deviations shall be documented and reported to the Director or a
supervisory Senior Reactor Operator.

6.4 Experiment Review and Approval

All new experiments or classes of experiments shall be approved by the
Director or a 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 review as a new experiment.

¢. Minor changes to an experiment that do not significantly alter
the experiment may be made by a supervisory senior reactor
operator.
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e. Abnormal and significant degradation iIn reacter fuel, or
cladding, or both, coolant boundary, or confinement boundary
(excluding minor leaks) where applicable which could result in
exceeding prescribed radiation exposure limits of personnel or
environment, or both.

f. An observed inadequacy in the implementation of administrative
or procedural controls such that the inadequacy causes or could
have caused the existence or development of an unsafe condition
with regard to reactor operations.

6.6.2.3

A written report within 90 days after the completion of startup tests
or 9 months after initial criticality, which ever is earlier, of the
startup test program, to the NRC of:

Chavacteristics of the reactor such as critical mass, excess
reactivity, power calibration, control rod calibrations, shucdown
margin and experiment facility worths, describing the measured values
of the operating conditions including:

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

b. Minimum shutdown margin of the reactor both at ambient and
operating temperatures.

¢. An evaluation of facility performance to date in comparison
with design conditions and measured operating characteristics,
and a reassessment of the safety analysis when measurements
indicate that there may be substantial variance from prior
analysis submitted with the license application,
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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 reacctor fuel in a
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 {mportant parameter for a TRIGA reactor {s the f{uel element
temperature., This parameter is well suited as a single specification
since it can be measured directly., A loss in the integrity of the fuel
element cladding could arise from a build-up of excessive pressure
betweru the fuel-moderator and the cladding i{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 magnitude of this pressure is
determined by the fuel-moderator temperature and the ratio of hydrogen
to zirconium in 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 wultimate stress provided that the
temperature of the fu 1 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.3.0 LIMITING CONDITIONS FOR OPERATION

APPLICABILITY, OBJECTIVES & BASES

A.3.1 Reactor Core Parameters

12/90

A.3.1.1 Excess Reactivity
Applicability

This specification applies to the reactivity condition of the reactor
core in terms of the available excess above the cold xenon free,
critical condition,

Objective

The objective is to prevent the fuel element temperature safety limit
from being reached by limiting the potential reactivity available in
the reactor for any condition of operation.

Maximum excess core reactivity is sufficlent to provide the core
rated power, xenon compensation and reactivity for shutdown,
Analysis of the reactor core demonstrvates that no single component
represents sufficient potential reactivity to reach the fuel element
temperature safety limit during any condition of operation.

A.3.1.2 Shutdown Margin
Applicability

This specification applies to the reactivity margin by which the
reactor core will be considered shutdown when the reactor is not
operating.

Objective

The objective is to assure that the reactor can be shut down safely
by a margin that is sufficient to compensate for the failure of a
control rod or the wovement of an experiment.

Bases
The value of the shutdown margin assures that the reactor can be shut
down from any operating condition. These conditions include the

assumption that the highest worth control rod remains fully withdrawn
and all moveable experiments are in the most reactive condition.
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A.3.1.3 Transient Insertions
Applicability

This specification applies to the total potentlal worth of the
transient rod and the allowable reactivity {nsertion for reactor
pulse operation,

Objective

The objective 1is to 1limit the reactivity available for pulse
insertion to a value that will not cause the fuel temperature safety
limit to be exceeded.

Calculations demonstrate that the total insertion of all the
transient rod worth will not exceed the fuel temperature safety
limit., For a 2.8% Ak/k pulse a safety margin would exist between the
fuel element safety limit and the rise of peak fuel temperature above
an assumed ambient pool temperature of 50°C. A preset timer insures
that the transient rod will not remain in the pulse position for an
extended time after the pulse. Experiments with pulsed operation of
TRIGA reactors by the manufacturer indicate that insertions up to
3.5Y Ak/k have not exceeded the fuel temperature safety limit.

A.3.1.4 Fuel Elements
Applicability

This specification applies to the measurement parameters for the fuel
elements,

Objective

The objective is to verify the physical condition of the fuel element
cladding.

Bases

The elongation limit has been specified to assure that the cladding
material will not be subjected to stresses that could cause a loss of
integrity in the fuel containment and to assure adequate coolant
flow. The limit of transverse bend has be:n shown to result in no
difficulty in disassembling the reactor core. Analysis of the
removal of heat from touching fuel elements shows that there will be
no hot spots resulting in damage to the fuel caused by this touching.
Experience with TRIGA reactors has shown that fuel element bowing
that could result {in touching has occurred without deleterious
effects,
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Two basic interlocks control rod movements for the pulse mode. The
interlock to prevent withdrawal of the motor driven rods in the pulse
mode 1{s designed to prevent changing the critical state of the
reactor prior to the pulse. A power level {nterlock cortrols
potential fuel temperature changes b+ setting a limit of less than 1
kilowatt for initiation of any pulse,.

