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QUALITY ASSURANCE CHECKLIST
FOR INSTALLATION OF THE MARK I CONSOLE

Safety Systems
sencral Instructions

Place compietion date in the "operable” column when the function satisfies scram
requiremnents at the specified point. (See definition ; f "operable™ in TS 1.4.)

b rrey) ~ ' s T Va6 1
Control Rod Drop Time Yenfication
Control rod drop times are measured by attaching relay inputs to the rod up/down

microswitch signals. The relay output is directed to the Series/] computer to measure
relay timing

Conirol Rod Setpoint Measured Time Operable

A. Safety < 2.0 seconds __ Seconds
B. Shim < 2.0 seconds seconds
C. Regulator < 2.0 second seconds

acram Channel Verification

Scram channels are verified by initiating the scram with an artificial signal and
ouserving scram enunciation, magnet current termination, and rod drop

Scram Channel Setpoint Operable

A. Linear Power Channe! Scram Full Scale
B. Percent Power Channel Scram 100 %
C. Fuel Temperature Scram 200 °C

D. Water Level Scram < 1 Foot

E. Manual Scram initiated

F. Magnet Key Scram power off
G Powe ) S power ofl

H. Startup Co £ . .

b i | Rod Wit! | K tme
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Control Systems
General Instrucuions
Place completion date in the appropriate column when the channel satisfies functional
requirements specified in TS 1.4
A n { ~ / 3 b. n
Control Rod Dave Yenficanon

Control rod drives are verified by visually observing drnive movement and indicator
light operation

Control Drive Drive Magnet Magnet Rod Drive
Up Down Up Down Down Operable

r b
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Measuring channels are verified by observing meter indication after input of the
C : i . : f
appropriate signal. If a chunnel satisfies a higher level of performance, then all lower

performance levels are considered satisfied

Measuring Channel Check Test Calibration  Operable

A. Linear Power
Percent Power

l.og-n Power




111. Monitoring Systemns
{ !:D:[ni |V]=‘!I'| ions

Place completion date in the appropriate column when the channel satisfies functional

requirements specified in TS 1.4

Auxiliary System Yeuficanon

Auxiliary systems are verified by observing drive movement and indicator
light operation

System Fuiction Operable

A. Ventilation System Dampers close on radiation scram

Vents reactor room > 1800 ¢fm

B. Recirculation System Rectrculates tank water

C. Refrigeration System Cools tank water

D. pH Measurement Tank water pH

E. Conductivity Measurement Tank weater conductivity -
F. Area Radiation Monitors Exposure calibrated S

Dampers activate

G. Continuous Air Monitor Particulate/Ar-41 calibrated

H. Reactor Room Negative Pressure Measures pressure (inches water)

IV. Completion

This form can only be completed by a staff member not involved with reactor operations or
console installation and must be appointed by the RSC to perform this examination. Each
function must be witnessed by the appointed individual and the results must satisfy the
examiner. The examiner's signature indicaies that the checklist has been fully completed
and that he is satisfied that the console will safely operate the TRIGA reactor

Examiners Signature Date




Safety Review of
Upgrade for the Existing Mark 1 Console

This checklist summarizes the results of a review conducied by RSC safety subcommittee which
examined the monitoring, control, and safety systems to assure that functional requirements of the
upgraded console (Mark I1I} are met before operating staff begins the reactor upgrade process.

I. Monitoring Systems

Ceneral Instructions

Place completion date in the appropriate column when the channe) satisfies functional

requirements specified.

\uiliary 8 Verificat
Auxiliary systems are verified to function properly before installation of the up-grade.
System Function Operable

(Dated and Initialed)

A. Ventilation System Campers close on radiation alarm

Vents reactor room =1800 ¢fm AT
B. Recirculation System Recirculates tank water
C. Reirigeration System Cools tank water
D. pH Measurement Tank water pH i
E. Conductivity Measurement Tank water conductivity
F. Area Radiation Monitors*  Exposure calibrated

G. Continuous Air Monitor*  Particulate/Ar-41 calibrated

H. Reactor Room Pressure  Negative pressure

*- Expecting hardware upgrade (o existing system

D T



1. Control Systems

v . 9 iy ) o~ v sl P "
ropnate column when the channel satisfies functional

rraded console (Mark I1D

Place completion date in the

requirements specified in TS

hannel Ve

Ma rine C 1 ’
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2 :
Measuring channels are \ ving meter indication after input of the
appropriat fact gher level of pertormance, then all lower
performance !evels are ¢
. . :

