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ABSTRACT 

Safety in reac tor  operations i s  achieved through review and 

development of reactor  control sys tems together with the exerc ise  of 

sound administration controls. 

At Chalk River ,  the control and safety sys tems of the NRX 

reac tor  have been developed over the 14 year  his tory of the reactor  to 

provide safer  and m o r e  reliable operation. 

shut-off rods were  replaced by 6 electrically operated rods of g rea t e r  

reliability. 

water moderator  was included. 

but each i s  capable of shutting down the reac tor  independently. 

The original 18 boron carbide 

To augment ithis change an automatic dump of the heavy 

Both devices function simultaneously 

Control of reac tor  power was initially maintained through two 

manually operated devices;  a cadmium control rod and an overflow 

weir  by which the moderator  level was adjusted. L a t e r ,  automatic 

control of the cadmium rod was possible during power operation. 

automatic s tar t -up and power control is achieved by adjustment of the 

moderator  level,  eliminating the control rod and the weir.  

Now, 

, 
Incorporation of a two out of three coincidence system has  

fur ther  improved the safety of the reactor .  

As reac tor  technology h a s  advanced so have administrative 

controls. 

l ished responsibil i t ies through a well-knit organization with personnel 

t ra ined in sound policies and procedures .  

F o r  safe reac tor  operation, it is essent ia l  to have well es tab-  

To a s s i s t  in training, manuals 



Grs and policy instructions a r e  used. 

and a r e  augmented by the control procedures .  

by work pe rmi t s ,  en t ry  to  l imited a c c e s s  areas through interlock 

sys tems and operation of valves through valve s l ips  and flowsheets, 

Where feasible  check-off sys t ems  a r e  used to  ver i fy  field operations.  

Scheduled checks made possible at power by the two out of th ree  coin- 

cidence system permi t  a continual a s ses smen t  of the reac tor  sys tems.  

When associated with well established maintenance procedures ,  they 

enhance the reliabil i ty and safety of the reactor .  

These fo rm the bas is  for  the operation 

Field work is  controlled 



- 1 -  

1. INTRODUCTION 

110 . 

- . 

In reac tor  operation safety must  be maintained through the con- 

tinual review of existing methods and the recognition of developments in 

all aspec ts  of the field. Although original safety c r i te r ia  a r e  carefully 

considered before they a r e  established, operators  of reac tors  must  

always take advantage of advances in technology and improvements in 

technique to develop the best possible system. Development must  not be 

confined to this aspect  alone, however;  sound administrative and organ- 

izational policies and procedures  must  a l so  be developed. 

An excellent example of technological advance i s  the development 

of the present  N R X  control and safety system. Since the original s ta r t -  

up of N R X  in 1947 this reac tor  h a s  been modified a number of t imes.  

The changes,  based pr imar i ly  on operating experiences and combined 

with advances in the field of reactor  control, have been incorporated to 

improve safety and the reliability of control. 

Despite such developments, the administrative and operational 

problems remain.  Many people may be involved and the problems a r e  

those of organization and training, the preparation of reliable manuals 

and the establishment of satisfactory procedures .  

the la rges t  of the Chalk River r eac to r s ,  provides a fine example of the 

development of reactor  safety through administrative control. 

The NRU reac tor ,  
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2. DEVELOPMENT O F  THE PRESENT NRX CONTROL AND SAFETY 
SYSTEM 

2. 1 History of NRX Modification 

Following the original s ta r t -up  in July 1947 the NRX control and 

safety system was not changed except for  minor revisions until af ter  the 
n 

major  reactor  accident in December 1952. Although this incident 

severely curtailed the experimental  program a t  Chalk River it did p ro -  

vide t ime to a s s e s s  the operation of the reactor  f rom the standpoint of 

safety. The accident had clear ly  demonstrated that the p r i m a r y  shut- 

down device w a s  unreliable. This investigation resulted in many 

recommendations to ensure safe operation and reliable control of the 

reactor .  Major changes were  proposed in three  main components of 

the sys tem,  namely: shutdown devices,  control devices and protective 

instrumentation. 

period May 1956 to  May 1958 when the change-over to the control system 

present ly  in use in NRX was completed. 

The improvements were  introduced gradually over the 

2, 2 Shutdown Devices 

Rapid shutdown of NRX was originally achieved by the insertion 

of 18 air-cooled boron-carbide (shut-off) rods into the reac tor  core .  

These rods were  a i r  operated and a i r  cooled, i. e. a i r  was used to  r a i se  

the rod out of the core  where i t  was held by means of an electromagnet 

in the headgear.  The 18 rods were  r a i s e d  in two banks of nine; a la te r  

modification reduced the total number of rods to 12 ra ised in six banks 
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of 4, 3 ,  2 ,  1, 1 and 1 rods respectively. When a signal f rom a monitor- 

ing instrument indicated a condition unsafe for  continued reactor  opera-  

tion, the electr ical  cur ren t  through the magnet of each rod was broken 

and the absorber  section was accelerated into the core  by means of a i r  

p r e s s u r e .  

in F igure  1. 

The operation of the pneumatic rod i s  depicted schematically 

The boron-carbide rod was guided in i ts  t ravel  by a tube called a 

bar re l .  

the rod and i t s  ba r r e l  was ve ry  small .  

A s  the rods were  pneumatically operated the clearance between 

This meant that any foreign 

mater ia l  which entered the ba r re l  could jam the absorber  section and 

prevent it f rom becoming fully inser ted in the core .  Limit  switches 

were  used to indicate that the rod was fully inser ted or fully withdrawn. 

