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[57] ABSTRACT

An apparatus for measuring concentration of radioac-
tivity in a fluid circulating in a cooling system or a
disposal system, etc. of a nuclear power plant (e.g. cool-
ant), the apparatus having a plurality of sampling tubes
with different diameters depending on the intensities of
radioactivity, and the sampling tubes having valves for
switching from one fluid to another fluid. The sampling
tubes are connected to the system to a discharge pipe,
and are disposed in the proximity of a radiation detector
adapted to issue a signal representative of radiation. The
issued signal is supplied to a multichannel pulse height
analyzer and a data processing system providing an
indication of the concentrations of radioactivities for
respective radionuclides.

22 Claims, 2 Drawing Figures
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APPARATUS FOR MEASURING A
CONCENTRATION OF RADIOACTIVITY

BACKGROUND OF THE INVENTION

The present invention relates to an apparatus for
measuring concentrations of radioactivity in cooling
lines of water disposal lines, etc. of nuclear reactors or
other plants and, more particularly, to an apparatus
capable of automatically measuring the concentration 10
of radioactivity in the coolant circulating in the cooling
system of a nuclear reactor. Although an explanation
will be made hereinafter as to the cooling system of a
nuclear reactor, it is to be understood that the apparatus
of the invention is applicable also to the water disposal 15
system of the reactor.

The inspection or observation of the concentration of
radioactivity in the coolant is important and indispens-
able for confirming the soundness of fuel elements and
checking possible corrosion of fuel cladding, thereby to 20
ensure a good conditioned running of a nuclear reactor.

Conventionally, the measurement of the radioactivity
has been made, only when it is required, by at first
taking out a small quantity of sample coolant from a
predetermined portion of the cooling line, filtering and 25
chemically treating the sample in a laboratory and then
measuring the radioactivity by employing a y-ray spec-
trometer. Thus, the conventional method of measuring
the radioactivity takes more than one hour from the
picking up of the sample to the completion of the mea- 30
suring, which is inconvenient especially for those radio-
nuclides having short period of half-decay such as
138X €142 mins ST K76 min, OT 3455 4 min, SinCe, in case of such
radionuclides, the radioactivity at the time of measure-
ment has been considerably decayed and does not repre- 35
sent the actual concentration of the radioactivity.

In addition, in the conventional method of measure-
ment, dilute gases such as Kr or Xe tend to be degassed
or released at the time of taking out of the sample cool-
ant, which considerably deteriorates the evaluation of 40
the concentration of the dilute gases. At the same time,
the conventional measuring method is likely to cause
radioactive contamination of the working environment
and the examiner himself.

Moreover, another shortcoming or disadvantage of 45
the conventional method resides in that it cannot suit-
ably follow-up the change in the radioactive intensity of
the coolant, which change takes place in accordance
with the change in the condition or output of the reac-
tor. 50

SUMMARY OF THE INVENTION

It is therefore an object of the invention to overcome
above-described shortcomings of the prior art by pro-
viding an apparatus capable of promptly and automati- 55
cally measuring the concentration of radioactivity in
the coolant, for a wider range of concentration, without
requiring the troublesome manual taking-out of the
sample coolant.

According to the invention, a conventional tube pro- 60
vided at the cooling line or disposal line for taking out
the fluid circulating therethrough is extended to a sta-
tion or place suitable for the measuring of the radioac-
tivity concentration. A plurality of sampling tubes hav-
ing different diameters relating to the concentrations of 65
the radioactivity are connected to the extended tube. At
both ends of each sampling tube there are provided
respective valves for effecting the changing-over be-

2

tween two pipe lines. The sampling tubes are disposed
in the vicinity of a radiation detector. The radioactive
ray is detected by the detector which in turn delivers a
signal representative of the intensity to a multichannel
pulse height analyzer and a data processor for analyzing
the signal so that the measuring of radioactive concen-
tration may be performed for each of the radionuclides.