Measuring Channc| Check or Test Operable
Dated and Initialed
A. Linear Power
B. Percent Power
| 1 ‘;“ ' l),“\n‘r
R~ .
D. Startup Channel
E. Fuel Temperature
. »e ] 1 0 11
F. Area Radiation Monitors*
N .
G . Continuous Air Monitor
| 1 ’ 3
H. Water Level Indicator
“Xpeclng nardware upgraae L LISLING Sysiem
I11. Safety Systems
Place completion date in the "operable” column when the function satisfies scram
requirements at the specified point. (See definition of "operable" in TS 1.4
- - at
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=eram Channel Y et LIS O

Scram channels are verified by initiating the scram with an artificial signal and
observir g scram enunciation and magnet current iernmunation

Scram Channel Setpoint Operable

L |

(Dated and Init

See Note

emperature Scram

Control Rod Withdrawal Interlocks one at a tine
Linear Switch Limit? 0Kw/IMw

»

Note: Not verified uniil recorder from Mark | console is installed in Mark 111

Limit switch will be set (o assure scram at (or before) 120 percent of full licensed powes
IV. Completion

This form has been completed by the RSC subcomimnittee assigned to review the console

upgrade. The members's signatures indicate that the checklist has been fully completed and
that they are satisfied that the console functions as intended




SAFETY EVALUATION OF UNEL TRIGA REACTOR
CONTROL BY MARK 111 CONSOLE

260pe of Authonzation

[his authorization addresses the installation of the Mark 11l console which will replace the
Mark I console for operation of the TRIGA reactor. Rack and pinion drives for the safety
nd shim rods will accompany the installaton of the Mark I1l console

'he Mark 1l is a newer console than the Mark | and is more reliable. Replacement parts for
the Mark I'i are more easily acquired and has a more organized u.'m documented meter and

il

ring layout. The console remains compliant with all general operating specifications and

[ his evaluation 1§ periormed In accorgance wil ¢ incal Spe

OCFR50.59(a)

“wi LT £ A/K
citication 6.5.4(5)

e Mark 11 console has all of the required equipment and capabilities to safely control the
reactor and to monitor safety systems. A diagram of the basic console layout 1s shown in
Figure 1. The instrumentation is identified in the associated Table !. Figures 2-4 show
details of the console panels as installed from left to right. Generally, the left panel
provides s .mllp information, the right panel provides steady state power oper ation
information, and the center panel provides safety system and control information as weli as
power level recording. Figure 5 shows the back panel layout with a few components
identified in Table 2. A functional block diagram for the console is shown in Figure 6
Additional capabilities will be provided to the operator from nearby instrumentation (o
monitor and control the facility's auxiliary systems. A detailed description of the console
can be found in the TRIGA Mark III Reactor Instrumentation Maintenance Manual

Reactor Control System

b

regulator, shim, safety, spare, and transient. The TRIGA reactor has tnree of

. |

The console is designed to accomodate for operation of up to five contiol rods; the
14T
s

h

i

drives, the shim, safety, and regulator. The winch drives currently on the shim
'

and safety will be replaced by rack and pinion drives shown in Figure 7. The rt‘;.’x:-:.nms

rod has .Hr:xxd\ been um\"rtcd to rack and pinion drive and operated as an approved

Ty ny | e e

ntres] ¢ » reculator w he trnefarrad fram the mouter 1o the \v .

(Il console. Since a transient Tkln assembiy 15 not available and license conditions do not

ant oneratioon tran sn ! " r 1 he
It Ooperalion, transient roci < v NOL DY




pulse. W hen in automatic mode, the console will control the regulator rod 1©© maintain a
‘ : \
preset power level I'he square-wave at h pulsing modes will not be used because

the TRIGA Reactor is not equipped with a transient rod

The console monitors four power level channels; the linear power, l0g-n power,
)

percent power and count rate (startup channel) 'he linear and l0g-n channels receive

thewr inputs via compensated 10n ¢ hambers and have indicators from source \(rrv‘gm (%)

1.0 Mwatt. The percent power channel operates from a uncompensated 1on chamber

and is adjusted to the correct licensed power during meter calibration. The startup

a fission counter through a low noise preamplifier and
channe! provides a direct meter indication of neutron flux and
le¢ output to prevent withdrawal of control rods when the count rate is below 2

