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5.0 PHYSICS ANALYSIS AND TESTS RELATED TO COhhlSSIONINC 

5.1 General 

An important phase of the commissioning program of a 

reactor is that during which tests are done to determine the nuclear 

characteristics of the reactor at very low power levels. In general 

terms, the test program for CANDU reactors is quite similar to that used 

for other reactor types. However, there are differences in detail 

because of the differences in nuclear characteristics of the reactor and 

in the design of the control and shutdown systems. In this section we 

will summarize the tests which are typically carried out during coexnis- 

sioning of the reactor and discuss some of the simulation work done with 

reactor physics codes both before and after the tests. 

3 . 
5.2 Physics Tests 

5.2.1 Approach To Critical 

The first major low power physics test is the initial 

approach to criticality of the reactor. In all reactors subsequent to 

the Pickering ‘A’ design there are no provisions for rapidly dumping the 

moderator as a means of shutting down the reactor and hence the 

capability to raise the level of the moderator in a reasonably rapid and 

controlled manner is not available. Therefore, the procedure used to 

prepare for the initial critical test is to put a highly conservative 

quantity of boron and/or gadolinium in the moderator, fill the calandria 

with moderator, and load the fuel channels with the appropriate initial 

fuel load. Criticality is then reached by removing the poison from the 

moderator by use of the ion exchange system. This i’s part of the reactor 

design as there is need to alter the poison concentration,in the modera- 

tor during normal operation from time to time. Also, when the poison 

injection shutdown system is employed, the gadolinium poison must be 

removed by ion exchange before the reactor can be restarted. 
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An important aspect of the first approach to critical is 

providing the capability to reliably monitor the behaviour of the neutron 

population in the reactor core. Since the neutron flux levels in the 

core are very much lower than normal during this period of time, special 

instrumentation is provided for this purpose. A unique feature of the 

heavy water reactor which bears on the type of instrumentation needed is 

the photoneutron reaction which occurs when heavy water is exposed to a 

source of gamma rays. This mans that the “natural” source of neutrons 

arising from spontaneous fission of the fuel in the reactor is augmented 

by photoneutrons produced from the gamma radiation from the 238 U in the 

fuel, as well as from cosmic rays. The result is that there exists a 

significant source of neutrons in the reactor even when the multiplica- 

tion factor is quite small. It gives a flux of about one n/cm2 s which 

is sufficient to measure with BF 

placed in the. core. 
3 

type neutron counters if they are 

Consequently, it is not necessary to have an 

independent neutron source in the reactor in order to put the nuclear 

instrumentation on scale during the early part of the approach to 

critlcal. 

This does not mean that portable neutron sources are not 

used at all at CANDU stations. These sources (e.g. radium beryllium 

sources) are available at the station during the startup program and are 

used merely to verify that the instrumentation is functioning properly 

in situ, but are removed from the core prior to beginning the process of 

approaching critical. (The strong source of neutrons from the photo- 

neutron reactions also means that once the reactor has been operating 

even at low power for a short period and then a reactor trip occurs, the 

normal out-of-core neutron measuring instrumentation used by the reactor 

regulating system does not generally go off scale. Therefore, it is not 

required to employ special’startup instrumentation except during the 

fi’rst approach to critical.) 

Figure 5.2-l shows the typical variation of the inverse 

of the neutron count rate from an incore BF 
3 

counter during the approach 

to critical at one of the Bruce reactors. This reactor was brought to 



- 123 - ToAl- 

criticality by removal of poison from the moderator by ion exchange as 

will be the case for the 600 MWe reactors. This is a straight-forward 

process since the ion exchange process does not remove poison at a very 

rapid rate. This gives plenty of time to observe the rate at which the 

neutron population is changing and to measure the rate at which poison 

is being removed during the stage when the reactor is still subcritical. 

By the time criticality is approached the ion exchange system performance 

is quite predictable and can be controlled such that the rate at which 

criticality is reached is well controlled. Since the variation of 

reactivity with boron concentration in the moderator is a very linear 

function, the inverse count rate plotted against poison concentration is 

expected to be a straight line. 

The special neutron counters used for the first startup 

are normally inserted in a tube which is inserted through the calandria 

inspection port at the top of the calandria. This permits locating the 

instruments well within the core. Three BF3 counters are inserted to 

afford two-out-of-three trip protection. 

In addition to the incore instruments there are special 

counters inserted in the cavities provided in the side shielding of the 

reactor for the normal regulating system instrumentation. They are 

designed to measure the flux in these cavities at levels lower than the 

normal regulating system instrumentation would detect. Therefore, as 

criticality is approached and as power is subsequently raised the incore 

counters are removed in stages but are not completely removed from the 

core until the signal on the special out-of-core counters is clearly 

reliable. The power rise is then monitored on those counters and 

protection is transferred to them until such time as the normal regula- 

ting system ion chambers come on scale. Prior to this time the reactor 

flux level is being controlled manuaIly either by adjustment of the ion 

exchange flow, during the period that the reactor is sub-critical, or by 

adjustment of the position of a control absorber to raise power once 






























