The switching or the changing-over of the valves is
performed in accordance with the radioactive concen-
tration of the object, by means of a sequence controller.

BRIEF DESCRIPTION OF THE DRAWINGS »

FIG. 1is a block diagram showing the basic construc-
tion of an apparatus of the present invention.

FIg. 2 is a block diagram of an embodiment of the
invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

As has been described, the apparatus of the invention
employs conventional tubes or pipes for taking out the
sample material, which are extended to a place conve-
nient for the measuring of radioactivity, a plurality of
sampling tubes having different diameters in inverse
proportion to the intensity of radioactivities, each of the
sampling tubes having at its ends respective valves for
substituting- other non-radioactive substance for the
coolant, and a radiation on radioactive rays detector
disposed in the vicinity of the sampling tubes or vice
versa. A suitable controlling means performs an auto-
matic changing-over OF the valves so that the sample is
taken out in a flowing or stationary condition, and the
detector which is preferably a Ge (Li) y-ray detector
detects the radiation in the taken-out sample.

The invention will be more fully understood from the
following description of a preferred embodiment taken
in conjunction with the attached drawings. Although
water is particularly referred to, it is to be understood
that any other liquid or gaseous coolant material may be
substituted for the water.

Referring at first to FIG. 1 which shows a basic ar-
rangement of the apparatus of the invention, three sam-
pling tubes 1, 2 and 3 have, respectively, at their both
ends, valves 4, 5 and 6, 7 and 8, 9 and are connected to
a pipe 10 for feeding the sample coolant water and to a
pipe 11 for discharging the water. The sampling tubes
are disposed in the vicinity of a semiconductive radia-
tion detector 12. A pipe 13 for providing rinsing or
cleaning water (or other non-radioactive fluid) and a
pipe 14 for discharging the cleaning water are con-
nected in such a manner that each sampling tube may be
switched from the sample water to the cleaning water
by simultaneously changing-over the pair of valves 4, 5
or6,70r8,9.

Referring now to FIG. 2 which shows a practical
embodiment of the invention applied to the measure-
ment of radioactivity concentration in the primary cir-
cuit of a nuclear reactor, a pipe 16 extending to a con-
ventional sampling equipment 15 is connected by a pipe
17 which reaches a position suitable for the measure-
ment of radiation. A stop valve 18 is provided for main-
tenance and inspection of the system. At the down-
stream side of the stop valve 18, the sampling system as
shown in FIG. 1 is connected to the pipe 17, which in
turn is connected by a pipe 21 leading to a drain tank 20
through a reduction valve 19. A radionuclide analyzer
is provided which consists of a multichannel pulse
height analyzer 22 adapted to analyze the signal deliv-
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ered from the semiconductive detector 12, a data pro- supplied with the sampling coolant instead of the clean-
cessing system 22 and a recorder 24.-A sequence con-  ing water. At the same time, the sampling tube 2 is

troller 25 is adapted to cooperate with valve driving switched to the cleaning water.
means 26 27 28 29 30 and 31 in automatically select- olume of the Samp]e coolant water which is guan-
ing one sampling tube out of the three tubes, in accor- %/ﬁlmd\quahtauvely optimum for the radiation is
dance with the detected concentration of radloactlvxty thus selected to provide most accurate measuring. After
of the coolant water. - this preparatory stage of selecting the sample tube, the
The multichannel pulse height analyzer 22 is capable radiation is measured quantatively and qualitatively for
of transducing the signal representing the’ radiation ~each of the. radlonuc/hdes by means of the semiconduc-
energy, which is delivered from the radlatxon detector 10 tive radiation detector 12, the multichannel pulse height
T s i gt of & momber of hanncls (L00a0  nayserand h dt procesing s, ncooperaton
pulses belonging to respective channels. The data pro- theel 5:?8:;1&% r:giiltliso;f (Z;- :ﬁe Za;glzccor ance wi
cessing system 23 is adap tedet/o ar;a']ylfe thel datf of Vray It will be understood from the foregéing description
civier 33 and to calaulite the concentration of fhe | (hat the apparatus of the invention can provide an eff-
7 cient and accurate measuring, well suited to radiocactiv-
rad10act1v1ty for each radionuclide. To explain in more ity which . the fi 1 :
detail, in the analysis of the y-ray spectral data, the 1y w ﬁc varies as .2 1ME eapses. "
position (i.e. the number of the channel) and the area of In the above desqu _ed §mbod1ment, the monitoring
the peak in the spectrum respectively indicate the type 20 of Fhe level of radiation is pextfor.med by the means
of the radionuclide and the intensity of the radioactivity ~ Which perform also the quantitative and qualitative
(the intensity’is normally represented by a unit of 9Ci). analysis of all rac;1on‘uchdes. However,'lt is possible to
The concentration of radioactivity is then calculated use separate monitoring me‘ans.for monitoring the Ieve;l
of the radiation. These monitoring means may be consti-