3¢t value (source 1nteriock)

Reactor Safety System

The Mark [1l console has ram channe ercent power, linear power, penod

r
I'he linear channel scram setpoint 1§

high voltage, manual, and an externa

1 4

power. The range switch fi e Linear channel 18 mechancially
"il ’ \\/ . . ¢ . 1 v ’ T . v » nrecH e

limited to 100 kWatts. The penod signal wi tiate a reactor scram for a preset period

tha ' i

(A€ Sieady Stiaie mMode and provi

| vy | . ) — (Y ) " \ he
reiay connected 1o a tuel nocoupie will 1INt d scram in the

adjustaple to 100%

iy .9 far oy » . (Y ! \ tha 1t !
1 Jd s Or power reguiation 1n the automatic

microswitch will be connecied to ar
external scram input to provide a water level scram, An Eberline Area Radiation
monitor will provide another signal to the external scram input for an another scram
channel. Loss of the ion chamber high voitage will also scram the reactor. The reactor
may also be scrammed through a manual scram and through a magnet key scran

Monitoring System

Additional information is available to the operator. Parameter status and control
switches for the reactor room ventilation system, tank water recirculation and
refrigeration systems, continuous arr monttor, and area radiation monitor will be
provided at the console either through computer display, analog meters, or custom
panels

2afety Discussion
Reactivity Considerations

1t 11

. > - ¥ | - 2 y 3 \ p " ha
LIMUIAtons as descnopec Hrol and reactvity shall continue 1o be

applied to control by the Mark III console. The following analysis shown below

FlasTal; 1 ' the "oy ] ret oy Bals 102

A X < { < d A" } ey \
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analyzed. A sine squared model of the integral D arety rodd was assumed,




is the 1otal rod worth. The maximum differential worth is found by differeniiating the
integral worth curve and evaluating at x=H/2 where the curve is at a maximum. The
following equation is produced.

s
dp rA
ax Jmax s-}Tsm§cos§-,

The maximum total worth of a control rod will be upproximately $2.50. The control rod
drive speed has been measured at 76 seconds for complete rod withdrawal. If the
control rod drive speed in units per second is multiplied by the maximurm differential
reactivity per unit, then the maximum reactivity insertion rate can be culculated,

dp’ 1 do® dx _ $.00393 1000 units _ $0.08167
@ dx dt umt 76seconds  second

The maximum rate of reactivity insertion is determined to be $.052 per second. This is
substantially less than the maximum of $.30 per second specified in TS 3.2(2).

Limitations as described in TS 3.3.3 regarding the startup count rate interlock shall
continue to be applied to control by ithe Mark [l console. The Mark 111 interlock is
capable of preventing control rod withdrawal when the neutron count rate is less than 2
counts per second.

Fuel Cladding Consideranons

Control of the reactor by the Mark I1I console does not increase the probability of fuel
cladding failure because the Mark 111 console does not create additional mechanical,
§l:cnm'8cl71. or neutronic failure mechanisms for the cladding which are not discussed in

A temperature scram will be operational on the Mark 11l console. This is done to
remain in compliance with T.S. 2.2. Values set will have the same margin of safety
and maximum temperature values, these are 800 degrees Celsius for stainless sieal clad
elements and 460 degrees Celsius for aluminum clad elements.

Personnel Exposure and Material Releases

Control of the reactor by the Mark 111 console does not increase the probability of
personnel exposure hazards as discussed in SAR 8.3 nor does it increase the
probability of radioactive material release because it does not introduce any new
mechanisms or pathways for release as evaluated in SAR 8.4,

Pool Water Leakage
Control of the reactor by the Mark Iil console does not increuse the probability of pool

water leakage because there are no additional mechanisms or pathways for wuter
leakage which are not discussed in SAR 8.6,
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1S newer ] 18 electronica nd mechanically superior 1o the Mark
1L10NS Or procegures need (o ve !'}'Y“'C\‘. into the control of the TRIGA
111 console. Future modifications should not be limited by this
uid be considered on a ividual basis
assurance analysis as documented by
ed for TRIGA reactor control at The
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onsole Front View

Power Bottor 7 Linear Range Swich
Key Switch Power Recorder
Rod Drive Switchs 9  Auto Control Set

