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APPENDIX A
- Teghnical Soscificat

Reactivity Insertion Rate

Proposed Change

Change specification 3.2.2 and its basis from its present form which res s:

"3.2.2 MANUAL AND AUTOMATIC CONTROL

Applicability

This specification applies to the maximum reactivity insertion rate associated
with movement of a standard contro! rod

Obiecti

The objective is to assure t.at adequate control of the reactor can be
mairtained during manual and automatic operation

Specification

The maximum ratc of reactivity insertion associated with movement of either the
regulating, shim, or safety control rod shall be no greater than 0.12% Ak/k
(~17¢) per second

Basis

Thig limits the insertion of reactivity to a rate much less than that during a pulse
insertion of 2.31% Ak/ reactivity. At a maximum insertion rate of 0.12%
Ak/k/sec it takes almost 6 seconds to insert 0.007 Ak/k (~$1.0) of reactivity; the
large negative temperature coefficient of the core (see page 1X-29 of the SAR)
limits the increase of the average core fuel temperature to 70°C due to the
0.007 AKX insertion. Thus, the core temperature will compensate for the rate
of insertion of reactivity In addition, the location of the maximum fuel
temperature will be the same as that during constant power operation, i.e., near
the position of the thermocouple. Hence, when either the linear, percent
power, or temperature scram occurs, the maximum fuel temperature will be far
below the 1150°C salety limit

The proposed wording of specification 3.2.2 is as foliows:
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322 MANUALAND AUTOMATIC CONTROL

Applicability
This specification applies to the maximui reactivity insertion rate associated
with movement of a standard control rod ou of the core.

Qbieclive

The objective is to assure th~* adequate control of the reactor can be
maintained during manual & « 1, 2, or 3 rod automatic control.

specification

The rate of reactivity insertion associated with ».uvement of either the
reqgulating, shim, or safety control rod shall be ;5 greater than 0.63% Ak/K
(~90¢) per second when averaged over full travel if the automatic control uses
a combination ol more than one rod, the sum of the reactivity of those rods shall

be no greater than 0 63% uk/k (=90¢) per second when averaged over full
travel.

Basis
The ramp accident analysis (refe: to Safety Evaluation, Chapter |X) indicates that the
safety iimit will not be exceeded if the reactivity addition rate is less than $2 50/second,
when averaged over tull travel. This specilication of $0 90/second, when averaged
over (ull travel, is well within that analysis
This ¢hange is requested 1o be made effective at *he time of the reactor console replacement.
Reason for the Change

The new control system allows automatic control with up to three control rods. The proposed
change wili give greater llexibility for three rod control.

Safety Evaluation of the Change

The analysis provided shows that the proposed specification gives the desired fiexibility while
maintaining a wide margin between the allowed reactivity insertion rate and that where the salety
limit is met.

Overpower Scram Testing

Proposed Change

Change specifications 3.1.1.a and its basis and specifications # 2.5 from their present form
which reads:

311 CONSTANT POWER AND SQUARE WAVE QPERATION
Apglicabil

This specification applies 1o the maximum power generated during manual, square
wave, and automalic operation
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Qbjective

The objective is to assure that the safety limit (fuel temperature) will not be reached
during manual, square wave, and automatic operation by providing a set point to
automatically limit the maximum fuel temperature produced in the core and 10 limit the
energy produced in any seven (7) consecutive days to that used in the LOCA analysis
in the Safety Analysis Report.

”

a The operating power level of the raactor shall not be intentionally raised above
one megawatt except for pulse ¢ peration (see specitication 3.1 .4) "

Rasis

a Thermal and hydraulic calcuations and operational experience indicate that a
compact TRIGA reactor core can be safely operated up 1o power levels of at
least 1.15 megawatts with natural convective cooling. Power operation at 1.15
megawatts will not produce fuel temepratures which exceed 600°C using any
allowed core configuration giving a large safety measure when the power of
operation is limited to 1 MW. Thus, small variations can occur about 1 MW
during normal operation and still provide a large measure of safety in that the
maximum fuel temperature remains well below the safety limit. This is true even
it variations as high as 15% above 1 MW should occur. See Safety Analysis
Report, section 1X."