taking thé effective volume of the sampling tube into e LoIL
account; which is normally given with a unit of uCi/ml. 25 tuted by, for example, a GM tube or a Nal scintillation
counter, a counting rate meter and a radiation level

It is often necessary to obtain the radioactive concen- ounter, I 1 :
tration for particular radionuclides, especially in the  discriminator. An equivalent effect is obtained when the
radioactive analysis of the coolant water of a nuclear ~ above-noted separate monitoring means are combined
reactor. To this end, the data such as the objective  with a bypass pipe adapied to pass the coolant water

radionuclide and its y-ray energy are previously input 30 constantly, bypassing the sampling tubes.

to the data processing system. The result of the analysis The number and the sizes of the sampling tubes are
is then fed to a recording device 24 to be output there- determined in accordance with the practical or actual
from in the form of, for example, printed numerals. level of radioactivity. Although only three sample tubes

Although not shown in the drawings, it is preferable are incorporated in the described embodiment, this is
to shield the radiation detector and the sampling mate- 35 not exclusive, and it is possible and preferred to provide
rial with a y-ray shielding material such as lead, so that one sample tube for each figure of number of possible
the detection of radiation may be less affected by the  numerical range of radioactive level. The cross-sec-
background. tional area of the sampling tube may be selected from a

Hereinafter, the manner of operation of the apparatus range between 0.1cm? and 1,000cm?, which provides a
will be described in detail, with reference to the above 40 measurable range of more than four figures of numerals.
ex;’l)‘lﬁlenri(:::sr\??:rg:gte nrntay be divided into two stages, i.e At the sam; t;lme, it 1slto be %Oted that the cquispaced

) 1.6 ositioning of the sampling tubes in the vicinity of the
a preparatory stage in which a suitable sampling tube is fadiation ﬁetector as fhov%n in FIG. 1 is notylimited
selected to meet the level of the radiation and a stage for thereto and other positioning of the sampling tube may
quantitative and qualitative analyses. The selection of 45 utnhzed
e smpling o e the letionof o vlame S0 " adton, it notd it theappras e nven
e - . tion can be applied to systems other than the described
provides a sul.table counting rate for the measurement of cooling system, for example to the water disposal sys-
radiation which varies as the time elapses. At first, a tem of a nuclear reactor, or even to other plant in which
start signal is issued from the sequence controller 25 to 50 the measurine of the ’ dioactive co pt ation is
actuate the valves 6 and 7 of the sampling tube 2 so as ired g radioactive concentralion 1s re-
to switch the sampling tube from the condition being quirq ’ ferred to i 1 hich i
supplied with the cleaning water to the condition being L 1s preferred to interpose a coliimator which is con-
supplied with the sample coolant water. Then, the total venthnally used in radloa‘ctl_ve measuring, between the
radiation of the sampling tube 2 or the radiations of 55 S3mpling tube and the radiation detector, since the mea-
preselected radionuclides such as 8Kr and 3!1 are mea- surable range is easﬂ){ w1deped and th; eftjectwe volume
of the sampling tube is clarified by adjusting the area of

sured by the semiconductive radiation detector 12 in a . : - e -
“short period of time (which is typically several min- the opening of the collimater in the longitudinal direc-
tion of the sampling tube.

