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1. INTRODUCTION 

The Pakistan Research Reactor (PARR) was commissioned in 
I96f> and operated since then in accordance with the requirements. 
The reactor equipment essentially remained unchanged during this 
period. The reactor had been providing services for the 
production of radioisotope.;, training and research. However, 
there were several factors which lead to a renewal programme for 
the entire facility. These factors comprised of the 
unavailability of spares, obsolescence of equipment, etc. Due to 
the shortage of manpower nd resources, all of the modifications 
could not be taken-up simultaneously. Therefore a phased 
programme lor the complete renovation and upgrading was 
envisaged. In the first instance, it was proposed that the 
controls a-.i-.i instrumentation be modernised according to the state 
of current technology and for reacting the more stiingent safety 
and operational needs. 

The modernization of coiiu'.'ls and instrumentation can be 
achieved either by a _ iccemeal replacement of components, 
instruments and channels or by reviewing the entire 
instrumentation and replacing it with the nev; and modern 
instruments and controls, designed according to the present needs 
anr! the latest technology. The piecemeal replacement posed the 
problem of matching, compatibility of conpcneiics and instruments 
with those which were installed ana were some twenty years old 
and yet the resultant version oi instrumentation would neither be 
reliable nor lar.tvng as the older components would always be the 
weak points. Therefore, for PARR it was ptelered to completely 
replace the instrumentation and conrrols. Consequently, the 
instrumentation needs were reassessed taking into account the new 
operating conditions, possibility of upgrading to a higher power 
level, monitoring more pa rattier. er!>. improving the accuracy and 
display of parameters to be measured and to provide additional 
controls and intonr.~t.ion. It was therefore planned to build a new 
console su that the readability, operation, control and access 
tor maintenance are optimised. The number of neutron flux 
monitoring channel.: have bean increased to ensure reliable 
indication tor all operating ra>.gf/» and for the sake of 

http://intonr.~t.ion
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redundancy and diversity. A computer has been addeu for data 
acquisition, logging and analysis. A closed circuit television 
system has been installed to monitor access of personnel to the 
reactor building and for viewing the reactor core with an 
underwater camera. The entire electronics is modular in the form 
of hins mounted in racks. 

This report gives a brief account of the old 
instrumentation and some details of the new replacements. 

2. REVIEW OF FOOL TYPE RESEARCH REACTOR INSTRUMENTATION 

The PARR falls in the category of medium power research 
reactors. Several reactors of this type and power level have bien 
built throughout the world. However, these reactors differ vastly 
in their control and instrumentation depending upon the safety 
regulations of the country, utilization programme, technological 
status of the country, the age of the reactor, etc. In several 
old reactors the instrumentation has been upgraded but, even now, 
there is no reactor which can be taken as a mode] for the 
planning of renovation or one which can be taken as a standard. 
The instrumentation of typical pool type research reactor mainly 
comprises of: 

i) Neutron flux and related instrumentation including 
the reactor protection system, 

ii) Control rod and drive mechanism, 
iii) Area radiation monitoring, 
iv) Process instrumentation, 
v) Reactor core and reactor building surveillance 

system. 

2.1 Neut. . lux and Related Instrumentation 

The neutron flux needs to be reliably monitored from 
source range to about 130% of full power. It is usual to have 
more than one channel for indication and recording the neutron 
flux in different ranges. Minimum instrumentation in a reactor 
consists of one startup channel, one multi-range linear channel 
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and one single range logarithmic channel. In several reactors two 
and even tr-ee channels are provided for scartup, linear and 
logarithmic power monitoring. In addition to this two cr three 
channels are provided for protection against over—power. For 
comparing neutron flux with thermal power, it is customary to 
measure reactor power with additional channels measuring N-16 
radioactivity level in primary coolant o»;_let. The startup and 
logarithmic channels provide additional information regarding the 
rate of change of neutron flux. In some cases the power and 
safety parameters are monitored by additional diversity channels 
with adequate redundancy which, of course, increases the extent 
of instrumentation. 

2.2 Control Rod Drive Mechanisms 

Reliability of control rod drive mechanisms is important 
for proper operation and safety of the reactoi. The position of 
control rods is indicated continuously at all times. The 
mechanism for obtaining the position signal and display differs 
from one reactor to another and, likewise, there is a large 
variety of the drive mechanisms. 

2.3 Area Radiation Monitoring 

The radiation levels at various locations in the 
accessible areas of the reactor building, primary coolant outlet, 
the stack exhaust, pump room, etc. are continuously monitored. 
Arrangements are also provided for the detection of failed fuel 
and release of fission products. Reactors differ widely in the 
extent of radiation level monitoring. 

2.4 Process Instrumentation 

Process instrumentation in a reactor is provided for the 
measurement, indication and recording of flow, temperature, 
pressure, level, water conductivity and pH values. The 
instruments for reactor power measurement and safety are very 
important and provided in all reactors but the number ol channels 
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varies from one facility to another. Rest or the process 
instrumentation provides information regarding operating 
condition, performance and efficiency of the equipment. It was 
kept to a minimum, especially, in the old, small reactors. In 
such facilities the typical process instrumentation comprised of 
one or two temperature channels for power measurement, one 
primary flow channel and a few indicators for level, temperature, 
pressure, conductivity, pK, etc. These days the process 
instrumentation is much more extensive and detailed information 
from more than one channel is available in the control room. The 
introduction of computers and microprocessors h^s made data 
acquisition, logging and analysis readily available and therefore 
handling of the increased data has become more convenient. 

2.5 Reactor Core and Building Surveillance 

In a pool type research reactor arrangement was not 
usually made for the surveillance ot reactor core and the reactor 
building. The administrative controls comprising of periodic 
visual inspection of the core, health physics checks and security 
controls at the reactors building entrances were considered 
adequate. In addition to the administrative controls, closed 
circuit television system with cameras installed in the pool and 
other important locations has now become common for the 
surveil'ance of the reactor core, reactor building and for 
meeting the security needs. 

3. CONSIDERATIONS FOR THE MODERNIZATION OF PARR 
INSTRUMENTATION AND CONTROLS 

The programme for the modernization of PARR 
instrumentation and controls aimed at completely replacing the 
old thermionic tube instruments, obsolete or non-compatible 
sensors, transducers and transmitters with the latest available 
replacements. The desirable features of the old instrumentation 
have been retained while the others have been modified, improved 
or supplemented such that the resultirg controls and 
instrumentation ensure a safe and reliable operation of the 
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reactor for a period of ten years or so. The following factors 
must be considered in order to decide upon the scope of changes 
to be incorporated in the PARR. 