425 Qvempower Scram
Applicability
This specificaiior: applies to the high power and fuel temperature scram channels
QObjective

The objective is tc verity that high power and fue' temperature scram channels perform
the scram functions.

Specilica

The high power and fuel temperature scrams shall be tested annually, not to exceed
15 months.”

The proposed wording of specification 3.1.1.a and its' basis and specification 4.2.5 is as follows
"3.1.1 CONSTANT POWER AND SQUARE WAVE OPERATION

a The operating power level of the reactor shall not be intentiorially raised above
one megawatt except for the following two conuitions:

1. During pulse mode operation, power may exceed 1 megawatt (see
specification 3.1 4).

2 During overpower scram surveillance, power may not exceed 1.15
megawatls (see specification 4.2.5) "
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10 reduce the amount of energy generated in the entire pulse transient, by cutting the
"tail" of the power transient If the pulse rod remains gtuck in the ful« withdrawn position
with enough reactivity 1o exceed the temperature-limiting safety system setting

30  LIMITING CONDITIONS FOR OPERATION

The limiting conditions for operation as set forth in this section are applicable only when the
reactor is operating. They need not be met when the reactor 1s shutdown uniess specified
otherwise.

3.1 BEACTOR CORE PARAMETERS
3141 CONSTANT POWER AND SQUARE WAVE OPERATION
Applicability

This specification applies to the maximum power generated during manual, square
wave, and automat.c operation

Obieg

The objective is 10 assure that the safety limit (fuel temperature) will not be reached
during manual, square wave, and automatic operation by providing a set point to
automatically limit the maximum fuel temperature produced in the core and to limit the
energy produced in any seven (7) consecutive days 10 that used in the LOCA analysis
in the Safety Analysis Report.

Specitication

a. The operating power level of the reactor shall not be intentionally raised above
one megawatt except for the following two conditions:

1. During pulse mode operation, power may exceed 1 megawatt (see
specitication 3.1 4).

2. During overpower scram surveillance, power may not exceed 1 15
megawatt (see specification 4.2 5)

b. The reactor shall not be operated to produce more than 70 megawatt hours of
energy in any seven (7, consecutive days.

Basis

a.  Thermal and hydraulic calculations and operational experience
indicate that a compact TRIGA reactor core can be safely operated up to power
levels of at least 1.15 megawaits with natural convective cooling. Power
operation at 1.15 megawatts will not produce fuel temperatures which exceed
600°C, using any allowed core configuration. This gives a large safety margin
since the LSSS is 700°C. Small variations in power can occur, about 1 megawatt,
during normal operation and still provide a large margin of safety. This is true even
if vanations as high as 15% above 1 megawatt should occur (see Safety Analysis
Report, section IX). During the shor period of time that nigh power scrams are
lested, the power may be raised to 1.15 megawatts without exceeding the safety
limit.

Amendmaent No.
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Amendment No.

CONTROL AND SAFETY SYSTEM

BEACTOR CONTROL RODS

Applicability

This specification applies 1o the reactor control rods

Qbjective

The objective is to assure that sutficient control rocds are operable 10 maintain the
reactor subgritical

Specitication

There shail be a minimum of three operable control rods in the reactor core.

Basis

The shutdown margin and excess reactivity specifications require that the reactor can
be made subcritical with the most reactive control rod withdrawn . This specification
helps assure it.

MANUAL AND AUTOMATIC CONTROL
Applicanility

This specitication applies to the maximum reactivity insertion rate associated with
movement of a standard control rod out of the core

Objecti

The objective is to assure that adequate control of the reactor can be maintained
during manual and 1, 2, or 3 rod automatic control.