ROD DOWN ROO BEING RAISED ROO UP 

ACCELERATING ACCELERATING ACCELERATING 
A I R  RECEIVER AIR RECEIVER A I R  RECEIVER 

0 P 5 1 9  100 p 5 3 g  100 P 5 l Q  

EXHAUST 
- -ACCELERATING AIR 

LIFTING AIR FLOW 

30 p s i g  8-10 CFM AT 8 p i n g  SWITCH 8 10 CFM A T 0  pa t9  

Figure  1 

Pneumatic Shut-off Rod 
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Malfunction of these rods was not uncommon during the five yea r s  

they were in service before the accident. 

occurred,  representing a fault ra te  of about one pe r  month. These were  

all due to absorber  sections jamming in the ba r re l .  Other faults mainly 

associated with the rod position instrumentation occurred a t  a ra te  of 18 

p e r  month. Investigation of the accident in December 1952 revealed that 

faulty performance of the shut-off rods had been a major  contributing 

factor .  At the t ime of the accident some of the rods which were  with- 

drawn failed to dr ive fully into the reac tor  when released.  Ultimately 

the power excursion was brought under control by a manual dump of the 

heavy water moderator .  

During this t ime 62 rod fai lures  

The accident pointed out quite c lear ly  that a reac tor  capable of 

operation but in a shutdown state i s  potentially m o r e  hazardous than 

when i t  i s  operating a t  full power, a fact  which has  been borne out by 

other reac tor  accidents throughout the world. 

lar  attention was paid to the type of shutdown device to be provided in  

the proposed new control system. This device mus t  be ve ry  reliable. 

It was realized that the reliability would be increased if  two independent 

means  of shutdown were  employed. 

With this in mind par t icu-  

Thus, i f  one device failed to 

operate the other would sti l l  shutdown the reactor .  

The thinking regarding the position of shut-off rods during 

reac tor  shutdowns, when load changes were being made, changed rad-  

ically a t  this t ime.  F o r m e r l y  all shut-off rods were fully inser ted in  the 
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core  under these conditions. 

rods in the raised position during load changes so that they would be 

availabe to stop the reactor  should i t  be cr i t ical .  

off rods was t e rmed  the safety bank. 

Now it was proposed to have four of the 

This group of shut- 

A s  a resu l t  of this  proposal a decision w a s  taken to a l te r  the 

control system to provide two separate  shutdown devices ,  viz. six 

reliable shut-off rods and an  automatic moderator  dump. 

was to be independently capable of reac tor  shutdown. 

Each device 

Specifications for  the new type of shut-off rod required that i t  be 

e lectr ical ly  operated,  i. e. the boron-carbide absorber  section would be 

retained but it would be connected by means of a cable to a motor driven 

drum. 

magnetic clutch and the rod was to  reach the full insertion point within 

two seconds. The removal speed was to  be limited to that which would 

not resul t  in a ra te  of increase  of reactivity of m o r e  than 0. 3 mill i-k p e r  

second (yorate Ak=O. 03’%/sec. ) .  

Insertion was to  be under gravity on de-energization of an electro-  

It was realized that during the period when the new type of shut- 

off rod was being developed the reac tor  would have to  be operated with 

the pneumatic shut-off rods as  the p r imary  shutdown device. A shut- 

down system comprising 18 rods was provided with each rod individually 

ra ised in sequence and the principal of the safety bank was adopted. In 

addition, whenever a shut-off rod failed to  descend completely an auto- 

mat ic  par t ia l  moderator  dump resulted and a new operating instruction 
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required that the offending rod be replaced with a spare .  

During the two year  period in which the reactor  was operated 

under this system 23 shut-off rods were  replaced due to failure of the 

rod to descend. By May 1956,  the development and testing of the electr i -  

cally operated shut-off rod had been completed and six of these rods were  

installed to replace the 18 pneumatic rods.  

off rod i s  shown in F igure  2.  

A diagram of the new shut- 

Because there  were fewer rods the total shutdown capacity of the 

A s  a second system, auto- new rods was l e s s  than that of the old ones. 

mat ic  dumping of the moderator  was included in the system. 

REVOLVING FLOO! 

UPPER HEADER 
ROOM 

UPPER SHIELDS 

_+ 
CALANDRIA 

LOWER SHIELDS 

LOWER L IMIT  
SWITCH ASSEMBLY 

LOWER HEADER 
ROOM 

* 

Figure  2 

Elec t r ic  Shut-off Rod 
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. 

The rod control c i rcui ts  were  a r ranged  s o  that the rods could 

only be ra i sed  one a t  a t ime and in a definite sequence. 

fa i lure  of a rod clutch to re lease ,  the electr ical  c i rcui ts  were designed 

such that an automatic shutdown signal would apply full down drive to the 

motor of each rod that was not down regard less  of any control settings. 

To guard against  

The moderator  was dumped through full opening of s ix  valves 

below the reac tor  vessel  a t  the same time that the shut-off rod clutches 

were  de-energized. 

when the dump was completed the heavy water level in the reactor  vesse l  

was 140 cent imeters ,  well below the level (180cm. ) required to  achieve 

cr i t ical i ty  with a clean cold reac tor ,  

The moderator  dump tank capacity was such that 

As a fur ther  safeguard,  to  enforce maintenance and repa i r  of 

faulty shut-off rods and dump valves,  an electr ical  monitoring circui t  

a la rmed if  any one of the 12 units failed to  perform i t s  function within 

two seconds (i. e. full insertion for  the rods and complete opening for  

the valves. ) If a second unit failed to  function within this t ime limit  an 

absolute tr ip* prevented fur ther  operation of the reac tor .  

could only be cleared by using a key held by the reac tor  superintendent. 

