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[57] ABSTRACT 

A system is disclosed which utilizes multiple radiation 
detectors to establish the isotopic or pseudo isotopic 
(weighted average of several isotopes) content of radi-
ation sources on a continuous on-line basis. A specific 
application which utilizes this principle is a failed fuel 
monitor which continuously monitors the delayed neu-
tron and gamma activity emanating from the primary 
coolant of a nuclear reactor. Employing two neutron 
detectors, the system has the ability to distinguish be-
tween activity from failed fuel and from fuel rod sur-
face contamination. Applying a technique to compen-
sate for activity build-up in the primary coolant loop, 
the system makes it possible to interpret the signals 
even during power transients. The provision of a third 
detector responsive to the gamma radiation emitted 
from the primary coolant in the reactor coolant loop 
enables the system to distinguish between enlarged 
cladding failures in already failed fuel rods and addi-
tional fuel failures. 

18 Claims, 5 Drawing Figures 
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NUCLEAR FAILED FUEL DETECTION SYSTEM 

BACKGROUND OF THE INVENTION 
This invention pertains in general to a system for de-

tecting the presence of failed fuel rods within the core 5 
a nuclear reactor and more particularly to such a sys-
tem that continuously monitors the primary coolant for 
fission products from failed fuel and identifies the ac-
tivity and interprets the measurements during both 
steady state and power transient conditions. 10 

It is extremely important during the operation of 
large power reactors to continuously monitor the pri-
mary coolant for fission products from potential fuel 
failures. The present technique of taking chemistry 
samples from time to time and analyzing the fission 15 
products present does not fulfill the requirements. A 
further problem is discriminating between fission prod-
ucts from failed fuel and from uranium surface contam-
ination of the fuel rods. Additionally, the monitoring 
signal should be independent of reactor power levels 20 
and should allow proper interpretation during power 
transients. 

The delayed neutron activity in the reactor coolant 
has been used several times as an indication of the pres-
ence of failed fuel within the reactor core. However, 25 
especially for the case of small amounts of failed fuel, 
the fission product activity in the coolant from U-235 
contamination of fuel rod surfaces can be of the same 
order of magnitude as from failed fuel. Thus, the detec-
tion of delayed neutrons within the reactor coolant 3 0 

does not necessarily indicate the presence of failed 
fuel. 

Furthermore, there are delayed neutrons in the cool-
ant which stem from the decay of N-17, which is pro-
duced in the coolant by a (n, p) reaction with deterium. 3 5 

However, the half life of N-17 is only 4.14 seconds so 
that by the proper choice of a delay time to the neutron 
detector (about 60 sec.) most of N-17 activity will 
decay before the fluid reaches the detector. An alter-
nate approach, which has been used in the past to dis- 4 0 

tinguish between the N-17 activity in the coolant and 
the two long lived groups of delayed neutrons from fis-
sion products (Br-87, 54.5 sec. half life and 1-137 + 
BR-88, 22.7 sec. half life) is the usage of two neutron 
detectors at different delay times. From the ratio of 4 5 

both signals the presence of fission products can be 
identified. However, it is not possible to distinguish be-
tween the fission products from failed fuel and from 
surface contamination. Although the signal ratio is in-
dependent of the reactor power level, the ratio does not 
follow the true isotopic ratio in the coolant during 
power transient conditions, due to the build-up effect 
of the activity within the coolant. The build-up effect 
results from the fact that the total transport time in the 5 5 
primary coolant loop of a reactor is of the same order 
of magnitude or even less than the half lives of the neu-
tron emitters. Thus, the activity has not fully decayed 
when the coolant reenters the reactor core. The build-
up factor is given for the i-th isotope by: 6Q 
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where A( is the decay constant of the isotope and /, is 
the total loop transport time. Practical experience indi-
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cates that the observation of fission product release 
during power transient conditions is very important in 
determining the mechanism of fuel failures. 

The build-up effect also reduces the sensitivity of the 
system to detect additional fuel failures in the presence 
of already failed fuel for a period of several minutes 
after the additional failures occur. The reason for this 
is that the build-up from previous has not yet finished 
and the activity in the coolant is relatively higher com-
pared to the activity of the additional failure which has 
not yet reached its final build-up value. 