Specitication

The rate of reactivity insertion associated with movement of either the regulating, shim,
or safety control roJ shall be nat greater than 0.63% Ak/k (~90¢) per second when
averaped over full rod travel. If the automatic control uses a combination of more than

one rod, the sum of the reactivity of those rods shall be not greater than 0.63% Ak/k
(~90¢) per second when averaged over full travel

Basis

The ramp accident analysis (refer to Safety Evaluation, Chapter |X) indicates that the
salety limit will not be exceeded if the reactivity addition rate is less than $2 50/second.
when averaged over full travel  This specification of $0.90/second, when averaged
over full travel, is well within that analysis
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REACTOR CONTROL SYSTEM
Aplicabiliy

This specification applies 1o the informatwn which must be avallable 1«
Opt)ratoy dU”’)g 7“‘.)\:,‘:)7 QL""(‘"C‘“

ngh',. A

The objective is 1o require *hat sutficient informatio

& sure sale operation Cf the reactor

. i~ ion

The reactor 3hall not be operated unless the measuring channels listed in Table 1
operable. (Note that MN, AU, and SW are abbreviations for manual, austomatic and
sqQuare wave, respeclively

ait

Table 1

¢ - ™ ~ ¢
Measyrng (:hannels

Min. No Eftective Mode
Measuring Channel Q. >rable MN.AU Pulse
Fuel Element Temperature
Linear Power
Percent Power
Pulse Peak Power
Count Rate
Log Fower
Reactor Period

Basis

parameter which has a specified salety imit. The power level moniors

reactor power levei Is agdequately monitored 1or the manuai, automal

Fuer temperature displayed at the control console gives continuous

assure that the
square wavt
and pulsing modes of operation. The specifications on reactor power level and react
pered indications are inCluded in this section 1o provide assurance thal the reactor
operated at all times within the limits allowed by these Technical Specitication:

T

Amendment No
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Appendix B
Satety Evalyation of the Feactor Console Change

It is PSBRs intention to license the reactor console change by the amendment
route because of some technical specification changes. The following is a
review of the reactor console change to assure that no unreviewed safety
questions exist as a result of the change. The criteria of 10 CFR 50.59 is utilized
10 test the review.

10 CFR 50.59 permits licensees to make changes in the facility as described in
the safety analysis report without prior Commission approval unless the
proposed change, test or experiment involves a change in the technical
specifications incorporated in the license or an unreviewed safety question. A
proposed change, test or experiment shall be deemed to involve an unreviewed
safety question (1) if the probability of occurrence or the consequences of an
accident or malfunction of equipment important to safety previously evaluated in
the safety analysis report may be increased; or (2) if a possibility for an accident
or malfunction {of equipment important to safety) of a different type than
evaluated previously in the safety analysis report may be created; or (3) if the
margin of safety as def:ned in the basis for any technical specification is
reduced [4].

- Duplication of Old Safety Function ™us Redundancy and
Additions
Figure 1 illustrates the division of the various components of the console
into the functional pants; Reactor Safety System (RSS) and Protection,
Control, and Monitoring System (PCMS). Functionally the DCC-Z is part of
the PCMS but it performs no control or protection functions and it is
isolated from the rest of the system with a one way data link. DCC-Z is not
necessary to operate the reactor. For more detailled information see
Chapter Vil of the Safety Analysis Report [9] or the Design Manual [23].

C

Original TRIGA Console SCRAMs
Figure 2 lists all of the SCRAMz that existed on the ariginal TRIGA
console. \ll of the nnes shown on the ieft are the SCRAMs that are
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required by the technical specifications [9) and are reactor safety related.
The individual rod marival SCRAMs exist for experimental convenience.
The key switch SCRAMSs the reactor for security reasons. It prevents
unauthorized persons operating the reactor. The SCRAM with loss of AC
powur is a desirable feature and eliminates the need for emergency
power. The external SCRAMs are available to experimenters to prevent or
mitigate a potential unsafe condition.

New Console RSS SCRAMs

Figure 3 shows the new console RSS SCRAMs. Again those on the left are
the required reactor safety related SCRAMSs. All of the other SCRAMSs of
the old console also exist as well as two additions. The two additional
SCRAMs are the PCMS SCRAM raquest and the PCMS Watchdog. These
SCRAMs are not required by the technical specifications [8). nor are they
safety related but SCRAM the reactor if nonconservative conditions oceur.