During the 5 - 1 / 2  yea r s  this system has  been in operation i t  has  

This t r i p  

performed ve ry  well. 

there  being no record  of a fa i lure  of the valves to  operate  when required.  

The dump valves have functioned flawlessly,  

“An absolute t r i p  requi res  that a l l  means of reducing the reactivity of 
the reac tor  a r e  initiated and maintained in action regard less  of reac tor  
power. 
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The performance of the new shut-off rods has  been far superior  to  that 

of the pneumatic rods.  

descend completely, all detected during rod testing with the reactor  

shut down. 

Frequent  faults in the rod position indicating instrumentation continued 

to  occur ,  most  of them associated with the l imit  switches a t  the bottom 

of the rod. 

and replaced with l imit  switches in the headgear to indicate that the rod 

was fully down. This modification great ly  reduced the frequency of this 

type of fault; in the first six months of 1961 seven l imit  switch fai lures  

we r e  expe ri enc ed. 

There  have been only four fa i lures  of a rod to  

In each case  the defective rod was replaced with a spare  unit. 

The bottom l imit  switches were  removed in August, 1958 

A total of 10 rod assembl ies  were  manufactured, four of which 

were  available as  spares .  

was possible to  perform regular  overhauls of these units. 

tenance, coupled with frequent cable inspection, ensured that the six 

operating rods were  kept in good working order .  

As a l l  rod headgears  were  interchangeable it 

This  main-  

2. 3 Control Devices 

The original design of the reac tor  incorporated four water-cooled 

In the ea r ly  cadmium control rods each of which was manually operated. 

days of operation three  of these rods were  removed from the system as 

experience had shown that only one rod was required for  effective "fine" 

control. Additional "coarse"  control was achieved through adjustment of 

the heavy water level in the reac tor  vesse l  by means  of an  overflow weir.  
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. 

This  device was a l so  manually operated. 

Operation of the reac tor  with these controls required that the 

supervisor  in charge be in constant attendance at the control console to 

position the control rod and the overflow wei r ,  par t icular ly  during the 

s tar t -ups and until equilibrium operation was reached. 

possible to  hold the reac tor  power steady during normal  operation as the 

control rod w a s  continuously being adjusted t o  maintain the power at  the 

des i red  level. 

device that positioned the rod automatically. 

by a manual switch when the reac tor  was operating at a definite power 

level,  and was removed from service during per iods of changing reac tor  

power such as s tar t -ups.  

maintaining the reactor  power at a steady level. 

f rom a n  ionization chamber monitoring the neutron flux in  the reactor  

and moved the control rod to  keep the signal output f rom the chamber at a 

constant value. 

automation of power control. 

to some extent, but he was sti l l  required to  position the overflow weir 

until equilibrium power operation was reached and to adjust both controls 

during start-up. 

It w a s  not 

This condition was alleviated by the introduction of a 

It w a s  placed in operation 

This automatic control device w a s  capable of 

It received a signal 

This was the first step along the road to complete 

It did f r e e  the supervisor  from the console 

The control devices remained unchanged until May, 1958 when 

a new concept of control w a s  introduced. 

of reac tor  power during s tar t -up and at full power operation by adjust-  

This involved automatic control 
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ment of the moderator level in the reactor  vessel .  This method of 

control was proposed for  N P D ,  Canada's first demonstration power 

reac tor  and it w a s  felt  that i t  would be advantageous to  install such a 

system in NRX to obtain operating experience. This automatic system 

w a s  installed in May, 1958 and the control rod and overflow weir were 

removed from service a f te r  a period of testing in which the new system 

proved to be very  effective in control of reactor  power. 

the elimination of the control rod permitted isotope load to be removed 

Incidentally, 

with the reac tor  in operation. This w a s  not possible former ly  a s  the 

control rod rack protruded through the top deck plate preventing move- 

ment  of the rod removal flask over the reac tor  top. 

The p r imary  devices in this new system were three  heavy water 

flow control valves located below the reac tor  vessel .  These valves 

together with three  additional dump valves opened to  provide the auto- 

mat ic  moderator  dump on receipt of an automatic shutdown signal. Dur- 

ing s tar t -up and operation a t  power these valves were automatically 

positioned from fully closed to  partially open on receipt of a signal f rom 

the electronic control equipment. The la t te r ,  in turn,  received a signal 

f rom ionization chambers  monitoring the neutron f l u x  ( reac tor  power) in 

the s t ructure .  The signal f rom the electronic control equipment w a s  fed 

into electropneumatic valve posit ioners to move the valves. Thus, with 

a constant input of heavy water to the reac tor  vesse l  of 250 Igpm.,  the 

reac tor  power w a s  cor,trolled by the amount of spillage from the vessel  
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through the three  control valves. When the reactor  power was changed, 

a proportional change was produced in the signal outputs f rom the ioniz- 

ation chambers  measuring the neutron flux. 

and processed in a function generator  where the processed signal was 

compared with a fixed reference signal. Any disagreement  produced an 

e r r o r  signal which al tered the position of the control valves thus chang- 

ing the moderator  level in the reactor  vessel .  

direction to cause the e r r o r  signal to become ze ro  when the demanded 

power level was reached. 

These signals were amplified 

The valve moved in a 

The automatic power control circuit  comprised three  separate  

and identical c i rcui ts ,  called channels, extending from the ionization 

chambers  through the electronic control equipment to the control valve. 

A diagram of one channel of the control system i s  shown in F igure  3 .  