Interlocks applicable to the transient rod determine the proper rod
operation during manual mode and pulse mode operation. The non pulse
condition interlock determines the allowable position of the rod
drive for actuation of the FIRE switch,. Actuation of the switch
applies the alr impulse for removal of the transient rod from the
reactor core,

Auto mode is a special condition of the manual mode with automatic
contral of the regulating roed, Square wave mode is also a special
case of the manual mode with automatic control except that pulse
logic applies to the initiation of the auto mode condition.

A.3.2.3 Reactor Safety System

Applicability

These specifications apply to operation of the reactor safety system.
Objective

The objective 1is to determine the minimum safety system scrams
operable for the operation of the reactor.

Bases

Safety system scram functions consist of three types. These scram
types are the limiting safety system settings, operable system
conditions, and the manual or program logic scrams. The scrams cause
control rod insertion and reactor shutdown.

Scrams for limiting safety system settings consist of signal trip
levels that wmonitor fuel temperature and power level,. The trip
levels are conservative by a significant margin relative to the fuel
element temperature safety limit.

Operation without adequate control and safety system power supplies
is prevented by scrams on neutron detector high voltage a.d control
rod magnet current,

Manual action of the scram switch, key switch, or computer actuation
of watchdog timers will initiate a protective action of the reactor
safety system. Either of two watchdog circults provide updating
timers to terminate operation in the event that key digital
processing routines fail, such as a display system. Each watchdog
circuit with four resettable timers contains one trip relay and
monitors one microcomputer,
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£.3.3 Qperational Support System

12/90

A.5.3.1 Water Coolant Systems

Applicability

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

Objective

The objective is to assure thsat adequate conditions are maintained to
provids shielding of the reac or rac’'ation, protection against
corrosion of the reactor compovents, coolin, of the reactor fuel, and
prevent leakage from the primary coolant,

The specifications for conditions of the poel water coolant system
provide controls that ar¢ to contrel the radlation exposures and
radfoactive releases assoclated with the reactor fission product
faventory.

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

b. A pool water depth of 6.5 meters is sufficlent to provide more
than 5.25 meters of water above the reactor core so that
radiation levels above the reactor pocl are at reasonable
levels.

c. Ave..ge measurements of pool coolant water conductivity of 5.0
umho/cm assure that wates purity {s maintained to control the
effects of ~corrosion and activation of coolant water
impurities.

d. A pressure difference at the heat exchanger chilled water
outlet and the pool water inlet of 7 kPa will be sufficient o
prevent loss of pool water from the primary reactor coclart
system to the secondary chilling water system in the event of a
leak in the heat exchanger.

e. Periodic sampling of pool water pH and radiocactivity at
supplemental measurements that assist evaluation of the overai:
conditions of the reactor pool. Protection of aluminum
components requires a pH range of 5 to 8.5. Measurements cf
radicactivity in the pool water provide information to evaluat
working hazards for personnel, leakage indications fo.
radioactive sources in the pool, and monitoring for activation
of unknown components in the water,
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A 3.6 Limisations on Experiments
A3 4.1 Reactivity

Applicabilicy

This specification applies t> the reactivity of experiments located
in the resstor core,

Objective

The objective 1s te control the amount of reactivity associated with
experiments to values that will not endanger the reactor safety
limit,

a. The worth of s!ryie moveable experiment is limited so that
sudden removal movement of the experiment will not cause prompt
criticality  Worth of a single unsecured experiment will not
cruse & reactivity insertion that would exceed the core
temperature safety limit,

. The maximum worth of a single experiment {s limited so thet the
fuel element temperature safety limit will not be exceeded by
removal of the experiments. Since experiments of such worth
must be secured in place, removal from the reactor operating at
full power would result in a relatively slow power Increase
such that the reactor protective systems would act to prevent
excessive power levels from being attained,

. The maxii: - worth of all experiments is limited so that removal
of the total worth of all experiments will not exceed the fuel
element temperature safety limit.

A.3.4.2 Materials
Applicability

These specifications apply to experiments installed in the reactor
and {ts experimental facilities.

Objective

The objective is to prevent the release of radicactive material in
the event of an exper.ment failure, either by failure of the
experimeni or subsequent damage to the reactor components.

Bases
a. Double encapsulation requirements lessen the leakage hazards of
some types of experiment materials.
b. Operation of the reacter with the reactor fuel or structure
damaged is prohibited to avold release of fission products,
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A.4.3.) Radlation Monitoring §, ' ems
Applicability

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

Objective

The objective 1s to assure the radiation monitors are functional.
Bases

Perlodic calibrations and frequent checks are specified to maintain
reliable performance of the radiation monitoring iInstruments,

Calibration and check frequencles follow the general recommendations
of guldance documents.
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A4 Linltations opn Experiments

12/90

A4 4.1 Reactivity
Applicability

This specification applies to surveillance of the reactivity of
experiments.