3.1 Experience with the Old Instrumentation 

The experience with the old instrumentation had been 
generally satisfactory. Its neutron flux monitoring had been 
adequate but the reactor had to be shutdown whenever any of the 
startup or power monitoring channels became unavailable. A large 
number of spurious shutdowns were experienced due to non—majority 
type logic for the protection channels. The process 
intrudercat ion was generally found to be inadequate and so was 
the case with the area radiation monitors. The control rod 
position indication had been quite good but the drive mechanism 
was obsolete and needed to be replaced. 

3.2 Safety Standaxds and Regulatory Requirements 

The current design criteria for the reactor protection 
system are based on the concepts of "redundancy" i.e. parallel 
back-up equipment with the same function or multiple channels 
which are completely independent and physically separated and 
"diversity'' which requires that the same process is 
measured/controlled by different physical methods. The most 
important parts of the system should preferably be based on both 
the principles of redundancy and diversity. The design of the 
safety system should satisfy the regulatory demands and it should 
always fail to safety. 

3.3 Instrumentation on Modern Reactor* Similar to PARR 

Instrumentation on a research reactor is pro'ided for its 
monitoring, control and protection. Typical channels uced in the 
safety and related system of a research reactor comprise of: 

i) Startup channels using fission chambers or BF» 
counters. 
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ii) Multi-range l-'near channels using gamma 
compensated ion chambers or fission chambers in a 
joint counting rate and wide range mode. 

iii) Single-range logarithmic channels with peiiod 
using compensated or uncompensated ion chambers or 
fission chambers in wide range mode. 

iv) Safety channels using uncompensated ion chambers 
or gamma chambers. 

v) Primary coolant N-16 and N-17 gamma activity, fuel 
temperature, primary coolant temperature, flow and 
pressure, pressure drop across the core, current 
of the primary pump motors, water levels in 
various pools. 

vi) Scondary coolant flow, temperature and water 
levels. 

vii) Area radiation monitoring system for gamma dose 
measurement in various parts of the reactor 
building. 

The number of channels actually provided varies from one 
reactor to another and depends upon the power level and specific 
characteristics of the reactor and the regulatory requirements. 

3.4 Future Requirements 

There is a general demand for higher specific activity 
for the production of radioisotopes and high neutron flux for 
experiments around the reactor. To ensure that the new 
instrumentation will be compatible with the future requirements, 
possibility of increasing the power level of the reactor and 
other cii.̂ nges such as conversion to LEU fuel has been considered. 
It was essential rhat the instrumentation and controls should be 
so selected that the operation of the reactor under the changed 
conditions can also be catered for without major replacements. 
The additional requirements and changes have, of course, to be 
provided as and whrn reactor is upgraded or changes in the core 
are incorporated. 
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3.5 Limitations 

For the replacement of old instrumentation of PARR the 
reactor building, control room, cables conduits etc. could not be 
modified extensively. It was therefore not possible to provide as 
much separation of various channels as desirable. Such 
constraints and difficulties in procurement, limitations of 
resources etc. limited the extent of changes which could actually 
be incorporated. There could however, be no compromise on the 
operational safety and reliability of the reactor. All the 
anticipated accidents and the consequential effects must be 
adequately covered by the safety system and related 
instrumentation. In no case should the safety and reliability of 
the new system be lower than that generally required for a 
research reactor. 

4. NEW INSTRUMENTATION AND CONTROLS (I&C) 

The I&C requirements vary from reactor to reactor and 
country to country. The new instrumentation for PARR was 
therefore assessed after a detailed study of the instrumentation 
updating programmes of research reactors in the Federal Republic 
of Cermany[l], IAEA safety codes[2] and the ANS standards[3j. The 
IAEA codes are regarded as more appropriate for this purpose as 
these are applicable for the whole life of reactor including 
modification, updating and upgrading and are mandatory for a 
collaborative programme with the Agency. The new configuration of 
I&C for PARR was therefore developed on the basis of following 
criteria. 

4.1 Design Basis 

The reactor safety system must function when the 
allowable operational limits for the facility, conditions fo/ the 
design basis events (DBE), and incidents not covered by the 
engineered safety features, are exceeded. Interlocks have been 
provided for t3Ch specific safety function for which the 
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4.2 Design Criteria 

4.2.1 Single Failure Criterion 

The reactor safety system (RSS) design provides a level 
of reliability and redundancy such that RSS can perform the 
required protective action in the presence of any single failure 
within RSS concurrent with the occurance of all failures caused 
by the single failure and those caused by the DBE. The protective 
actions are required for each safety interlock, automatic 
detection of DBE and safety shutdown and manual safety shutdown. 

4.2.2 Redundancy 

Redundancy has been provided for each design basis event 
by monitoring different reactor variables, and same variable with 
equipment operating on different principles or by using duplicate 
equipment. Redundancy has been provided to the extent where it is 
advantageous and practical. 

4.2.3 Independence 

The redundant channels and subsystems are physically 
separated by a distance or barrier where signals from redundant 
units are necessarily brought together, such as, in the logic 
units .sufficient isolation has been provided to avoid unsafe 
failures. The interfaces with non-RSS are also protected with 
adequate isolation and separation. 

4.2 .4 Fail-Safe Design 

The system is so designed thai, no malfunction within the 
system, caused solely by th* variation of external conditions 
within the ranges detailed ii the design basis, will result in an 
unsafe failure. 
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4.2.5 Manual Initiation 

Simple and direct means have been provided for the 
reactor operator to immediately actuate the safety shutdown 
equipment. 

4.2.6 Set-Points 

Proper set-points have automatically been made active. 
Administrative arrangements have been made to verify the 
set-points for different oprating modes of the reactor. 

4.2.7 Bypasses 

Bypass capability have been provided only where 
necessary. The manual initiation provision of RSS, power level 
safety set-point and period set-point do not have bypass 
facility. The use of bypass provision is strictly regulated by 
administrative octrois. Visual indication has been provided on 
the console to continuously indicate the bypassed condition when 
the reactor is in operation. 

4.2.8 Completion of Protective Actions 

Tne state of each channel (operating, tripped, bypassed) 
is distinctly indicated. Once tripped the RSS remains in the 
tripped state and indicates the protective instrument subsystem 
initiating the shutdown until deliberate action is taken by the 
reactor operator. The manual reset mechanism is not capable of 
preventing the initiation of protective action. The manual reset 
machanism for RSS is physically and electrically separated from 
the mechanisms for the acknowledgement and reset for alarms that 
are not part of the RSS. 