Transient Rod Fire 10 Scram Button
Rod Position Indicator 11 Log Recorder
Mode Slection Switch 12 Fuel Temperature

13 Scram Enunciators
14 Startup Channel
15 Log Channel

16 Percent Channcl
17 Linear Channel
I8 Time

LO% RECORDER




Console Center Panel

Console Key Switch 4 Microswitch Indicators 7 Linear Range Switch
Power Switch 5  Drive Up Switches 8 Maode Switch
Transient Rod Fire Drive Down Switches 9 Scram Button




all« Back Panel

Breaker Switch 4 Scram Relay Array 6 Time Delay Relay

I
2 Magnet Power Supplies 5 Magnet Current Adjust 7 Rod Drive Connectors
3 Line Power Connector
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Introduction

The University of California (Berkeley) recently decommissioned a TRIGA nuclear
reactor. The console from that svstem was given to the University of Utah for use with tt

Utah TRIGA reactor. Along with the console came compatible rod drivers. This console i
the last version of the analog reactor control consoles produced by General Atomic and is

1~
IS

m
known as the Mark Il console ’.: 18 the intention of the staff and management of the

iversity of Utah Nuclear Engineering Laboratory (UNEL) to install this console and
compatible rod drivers on the existing TRIGA reactor

The UNEL reactor is a modified TRIGA Mark 1. Most of the components were
obtained from the University of Arizona after they upgraced their reactor control
capabilities. The console was decornmissioned from Arizona in 1971 and recommissioned
at Utah in 1975, The Mark | console was designed and built in 1958 as General Atomic's
first commercial console. The Mark | uses winch type rod drives with submersible
".:‘;'.':vn"u'm‘(\‘ This system has iveceived consideruble use and wear over the 32 years of

eration in two facilities

..lc age of the Mark | console presents problems for operation and mainter

' With many of the Mark | console components reaching the uppc C

lifetime, the reliability of the svstem has been in doubt. Once a camponent

§ ¢ .(“"xw, Ient Of sSuch ¢ mponent becomes 4 mator tasx Therefore. muct
etfort has been put forth to obtain and adapt the Mark 1] console. The Mark 11! console
will simplify training, operation and maintenance

This report is an analysis of the impact regulations governing the UNEL reactor have
on instailation of the Mark [11 console. The following chapters evaluate the UNEL TRIGA
Technical Specifications, the Operations M.\"m and 10CFRS0.59. This report will
provide information to the Reactor Safety Committee to assist in completing the revi:  and

approval process for installation of the Mark [II console




[I. Technical Specifications

Fhe Technical Specifications and Bases for the University of Utah TRICA Reacior
Docket No. 50-407, Facility Licence No. R -126, March 1985) give the limitations and
perating requirements for the UNEL TRIGA reactor. This section will address each
section of the technical specifications as it pertains to the installation of the Mark Ili
console. Potential problems with installation or operation of the Mark lil console wiil be
denoted through the use of italics

Chapter 1. Definitions

The first chapter provides definitions for the reactor. The definitions will not change
because of the installation of the Mark Il console, nor will the definitions affect the way

the console 1s installed or operated

N

Chapter 2. Safety Limits and Limiting Safety Svstem Settings
aafety Lamit - Fuel Element Temperature

This section establishes limits for the maximum fuel temperatures allowed without
concemn for fuel integrity. Since this specification is under administrative control, it will not
be violated by the installation of the Mark 11 console, nor wiil the specification affect how
the console is insralled

Limiting Safety Sysiem Seutings

The section establishes setpoints for scrom activation by the fuel temperature
measuring channel for instrumented elements in various core locations and vanous cladding
compositions. For the Mark [II console, the levels are manually s=t on the fuel temperature
meter relay. Since the meter relay is capable of activatirg the safety systems at all
temperatures between (0 and 1000 *C, this specificntion presents no problem to installation
or operation

Chapter 3. Limiting Conditions of Operation

Normal Qperation

This section establishes the maximum power generated in the reactor during normal
peration at 100 kW. The Mark [I] console shall be calibrated to match metered power

il

wilh core thermal power The operator will reference these channels 1o 10 ensure that the
core power 1s not deliberately raised above 100 kW




reactor can be shut dowr and that the fuel temperature safety himit will not be exceeded