Objective

The objective 1is 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 {s allowable.

A4 4.2 Materials

Applicability

This specification applies to the surveiliance requirements for
materials inserted into the reactor.

Objective

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

A careful evaluation of all experiments is performed to classify the
experiment as an approved experim nt,
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A.5 0 DESIGN FEATURES

OBJECTIVES & BASES

A.5.1 Site and Facllity Descriptions

12/90

A.5.1.1 Location

Applicability

This specification applies to the TRIGA reactor site location and
specific facility design features.

Objective

The objective 1is to s} ‘fy those features related to the Safety
Analysis evaluation,

Rases

a. The TRIGA faclility s .« « locatea in an area controlled by The
University of Texas at Austin,

b. The room enclosing the reactor has been designed with
characteristics related to the safe operation of the facility,

¢. The shield and pool structure have been designed fov radiation
levels of less than 1 mrem/hr at locations that are not access
ports to the reactor structure.

d. The restricted access to specific facility areas assure that

proper controls are established for the safety of the public
and for the security of special nuclear materials.
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A.5.1.2 Confinement
Applicability

This specification applies to the boundary for control of air in the
area of the reactor.

Objective

The objective is to assure that provisions are made to control or
restri:t the amount of release of radicactivity into the environment.

4. Calculations of the concentrations of released radionuclides
within the reactor area depend on the available enclosed alr
volume to limit the concentrations to acceptable levels.

b. Control of t* reactor area alr exchange is by fan wmotors and
isolation dar_ers for the supply and exhaust =air which are
controlled by a loglec signal from a radiation sensor to provide
automatic air confinement.

¢. Emergency air ventilation is filtered to control the release of
particulates and a pressure difference relative to the external
ambient 7 essure is intended to prevent leakage of air without
filtl‘lti\. .

d. Exhaust air during reactor operation 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
Applicability

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

Objective

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

This specificatiun relates to changes in reactor systems 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 accepted cperating
criteria. Questions that may include an unreviewed safety question
are referred to the reactor operation committee.
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A.5.2 Reactor Coolant System

Applicability

This specification applies to the reactor coolant system composed of
delonized vater,

Objactive

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

a. This specification {is Dbased on thermal and hydraulic
calculations which show that a standard B85 element TRIGA core can
operate in a safe manner at power 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. Siphen breaks set the subsequent pool water level for loss of
coolant without an associated water return caused by Inadvertent
pumping or accidental siphon of water from the pool.

A.5.3 Reactor Coxe and Fuel

12/90

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 relfability with respect to their physical and nuclear
characteristics.

The design basis of the standard TRIGA core demonstrates that 1.5
megawatt steady or 36 megawatt-sec pulse operation presents a
conservative limitation with respect to safety limits for the maximum
temperature generated in the fuel. The fuel temperatures are not
expected to exceed 550°C during any condition of normal operation,
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A.5.3.2 Control Rods
Applicability

This specification applies to the control rods used in the reactor
core.

Objective

The objective is to assure that the control rods are of such a design
as to permit their use with a high degree of reliabllity with respect
*o 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 its
compounds. These materials must be contained in a suitable clad
material, such as aluminum or steinless steel, to insure mechanical
stability during movement and to isolate the poison from the pool
wvater environment, Scram capabilities are provided for rapid
insertion of the control rods which is the primary safety feature of
the reactor. The transient control rod is designed for a reactor

pulse.

A minimum configuration of control reds consiet of two shim rods, a
regulating rod and the transient rod.

The configuration of vrods 1is necessary for the reacter to be
operable., If the appropriate adjustmen’: to the core reactivity are
made the removal of one or more of the ontrol rods will facilitate
the necessary inspection and repalr activities, Definitions for
shutdown and suberitical require the reactor core to meet the
suberitical constraint {f any rod is out of the core and the reactor

is to be shutdown.
A.5.3.3 Configuration

Applicability

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

Objective

The objective 1s to assure that provisions are made to restrict the
arrangement of fuel elements and experiments to provide assurance
that excessive power densities will not b produced.

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

%.4 Reactor Fuel Element Jiulage
Applicability

This specification applies to the storage of reactor fuel at times
when {t is not In the reactor core.

Objective

The objective s to assure that fuel storage will not achleve
eriticality and will not exceed design temperatures.

The limits imposed by these specifications are considered sufficient
to provide conservative fuel storage and assure safe storage.

A.5.5 Gamma Pool lrradiator

12/90

Applicability

This specification applies to the gamma {irradiator experiment
facility in the reactor pool.

Objective

The objective is to assure that the use of the irradiator does not
cause any threat to the resctor or safety question.

Location of the {irradiator is at & distance from the reactor
sufficient to aveld interference with rveactor cperation. Depth of
the pool water for adequate shielding of the lrradister is also a
constraint of the location
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