4.2.9 Surveillance 

The RSS shall have the capability for periodic checks, 
tests and calibration. In the event of disabling of a channel, 
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the RSS includes either features to assure availability before 
reactor start-up or is covered by administrative controls. For 
on-line testing, the capability of RSS is not reduced below the 
minimum requirements. 

4.2.10.Access Control 

The KSS includes physical provision such as key switches 
to prevent unauthorised use of reactor controls. The access to 
set-points for calibration adjustments is checked by physical 
means to prevent inadvertant Disadjustments. 

4.2.11 Classification and Identification 

Any unit that is used both to perform protective actions 
and non-safety actions is regarded as part of RSS. The RSS 
modules have beer, distinctly marked and all drawings kept upto 
date. 

4.3 Safety Philosophy 

The safety principles and philosophy followed in deciding 
upon the design of PARR instrumentation are based on the i >EA 
code of practice and standards. The lowest acceptable level of 
performance or minimum number of acceptable components for the 
RSS and safety related instrumentation is therefore decided 
accordingly. However additional channels modules beyond the 
minimum requirement have been provided as needed/practicable for 
meeting the design criterion for redundancy and to cater for the 
instrument related failures. The extra channels have been 
designed to operate in one-of-two or two-of-thrce logic as 
feasible. In no case the reactor has been allowed to operate if 
the minimum specified instrumentation cannot be provided. 

5. SYSTEM DESIGN 

On the basis of above considerations the new 
instrumentation and control requirement'-/ for PARR have been 
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worked out as under. 

5.1 Safety System 

The safety system comprises cf three channels which 
provide automatic safety action such as scram, control rod 
reversal or control rod withdrawal interlock. Details of the 
installed channels are given in Table-I. For the sake of 
comparison the existing safety channels and the IAEA recommended 
minimum number is also listed[2J. 

5.1.1 Safety System Set-Point Limits 

The safety system set-point limits have been selected on 
the basis of accident analysis and available safety margins. 
Since no changes were expected in the reactor core and related 
system, the safety limits of the old system remained unchanged. 
The safety limits for the new channels such as N-16 channels have 
been derived from the other channels operating in comparable 
power range. The safety interlocks have also been provided as in 
the old system. The safety system limits and set-points are 
presented in Table-II. 

5.1.2 Safety Related Instrumentation 

The safety related instrumentation has been installed as 
listed in Table-IIl(2]. The additional instruments, Lin-N channel 
and area radiation monitors are provided to cater for instrument 
related breakdowns and to make up the deficiencies which have 
been felt in the past. 

5.1.3 Control Rod Drive Mechanism 

Old drive mechanism for the control rods and fission 
chamber have been retained. These will be changed when the core 
is converted to operate with low enrichment fuel and design of 
control fuel element and control rod arc changed. However, one 
drive mechanism has been added for the additional startup 
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chamber. The position sensing and indication circuitry has been 
Modified ar.il made compatible with the new design. 

5.1.4 Reactor Core & Building Surveillance 

A closed circuit television system has been installed for 
the surveillance of reactor core and building. TV cameras have 
been mounted at appropriate locations inside and outside the 
reactor building with monitors provided in the reactor control 
room, office of th« Head Reactor Operation Group and at the 
security check post. The reactor pool and core will be monitored 
by an underwater camera. 

5.2 Protection Against Anticipated Acccidents 

For a safe operation of the reactor, an analysis of 
probable accidents is necessary and how the new safety system can 
achieve its objective of shutting down the reactor when an unsafe 
condition is reached. The instrumentation should therefore be 
adequate for the monitoring of parameters associated with each 
design basis event (DBE) and its action should be automatic. How 
the new instrumentation meets the design criteria and demands for 
safety action in case of anticipated events is shown in Table 
IV[lJ. A comparison with the old system is also given in order to 
highlight the differences. It can be seen that, in the light of 
new design criteria, the old instrumentation was quite inadequate 
as far as redundancy and diversity are concerned. Features of the 
new instrumentation with respect +o each DBE are discussed below 
in some detail. 

5.2.1 Startup Range 

The startup range was monitored by one fission channel 
having four decades only. Since there was no redundancy on the 
startup, restart after a shutdown was not feasible whenever this 
channel became unavailable or unreliable. Also the span of four 
decades resulted in a poor overlap with the other channels, which 
is essential while m?klng a switch-over from the startup to the 

http://ar.il
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power range. As the safety requirements in the startup range are 
not as stringent as in the power range, a redundancy of two 
without diversity is adequate. In the old system, linear and log 
channels became available in the middle or towards the end of 
startup range but these were then measuri. g very low ionization 
chamber current, as such, could not be regarded as reliable. This 
deficiency is made up in the new startup channels which have 
larger spans than the old channel end hence p ovide a better 
overlap with other channels (Fig. 1). 

The detector for the startup channel was moveable. This 
feature has been retained and the two detectors are moveable 
independently. However, both are so positioned that limiting 
values of count rate are not violated. These channels are 
operated in 1 of 2 mode i.e. the limits on count rate and reactor 
startup period are tied up in 1 of 2 logic. Alternately, these 
two channels could also be operated in one-of-one mode with one 
stand-by but, in this mode, the requirement for redundancy is not 
fulfilled. A variable delay of up to 25 seconds for periods from 
3 to 10 seconds was provided in the old startup channel. This is 
not really needed and has therefore been omitted in the new 
channels. The safety action is therefore more prompt. Protection 
against inadvertant startup, over-ranging and fast period havp 
been provided as in the old system. 

5.2.2 Power Range 

Accident conditions in the power range, such as, excess 
power is detected by a number of redundant channels. The 
redundancy for linear and log channels has been increased from 
one each to two each as shown in Pig. 1. The number of safety 
channels are the same as before but these are operated in 2 of 3 
mode instead of the 1 of 3 mode. In addition to these channels, 
two N-16 channels are provided for diversity in the power range. 
Further diversity i. also provided by the thermal channels. 
Thermal power is computed from the temperature rise and flow rate 
through the core. 

Hazard conditions in the power range are high neutron 
flux level and high reactivity rate. Protection agcinst these 
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condition? are provided by a number of interlocks and scrams 
where safety settings are the same as in the old system. 

5.2.3 Fuel Plate Melting 

Very little instrumentation was provided in the old 
system for the detection of fuel plate melting. Now this event 
can be detected by two gamma-chambers of N-16 channels which 
measure coolant gamma-activity before it flows to the hold-up 
tank. These channels are arranged in 1 of 2 logic. It is proposed 
that the diversity requirement in this case will be fulfilled by 
providing three gamma-chambers over the pool. In research 
reactors occurrance of such an incidence is low but would result 
in considerable spread of contamination. The fission gases will 
be detected by the gamma-chambers over the pool. 