SUMMARY OF THE INVENTION 

In order to overcome the disadvantages of the prior 
art, this invention provides a system which utilizes mul-
tiple radiation detectors for monitoring the radiation 
emanating from the coolant of a nuclear reactor at dif-
ferent delay times. The ratio of the signals received 
from the detectors gives an indication of the presence 
of failed fuel and distinguishes over the signals received 
from fuel rod surface comtamination. Applying a tech-
nique to compensate for the activity build-up in the pri-
mary loop, this system makes it possible to interpret the 
detector signals even during power transient periods. 

In the specific exemplary embodiment to be de-
scribed, the system of this invention utilizes two neu-
tron detectors. The first detector monitors the coolant 
after the N-17 and short lived groups of delayed neu-
tron emitters (half lives less than five seconds) have a 
chance to decay to a negligible level. The second neu-
tron detector monitors the coolant after an additional 
delay period, chosen to obtain a signal which differs 
significantly from the signal of the first detector. The 
ratio of the signals received from the two detectors is 
a function of the fission products released from surface 
contamination and from cladding failures. The contri-
bution to the ratio from surface contamination remains 
constant throughout reactor life and can be calibrated 
at the beginning of reactor operation in the absence of 
failed fuel. After such a calibration procedure is em-
ployed, any further change in the ratio will indicate the 
presence of a failed fuel rod. 

The provision of an additional gamma detector, 
which monitors the reactor coolant after the N-16 
gamma radiation has had a chance to decay to a negli-
gible level, enables the system to distinguish between 
enlargements in cladding failures of already failed fuel 
and additional fuel failures. 

BRIEF DESCRIPTION OF THE DRAWINGS 

For a better understanding of the invention, refer-
ence may be had to the preferred embodiment, exem-
plary of the invention, shown in the accompanying 
drawings, in which: 

FIG. 1 is a side view, partially in section, of a nuclear 
steam generating system incorporating this invention; 

FIG. 2 is a schematic diagram illustrating the location 
of the detector components of this invention; 

FIG. 3 is a schematic diagram of the build-up com-
pensation circuit of this invention; 

FIG. 4 is a graphical illustration of the neutron signals 
received by the detectors of this invention; and 

FIG. 5 is a schematic diagram, in black box form, of 
the detector circuits of this invention. 
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n F s r R i P T i O N OF THF P R P F P R R F D t h e s P e c i f i c embodiment illustrated herein as exem-DESCRIPTIONI OF THE.PREFERRED p l a f y Q f t h j s i n v e n t i o n t w o n e u t r o n detectors monitor 

a sample of the reactor coolant tapped from the cool-
This invention discloses a system which utilizes multi- ant piping 12 via conduit 10. The two neutron detec-

ple radiation detectors to establish the isotopic or 5 tors 14 and 16, illustrated in FIG. 2, are deployed at 
pseudo isotopic (weighted average of several isotopes) two different locations along conduit 10 to allow for 
content of radiation sources on a continuous on-line the decay of selected neutron emitters within the reac-
basis. A specific application which utilizes this princi- tor coolant. Conduit 10 is located within the reactor 
pie is a failed fuel monitor which continuously monitors containment structure 72 communicably coupled to 
the delayed neutron and gamma activity emanating 10 the coolant piping 12, preferably outside of the reactor 
from the primary coolant of a nuclear reactor. Employ- missile barrier 74. Conduit 10 is desirably affixed to the 
ing two neutron detectors, monitoring the radiation hot leg conduit 60, upstream of the steam generator 62, 
from the reactor coolant at two different delay times, so that the detectors are responsive to the neutrons 
the system has the ability to distinguish between the ac- emitted from the coolant before the monitored activity 
tivity from failed fuel and from fuel rod surface con- 15 decays to a negligible level. 
tamination. Applying a technique to compensate for In its broadest scope this invention pertains to 
the activity build-up in the primary loop, this system sources of radiation composed of one or more radioac-
makes it possible to interpret the signals even during tive isotopes characterized by their half lives, migration 
power transient conditions. time, and concentration present at any time. Multiple 