NRX 

POWER 

LINEAR 
POWER AMPUFIER FUNCTION PWER 

W M P  CONTROL 
ELfCTRO - 

(AIR LINE1 PNEUMPlnC 
ERROR VALVE 

WATER 

Figure  3 

Single Channel Components in the Heavy Water Level Control System 
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Should any component in a single channel fail ,  the channel was 

automatically re jected and reac tor  power was adequately controlled by 

the remaining two channels. 

the reac tor  was automatically shut down. 

manual control of the valves but this  was r a re ly  used a s  automatic control 

was eas i e r  and smoother.  

When two control channels were  rejected,  

Provis ion was made for  

The s tar t -up sequence for  the reac tor  involved two deliberate 

manual operations,  namely,  resett ing of the e lec t r ica l  t r i p  c i rcui ts  and 

raising of the shut-off rods.  Once this was done, the dump and control 

valves closed automatically and the supervisor  needed only to  s t a r t  the 

heavy water  pumps and set  the des i red  power level on the control console 

to  achieve start-up. 

up to  c r i t i ca l ,  t o  the demanded power level,  and maintained it there  

without any fur ther  manual operations on the pa r t  of the supervisor .  The 

ent i re  s tar t -up required about 15 minutes to complete. Sequence control 

c i rcui ts  were  provided t o  initiate automatic shutdown should the s tar t -up 

sequence be contravened fo r  any reason.  In addition, the protective 

instrumentation system was in operation a t  a l l  t imes  and would shut 

down the reac tor  should an unsafe condition develop. 

ra te-of-r ise  of power,  mean  power and overpower were actually built 

into the electronic equipment that controlled the reac tor  start-up. 

meant that the supervisor ,  once he initiated s tar t -up,  was essentially 

f r e e  to  observe instrumentation displayed in the control room and not 

The automatic control system brought the reactor  

Some t r ips  such as  

This 

. 
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required to operate the control console as  he was previously. 

The performance of this system has  been extremely good. In the 

3 - 1 / 2  yea r s  i t  has  been in operation not a single control valve failure 

has  occurred.  

up under manual control; now this type of t r i p  i s  r a r e .  

has  been ve ry  stable with this method of control. 

Rate-of-rise-of-power t r i p s  were  frequent during s ta r t -  

Reactor operation 

2. 4 Protect ive Instrumentation 

The original instrumentation system essentially comprised two 

separate  e lectr ical  c i rcu i t s ;  a parallel  o r  "make" circuit  and a se r i e s  

o r  "break" circuit  a s  shown in Figure 4. 

1 2 5 V  DC ( - )  

1 

( * I  

SHUT-OFF ROO HEADGEAR PARALLEL TRIPPING SERIES TRIPPING 
CIRCUIT CIRCUIT CIRCUIT 

Figure  4 

Original Electr ical  T r ip  System 
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Automatic reactor  shutdown occurred on receipt of a signal f rom 

a monitoring device in either circuit  indicating that a condition had 

developed that was unsafe for  continued reactor  operation. 

( t r ip )  would a l so  resul t  in the event of failure of a single instrument in 

either circuit. 

A shutdown 

In this scheme both the tripping devices and the paral le l  circuit  

were  not "fail-safe", i. e. contacts closed and relays w e r e  energized to  

indicate a fault. 

disadvantage w a s  the absence of positive identification of t r ips  in the 

s e r i e s  circuit. 

On power failure the circuit  was inoperative, A fur ther  

The reac tor  t r i p  r a t e  under these conditions was extremely high 

(275 per  year  ). This  was due in pa r t  to  the fact that failure of a single 

instrument would cause a reac tor  shutdown even though the p rocess  be- 

ing monitored w a s  in a normal  safe state. 

P r i o r  to  the accident in 1952 an automatic reac tor  t r i p  occurred 

on a signal from a monitor that a n  unsafe condition existed, regard less  

of the reactor  power. 

of the reac tor ,  a new system was introduced whereby those reactor  t r ip  

functions that were  relatively unimportant a t  low power were  conditioned 

such that they would not initiate a reactor  shutdown below 1% of full 

power. 

t r ips .  

to  require  that all means of reducing the reactivity of the reactor  be used 

On s tar t -up in 1954 following the rehabilitation 

Tr ips  arranged in this fashion were designated "conditional" 

The few remaining t r ip s  were  considered sufficiently important 

. 
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At the same t ime the "fail-safe" concept of e lectr ical  re lays  

w a s  adopted and the design of e lectr ical  c i rcui ts  was kept as  simple as 

possible. 

energized and contacts closed with the reac tor  operating normally a t  

power. When the fault indicated, contacts opened and relays de-energiz- 

ed to  initiate the t r ip .  Although the p r imary  and secondary t r ip  c i rcui ts  

were l 'fail-safe" some of the t r i p  devices were  not and there  still was no 

identification of individual faults in the secondary circuit .  

In the "fail-safe" arrangement  all e lectr ical  re lays  were 

This two stage s tar t -up procedure improved operating efficiency 

in  that potential poison shutdowns were prevented by minimizing the 

total  down t ime of the reactor .  

instrument faults were  still quite prevalent. 

However, reactor  t r i p s  due to single 

In 1956 when the electr ic  shut-off rods were  installed along with 

the moderator  dump system the electr ical  c i rcui ts  remained for  the 

most  pa r t  unchanged. 

identification of individual faults. 

in F igure  6. 

for  grea te r  safety. 

were  only used to  dump the moderator.  

devices were  converted to  a "fail-safe" type. 

The secondary circui t  w a s  modified to provide 

The electr ical  system was as  shown 

The dump valves were  a r ranged  in two banks of th ree  

Three  control valves were installed at this t ime but 

In addition all of the tripping 

When full automatic power control w a s  inaugurated in 1958, a 

Instruments new system of protective instrumentation was installed. 

monitoring processes  in the reactor  were triplicated and the electr ical  
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HEADGEAR amii CIRCUIT C lRtUT VALVE C I R W I T  

Figure 6 

Electr ical  T r i p  System (1956- 1958) 

t r i p  c i rcui ts  were  arranged in three separate  identical channels. This 

system required that instrument contacts be opened in two of the three  

channels to initiate an automatic reactor  shutdown. 

indicating in only one channel produced an a l a rm.  

tripping functions w a s  te rmed a two out of three coincidence system. 