' |
[he follo'vin g conditions must be met

u oL UK IR

(a) The shutdown margin is greater than 30,5

| P | 3 ', % *

Since this specification is under administrative control, it will not be violated by the
nstallation of the Mark 11l console. nor will the specificauon affect how the console 1s

% e . » ’ { ’ sy ¢} Il n ! () %

(b) The rate of reactivity insertion by control rod motion shall not exceed $0.30 per
econd

» - n‘( ] '] ']
An analysis of this specification (5 performed in the Safety Evaluation of the

Modification Awhorization (MA-2) for tne console. The maximum reactivity inserion rate

4
¢ S nes .
determined to be $.052 per second. Thi

1 18 stgnificantly less than the specified maximum
f $.30 per second

Any expenment with a reactivity worth greater than $1.00 15 securely tastened
Since this specification is under administrative control, it will not be violated by the
nstallation of the Mark 11l console. nor will the specification affect how the console 1s
instalied
he o “PIaset . ' b  £9
d) The excess reactivity is less thar $2.8

Since this specification is under administrative control, i* will not be violaied by the

nstallation of the Mark Il consoie, nor will the specification affect how the console 15
installed

(¢) The reactivity worth of an individual experiment is not more than $2.80

Since this specification is under administrative control, it will not be violated by the

installation of the Mark 11l console. nor will the specification affect how the console 1s
installed

Control and Safety System
Scram Time

13
|

The scram time from the instan

1at the slowest scrammable control rod reaches its
fully inserted position shall not exceed 2 seconds. Th~ Mark Il console and control drives
are not likely to be in violation of this specificatio as they are standard General Atomic

i
e

design, which have been in use for many yvears at many facilities, and are not capable of
exceeding this requirement. In addition, experience with the regulator rod at UNEL has

Yotnnngtentnd that thie dast s &3 S ab e e ' thie evspnertt i
i< strateq ( { y QCSIE | JCLATY \ GO

Reactor Control System
ne Lne \ { r 1} >0 .
. A . X .
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Chapter & Design Features
Reactor Fugl

This n&cctﬁcmon applies 1o the design of fuel eiements used in the reactor core. Since
this specification is under admunistrative control, it will not be violated by the instailation of
the Mark (11 console, nor will the specifiction affect how the console is installed.

Reactor Core

This specification applies o the configuration of the fuel and in core expenments.
Since this specification is under administrative control, it will not be violated by the
installation of the Mark 11" console, nor will the specification affect how the console is

installed.
Control Elements

This specification applies 1o the design and operation control elements used in the
reactor core. The specification allows for the regulator *od to be nonscrammable. Since the
regulator rod is scrammable, the Mark I11 is more conservative than the specification
allows. Since this specification is under administrative control, it will not be violated by the
installation of the Mark 111 console, nor will the specification affect how the console is

installed.

Radiasion Moniiorine §

This specification describes the functions and essential components of the area radiation
monitoring equipment and the systems for continuously monitoring airborne radioactivity.

(1) Function of Area Radiation Monitor (gamma -sensitive instruments): Monitor
radiation fields in key locations, alarm and readout at control console.

(2) Function of Continuous Air Radiation Monitor (beta -, gamma-sensitive detector
with particulate collection capability): Momior concentration of radioactive particulate
activity in the pool room, alarm and readout at control console.

(3) Function of Argon-41 Stack Monitor (gamma-sensitive detector): Monitors the
concentration of radioactive gases including argon-41 in the building exhaust, alarm and
readout at console.

These & ystems are suxiliary systems. Since this specification is under administrative
control, it will not be violated by the installation of the Mark 111 console, nor will the
specification affect how the console is instalied.

Euel Storage

This specification applies 10 the storage of reactor fuel at times when it is not in the
reactor core. Since this specification is under administrative control, it will not be violated
by the installation of the Mark 111 console, nor will the specification affect how the console
is installed.



Reactor Buding and Yenulanon Sysiem
This specification applies 1o the building that houses the reactor. Since this

specification is under administrative control, it will not be violated by the installation of the
Mark 111 console, nor will the specification atfect how the console is instalied.

Reactor Pool Waier Systems

This specification applies to the pool containing the reactor and 10 the cooling of the
core by the pool water.

(1) The reactor core shall e cooled by natural convection water flow.

Since this specification is under administrative control, it will not be violated by the
imt:ﬂ:;ion of the Mark Ill console, nor will the specification affect how the console is
installed.