The PCMS Watchdeg SCRAM occurs if the timer on the independent
watchdog board is not reset by the PCMS for any reason. It oceurs in less
than 2 seconds if the reset does not occur within that interval. The PCMS
does not reset the timer if the system fails for any reason, if a self test that is
considered essential fails, if the hardware fails or if power fails.

PCMMS SCRAMs

The PCMS SCRAM request occurs when any condition being checked by
the DCC-X software logic becomes unsafe or nonconservative. Figure 4
illustrates all of the conditions that will ccuse a PCMS SCRAM request.

The reactor bay truck door closed and at least one of two exhaust fans
operating are two limiting conditions of operation (LCO). The PCMS
SCRAM request assures that those LCOs are not violated.

The east and west bay radiation and air particulate monitors, neutron
beam laboratory radiation monitor and the evacuation pushbutton are
required to activate the evacuation alarm by the technical specifications (9]
but a SCRAM is not required. However, it is conse, vative and therefore
desirable to SCRAM the reactor if an evacuation alarm occurs. That
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PCMS Stepbacks

Figure 6 illustrates the PCMS stepbacks. The stepbacks are described
elsewhere and are not required by the technical specifications. The
original TRIGA console does not have stepbacks.

Explanation of Safety, Protection, Control and Monitoring
Structure

Safety in depth was a basis of design of the PSBR console. Figure 7 is a
diagram of the new safety, protection and control system. it was decided hat
analog electronics, with its established reliability, would be used for the
reactor safety system, RSS. The analog RSS is the safety related envelope
within which the reactor operates. The PCMS computer, DCC-X, with its
flexibility and versatility, provides a software protection envelope which
continuously verifies the analog RSS with redundant and additional scrams
and interlocks. Of course, inside the analog safety related envelope ‘s the
core design safety envelope based on the inherent safety of the TRICA fuel
system. The final envelope of protection is provided by a licensea and highly
trained operator using her/his educated judgement and properly w.itten
procedures. Any control loops will operate outside the safety and protection
envelopes which means that control cannot degrade reactor safety.

The primary indicators of the reactor state are the .nalog display devices
which are hardwired directly from the analog reactor power and temperatuie
instrumentation. In addition, the operator has consolidated information about
the reactor state available from the CRT parameter dispiay of the DCC-X
computer. As always, the operator will have the final check of the validity of
the information oy periodically comparing the the analog display devices with
the CRT parameter display. Figure 8 is a diagram of the old safety, protection
and control system. If figure 7 and figure 8 are compared, the only significant
change between the old and the new systems is the addition of the redundant
software protection envelope and a CRT parameter display.

PCMS Is Not A Safety Related System

In the Regulatory Guide 1.152 [8] methods are described that, if used,
promote high functional reliability for safety related systems using
programmatle digital controller systems in the operation of nuclear power
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happen. The conciusion of this analysis is that the final maximum fuel
temperature will be less than the safety limit of 1150 ©C,

Negligible Risk Reactor

The TRIGA reactor is considered a negligible risk recearch reactor. A
negligible risk research reactor is a "...reactor for which, in the postulated
event of the complete fai'ure of the reactor safety system coincident with
the nccurrence of the most adverse Design Basis Event (DBE), the
radiological consequences would be negligible"(1). A reactor with this
classification does not need to meet the single failure design criteria for
interlocks and automatic safety shutdowns of the RSS. In any of the
accidents analyzed for the PSBR the radiological consequences would be
negligible. None of the accidents analyzed, in chapter IX of reference [9),
take credit for any safety trips or interlocks; therefore the PSBR can be
considered as a negligible risk reactor.