The "fail- safe" arrangement  of re lays  and the classification of t r i p s  into 

absolute and conditional, together with the two stage s tar t -up system 

were  features  that were retained in the new system. The shut-off rod 

and dump valve circui ts  and one channel of the coincidence t r ip  c i rcui t  

A danger signal 

This arrangement  of 

a r e  shown in F igure  7. 

One basic advantage of this type of t r i p  system was that any 

single channel could be removed from service t o  permi t  overhaul and 

repair  of instruments and the components of a single channel could be 
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subjected to a t rue  functional t e s t  with the reactor  operating. 

advantage lay in the fact  that single faults in instruments  or in the t r i p  

system would not t r ip  the reactor .  

shutdowns caused by this type of fault. 

A further 

This  greatly reduced the number of 

The three channels of the power control system were tested 

daily with the reactor  a t  power for  a period of one year  following in- 

stallation of this system. 

the electronic control equipment and in the associated reactor  power 

t r i p  functions. 

the tes t  frequency for  these circui ts  was reduced to  once a week in 1959. 

These tes t s  were  designed to detect faults in 

Fa i lures  found in this tes t  were  so few in number that 

125 V DC (-1 
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Figure  7 

P resen t  Elec t r ica l  T r ip  System 
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been gained from the NRX operation and this experience was used not 
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These tes t s  a r e  st i l l  being conducted although a fur ther  reduction in 

frequency to once a month i s  under consideration owing to the small  

number of faults current ly  being detected. 

Operating experience with this protective system has  been most  

satisfactory.  

63 stoppages p e r  year  (1961). 

ment ( f rom 75 to 79%) in reac tor  operating efficiency despite the fact  that 

the scheduled monthly reactor  shutdowns a r e  of much longer duration 

because of the increased experimental  load. 

The overall t r ip  ra te  of the reac tor  has  been reduced to 

This has  been reflected in a slight improve- 

3 .  ORGANIZATION O F  NRU REACTOR OPERATION 

3 .  1 Histor ical  Note on NRU 

While many of the aforementioned NRX improvements were  be- 

ing realized the NRU reactor  was being designed and built. In November 

1957, approximately 10 yea r s  af ter  the NRX start-up this reactor  began 

operation. Being a 200 M W  (Thermal )  reac tor ,  it  w a s  m o r e  complex 

than i t s  Canadian p redecesso r s ,  and in addition incorporated facil i t ies 

for  changing fuel rods  under full power. Much valuable experience had 

only in the design of NRU but in  the establishment of safe operating 

techniques. La rge  complex reac tors  such a s  NRX and NRU require  

sound organizational controls. The l a rge r  the unit, the m o r e  complex 

they become. The organized responsibilities for  the operation of the 
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NRU reac tor  demonstrate  AECL ' s  approach to  reac tor  safety through 

adm ini s t ra t ive control. 

3 .  2 Organization 

To  ensure satisfactory operation, the organization of personnel 

and the c lear  definition of their  responsibil i t ies must  be well established. 

This  applies both to the reac tor  branch itself and to  the supporting 

organizations from other branches,  on which the reactor  branch i s  

dependent for  ass is tance.  

F igure  8 

NRU Reactor 
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The organization established for  NRU is  typical. The respon- 

sibility fo r  the reac tor ,  and the building containing it r e s t s  with the 

superintendent and, through delegated authority, with the ass i s tan t  

superintendent and supervisors .  

The reac tor  and its associated equipment a r e  divided into six 

sections. 

these sections under a policy laid down by the superintendent. Included 

in these responsibil i t ies a r e  the continual overall  technical a s ses smen t  

of the operation of the section, its safety and efficiency, and the t r a in -  

ing of both supervisory and prevail ing-rate personnel.  

of responsibil i ty a re : -  

A senior  supervisor  is assigned the responsibil i ty f o r  each of 

The six a r e a s  

Rod Work 

Control and Safety Systems 

P r o c e s s  and Service Systems 

Reactor Structure  and Research  

Loops (High p r e s s u r e ,  High Tempera ture ,  In- reac tor ,  Engineer- 

ing Tes t  Rigs) 

Reactor Phys ics  

The responsibility for  carrying out the program on the reac tor  

and i t s  system i s  delegated to  the supervisor  in charge of each shift. 

A shift consists of the supervisor  in charge,  a rod supervisor ,  a loop 

supervisor ,  a supervisor  of general  operations,  a p rocess  operator  

lead hand and eighteen p rocess  opera tors .  In addition, t he re  i s  normally 



- 22 - 

one supervisor  in training on each shift. 

Two foremen a r e  employed on day duty only; one is a rod fore-  

These men work direct ly  with the man ,  the other a p rocess  foreman.  

day c rew of process  opera tors  and, through the shift organization have 

normal  foreman responsibil i t ies fo r  the prevailing ra te  personnel on 

shift. 

The reac tor  branch is dependent on a number of groups outside 

its own organization to  a s s i s t  in maintaining safe and efficient reac tor  

operations. These a r e : -  

Service Branches 

All maintenance with the exception of the maintenance of 

rod p a r t s  i s  conducted by the plant maintenance forces .  Establ ish-  

ed in the reac tor  building a r e  sections of the Maintenance and 

Power  Branch responsible fo r  mechanical,  p rocess  instrument  

and electronic maintenance a s  well a s  the installation of new 

equipment and modifications. 

a s  required on request  to the Building Maintenance, and Con- 

struction Branch. 

provide the normal  machine shop serv ice  and a r e  responsible 

All building maintenance is  done 

The Workshop, Estimating and Planning Branch 

f o r  supplying sheathed uranium fuel fo r  the reac tor .  