utes). The measured level of radiation is then discrimi-

nated by the data processing system 23 into one of the 60  Ihe advantageous effect provided by the invention is
predetermined classes of radioactive level, the number summarized as follows: :

of which corresponds to that of the sampling tubes. The 1. An apparatus for measuring the radioactive con-
discrimination signal is then input to the sequence con-  centration in the coolant having prompt response is
troller 25 which then issues a signal to actuate the  provided which remarkably contributes to a safer and
valves 4, 5 of the sampling tube 1 or the valves 8, 9 of 65 more efficient operation of a nuclear reactor.

the sampling tube 3, when either one of the sampling 2. The variation in radioactive concentration of the
tubes 1 or 3 is discriminated to be appropriate, so that coolant over a wide range can be automatically de-
the discriminated and selected sampling tube may be tected and measured by a single apparatus.
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3. Since no release of dilute gases takes place during
the measuring, an improved reliability is obtained in
evaluation of the density of the dilute gases.

4, Since the measuring is performed automatically
within a closed circuit, no radioactive contamination of
the environment and the operators results.

5. The time required for the measuring is greatly
reduced as compared with the conventional measuring
method.

It is remarkable that these advantages in combination
provide a highly effective observation means for the
condition of working nuclear reactor or other plants.

While we have shown and described a single embodi-
ment in accordance with the present invention, it is
understood that the same is not limited thereto but is
susceptible of numerous changes and modifications as
known to those skilled in the art and we therefore do
not wish to be limited to the details shown and de-
scribed herein but intend to cover all such changes and
modifications as are encompassed by the scope of the
appended claims.

We claim:

1. An apparatus for automatically measuring concen-
tration of radioactivity in a radioactive fluid compris-
ing:

at least two sampling tubes of different cross sectional

areas connected to a fluid system in which the
radioactive fluid fiows,

valve means provided at inlet and outlet sides of said

at least two sampling tubes for selectively feeding
to said at least two sampling tubes one of the radio-
active fluid and a non-radioactive fluid,

control means for controlling said valves to permit

the radioactive fluid to be fed to at least two sam-
pling tubes,

radiation detector means responsive to the radioac-

tive fluid in said at least two sampling tubes for
detecting the radiation from the fluid and provid-
ing a radiation output signal in accordance there-
with, and

processing means responsive to the radiation signal of

said radiation detector means for providing at least
an indication of the concentration of radioactivity
in the radioactive fluid.

2. An apparatus according to claim 1, wherein said
processing means includes counting means for provid-
ing spectral data in accordance with the radiation signal
of said radiation detector means, said counting means
counting the number of pulses corresponding to respec-
tive ones of predetermined classes of energy level in the
radiation signal provided by said radiation detector
means, and data processing system means for sorting
radionuclides from the spectral data provided by said
counting means, said data processing system means
calculating the concentrations of radioactivity for at
least one of the radionuclides from the spectral data and
the effective volume of said sampling tubes, said data
processing system means further being arranged for
discriminating the level of radioactivity of the fluid for
classifying the radioactivity into a corresponding num-
ber of classes of level to the number of sampling tubes,
and for providing a discriminating output signal to said
controlling means.