Pulse Reactor

The TRIGA reactor is also a pulse reactor which has specially designed
fuel elements that allow the reactor to accept large reactivity insertions
without exceeding any safety limit. The negative temperature coefficient of
the TRIGA is large and prompt, providing an inherent shutdown
mechanism. General Atomics has inserted step positive reactivities of
$5.00 without exceeding the fuel temperature limits of the fuel (5],

The PSBR is a negligible risk reactor but the RSS of the new console is
more conservative than ANSI/ANS 15.15 because it meets the single
failure design criteria with its operational interlocks and automatic safety
shutdowns. PSBR is also a pulse reactor. The staff at the PSBR have
performed, over a period of 25 years, more than 6060 pulses of step
insertions greater than $1.00 and some as high as $2.75, without
exceeding a safety limit or rupturing a single fuel elament. By analysis and
technical specifications the PSBR is allowed pulses of $3.30.

Operations Envelope
The operations envelope defines the limits on reactor state. The reactivity
accident analysis (see cnapter iX of the Safety Analysis Report) shows
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there is no credible accidant that can exceed the safety limit as long as the
accident is initiated while the reactor state is within the operations
envelope. The operations envelope is adequately defined by the LCOs |
the Limiting Safety System Setting (LSSS) and the High Power Trips, all of
which are listed in the technical specifications [9). The most important
function of the PSBR RSS is to assure that the reactor SCRAMs if the
reactor state goes outside '".e operations envelope.

Contral Rod Motors and Interfece

The original rod drive motors are single speed, single phase motors.
Capacitors are used *o obtain the phase shift and the direction of rotation is
determined by the phase relation in the stator cuils. One failure mode of
this type motor is that it drives out at a speed predetermined by the
frequency of the supply (60 Hz ) and the number of poles in the motor. Also
there is no single failure that could cause more than one control rod to
drive out at the same time. The speed of the motors and the ratios of the
drives were designed such that the maximum up drive rate is = 0.425
in/sec for the transient rod (= 35 seconds from full in to full out). This speed,
combined with the rod worth, gives a maximum reactivity addition rate of =
14¢/sec for the old control system when the transient rod is in the middie of
travel. This value is below the present technical specificatior. limit of
17¢/sec (9).

It was desirable .0 make changes to the rod drive motors along with the
upgrade of the console for several reasons. In the original system there are
inree different motors for the four rods which required the stocking of three
different motors for spares. The regulating rod motor is no longer being
made which causes difficulties in obtaining replacement parts. Variable
speed motors with both velocity and position control provides many more
options for contrel. The ability to control several control rods as a bank was
considered desirable for normal automatic control and necessary for a
useful square wave mode,

The maximum speed of the motors, in either direction, is set by jumper
position (a choice between 1.5 rps and 4.5 rps). The actual speed is
controlied by an analog velocity demand signal from the DCC-X. This
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voltage signal can vary from -10 Vdc 10 +10 Vdc with the extremes
demanding the maximum speed in either direction. The control system is
tuned to place limits on the maximum up drive speed when moving
individual rods. Those limits are restricted further when banked rod control
is used 10 reduce the reactivity addition rate by the appropriate factor.

As is usually the case, an increase in versatility also increases the
complexity of the system and the number of modes of failure. The motors
are not part of the safety system ( they are not required to function during or
after a DBE) but they introduce a failure mode that must be analyzed to
ensure that there is not an unreviewed safety question. Since the motors
are variable speed there is a remote possibility that there could be a failure
such that a control rod is driven out at maximum speed. There even may
be a remote possibility that more than one control rod may be driven out at
maximum speed. This would be a ramp accident.

A ramp accident would not render the RSS nonfunctional since the RSS
does not depend on the moters being operational. The analysis must show
that if the RSS is functional and a ramp accident occurs there is no
unreviewed safety question.

Due to the design of the system, both hardware and software, it is not
credible that one motor will fail in a nonconservative manner let alone
more than one. In figure 9 a typical motor interface is illustrated. There is
only one DIC-X computer and two /O chassis but there are four separate
controller/motor combinations, each with their own DOs, Als, AQO and serial
link The signale for each motor are distributed between the two 1/O
chassis and the many /O cards so that no one failure in a chassis or single
card will disable all of the signals.