Engineering De sign 

On request  of the reac tor  branch,  the Engineering Design 

. 

. 

Branch is responsible for  design work for  the reac tor .  A design 
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engineer is  located in the reactor  building to provide "on-the- 

spot-service" for  the small  day to day problems that a r i s e  in 

the field.  

Engineering Development 

On request of the reactor  branch, the Applied Engineer- 

ing Development Branch works on problems in the operation of 

equipment where no actual re-design may  be required,  but a 

change in mater ia l ,  for  instance, may be the solution. This 

branch works a s  a service group to  the Design Branch, develop- 

ing and testing new design concepts. 

Reactor Technology 

Within the organization of the Operations Division, i s  

the Reactor  Technology Branch. This i s  an advisory group to  

the reactor  superintendent and i t  reviews technical problems and 

safety aspec ts  of reactor  operations. 

Radiation Hazards  Control 

The Radiation Hazards  Control Branch ass igns  a group to  

each a r e a  on the project where radioactivity problems may a r i s e .  

Such a group is  established in each of the reactor  buildings. This 

group contains personnel trained in radiation and contamination 

control. The supervision and radiation surveyors  of the R .  H. C. 

Branch ac t  as  advisors  to  the reactor  branch on problems a r i s -  

ing in their  field. Two surveyors ,  one'decontamination monitor 
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and two decontamination operators  a r e  ass igned to  each shift 

t o  maintain contamination control and survey radiation hazards .  

Research  Branches 

The r e sea rch  establishment at Chalk River  is  la rge  and 

diversified.  

on the extensive*knowledge of experts  in many fields.  

policy is  such that the reac tor  superintendent may cal l  for  assis- 

tance from these special is ts  when the need a r i s e s .  Committees 

a r e  established with representation from the r e sea rch  branches 

to  review problems or  proposed changes in operating policy as  

requested by the reac tor  superintendent and to make recommen- 

dations to  him. 

It i s  therefore  possible when problems a r i s e  to call  

The project 

3 Training 

A s  previously mentioned, the responsibility for  training person-  ~ 

ne1 on the var ious aspec ts  of the reac tor  rests with the senior superv isors .  

In the case  of p rocess  opera tors ,  the responsibil i ty fo r  carrying out the 

established training program is delegated to  the rod foreman for  rod 

work, and the p rocess  foreman f o r  general  operation. Ultimately, 

however, a considerable portion of the training responsibility must  

r e s t  with the shift organization as  the nature  of the operation makes 

. 

I '  on-the- j ob-training" mandatory. 

The control and safety system, as the hea r t  and nerve centre of 

the reac tor ,  receives  par t icular  attention in regard  to training. A s  in 
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training on the other reac tor  sys tems,  the senior supervisor  respons-  

ible must  satisfy himself that the supervisor in training i s  completely 

conversant with the equipment, drawings, and operation of the system. 

In o rde r  to maintain a consistent, safe and efficient mode of operation of 

the control console, shown in F igure  9 ,  no one in training is  permitted 

to  operate the controls of the reac tor ,  unless under the d i rec t  survei l -  

lance of the senior supervisor in charge of the control system. 

a supervisor h a s  satisfactorily completed h is  training on the control 

and safety system, he i s  authorized in writing by the superintendent to  

operate the reac tor  console. 

When 

Figure  9 

NRU Control Console 
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Reactor branch personnel a r e  t ra ined not only in the operation 

of the reac tor  and its auxiliary sys tems,  but a l s o  in  radiation hazards  

control. 

Branch a r e  always available, it is  a well established policy in reac tor  

branches that each supervisor ,  foreman and operator  must  be t ra ined 

in  radiation hazards  control and mus t  be capable of being h is  own radia-  

tion surveyor  and contamination monitor. Under this policy a reac tor  

branch employee should never have to  jeopardize the health and safety 

of himself o r  h i s  co-workers  because a specialist  does not happen to 

be present .  

Although specialists f rom the Radiation Hazards  Control 

3. 4 Manuals 

The training of personnel i s  great ly  ass i s ted  by the information 

outlined in the manuals fo r  the reac tor .  In the case  of the NRU reac to r ,  

t he re  a r e  over one thousand manuals which have been writ ten and revised 

by reac tor  supervision throughout the h is tory  of the reac tor .  

The design manuals provide detailed information on the reac tor  

and i t s  auxi l iar ies .  They provide,  in fact ,  a complete handbook of the 

reactor .  

The testing manuals p r imar i ly  outline the tes t  procedures  that 

were  used during the commissioning of the reac tor .  

The operating manuals detail the procedures  to be followed in 

the operation of the reac tor  and i t s  components. 

an outline of the philosophy for  operating any par t icular  system. 

In addition they provide 

They 
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therefore  form the bas is  f o r  training personnel. 

To augment the manuals ,  instruction entitled "Instructions to  

Supervisors" are  issued as required,  stipulating operating and ad-  

minis t ra t ive policies,  detailing specific procedures  fo r  operating new 

equipment, and outlining the procedures  to  be followed to  comply with 

new o r  modified operating policies.  All superv isors  a r e  required to 

read  and sign the control-room copy of each instruction. 