Referring now to FIG. 1, there is illustrated a nuclear 20 detectors (for example neutron and/or gamma) can be 
steam generating system of the pressurized water type utilized to establish the isotopic or pseudo isotopic 
which is adaptable for use with the failed fuel detection (weight average of several isotopes) content of the ra-
system of this invention. A pressurized vessel 50 is diation source on a continous on-line basis. One spe-
shown which forms a pressurized container when cific application of this principle is described in the fol-
sealed by its head assembly 52. The vessel has coolant 25 lowing paragraph which is generally applicable to nu-
flow inlet means 54 and coolant flow outlet means 56 clear reactors and in the specific embodiment illus-
formed integral with and through its cylindrical walls. trated as exemplary of this invention, to nuclear reac-
As is known in the art, the vessel 50 contains a nuclear tors of the pressurized water type. This system monitors 
core (not shown) consisting mainly of a plurality of the fission products within the reactor coolant to pro-
clad nuclear fuel elements which generate substantial 3 0 vide an early indication of the presence of failed fuel 
amounts of heat depending primarily upon the position within the reactor core. 
of a control means; the pressure vessel housing 58 of FIG. 2 is a schematic diagram of an on-line failed fuel 
which is shown. The heat generated by the reactor core monitoring system exemplary of this invention. An en-
is conveyed from the core by the coolant flow entering larged section of the coolant piping 12 is illustrated 
through inlet means 54 and exiting through outlet 3 5 with conduit 10 formed integral with and through its 
means 56. cylindrical walls. Conduit 10 taps a sample of the cool-

The flow exiting through outlet means 56 is conveyed ant from the coolant flow path and diverts the sample 
through hot leg conduit 60 to a heat exchange steam to the sample cooler 27 which cools the temperature of 
generator 62. The steam generator 62 is of a type the coolant to a working level suitable for the detectors 
wherein the heated coolant flow is conveyed through of this invention. Conduit 10 then proceeds to convey 
tubes (not shown) which are in heat exchange relation- the coolant past the detectors 14, 16 and 18. The sys-
ship with the water which is utilized to produce steam. tem thus illustrated, includes two neutron detectors 14 
The steam produced by generator 62 is commonly uti- and 16 which form the basis of this invention, and one 
lized to drive a turbine (not shown) for the production gamma detector 18 the function of which will be de-
of electricity. The flow is conveyed from the steam gen- 4 5 scribed hereinafter. The neutron detectors 14 and 16 
erator 62 through conduit 64 to a pump 66 from which monitor the long-lived delayed neutron groups emitted 
it proceeds through cooled leg conduit 68 to inlet from the fission products in the coolant (Br-87, 54.5 
means 54. Thus it can be seen that a closed recycling sec. half life and 1-137 + Br-88,22.7 sec. half life). The 
primary or steam generating loop is provided with the 5Q gamma detector measures the gross gamma radiation in 
coolant piping, generally described by reference char- the coolant which consists mainly of contributions from 
acter 12, communicably coupling the vessel 50, the three major components. The first component results 
steam generator 62 and the pump 66. The generating from the decay of nitrogen 16, which is a gamma emit-
system illustrated in FIG. 1 has three such closed fluid ting isotope with a 7.35 sec. half life. The gamma activ-
flow systems or loops. The number of such systems 5 5 ity is induced from oxygen 16 by the bombardment of 
should be understood to vary from plant to plant, but very fast neutrons (greater than 6 Mev) in the reactor 
commonly two, three or four are employed. In the un- core. The gamma activity, at 6 Mev, is the principal ra-
likely event of a failure, or rupture, of the fuel rod clad- diation emitted from the primary coolant of a pressur-
ding serious radioactive emission can occur wherein ized water reactor. The second component source of 
the fission products from the fuel would enter the cool- 6 Q gamma radiation emanates from the fission products in 
ant and thereby increase the radioactivity of the cool- the coolant which result from uranium surface contam-
ant resulting in an increase in radioactivity within the ination of the fuel rods and from any possible fuel fail-
containment 72. In order to guard against this contin- ures. The third source of gamma radiation results from 
gency and provide an early warning of an increase in activated corrosion products and impurities in the cool-
radioactivity within the coolant due to fuel rod failures ^ ant which are commonly known in the art as crud. 
this invention provides a continuous on-line radioactiv- The most significant components of the gamma radi-
ity monitoring system which will be explained in detail ation are due to nitrogen 16 and fission product iso-
with regard to the description of FIG. 2. According to topes with half lives longer than about fifteen minutes. 
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Since the half lives of the delayed neutrons and the fis- aforementioned curves that whenever a contribution 
sion product gamma radiation are very different, both from the older fission products (f,„ greater than 0 is 
signals contain different information and thus are pre- present the signal ratio increases. This is due to the fact 
vented from being redundant. The advantage of moni- that for the older fission products the contribution from 
toring the gamma radiation in addition to the delayed 5 the longer lived isotope group if relatively higher than 
neutrons will be discussed hereinafter. from the shorter lived group as illustrated in FIG. 4. 