The design manual (23] fully describes the motor interface. Before the
motor provides torque, the MRDY (motor ready) and SVON (servo on)
inputs to the controlier must both be true (closed contacts). These two
inputs are wired directly to DCC-X digital outputs. Both DOs are set true if
DCC-X is healthy, its watchdog is energized and motor troubie is not
detected. Otherwise, motor torque will be lost and rods connected to the



rack and pinion type drives will iikely tall. Motor trouble is detected if any of
the following conditions becomes true:

. a drive alarm occurs (ALO1 or ALO2)
drive ready (DRDY) is false
- An grror in serial link communications between the motor and

DCC-X is detected.

The velocity signal analog outputs from DCC-X to the motor controiiers of
the four rods is validated. This 18 accomplished by feeding the speed
request analog output to the controllers back as an analog input to the
computer (see figure 9 ). The software continuously compares the
feedback signal to the requested output value. Validation failure results in
a PCMS SCRAM request.

The analog spced signal from the motor controllers is read by the DCC-X
computer and a SCRAM cccurs if the motor overspeed trip point is
exceeded (see figure 4). An overspeed trip results in a PCMS SCRAM
request.

A representative of NSK/ Motornetics Corporation [24] indicated that if the
motor/controller does fail it will probably fail in one of two modes. Either ali
3 phases would lose power, causing a loss of torque to the motor, or 1 or 2
phases would lose power and cause the motor to iock up. In the first mode
of failure, if the motor is connected to the safety, shim or the regulating rod,
the rod will drift into the core by gravity. The transient rod with its ball
nut/threaded cylinder drive would remain stationary. In the second mode of
failure the control rod would be locked in position. Both of these failure
modes are conservative. If the motor/cuntroller did fail in a third mode that
caused it to drive the control rod out at maximum speed, ithe overspeed trip
would cause a SCRAM (if the velocity signal out of the controller was
valid). It would not be credible for more than one motor/controller to fail in
this third mode concurrently.

it may be theorized that the PCMS could fail in such a way that
1. More than one rod is demanded to drive out at maximum speed (which
is greater than the set point in the software),
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2. The demand validation software logic fails in exactly the way
necessary such that there is no validation failure SCRAM,

3. The overspeed trip software fails in exactly the way necessary such
that there is no trip and

4. These failures of software do not cause a failure of software self
checks and subsequent PCMS SCRAM or watchdog SCRAM.

Due to the modular structure of the software logic (the velocity demand
module is separate from the validation module which is separate from the
overspeed trip module) and extensive self checks (which is in a separate
module from the others), it is not credible that all of the above failures
would happen concurrently.

However, even if an accident were to occur causing three control rods i<
drive out at maximum speed, the RSS and the design safety of the TRIGA
fuel will limit and terminate the ramp before the safet .nit 1s reached.

$5 Ramp Analysis

The $5 ramp analysis was performed for AFRRI by General Atomics (7). It
indicated that even with a reactivity additicn rate of $2.50/second,
averaged over full control rod travel, the safety limit (1150 °C) was not
reached. The rou withdrawal was terminated with a high power scram less
than 1 second into the event. A reactivity of $1.86 was added after
criticality was achieved and before the SCRAM occurred. The maximum
power in the transient was 330 MW with a maximum fuel temperature of
330 °C. Compared to the maximum licensed pulse this excursion is
inconsequential. It should be noted that the amount of reactivity available
in the ramping rods does not impact on the final result as long as the
reactivity addition rate does not exceed the $2.50/second rate, averaged
over full control rod travel, and the SCRAM time is consistent with that
analyzed. There are several factors that would come ‘nto play with the
new console which may further reduce the effect of a similar transient at
PSBR.
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SCRAM Time

The SCRAM time is defined as the time interval from the time that the
safety channel sees the parameter reach the trip set point until the control
rods are fully in the core from fuily out of the core. General Atomics used a
one second SCRAM time in their analysis. The technical specifications [9)
alic . maximum SCRAM time of one seconc but typically the maximum
measured SCRAM time is =500 msec. A shorter SCRAM time would help
reauce the energy produced in the event.