5.2.4 Loss of Primary Coolant Flow 

Loss of primary coolant flow was detected by measuring Ap 
across an orific plate. The redundancy here has been increased by 
providing another channel using a different sensor for the flow 
measurement. The diversity requirement is met by the monitoring 
of pressure at the primary outlet. 

5.2.5 Loss of Coolant 

The loss of coolant accident (LOCA) is one of the most 
serious accidents. In the old system, pool level was monitored by 
a bubbler type level sensor and limit switches actuated by a 
float which have been replaced by pressure sensitive level 
transducers. The redundancy tor this measurement has been 
increased by providing additional level sensors in the two 
sections of the pool. The LOCA results in increase in the 
radiation levels in the reactor building and is also detected by 
the gamma-chamber installed in the reactor hall. The 
gamma-chambers for the detection of fuel plate melting can be 
regarded as the diversity channels for this event. 
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5.2.6 Loss of Secondary Coolant Flow 

Loss of secondary coolant flow will slowly increase 
primary coolant temperature. The temperature measurements on the 
secondary and primary coolant sides would therefore be adequate. 
There was one channel to measure actual temperature rise across 
the core and other channels far measuring temperatures at various 
points in the primary and secondary coolant. The primary coolant 
temperature measurements has been adequate for detecting loss of 
secordary coolant flow also. Diversity has been provided by 
installing a flow sensor in the secondary loop and additional 
temperature monitors in the cooling tower. 

6. SYSTEM DETAILS 

6.1 General Features 

i) Signals: All signals within a cabinet as far as possible 
are 0 to -10V or + 10V. The signals going out of the 
cabinet for further processing are through the signal 
isolators with standard output of 0 or 4 to ?0 mA. 

ii) Neutron Flux Monitoring: The neutron flux monitoring 
channels have been increased to prcvioe redundancy, 
diversity and to increase the availability. 

iii) Automatic Control: Automatic reactor power control has 
been achieved through a PID controller as in the old 
system. The control remains on a Linear Channel, and it 
is transferable from one Linear Channel to the other 
through a manual control. 

iv) Channel Bypasses: One of the two or three channels may be 
bypassed for test, calibration or maintenance etc. 

v) Safety Limits and Set-Points: The safety limits and set 
points have not been altered. The annunciations and scram 
indications etc. have been increased in accordance with 
the increase in the instrumentation. 

vi) Computer Failure: In the case of computer failure, the 
operation and control of the reactor is not affected and 
there is no problem in the operation of the reactor or 
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its safety. 
viii) Area Radiation Monitoring: The number of radiation 

monitors has been increased to cover the pump room, 
dimineralizer room, radioactive waste areas and other 
important locations. 

ix> Process Instrumentation: Process instrumentation has been 
increased to monitor temperature, pressure, flow, pH, 
conductivity, level etc. at additional locations and to 
provide redundancy/diversity. 

x) Monitoring of Reactor Core and Reactor Building: A closed 
circuit T.V. system has been installed for monitoring the 
reactor core and reactor building during normal operation 
and during an emergency. It is also helpful in the 
security of the building during off- hours. 

xi) Uninterruptible Power Suppiy: An uninterruptible power 
supply system has been provided for the instruments as a 
reliable and continuous power source. 

xii) Compressed Air: A separate compressor has been proposed 
for clean and dry air for the instruments. 

xiii) Console: A new console has been installed for optimum 
ease in operation and control, 

xiv) Future Upgrading: The instrumentation has been so 
selected that it can be used even if the power level of 
the reactor is upgraded to 10 MW. However, the additional 
requirements would, have to be provided. 

6.2 Nuclear Radiation Measurement System 

Nuclear radiation measurement system consists of neutron 
flux measurement, coolant radioactivity and radiological 
monitoring channels. It is shown in Fig. 2 where a comparison 
between the installed and old system is also shown. 

6.2.1 Startup Channels 

Two channels for the startup range using fission chambers 
have been installed. These channels ate functionally the same as 
the old channel and instead of 4 decades, the new channels have 
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an extended range of aore than 5 decades. Block diagrams ior the 
two startup channels are shown in Figs. 3 and 4 . Main 
differences between the installed and the old channels are the 
following: 

i) In the old channel a 25 seconds delay was provided for control 
rod reversal following a short startup period (10 seconds). This 
delay has been removed to improve safety action on fast periods 
during startup. Since startup periods were normally much larger 
than 10 seconds the removal of delay has not posed any problem in 
the operation. In fact, this delay was not required as the time 
constants of the Log Count Rare Meter and Period Amplifier 
provide adequate deiay. 

il) A mechanical counter with the scaler has been replaced by a 
digital electronic counter. 

iii) The two startup channels have independent drive motors for 
the movement of datectors and are operated such that limits on 
count rate are not violated. It is thus possible to operate these 
two channels in 1 of 2 mode. 

iv) The measurement of period is independent of the detector 
position. Therefore it is possible to tie-up the period limits in 
1 of 2 mode. 

6.2.2 Linear and Automatic Control Channels 

Linear flux measurement is carried out by two channels 
instead of one. These channels are essentially the same as the 
old channel except that the ranges, of the electrometer for power 
measurement, change in decades rather than a factor of 3 and 10. 
The reduction in ranges has been compensated by digital readout 
in each range. This arrangement helps in providing ai. interface 
w*th the computer. It is possiole to control the reactor power 
through a PID controller which can be connected to either of the 
two channels. The measurement capability of the new 
instrumentation and gamma discrimination of the detectors arj 
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superior to the old detectors and it is possible to measure 
neutron flux at lower levels and thus improve overlap with the 
startup channels in the startup range. The block diagram of the 
channels ate shown Figs.5 and 6. As shown in the diagrams, the 
input to control instrumentation is provided through isolation 
amplifiers thus meeting the requirement for the separation of 
safety and control system, i.e., a failure in the control 
instrument should not cause an unsafe failure in the safety 
instrumentation [2]. Control channels are also mounted in 
different locations. 

6.2.3 Logarithmic Channels with Period 

The number of logarithmic channels has also been 
increased from one to two. The span of the channels is 8 decades 
instead of 6.3 decades in the old channel. The increased span is 
used to monitor the reactor power at lower levels and thus 
increase overlap with the linear channels. The response time for 
period measurements is comparable with the old channel. The 
safety limits and set-points remain unchanged. Block diagrams fcr 
these channels are shown in Figs. 7 and 8. 