Conduit 10 is suitably designed to provide appropri- Curve 6 represents a typical signal for fission products 
ate relative delay times to the three detectors 14, 16 with a migration time tm equal to 40 seconds. The signal 
and 18, terminating at its down stream end in flow ratio for the two detectors 14 and 16 is in this case ap-
meter 20 and flow control valve 22. The delay times to 10 proximately 
the different detectors can then be adjusted by setting 
the proper flow rate via flow control valve 22. The sam- R / = (UI„) f = 0.253 
pie coolant then collects in the volume control tank 24 Curve 7 is the sum of curves 3 and 6 and represents a 
which is normally provided in a building separate from signal which is due to failed fuel and surface contami-
the reactor containment 72 for eventual recirculation 15 nation. The signal ratio becomes for this case R / + r = 
into the reactor coolant loop 12. The delay time, fH, to (l6/la)/+c = 0.217, which is a higher value than for sur-
the first neutron detector 14 is desirably adjusted to face contamination alone. Thus, the signal ratio can be 
allow the N - l 7 activity in the coolant loop (4.15 sec. used to discriminate between failed fuel and surface 
half life) and the short lived groups of delayed neutron contamination. The ratio R / + c depends upon the rela-
emitters (half lives less than five sec.) to decay to aneg- 20 tive magnitude of the surface contamination to failed 
ligible level. A suitable delay period to allow for such fuel contribution. The maximum ratio which can exist 
decay would be approximately 60 seconds. The delay for failed fuel only and a migration time tm great 
time to the second neutron detector 16, tbi is desirably enough so that only long lived emitters contribute to 
adjusted to obtain a signal which differs significantly the signal is 
from the signal of the first detector 14; typically about 25 
120 seconds. The delay time to the gamma detector 18, 
z„, must be desirably adjusted to provide a long enough The signal ratio for surface contamination depends 
period to allow the N - l 6 gamma radiation to decay to only on the time delay to the first and second detectors 
a negligible level; typically about 100 seconds. and is therefore a constant for a given failed fuel sys-

The main problem in detecting failed fuel is the dis- 3 0 tem. This ratio may be subtracted electronically from 
crimination between activity from surface contamina- the measured ratio R/-+,. to obtain AR, where 
tion and actual failed fuel; especially for the case of 
small fuel failures. The only difference between the ac-
tivity encountered from surface contamination and the The signal AR becomes zero for surface contamination 
activity encountered from failed fuel is the age of the 3 5 only in the absence of failed fuel and increases with in-
fission products produced. While the fission products creasing amount of failed fuel. 

from the thin layer of surface contamination are re- In the discussion of the ratio of the signals received 
leased into the coolant with essentially no time delay, from both detectors 14 and 16 the build-up factor B, 
it takes some migration time, t,„, for the fission prod- has not yet been considered. The build-up process is 
ucts from failed fuel to diffuse through the fuel and 4 0 time dependent and needs more time for isotopes with 
penetrate the cladding rupture. The exception to this smaller half lives. Thus, the isotope ratio changes dur-
occurs for a large cladding failure which will be dis- ing power transients if both the surface contamination 
cussed hereinafter. Since the isotopic composition of signal and the failed fuel signal are assumed to be pro-
the fission product activity varies with the migration portional to the reactor power level. Thus, the signal 
time of the products due to the different half lives in- 4 5 ratio does not show the correct value and cannot be in-
volved, the discrimination between surface contamina- terpreted properly. To overcome this problem the de-
tion and failed fuel can be based upon determining the tector signal can be compensated for the build-up ef-
isotopic content of the fission products. For this pur- feet by means of an electronic device similar to the 
pose, the delayed neutron activity is used, since the half compensation system described in application Ser. No. 
lives involved are shorter and thus the instrumentation 102,617 617, entitled " N - l 6 Reactor Power Measur-
can respond more rapidly. A similar technique can be ing system,"filed Dec. 30, 1970 and assigned to the as-
employed with gamma detectors used in place of the signee of the present invention. 
neutron detectors described in this exemplary embodi- The build-up of activity in the primary loop follows 
ment, yet much longer half lives are involved resulting 5 J a first order exponential function with a time constant 
in a longer response time for the system. r = 1/XI. This build-up can be compensated for elec-