(2) All piping extending more than 3 ft below the surface of the pool shall have
adequate provisions 1o prevent inadverient siphoning of the pool.

Since this specification 1s under administrative con*~ " will not be violated by the
installation of the Mark 111 console, nor will the spec’  .uwn affect how the console is

installed.

(3) A pool level alarm shall be provide to indicate a loss of coolant if the pool level
drops more than 2 ft below the normal level.

The Mark II1 provides for this capability as described previously.

(4) The reactor shall not be operated with less than 18 ft of water above the top of the
core.

With the water level scram installed as described previously, this specification will not
be violated.

Chapter 6. Administrative Control

This section describes the administrative control functions including responsibility,
organization, facility staff qualifications, training, the reactor safety committee, quality
assurance, actions o be taken in the event a safety limit is exceeded, opaminf procedures,
fﬂlit{ operating records, and reporting requirements. The only sections applicable 10 the
Mark 111 console are the sections on QA and Reporting.

Quality Assurance

This specification deals with the review of replacement, modifications, und changes to
systems having a safety related functions. This specification applies to the Mark 111
couisole, since the change in consoles can be deemed a replncemcmfmodiﬁcauon of safety
related functions. The change in consoles will be subjectzd 10 a QA review. The changes
are required to be documented, and to have equal or better performance or reliability as
compared to the original system. This specification is satisfied with completion of the
Modification Awthorization (MA-2).
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IV. Operating Procedures

This section gives the details of the operating procedures for the UNEL reactor, and
examuines how the planned operating procedures will be affected bg the instaliation of the
Mark III console. As in the previous section, any potential problems will be denoted
thro‘}s_gh the use of italics.

¢ Procedures are divided into 10 chapters. The subject matter of each chapter is
reasonably described by the chapier title. The chapters are defined as follows:

Chapter | Organization and Responsibilities

Chapter 2 Reactor Operations

Chapter 3 Reactor Calibration, Surveillance, and Maintenance
Chapter 4 Expeniment Procedures

Chapter § Support Systems

Chapter 6 Maintenance and Surveillance of Support Systems
Chapter 7 Health Physics Proceduies

Chapter & Emergency Plan and Procedures

Chapter 9 Physical Security Plun and Procures

Chapter 10 Requalification Training

A detailed examination of the Procedures will demonstrate that the only chapiers whick
could pouibl‘y be affected are Chapiers 2 and 3. Therefore, a brief outline of these chapters
follows. As for the other chapters, there wil! be no deviations to the prucedures by the
installation of the Mark [l console, nor will the procedures change how the console is

installed.
Chapter 2. Reactor Operations

Encility Access

This secticn aescribes and defines the Yenons responsible for controlling access 10 the
Nuclear Engineering Laboratory, as well as who has access to which sections of the
facility. There will be no deviations to the procedures by the installation of the Mark 111
console, nor will the procedure change how the console is installed.

Opertions Record
This section describes and defines the records and logs that must be kept concerning the
operations processes of the Nuclear Engineering Laboratory. There will be no deviations

1o the procedures by the installation of the Mark 111 console, nor will the procedure change
how the console is installed.

Reactor Startup

General

This section describes the general requirements for stant up of the reactor. This section
also states that the reactor “shall be checked out according to the Prestart Checklist, For
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Shutdown Procedures

his section describes the general procedures for shutting down the reactor, as well as
making the appropnate log book entnes. There will be no deviations 10 the procedures by
the installation of the Mark III console, nor will the procedure change how the console is
installed

Fuel Movement, Coatrol Rod Movement and Core Changes

his section describes and defines the requirements for the movement and adjusiment
of fuel elements. the use of the wols that are used for fuel element movement, changing the
core structure, and adjusting reactivity. Also descnbed are the procedures and requirements
tor the removal and instaliatuon of the control rods 1or maintenance, repair, Inspection or
expenmental procedures. There will be no deviations 10 the procedures by the installation
of the Mark 1l console, nor will the procedure change how the console is installed

Response 10 Alarms

This section describes the alarms that can be sounded in the Nuclear Engineering
Laboratory as well as the possible causes and actions (o be taken in respor s¢ 10 them
I'here will be no deviations 1o the procedures by the installation of the Mark 111 console

r will the procedure change how the console is installed
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V. Conclusions and Recommendations