Scram Activity

The present technical specifications [9) allows a maximum core excess of
$7.00. With that amount of core excess the critical control rod positions are
at $5.65 withdrawn. If this transient were to occur at the PSBR, the total
scram activity would be greater ($7 51 ve. $5.87 (reference 7) assuming
that the same withdrawal beyond criticality ($1.86 as in reterence 7)
occurs) than that of the analyzed case. This wouid reduce power more
rapidly after the scram occurs and lower the energy and subsequent fuel
temperature peak.

Maximum Reactivity Addition Rate

The minimum withdrawal time of the safety, shim and reguiating rod is full
withdrawal in 4.77 seconds (set by jumper to 1.5 rps) with any hypothetical
DCC-X hardware or software failure (The software limit 3 tunatle but is
typicaily set for a minimum withdrawal time of = 20 seconds). Since the
PCMS can be configured in 1, 2 or 3 rod automatic mode using these three
conird! rods (the maximum speed is further reduced by software limits to
account for the additive rod worths), and if a ramp accident did occur with
more than one control rod, it would most likely be a combination of those
three control rods. With these three rods the maximum average reactivity
additior rate, with rod worths at the maximum allowed by technical
specifications [9], would be less than $2.00/ second. The $5 ramp accident
was analyzed using typical rod worth curves but the $2 50/sec reactivity
addition rate was the averane value during the duration of the accident. A
lower average reactivity addition rate would reduce the consequences of
the accident.



Environmental Qualification

The RSS and PCMS components are located in the reactor bay and
control room which is air conditioned to control temperature and humidity.
The cooling air supplied to the console equipment is pulled from the
reactor bay after turther filtering. All of the equipment is designed to
function in this type or harsher environment. The environment will not
cause accelerated failure of equipment.

Seismic Considerations

All of the equipment is mounted in high quality industral racks and
console. There should not be any significant movement if a seismic event
occurs o * magnitude expected in this location. With a TRIGA reactor a
SCRAM occurs with the remova! of power to the rod magnets in the case of
the safety, shirn and regulating rods and soienoid valve in the case of the
transient rod The rods drop to their most negative reactive state by gravity
and do not require any other equipment to maintain the reactor in the
shutdown state. The RSS SCRAM circuits are designed to SCRAM on
failure (which includes relay chatter) therefore a seismic event will not
cause an unsafe fa'lure of the RS%.

Surge Withstand Capability (SWC)

Surge protectors are on exclusive electrical power feeds to console. Surge
protectors are on the individual power distribution supplies within the
console. In addition thare is surge protection on individual components of
the console. There is also surge protection on the individual IO boards
(see EMI section).

Electromagnetic interference (EMI)

All signal cabling is shielded and where possible the signal cabling is
separated from power supply cabling or any other cabling which may
induce EMI into the instrumentation or equipment. The power supply is
filtered for high frequency EMI.

The DCC-X 1/O card arrangement has been chosen to minimize signal
noise by separating the digital outputs from the analog inputs. The analog



inputs and outputs are all voltage sign ils using a 10 V range, where
possible, to minimize the etfect of sigral noise pick up.

Two tynes of analog input signal cor ditionirg (gate) cards are used:
transformer coupled and solid-state each providing 8 differential voltage
inputs. The card selection is based on meeting appropriate filtering,
sampling rate and SWC for the input signals.

The solid state gate card is unfiltered at its input and is used only for the
gamma ion chamber puise range signal. The pulse range signal is
sampled at app ‘oximately 3000 sampies per second during a pulse which
is well within the caro and analog to digital converter capability. This card
can withstand a maximum of +/- 11 Vdc differential plus +/- 11 Vdc
common mode on th: input signals. This should be adequate considering
that the pulse range vignal is only routed within the console.

The transformer coupled cards are used for all inputs other than the pulse
range gamma ion chamber signal. All inputs have a double pole filter (-6
db @ 14 Hz). The maximum sampling rate used for the transformer
coupled signals is about 10 Hz. This card can withstand a maximum of +/-
25 Vdc differential plus +/- 400 Vdc common mode on the input signals.

The digital input card usad provides for 16 optical'y isoieied inputs. The
card is jumper configured to sense the state of contacts wired acr<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>