FIG. 4 is a graphical illustration of the neutron signals Ironically as schematically illustrated in FIG. 3. The 
obtained at various delay times, ta, for zero migration input signal 25 from the detector, is first amplified by 
time and tm equal to 40 seconds. 40 seconds is used amplifier 26 and then a portion of the signal is diverted 
herein as an exemplary migration time for failed fuel. 6 Q at terminal 28 to the build-up simulator 30 which simu-
Curve 1 and curve 2 represent the signals received lates electronically the build-up effect for subtraction 
from the 54.5 and 27.7 sec. half life isotope groups, re- from the input signal 25 at terminal 32 to produce a 
spectively, for a migration time of tm equal to zero. true output signal 34. For a more detailed understand-
Curve 3 is the sum of curves 1 and 2. The ratio of the ing of the electronic build-up compensation circuit em-
signals received from the second and first detectors 16 6 5 ployed by this invention reference should be had to the 
and 14,16 and I„, respectively, at a delay time of 60 sec- aforementioned application. 
onds for detector 14 and 120 seconds for detector 16 However, the build-up compensation can only be 
is about R,. (I6/Ia)c = 0.21. It can be observed from the performed for a given ratio of the long lived isotope 
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component to the shorter lived isotope component of 
the signal. This is because the build-up compensation 
circuits must be adjusted separately for both signal 
components, having different decay constants X, + X2, 
with the associated build-up factors B, and B2, respec- 5 
lively. Since the ratio of the single components is 
known only for surface contamination, the build-up 
compensation can only be adjusted for this signal con-
tribution. Therefore, as long as only surface contami-
nation is present, the detector signals follow all tran- 10 
sient conditions without changing the ratio of the two 
isotope components, which would not be the case with-
out build-up compensation; due to the different time 
behavior of the two build-up factors. However, with an 
increasing contribution from failed fuel, interpretation 15 
of the transient results becomes more difficult. At any 
time during reactor life a recalibration procedure is 
possible to adjust the build-up factors to compensate 
for already failed fuel without interrupting normal 
plant operation. 20 

FIG. S illustrates a block diagram of the neutron de-
tector system of this invention. Detector outputs from 
the detectors 14 and 16 are fed through the build-up 
compensation circuit 36 and 38. It should be under-
stood that the detector circuits 14 and 16 include asso- 2 5 

ciated electronics well known in the art, to convert the 
detector outputs into signals per unit time. As previ-
ously described, separate compensation circuits 36 and 
38 are required for the short-lived and long-lived isoto-
pic components of the detector signals, respectively. 3 0 

The outputs from the compensation circuits are fed 
into a ratio circuit 40 which divides the signal received 
from detector 16 by the signal received from detector 
14 to give the ratio R, + ,.. Such ratio circuits are well 
within the state of the electrical art and therefore have 3 5 

not been set out in more detail. Additionally, meters 42 
are provided at the output of each of the detector cir-
cuits 14 and 16, respectively, to give a direct reading 
of the detector outputs. The initial reading from the 
output of the ratio circuit 40, obtained at the beginning ^ 
of reactor life in the absence of failed fuel, can then be 
used as the signal for subtraction from the ratio output 
to compensate for the detector signal component due 
to surface contamination, as previously described. A 
variable voltage source 46 such as a variac in series 
with a rectifier, generates the Rr signal for subtraction 
at terminal 48. Any resultant signal appearing at meter 
44 is then an indication of the presence of failed fuel 
within the reactor core. 

An advantage of the additional gamma system, illus-
trated in FIG. 2 by reference character 18, is that it en-
ables the system to distinguish between an increase in 
the total number of fuel rod failures and enlargements 
in cladding failures of already failed fuel. If the delayed 5 5 
neutron signal shows an increase and the gamma signal 
does not, the total number of failed fuel rods remain 
constant and only the cladding failures enlarge. This 
interpretation is possible due to the varying differences 
in half lives between the gamma and neutron radiation ^ 
emitted from the reactor coolant. 