6.2.4 Safety Channels 

Operational requirements on the safety channels are more 
stringent than on the other nuclear channels since these provide 
protective action by automatic shutdown of the reactor in case 
the power limits/set-points conditions are violated. Therefore 
demand on the reliability of the safety channels is very high. It 
is, however, desirable that errors in detection and measurement 
should neither block the safety action nor lead to spuric 
shutdowns. Since spurious scrams from these channels have been 
accounted for more than 607. of the total scrams experienced, it 
is perfered that the three safety rhannels be operated in 2 of 3 
mode. 

The old three safety channels operated in 1 of 3 logic. 
In each channel, there were two amplifier stages which provided a 
redundancy for each channel. All the power supply voltages and 
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integrity of the connections to the chambers were also monitored. 
Therefore even a component failure lead to a scram. It was also 
not possible to bypass, calibrate or repair anyone of the 
channels daring a normal operation. In addition to 
self-monitoring the new channels also detect. 

a) Loss of high vol'.age to the ionisation chamber, 
b) Loss of power supply to the electronic circuits, and 
c) Connection break anywhere in a channel through the voltage 

and minimum limit monitoring functions. 

The proposed arrangement* have improved the availability 
of the system and permitted on-line testing, calibration and 
maintenance. Block diagrams of the three channels A,B,C, logic 
blocks and the power supply to the shim rod magnets are shown in 
Figs. 9 and 10. 

The minimum safety instrumentation requirement consists 
of two neutron level channels which should be able to shutdown 
the reactor at a predetermined power level and two radiation 
channels also capable of initiating a shutdown [2]. Three safety 
channels are installted in the new system because of che reasons 
given in the foregoing sections. It is particularly important 
that the design criteria as shown below should be strictly 
followed in the case of safety channels. 

| Design Criterion | Compliance | 
J I L 
Redundancy Three identical channels 

operated in 2 of 3 mode. 

Channel independence Satety channels and logic 
unit distributed in 
different cabinets. 

Bypass Possibility of bypass is 
inherent in a 2 of 3 logic. 
Bypassed channel will be in 
trip mode and additional 
channel trip will cause a 
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Limiting safety settings 
and interlocks. 

scran. 
No change 

Self monitoring 

Isolation 

Described above. 

Signals going out of the 
safety channel are either 
relay contacts or through 
isolation amplifiers. 

Input to logic modules There is a separate logic 
module for each safety 
action. 

For the associated safety system it may not be fsasible 
due to space limitations, to provide the desirable isolation for 
the safety channels. 

6.2.5 Kitrogen-16 Channels 

Utility of N-16 channels in reactor instrumentation has 
been demonstrated, as such, these channels have become standard 
equipment in the system. Besides the accurate and more reliable 
measurement capability of the channels, these help meet the 
diversity requirement in the power range and for the detection of 
fuel plate melting. Block diagrams of the channels are shown in 
Figs 11 and 12. In che old system N-16 activity in the coclant 
uas not monitored. In the new instrumenation two channels in i of 
2 mode for the measurement of coolant activity at the outlet have 
been installed which also gives a measure of reactor power. The 
N-16 channels have usual redundancy, channel independence, bypass 
etc. and are operated in the limiting conditions for the safety 
action similar to other channels operating in the power range. 
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6.3 Process Instrumentation 

The process instrumentation in the old system, as a 
whole, was inadequate in the light of the latest standard 
criteria. Process instrumentation which is important fcr the 
safety of the reactor is shown in Fig. 13, where a comparison 
with the new and old instrumentation is also given. The 
instrumentation is essentially meant for the measurement of the 
following process parameters. 

Level 
Flow 
Temperature 
Pressure 
Conductivity and pH 

A typical process channel consists of the blocks as shown in the 
Fig. lit. 

6.3.1 Level Measurement 

The measurement of level in the reactor pool, hold-up and 
storage tanks has been increased as under; 

a) Three level measuring channels in the pool; 
b) One level measuring channel in the storage Lank; 
c) One level measuring channel in the hold-up tank. 

6.3.2 Coolant Flow Measurement 

Measurement of coolant flow in the old system was quite 
inadequate. It was measured by only one orifice plate and there 
was no flow measurement on the secondary side. Therefore 
measurement of primary coolant flow has been increased from one 
channel to two and a new channel has been installed on the 
secondary side. The old orifice piate is retained and a different 
type of sensor is used for the new channel in primary coolant 
loop. 
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6.3.3. Measurement of Temperature 

A number of temperature measurements were made in the old 
existing system which used thermocouples. Some of these sensors 
has been retained but the measurement channels have been 
replaced. The temperature measurements has been increased for 
meeting the safety and operacional requirements. Extensive use of 
RTDs has been made for the measurement of temperatures. 

6.3.4. Measurement of Pressure 

In the old systera, building pressure in the reactor hall 
was measured by a manometer. This has been supplemented by an 
electronic channel which provides indication, alarm, scram etc. 
in the control room. Pressure will also be measured at the 
primary pump outlet which is intended to be used as a diversity 
channel for the measurement of flow. 

6.3.5 Monitoring of rfater Quality 

The conductivity and pH of primary coolant are 
continuously monitored and recorded. For the secondary water and 
make-up system, tl;? conductivity is checked by taking samples at 
specified intervals. 

6.4 Monitoring of Earthquake 

The reactor scram on earthquake was initiated by a 
vibration switch. Experience had showi> thst the switch did not 
respond to vibrations. It could not, therefore, provide a scram 
function even when set in the most sensitive position. It has 
therefore been replaced by a seismic switch which can be adjusted 
and calibrated properly. 

6.5 Radiation Monitoring 

Radiation monitoring equipment is meant to ensure that 
the radiation exposure to the workers is kept to a minimum and 
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within the prescribed limits, it is also.required in the safety 
system of the reactor for monitoring radiation levels in the case 
of fuel piate melting or loss of coolant accident. For this 
purpose gamma-monitors have been installed at appropriate 
locations in the reactor hall and pump room and their number has 
been increased after a review of the requirements. 

6.6 Reactor Core and Building Surveillance 

In modern reactors it is customary to observe and 
exercise control on the entry of personnel and goods into the 
reactor building. Elaborate access control equipment is installed 
to allow the entry of authorized personnel by the use of coded 
keys or cards. A CCTV system for this purpose has been installed. 

Surveillance of the reactor core and the hall have been 
done by the installation of TV cameras in appropriate locations. 
TV monitors are provided in the control room. This has greatly 
improved the vigilance of the worl'ing area and the reactor core. 