3 .  5 Procedures  

A s  indicated in the foregoing, f o r  c lar i ty  and understanding, the 

established policy is that instructions must  be in writing. This  policy 

is maintained throughout. Examples  of some of the procedures  in force  

will be descr ibed to  i l lustrate  the method of control. 

(1) Design P rocedures  

The procedure for  completing design work may take a number 

of fo rms .  F o r  instance, minor  modifications may be required for  a 

quick solution to  an  immediate problem. 

Design Branch is consulted. 

In this case  the Engineering 

The reac tor  branch authorizes  the mod- 

- ifications by issuing a multi-copy, standard form memorandum to the 

maintenance group. The modifications a r e  completed in the field and 

the drawings a r e  brought up to  date by the Engineering Design Branch. 

The normal  p r a c t i c e ,  however, is fo r  the reac tor  branch to 

i s sue  a request  for  design work to the Engineering Design Branch. 

design proposal,  e i ther  in the form of a design study for  a l a rge  job o r  

A 
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in the form of completed pr in ts  for  a smal le r  job, is issued to the 

reac tor  branch for  comments and approval. 

A s  in many fields,  it is  expedient f rom t ime to t ime to grant 

concessions to the design in the manufacture of i t ems  for  the reac tor .  

A s  an example it may  be necessa ry  because of difficulties in operation, 

to  incorporate a proposed laboratory-tested .modification to a replace-  

ment  p a r t  to  a s s e s s  the modification in actual service.  Such a con- 

cession i s  approved by the reac tor  superintendent in writ ing,  on a 

specified form.  This  approval is normally given af te r  a consultation 

with advisors  on the subject. The concession is filed and provides a 

record  for  identification and control of the modification, or  manufactur - 

ing concession for  the specific par t .  

It is  essent ia l  that  up-to-date information and co r rec t  blue pr in ts  

on a l l  sys tems a r e  available at all t imes .  No  change to a system i s  

p e r m i t t  ed with out writ ten author i z a t i on. 

( 2 )  Work P e r m i t s  

The control of field work is required in the interest  of reactor  

operation, a s  well a s  the safety of personnel. The financial authoriza- 

tion and description of work fo r  maintenance, modification or  installa- 

tion requirements  i s  issued by the reac tor  branch in the form of a work 

o rde r .  This , however, does not authorize the maintenance personnel 

. 

.* 

to  proceed. 
rt 

When the work i s  to be done, a work permi t  i s  issued. Author- 



- 29 - 

i ty  f o r  the issuance of work pe rmi t s  is delegated to  the supervisor  in 

charge of the shift,  he being the man who is in  d i rec t  control of the 

overall  operation of the reactor .  

If it is necessary  to  continue work a f te r  this period, authorization to  pro-  

ceed is  required from the supervisor in charge of the relieving shift. 

There  a r e  three  copies of every work permi t ,  each bearing a t  

The life of a work permi t  is  eight hours .  

l eas t  two s ignatures ,  and where health hazards  may be involved, th ree  

signatures.  A surveyor of the Radiation Hazards  Control Branch signs 

the clearance,  and outlines in the space provided the health precautions 

to  be taken and the protective equipment to  be used. 

supervisor  signs the clearance authorizing the work to  proceed. 

the maintenance representative signs the permi t  indicating that he 

understands the instructions given on the work permit .  

The reac tor  branch 

Finally 

A close record of the work permi ts  is maintained in the control 

room a t  all t imes.  At the end of the shift, the work pe rmi t s  a r e  signed 

off by the maintenance and reactor  branch personnel a s  e i ther  complete 

o r  incomplete and appropriate action i s  taken. 

In the case  where the work direct ly  affects reaction operation, 

requiring the reactor  to be shut down, the work permi t  is  designated as  

APO (affecting pile operation). A board,  shown in F igure  10, is  main- 

tained in the control room of the reac tor ,  and on this board a r e  number- 

ed tags  covering all the maintenance t rades .  

0 

f 
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Figure  10 

Board displaying Work Affecting P i l e  Operation 

When an APO work permi t  is  issued,  the reac tor  is in a shut- 

down condition. 

reac tor  branch copy of the work permit .  

tenance man. 

with a tag missing from the APO board. 

A tag i s  removed from the board and replaced with the 

The tag is  issued to  the main- 

Procedure  dictates that the reac tor  wi l l  not be s ta r ted  up 
c 
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( 3 )  Door Interlocks 

For fur ther  protection to personnel,  a system of door interlocks 

is  installed in the reac tors .  

in a r e a s  that a r e  not accessible  during reactor  operation due to  high 

radiation fields.  

e lectr ical ly  interlocked to  a key panel, F igure  1 I ,  in the control room. 

Much of the reactor  equipment i s  located 

The a c c e s s  doors  to  such a r e a s  have locks that a r e  

In o rde r  to gain entry to the a r e a ,  the key for  the door must  be 

obtained from the control room panel. The removal of the key from the 

panel automatically imposes a shutdown condition on the reac tor .  

verse ly  the keys must  be replaced to  remove this automatic shutdown 

Con- 

F igure  11 

Door Interlock Panel  
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condition o r  t r i p  f rom the reac tor  before the reac tor  can be s tar ted up. 

To  minimize the possibility of locking the door with someone still in 

the a r e a ,  a "door-closure-preventing" mechanism will not allow the 

door to  close until an interlock circui t  is closed by actuating a push but- 

ton in the control room. Before a door can be closed the man at the door 

must  obtain authorization from the control room. If the authorization i s  

granted, the door can only be closed by the simultaneous actions of two 

people; the operation of the push button by the control room operator and 

the closing of the door by the operator  in the field. The inadvertent 

closing of doors  and replacement of keys in the interlock panel is  thus 

prevented. 