All of the regulatory documentation pertaining 1o reactor safety and control systetns for
the R-126 license has been examined. Review details for the license conditions {Technical
Specifications), Code of Federal Regulations (CFR), ané the Operating Procedures have
been included in this report. The Safety Analysis Report for R-126 is augmented by \he
Modification Authorization which contains a Safety Evaluation for installation of the
console. This authorization determines that while installation of the console will deviate
from certain descriptive aspects of the Safety Analysis Report, no new types of failure are
introduced and the possibility of failures examined in the Safety Analysis Repon are not
increased

The American National Standards Institute in cooperation with the Amenican Nuclear
Society provide guidelines for reactor safety and control systems This console mesis all of
the recommendations of the ANSUANS standards. Installation of the console should
follow the Quality Assurance guideline which suggests independent oversight of the work
[0 satisfy this recommendaticn, the Modification Authorization provides for an
naependent test of ali svsiems prior o final J{“\!U\’ll for normal operations This
procedure will ensure that the following recommendations are ¢ ompleted before final staff
isthonzation for normal reactor operatons

This review identified several areas of potential problems during installation of the

L

Mark Il console. Assuming all safety and control channels explicitly designed inio the
will be properly operating, the recommendations are as follows

Mark Il console

The Mark Il console linear range switch should be modified 1o mechanically limit
the 300 kW and | MW selections

The tank water level indicator should be connected to an "external scram” input

At least one ares radiation monitor from the Mark | console should be made
available © the Mark I1I console

The continuous air monitor from the Mark | console should be made available 10 the
Mark [1I console

The ventilation system control froni the Mark | console should be made avaiable o
the Mark Il console

6. All safety systems should be tested for operation

Safety and control measuring channels should be calibrated, including fuel
temperature, power level, control rod position, rod drop time, and rod worth

he Modification Authornization (MA-2) should be reviewed and approved Dy (he
Feactor Safety Commitiee

the NRC

ommodate the Mark |




Reactor Safety Committee

Subcommittee for Upgrade of the TRIGA Reactor Console

Summary

ber 1990 and delegated the

|l review and auditing 1o a subcommitiee compaosed of the following personnel

« James M. Byrne - member RS(
¢ Dr. David M. Slaughter - Research Professor in Mechanical Engineering

* Byron | rd Alternate Radiation Safety Officer

'his subcommitiee was charged with acting in behalf of the RSC in the operational review and

audit of all issues regarding NRC license, regulation, safety reviews, Technical Specifications,
CFR requirements, etc associated with the TRIGA Console Upgrade Program. Documentation of

individual tests, audits, recommendations and evaluations performed by this subcommittee are

tlached
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UUNEL Technical Specification Reactor Control System




UUNEL Technical Specification Reactor Safety System




LUNEL Technical Specification 2.1 Safety Limit « Fuel Element Temperature

I




lechnical specification 2.2 Limit Safety System Settings
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ULUNEL Technical Specification 31 Normal Operation
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4.0 Surveillance Requirements
4.1 General

4.2 Safety Limit - fuel element temperature

4.3 Limiting Conditions for Operations

4.4 Reactor Fuel Elements

4.5 Primary Coolant Conditions

5.0 Design Features
5.1 Reactor Fuel

5.2 Reactor Core

5.3 Control Elements

5.4 Radiation Monitoring System

5.5 Fuel Storage

5.6 Reactor Building & Ventilation System

5.7 Reactor Pool Water System

5.8 Physical Security

6.0 Administrative Control

Comments




Moaodification Authorization

1cation MA-2

Implementation of the Reactor Console Upgrade

Staff Review of Safety Evaluanon

The hazards associated with this proposed modification have been reviewed by the
Operations Staff. It is determined that this modification does not increase the probability of
s of any accident previcusly analyzed in the Safety Analysis

occurrence Or consequenc
ident, malfunction, or safety 1ssue not Pl(‘\'l("\lﬂ\

Report and does not introduce any ace

evaiuated

Directon

iee Review of Salety Eva

The hazards associated with this proposed modification have been reviewed by the

RSC. Itis determined that this inodification does not increase the probability of occurrence
or consequences of any accident previously analyzed ir the Safety Analysis Report and
does not introduce any accident, malfunction, or safety 1ssue not previously evaluated

Chairman, RSC

Implementation Procedure Review

Member, RSC Subcommuttee

Implementation Procedure Approval