7. COMPUTERIZATION 

A PDP-11/23 plus computer has been interfaced with the 
PARR instrumentation and controls with the purpose of data 
acquisition, logging, and analysis. The main feature of the 
computerization is the exchange of digital and analogue 
information between the process and the computer and its 
presentation in a suitable form to the operator. Essential 
features of the computerization philosophy are outlined below; 

i) The previous control features are maintained, 
ii) The exchange of digital and analogue information 

between the process and the computer is handled from 
the operational point of view in such a way that the 
whole system remain undisturbed, 

ill) In the case of computer failure the normal operation 
of the reactor is not affected, 

iv) The computer interface circuitry has been so 
designed and introduced that removal of any computer 
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interface board does not disturb the normal manual 
operation of PARR, 

v) All the essential information on the process is 
presented on a video terminal to the operator 
besides monitoring at remote location through serial 
line communication. 

7.1 Computer Interfacing 

Computerized operation needs transfer of both digital and 
analog information between computer and process (i.e. PARR)for 
monitoring the process status and taking appropriate control 
actions as shown in Fig. 15. Since the computer uses TTL logic 
internally while process utilises different dc voltages , the 
communication between the computer and process needs interfaces 
as shown in Fig. 16. Standard digital and analog boards are 
available for use with PDP-11/23 plus system but user interface 
boards needed to match the interface requirements. 

a) Digital I/O Signals 

The user interface cards are modular in structure and are 
arranged in three 19 inch subracks. Identical input/output 
signals such a* scrams, reverse or alarms are grouped together. 

i) Input Signals 

At present 94 digital signals are being monitored by 
computer, each user interface board is designed to accomodate 
signal conditioning hardware for 8 digital signals. The status of 
each signal is also displayed by the LED's on the board itself 
for diagnostic purposes. 

The user boards are designed and fabricated locally 
employing opto-couplers to isolate various voltage levels in the 
process and to avoid process noise disturbing the computer 
operation or computer malfunction disturbing the process. 

The critical signals like Scram, Reverse, Inhibits, 
Alarm, Alarm Acknowledge, Linear scale of picoammeter in Linear-N 
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channels are scanned by interrupt based software. 

ii) Output Signals 

Depending upon some sequence of events or logic, the 
computer is able to output digital signals. These are used for 
control purposes. At present PNSC have granted permission only to 
monitor the status of PARR and not to control the PARR Operation. 

b) Analog I/O Signals 

Currently 38 single-ended analog process signals aie 
being monitored by the computer for the purpose of data 
acquisition, data logging, data analysis alongwith digital 
signals. 

Process signals are connected to the computer using 
isolation amplifiers wherever possible. Process signals having 
different signal levels are conditioned to get multiple of 1.25 
volt with maximum limit of 10 volts. 

7.2 Software Development 

A software package (PACS) consisting of a number of 
programmes has been developed. These programs are executed in 
parallel, at different priorities and at different scheduled 
intervals under RSX-11M + operating system. These programs 
interact with each other with the help of event flags and utilise 
the GLOBAL COMMON AREA for shared data fetching and utilization. 
Digital signals representing abnormal conditions are all 
interrupt based while informative digital signals are scanned 
periodically. The salient features of the package are listed 
below. 
a) 

Global Common Areas and Programs 

The GLOBAL COMMON Area receives on-line information (in 
the form of bits) collected from the interface boards whereas the 
input to the interface boards is in ti.? form of bits (digital) 
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and voltage level (analogue). All the programs share the 
information in CC area as shown in figure 17. 

b) Monitoring Analog Signals 

The analog signals are monitored with the help of the 
following programs: 

AIMONT (analog Input monitoring program) 
AIREAD ( " " read " ) 
A1CHEK ( " " checking " ) 
ERRHSG (common error message generating program) 

i) AfiALOC MONITORING (AIMOHT) 

The AIMONT program schedules the reading of analogue 
signals based upon priority defined while dividing the signals in 
number of groups. It picks the signal contained in first group 
having highest priority and passes them to Che progrmas AIREAD 
for reading and itself goes into wait state untill all the 
signals have been read by AIREAD. 

ii) ANALOG READ (AIREAD) 

The AIREAD program is interrupt based. It receives the 
signals sent by AIMONT, reads these signals picking one by one 
and stores the data in GCA. When all the signals contained in the 
group have been read, the AIREAD passes control to AIMONT and 
goes into wait state. 

iii) Analog Check (AICHEK) 

The A1CHECK checks the group of signals being sent by 
AIMONT for abnormaliti ,±. If any abnormality is found while 
checking the analog signals, an error message number Is 
constructed and sent to the ERRMSG program. 



30 

c) Monitoring, Digital Signals 

DIREAD (Digital input reading programs) 
DIMONT ( " " monitoring programs) 
DICHEK ( " " checking programs) 
ERRMSG (Common error message generating programs). 

i) DIGITAL READ (DIREAD) 

DIREAD is an interrupt based digital input program. On 
loading the PACS systems the DIREAD alerts the interrupt 
procedure of computer and sets the DRV-llj boards accordingly. 
Interrupt register is read examining the interrupt register data, 
the source is determined and control is transferred to DIMONT 
program. 

ii) DIGITAL MONITORING (DIMONT) 

DIMONT program reads digital prots associated with specific 
interrupt bit in interrupt register. It transfers the data to 
CCA. The DIMONT program then invokes the program D1CIIEK. to 
analyse the data being read from associated parts. 

iii) DIGITAL CHECKING (DICHEK) 

The DICHEK analyses the data being read from associated 
parts by DIMONT program. Whenever some abnormality is observed, 
the corresponding bit is set and the error conditions are 
determined and error numbers are generated. 

iv) ERROR MESSAGE (ERRMSG) 

The error number found by DICHEK or AICHEK program are 
supplied to the common error generating program ERRMSG. It 
constructs the format of error message which is sent to the 
output device. 
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d) STATUS DISPLAY 

All the analog signals are being dynamically displayed on 
the screen on real time basis. The display is divided into static 
screen and dynamic screen which have different set ups dependent 
upon the power range namely low power range (0-100 KM) and high 
power range (100 KW-5MW). 

e) Data Legging 

Data logging is achieved using block I/O data transfer 
technique to save cpu time. Data logging consist of fine logging 
and coarse logging. Fine logging means that one block of GCA is 
written into a file on disk after every second. This file 
consists of 2000 blocks which form an endless chain for recording 
the latest information. Coarse logging is done for permanent 
logged information. Whenever some analog parameter changes 
appreciably or some digital parameter changes, one block of GCA 
is dumped in specific file on the disk with time stamp. Some of 
the previous blocks of information can be displayed on the screen 
by using STATUS program. 