Thus, a failed fuel monitor has been disclosed which 
continuously monitors the delayed neutron and gamma 
activity of the primary coolant of a nuclear reactor on 
an on-line basis. Employing two neutron detectors, the ^ 
system has the ability to distinguish between the activ-
ity from failed fuel and from fuel rod surface contami-
nation. Applying a technique to compensate for the ac-

tivity build-up in the primary loop, this system makes 
it possible to interpret the signals even during power 
transient periods. Utilizing an additional gamma detec-
tor the system can distinguish between additional fuel 
failures and enlargements of already failed fuel. 

We claim as our invention: 
1. A nuclear failed fuel detection system for detect-

ing the presence of fission products due to failed fuel 
within the coolant medium of a nuclear reactor com-
prising: 

a first detector responsive to the radioactivity within 
the reactor coolant medium after the radioactivity 
has decayed for a first delay period; 

a second detector responsive to the radioactivity in 
the reactor coolant medium after the radioactivity 
has decayed for a second delay period; 

means for taking the ratio of the signals received 
from said second and first detectors respectively; 
and 

means for subtracting from said ratio, the component 
value of the ratio attributable to surface contami-
nation. 

2. The apparatus of claim 1 including means for com-
pensating said first and second detector signals for the 
residual build-up of radiation within the reactor cool-
ant medium. 

3. The apparatus of claim 1 wherein said first and 
second detectors are responsive to the neutrons emit-
ted from the reactor coolant medium. 

4. The apparatus of claim 3 including a gamma detec-
tor responsive to the gamma radiation emitted from the 
reactor coolant medium after the gamma radiation has 
decayed for a third delay period. 

5. The apparatus of claim 4 wherein said third delay 
period is selected to allow the N-16 gamma radiation 
to decay to a negligible level. 

6. The apparatus of claim 4 wherein said third delay 
period is approximately one hundred seconds. 

7. The apparatus of claim 3 wherein said first delay 
period is selected to allow the N-17 activity and short 
lived groups of delayed neutron emitters, having half 
lives less than five seconds, to decay to a negligible 
level and said second delay period is selected to obtain 
a signal in said second detector which significantly dif-
fers from the signal received from said first detector. 

8. The apparatus of claim 3 wherein said first and 
second delay periods are 60 and 120 seconds, respec-
tively. 

9. The apparatus of claim 1 wherein said first and 
second detectors are responsive to the gamma radia-
tion emitted from the reactor coolant medium. 

10. The apparatus of claim 9 wherein said first delay 
period is selected to allow the N-16 gamma radiation 
to decay to a negligible level and said second delay pe-
riod is selected to obtain a signal in said second detec-
tor which significantly differs from the signal received 
from said first detector. 

11. The apparatus of claim 9 wherein said first delay 
period is one hundred seconds. 

12. The apparatus of claim 9 including a neutron de-
tector responsive to the neutron actively emitted from 
the reactor coolant medium after the neutron activity 
has decayed for a third delay period. 

13. The apparatus of claim 12 wherein said third 
delay period is selected to allow the N-17 activity and 
short lived groups of delayed neutron emitters, having 
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half lives less than five seconds, to decay to a negligible 
level. 

14. The apparatus of claim 12 wherein said third 
delay period is 60 seconds. 

15. A method for detecting the presence of fission 5 
products due to failed fuel within the coolant medium 
of a nuclear reactor comprising the steps of: 

a. measuring the radioactivity emitted from the reac-
tor coolant medium after the radioactivity has de-
cayed for a first delay period; 10 

b. measuring the radioactivity emitted from the reac-
tor coolant medium after the radioactivity has de-
cayed for a second delay period; 

c. taking the ratio of the radioactivity measurements 
received in steps (b) and (a), respectively; 15 

d. establishing the value of said ratio attributable to 
surface contamination in the absence of failed fuel; 
and 

257 
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e. subtracting the value of said ratio attributable to 
surface contamination from said ratio. 

16. The method of claim 15 wherein steps (a) and 
(b) measure the neutron activity emitted from the reac-
tor coolant medium. 

17. The method of claim 16 including the steps of: 
measuring the gamma radiation emitted from the re-

actor coolant medium after the gamma radiation 
has decayed for a third delay period; and 

detecting an increase in said neutron measurements 
in the absence of an increase in said gamma mea-
surements. 

18. The method of claim 15 including the step of 
compensating the measurements obtained in steps (a) 
and (b) for the residual build-up of radiation within the 
reactor coolant medium. 

* * * * * 

25 

30 

35 

40 

45 

50 

55 

60 

65 