(5) Valve-Slip P rocedures  

A close control of the circulating sys tems must  be maintained 

a t  all t imes ,  a s  the safety of the reac tor  is dependent to a l a rge  extent 

on the cooling systems.  In a la rge  reac tor ,  these sys tems become 

quite involved. In the heavy water  and helium sys tems of the NRU reac tor ,  

there  a r e  over 5000 valves,  and there  a r e  many other systems a s  well. 

To ensure control,  there  i s  a prec ise  flow sheet of each system main-  

tained in the control room, and the status of each valve is  shown by the 

use of coloured pins, (F igure  12).  

a written instruction in duplicate i s  issued by the supervisor to the 

When a valve i s  to be manipulated, 

p rocess  operator.  This instruction i s  called a valve slip. One copy goes 

with the man who manipulates the valve and the duplicate s tays  in the 
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a Figure  12 

Recording the Posit ions of Valves 
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the m a s t e r  book in the control room 

the man completing the work informs the control room and the status of 

the valves on the flow sheet i s  brought up to  date. 

( 6 )  Maintenance Procedure  

When the manipulation is complete,  

Where possible,  to ensure  efficient operation a s  well a s  re l ia -  

bility of the system, back-up equipment i s  provided. F o r  instance,  

paral le l  pumping units a r e  installed where reac tor  shutdown would resu l t  

f rom the loss  of a single unit. 

tenance i s  established to maintain equipment in top operating condition 

Pa ra l l e l  units a r e  changed over on a routine bas i s  to  spread the wear  

over the units and to ensure  that they will operate when required.  

A schedule fo r  routine preventive main- 

There  a r e  some a r e a s  in reac tor  sys tems however,  where 

restr ic t ions must  be placed on routine maintenance 

the pile-face amplif iers  in the NRU reactor  control system This i s  a 

four-channel system, so designed that any one channel can be rejected 

during reac tor  operation to permi t  maintenance. The reliabil i ty of the 

system i s  enhanced by the fact that the four channels a r e  compared to  

one another.  

the signal f rom the ion chambers  seeing the reactor  flux. 

carefully calibrated throughout reactor  operating experience.  

therefore  safer to remove a unit for  routine maintenance and install  a 

replacement unit while the reac tor  i s  operating and the signal is  known. 

The policy i s  thus established that no m o r e  than one pile-face amplifier.  

An example i s  

The only t rue  proof of the individual unit i s  i t s  response to  

This has  been 

It i s  
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can be removed fo r  routine maintenance during any one reac tor  shut- 

down, if the units a r e  reading below a reliable output level. 

t 

(7) Check-off Systems 

Some reac tor  operations a r e  quite complex and yet in their  

complexity they demand rapid,  p rec i se  action. This requi res  t ra ined 

personnel ,  well versed  in the operation of the system so that procedures  

can be completed a s  expediently a s  possible. A typical example i s  the 

operation of the fuel rod flask which i s  used to  replace fuel rods in  the 

NRU reac tor  under full reac tor  power. To ensure  the safety of this  

operation, a check-off system is employed. The rod crew conducts the 

operation without reference to  procedure carrying out the routines as  

required.  One man however, is established as an obse rve r ,  with a 

p rec i se  writ ten procedure on hand. This  man i s  t ra ined in the operation 

and checks off each item in the procedure as it is  completed. He takes  

no active pa r t  in the operation unless a step is inadvertently missed  a t  

which t ime he will point out the e r r o r .  In this  manner ,  a p rec i se  

procedure is always maintained, minimizing the chance of e r r o r  and 

ensuring the required safety and efficiency of the operation. 

(8) Equipment Checks 

To obtain the maximum in efficiency and safety, the integrity 

The philosophy of of the safety system must  be of the highest order .  

the safety system for  the NRU reac tor  is  based on the coincidence 

system. Thus,  all units that will automatically shutdown o r  t r i p  the 
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reac tor  on fault  a r e  tr iplicated.  

will cause a trip.  

devices while the reac tor  is  operating. 

by each t r i p  and a l a rm device as well a s  i t s  actuating mechanism is 

checked on a regular basis .  

The actuation of any two of the devices 

This enables checks to  be made on any one of the 

Routines a r e  established where-  

Of course  many of the safety devices cannot be checked except 

when the reac tor  i s  shut down. P rocedures  a r e  therefore  established 

and maximum advantage is  taken of every  reac tor  shutdown to complete 

these important checks. In some cases ,  this involves simulating power 

f a i lu re s  by pulling main power supply b reake r s  to  ensure  that all the 

required safety devices operate ,  that  the interlocks function and that 

emergency power supplies come into serv ice  in the prescr ibed  manner.  

4. SUMMARY 

In review, experience a t  Chalk River  has  indicated that reac tor  

The operating staff mus t  always be operations must  not remain static.  

receptive to possible improvements in safe operation. 

A s  a resul t  of experience and technical advances,  the NRX 

reac tor  can now be operated much m o r e  safely and reliably than was 

possible with the original control and safety systems.  Today, through 

adjustment of moderator  level,  s tar t -up and control a r e  fully automatic. 

The automatic protective t r i p  system i s  designed in a two out of th ree  

coincidence a r rangement  in which two independent shutdown devices a r e  
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actuated when an  unsafe condition develops. 

Concurrent with these advances have been developments in 

adminis t ra t ive control to  enhance reactor  safety. 

p rocedures  that have been established to maintain the safe and efficient 

operation of the NRU reac tor  have been outlined. 

indicates that i t  is  essent ia l  to have well established responsibil i t ies.  

Once having these established, i t  is necessa ry  to  have a well-knit 

organization with personnel trained in sound policies and procedures .  

Some of the many 

AECL experience 