f) PARR COMMAND LINE INTERPRETER (PCLI) 

PCLI program is developed to achieve the integrity and 
security of the overall system. PCLI is loaded while booting the 
system and user has an access to the PACS through PCLI. This 
restricts the user to have a access to RSX-11M operating system 
unless privileges are assigned to him. Three level of privileges 
are defined such as operator, supervisor and manager with the 
highest privilege to the manager. PCLI keeps record of authorised 
users, their passwords, log- in and log- off time record. 

g) CONFIGURING PACS 

The whole system of PACS is kept generalised and emphasis is 
laid down on the point that the system should be easily 
configured according to the requirement. The configuration data 
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files are loaded into GCA before executionof any process program. 

i) HELP PROGRAM 

HELP facility is provided for on-line assistance to the 
users for executing differcntr program in PACS. 

ii) GETRFA 

GETRFA generates record file addresses of error messages and 
dumps it into GCA. The addresses are generated at system load 
time (PACS). 

iii) CALCULATOR 

CALCULATOR program has been developed for calculation 
purposes. CALCULATOR has its function Library, provision of 
defining variables and on line data acquisition through GCA, and 
evaluation of general mathematical expressions etc. 

h) GRAPHICS 

Graphics programs have been developed to display the 
following diagrams on the screen of VDU-140 type colored graphics 
terminal. 

COOLING SYSTEM DIAGRAM 
SCHEMATIC DIAGRAM 
REACTOR POOL DIAGRAM 
CORE LOADING DIAGRAM 

Real time values of some of the parameters related to these 
diagrams such as shim rod position etc. are displayed on the 
screen. 
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8. CONCLUSION 

The instrumentation described above not only replaces the 
old system but also substantially improves the performance of the 
whole system. The latest criteria for redundancy, diversity and 
independence have been incorporated to the extent that these are 
advantageous and feasible. For a power reactor both the safety 
and availability are of utmost importance and it was not possible 
to make compromises on one requirement for the sake of the other. 
However in the case of a research reactor it was possible to go 
for maximum safety and make some sacrifice on the availability. 
As a result it has been possible to restrict the extent of 
instrumentation and go for a redundancy of two with 1 of 2 logic 
except for a lew important channels. This has also been made 
possible due to the high reliability of new solid state 
electronics. 

The instrumentation in general, has been expanded and new 
measurements are introduced in order to fulfill the requirement 
for redundancy and diversity. Measurements are more accurate due 
to better electronics and a number of digital readouts. 

A new feature of the reactor instrumentation and control 
sysrem is the introduction of computerisation for data 
acquisition, logging and analysis which will be helpful in the 
operation and control of the reactor. Information transfer 
between the computer and nuclear radiation and process channels 
is through isolators. The computer operation is fail-safe and the 
process is not effected in case of computer malfunctions. 
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TABLE-1 
PARR SAFETY CHANNELS 

Channel 
| Number of Channels | | 
Installed | Previous | Ford Nuclear| Function | 

I 
Startup 

Log 

Safety 3 

N-16 2 

Coolant radioactivity 3 

Coolant temperature rise 1 

Pool level 3 

Primary pump failure 1 

Reactor ouilding pressure 1 

Earthquake 1 

Reactor bridge unlocked 1 

| Reactor[2] | I 
Rod withdrawal 
interlock, 

Period reverse 

Rod withdrawal 
interlock, 

Period reverse 

Period scram, 

excess k reve
rse 

Neutron level 
reverse, scram 

0 Scram 

1 Scram 

1 Reverse 

1 Scram 

Scram 

1 Scram 

1 Scram 

1 Scram 

Comparison is only meant for highlighting 'he differences. 



TABLK-il 
LIMITING SAFETY SYSTEM SETTINGS (LSSS) 

LSSS 
Channel 

Inhibit Reverse Scarm 

Startup 

Lin-N and 
Auto Control 

Log-N 

.') cps < 4 , 
2) cps > 8x10 
3) Recorder off 

Recorder off 

1) Recorder off 
2) Channel not 

in normal mode 

Safety Sensitivity not 
maximum 

N-16 -
Primary -
water activity 

coolant Recorder off 
temperature 
rise AT 

Coolant Flow _ 

Pool Level 

Building Pressure 

Period<10s 

1) High flux > 90% 
of scale 

2) RR < 18% when 
in auto mode 

1) Period < 10s 
2) Shim Rods < 30% & 

Log-N,-Power> 
4x10 h 

power level > 110% 

Period < 4s 

Power level> 
125% 

Power level> 
125% 

Dose rate 
100 usv(10rar/hr 

AT>9.5 C 

1) Flow<450n» /h 
2) Flapper open 

for flow less 
than 2O0m /h 

3) Primary pump 
failure 
lm below normal 

y 7cm w.c. 

,-4« 
* Bypasses 

1. Startup inhibit when log N, Power > 4xl0~"% (200W) 

2. Shim rod reverse in manual operation when RR < 18% or > 80% 

3. Excess K reverse when shim rods > 30% and log N, power > 4x10 "*% 

4. Coolant flow scrams when log M, Power <100 kW 

.-4„ 



TABLE III 
SAFETY - RELATED INSTRUMENTATION 

I 1Number of Channels! I 
| Channel |Installed| old | Function | 

J 1 1 I I 
Linear, Multi-range 2 1 Multi-range power measurement 

from startup to maximum power. 
Interlock and input to the 
automatic control channel. 