3. An apparatus according to claim 2, wherein said
controlling means is responsive to the discriminating
signal of said data processing system means for control-
ling said valves of said respective sampling tubes.
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4. An apparatus according to claim 2, wherein said

counting means includes a multichannel pulse height-

analyzer for transducing the radiation signal from said
radiation detector means into pulse heights, for sorting
the pulse heights into a plurality of channels, and for
counting the number of pulses corresponding to each of
the channels. .
5. An apparatus according to claim 2, wherein said
data processing system means is arranged for determin-
ing the type of radionuclide from the position of a peak
appearing in a y-ray spectrum and for calculating the
radioactivity from the area of the peak, said data pro-
cessing system means calculating the concentration of
radioactivity in accordance with the effective volume
of the sampling tube.
6. An apparatus according to claim 2, wherein the
respective diameters of said sampling tubes are in in-
verse proportion to the intensity of radioactivity.
7. An apparatus according to claim 2, wherein said
radiation detector means comprises' a Ge (Li) y-ray
detector.
8. An apparatus according to claim 2, further com-
prising recording means for displaying the result of the
measurement of the data processing system means.
9. An apparatus according to claim 2, wherein the
radioactive fluid flows in a pipe, said sampling tubes
being connected to said pipe for sampling the radioac-
tive fluid flowing therethrough.
10. An apparatus according to claim 9, further com-
prising means for supplying the non-radioactive fluid to
said valve means on the inlet side of said sampling tubes.
11. An apparatus according to claim 10, wherein said
pipe is a part of a fluid system of a nuclear power plant.
12. An apparatus according to claim 11, wherein said
fluid system is one of a cooling system and a discharge
system of said nuclear power plant.
13. An apparatus according to claim 11, further com-
prising discharge means connected to said valve means
at the outlet side of said sampling tubes.
14. An apparatus for automatically measuring con-
centration of radioactivity in a radioactive fluid com-
prising:
radiation detector means for detecting radiation from
the fluid and providing a radiation output signal,

at least two sampling tubes of different cross-sec-
tional areas disposed in the vicinity of said radia-
tion detector means,
valve means provided at inlet and outlet sides of said
sampling tubes for selectively feeding to said sam-
pling tubes one of the radioactive fluid and a non-
radioactive fluid, - ‘

controlling means for controlling said valve means to
permit the radioactive fluid to be fed to at least one
of said sampling tubes,

means for counting the number of pulses belonging to

respective ones of predetermined classes of energy
level in the radiation signal from said radiation
detector means, and

data processing system means for sorting radionu-

clides from a spectral data provided by said count-
ing means and for calculating concentrations of
radioactivity for at least one of the radionuclides
from the spectral data and the effective volume of
said sampling tubes, said data processing system
means being adapted to discriminate the level of
radioactivity of the fluid for classifying the radio-
activity into a corresponding number of classes of
level to the number of sampling tubes, and to pro-



4,107,533

7 ,
vide a discriminating signal to said controlling
means. '

15. An apparatus according to claim 14, wherein said
counting means includes a multichannel pulse height
analyzer for transducing the radiation signal from said
radiation detector means into pulse heights, for sorting
the pulse heights into a plurality of channels, and for
then counting the number of pulses belonging to each of
the channels.

16. An apparatus according to claim 14, wherein said
data processing system means determines the type of
radionuclide from the position of a peak appearing in a
y-ray specirum and for calculating the radioactivity
from the area of the peak, said data processing system
means calculating the concentration of radioactivity in
accordance with the effective volume of said sampling
tube.
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17. An apparatus according to claim 16, wherein the
respective diameters of said sampling tubes are in in-
verse proportion to the intensity of radioactivity.

18. An apparatus according to claim 14, wherein said
radiation detector means comprises a Ge (Li) y-ray
detector. '

19. An apparatus according to claim 14, further com-
prising recording means for displaying the result of the
measurement of the radioactivity.

20. An apparatus according to claim 9, wherein the
radioactive fluid flows in a pipe, said sampling tubes
being connected to said pipe for sampling the fluid
flowing therethrough.

21. An apparatus according to claim 15, wherein said
pipe is a part of a fluid system of a nuclear power plant
having the radioactive fluid circulating therethrough.

22. An apparatus according to claim 16, wherein said
fluid system is one of a cooling system and a disposal

system of the nuclear power plant.
* *x % %k %k