Power level 1 1 Return to the manual control 
deviation interlock 

Reactor coolant 2 2 Alarm 
inlet/outlet 
temperature 

Radiological 9 4 Alarm 
channels 

Demineralizer 1 1 Alarm 
temperature 

Water quality 1 1 Alarm 

Secondary HX outlet 1 1 Alarm 
temperacure 

Pool Level 3 2 Alarm 



TABLE IV 
DETECTION AND MONITORING OF PROBABLE ACCIDENTS 

| Probjble 
| Accident 
J 

Prcvions 
DETECTION 

I Installed 

Startup 1 startup chamber 
1 linear chamber 

1 of 2 startup chambers 
1 of 2 linear chambers 
1 of 2 log chambers 

Power range 1 linear chamber 
1 log chamber 
1 of 3 safety chambers 
1 coolant temperature 
rise, AT 

1 of 2 linear chambers 
1 of 2 log chambers 
2 of 3 safety chambers 
1 of 2 N-16 chambers 
1 of 2 coolant temperature 
AT 

Fuel plate 1 chamber for pool and 
melting coolant monitoring 

1 of 2 N-16 chambers 
1 of 2 X-chambers for 
pool/coolant monitoring (to 
be increased) 

Loss of coolant 1 water level in the pool 

1 ^-chamber 

2 of 3 water level in the 
pool 
1 ̂ -chamber for pool/ 
coolant monitoring (to be 
increased) 

Loss of secon- 1 primary coo'.cnt 
dry coolant temperature 
flow 

1 primary coolant 
temperature 
1 secondary flow monitoring 



TABLE V 
ANALOC I/O SIGNALS TO/FROM COMPUTER 

I I 
| S.No.| 

J L 
Signal Name 

|Total No. of Signals|No. of Signals| 
| to be installed | to Coaputer | 

1 1 1 
1. Radiological monitoring 

i) Beam port (2) 
ii) Hold-up tank 
iii) Main exiiaust 
iv) Hot cell 
v) Gamma Cell 
vi) Pump room. 

2. Primary water activity 
i) Reactor bridge 
ii) Reactor hall 
iii) Reactor dome 

3. 5 Shim Rods and 1 R.R. position 
4. Fission chamber/BF. position 
5. Temperature channels 

i ) T-type thormocuouple channel 

(a) Secondary HX i n l e t 

(b) Secondary HX o u t l e t 

i i ) AT(T-Type)channel 

iii) PT-100 channels 
(a) Core inlet 
(b) Core outlet 
(c) Primary H.X. Inlet 
(d) Primary H.X. Outlet 
(e) Cooling ;ower top 
(f) Cooling tower base 
(g) Cooling tower air 
(h) AT 

6. Level indicator 
i) Pool level 

(a) Stall end 

6 
2 
12 



TABLE V (Continued) 

(b) Open end 1 
(c) Difference level 1 

ii) Hold-up tank 
iii) Storage tank 

7. Primary coolant flow 2 
i) Orifice plate 1 

* ii) Ar.nubar system 1 
8. Startup channel (2) 

i) Period 2 2 
ii) Count rate 2 2 

9. linear-N Channel ?) 
Power 2 2 

10. Log-N channel (2) 
i) Power 2 2 

ii) Period 2 2 
11. Safety channels 3 

i) Power of A 1 
ii) Power of B 1 
iii) Power of C 1 

12. Coolant monitoring channel 2 2 
N-16 (2) 

13. Pressure measurement 3 
i) Building 1 

ii) Pressure across HX 
iii) AP across core 

14. WaLcr conductivity 2 
i) Deminerelizer outlet 
ii) Pool 

15. pH value 1 
16. Primary valve position 1 1 

motor.controlled 
17. SPwOndary coolant flow rate 1 1 

Annubar system 

Total: 62 45+ 



TABLE VI 

DIGITAL I/O SIGNALS TO/FROM COMPUTER 

I S/NO | DESCRIPTION | TOTAL | FROM |TO COMPUTER | 
1 1 | NUMBER | COMPUTER 1 1 
1. Scar in 1 X 

2. Scram acknowledge 1 X 

3. Computer reverse 1 X 

4. Alarm test 1 X 

5. Scarm rtset 1 X 

6. Alarm reset 1 X 

7. Fission chamber up/down 2 X 

8. i) Fission chamber 1 'units 2 x/2 
ii) Fission chamber 2 limits 2 x/2 

9. Master control 
i) Up and down 2 X 

ii) Master control in operation 1 X 

10. Shim safety rod # 1 
i) Gang 1 X 

ii) Limits 2 x/2 
iii) Magnet on 1 x/1 
vi) Rod seated 1 x/1 

11. Shim safety rod # 2 
i) Gang 1 X 

ii) Limits 2 x/2 
iii) Magnet oi. 1 x/1 
iv) Rod seated 1 x/1 

12. Shim safety rod # 3 
i) Gang 1 X 

ii) Limits 2 x/2 
iii) Magnet on 1 x/1 
iv) Rod seated 1 x/1 

13. Shim safety rod # 4 
i) Gang 1 X 

ii) Limits 2 x/2 
iii) Magnet on 1 x/1 
iv) Rod seated 1 x/1 



TABLE VI (Continued) 

14. Shim safety rod # 5 
i) Gang 1 
ii) Limits 2 
iii) Magnet on 1 
iv) Rod seated 1 

15. Regulating red 
i) Units 2 
ii) Up and down 2 
iii) System permit 2 
iv) In auto 2 

16. Scram bypass switches 10 
17. Scrams 

i) ManuaI 2 
ii) Safety Amplifier. 2 
iii) Low Primary Flow 2 
iv) Saf. flapper open 2 
v) Low pool water 2 
vi) Primary pump failuie 2 
vii) Bridge unlocked 2 
viii) Earthquake 2 
ix) High reactor Building Pressure 2 
x) High water acivity 2 
xi) N-lb channel 2 

18. Alarms 
i) Reactor Building AC failure 4 
ii.) High Deminaralizer Inlet tesnp. 4 
iii) High core inlet temp. 4 
iv) High Dem.Wat.Cond. 4 
v) Abnormal Pool water level 4 

vi) Large servo error 4 
vii) CIC supply failure 4 
viii) Shimming up 4 

ix) H.Sec.HX.Outlet temperature 4 
x) Alarm OR J 

19. Reverses 
i) Down shimming reverse 6 



TABLE VI (Continued) 

ii) High AT reverse 6 x/3 
iii) High excess K. Reverse 6 x/3 
iv) Period reverse 6 x/3 
v) High Flux Reverse 6 x/3 
vi) Reverse final action 2 x/1 

20. Inhibits 
i) Startup inhibit 6 x/3 
ii) Log N on test inhibit 6 x/3 

21. Acknowledge 2 x/1 
22. Cooling System bypass 2 x/1 
23. Startup Channel Bypass 2 x/1 
24. Lively bit 1 x 
25. Magnet power supply 2 x/1 
2b. Ventillation Interlock 2 x/1 
27. Linear-N scale Information 8 x/8 
28. Control rod busy 2 x 
29. Motor ON/OFF Switches 

i) Primary pump 1 x 
ii) Secondary pump 1 x 
iii) Demineralizer pump 1 x 
iv) Exhaust fan '. x 
v) Exhaust fan 1 x 

30. Channel status 8 x 
31. Reactor on 2 x/1 

TOTAL: 197 18 179/94 
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