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In pressurized heavy water reactors, leaks from D,O primary coolant and moderator to H,O
secondary coolant and other light-water systems in heat exchangers cannot be completely
ruled out. High cost of D,0O demands that its loss should be prevented to maximum extent
possible. Traditionally D,O leak detection and identification of leaky heat exchanger is carried
out by measurement of tritium activity in H,O. Since tritium emits low energy beta radiation,
its concentration in H,O is measured by mixing it with liquid scintillation solution in a defi-
nite proportion in counting vial and counted in a Liquid Scintillation Analyzer. Itis very sen-
sitive method for leak detection, but identification of leaky heat exchanger is time consuming
and may require low power operation or reactor shut down. In the new method, high energy
beta emitting fission products, which emit Cherenkov photons in H,O, were used as the
tracer. H,O was poured in 20 mL plastic vials without scintillator and counted on Liquid
Scintillation Analyzer. D,O leak was identified by comparing the Cherenkov photon count
rate with that of the blank. A discrimination ratio significantly higher than average
Cherenkov photon count rate for all heat exchangers was used to identify the leaky one. The
technique has advantageous over existing method of D,0 leak detection, such as, (1) scintil-
lation chemicals are not required (2) low power operation or reactor shut down is not re-
quired for identifying the leaky heat exchanger (3) no generation of radioactive chemical
waste (4) on-power leak identification reduces generation of radioactive liquid waste. .
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INTRODUCTION

In pressurized heavy water reactor (PHWR) nat-
ural uranium is fuel and D,O is used as primary cool-
ant and moderator. D,O flows inside the pressure
tubes (PT) containing fuel bundles. Primary heat
transport (PHT) system transports heat generated in
reactor core to steam generators (SG), where light wa-
ter boils-off in secondary side to generate steam for the
turbine. D,O after releasing heat in SG returns back to
other half of reactor channels through centrifugal
pumps. A simplified flow diagram of PHWR is given
in fig. 1 [1]. To ensure adequate safety of PHWR, ulti-
mate heat sink (UHS) and associated residual heat re-
moval systems are in place to transport residual heat
loads from reactor core, safety-related structures, sys-

* Corresponding author; e-mail: bndileep@npcil.co.in

Steam lines
Light water

- steam
Steam

" generators

Coolant pumps

Feedwater
-

Heavy
- water
~ coolant

Heavwy |-~
water — ——
moderator

Figure 1. PHWR simplified flow diagram

= Fuel channel



D. Blangat, et al.: A New Method for the D,O to H,O Leak Detection and ...
326 Nuclear Technology & Radiation Protection: Year 2018, Vol. 33, No. 4, pp. 325-333

tems and components and spent fuel storage bay. Heat
transport systems associated with UHS consist of heat
exchangers (HX) which provide cooling to PHT shut-
down cooling system pumps, moderator pumps, PHT
bleed coolers, PHT main pump gland and motors, PHT
shutdown coolers, moderator coolers efc. These HX
are of shell and tube design, in which D,O flow inside
the tube and H,O flow in shell side. The H,O flowing
in secondary side of HX is called active process water
(APW). The process water cooling system (PWCS)
remove heat from APW through process water heat
exchangers and dissipate the heat to UHS i. e. to atmo-
sphere or large water body [2]. Cooled APW is col-
lected in a common storage tank and circulated in
closed loop.

In fresh D, 0, tritium activity is negligible. Be-
cause of very high neutron flux in nuclear reactor, deu-
terium in D,O is converted to tritium by neutron cap-
ture. Therefore, with passage of time, tritium activity
concentration in D,O increases. In addition volatile
fission products (FP) such as isotopes of iodine and
noble gases released from failed fuel are also observed
in primary coolant. Since primary coolant being at
high temperature and pressure, instances of D,O to
H,O0 leak in HX cannot be completely ruled out. Be-
sides having economic implications, D,O leak also
pose health hazard due to presence of tritium, other ac-
tivation products and FP present in it. All possible
measures are to be adopted to ensure normal and
healthy functioning of the plant to comply with
regulatory release limits [3].

Detection of chronic low level D, O to H,O leaks
in HX is carried out by measurement of tritium activity
level in H,O by real-time trittum-in-water monitor and
periodical manual sampling and analysis by liquid
scintillation counting technique. In the former, the
H,0O sample from HX outlet is passed through plastic
scintillator film packed flow cell. Two photomultiplier
tubes (PMT) are optically coupled on either face of
flow cell and tritium measurement is done in coinci-
dence mode. Operating experience shows that as sam-
ple is passed through flow cell, impurities and particu-
late substance in sample get trapped in plastic sponge
detector. This results in reduced transparency of detec-
tor with time during online monitoring, thus affecting
sensitivity. This demands frequent replacement of de-
tector and therefore maintenance of the system is dif-
ficult. Later method is very sensitive for the leak detec-
tion. As D,O ingress progresses tritium activity builds
up in H,O, which is flowing in closed loop system.
This increased background activity makes it difficult
to identify leaky HX by measurement of tritium activ-
ity level in individual HX outlet during reactor opera-
tion. Identification of leaky HX may require isolating
one of them at a time, sampling outlets of the individ-
ual HX and measurement of tritium activity. Identifi-
cation of defective HX by this method would require
low power operation or reactor shutdown.

A simple and fast method of D,0 to H,O leak de-
tection and identification of leaky HX during steady
state operation of reactor by Cherenkov photon count-
ing the H,O in liquid scintillation analyzer (LSA) is in-
vestigated. It makes use of the short lived FP in H,O,
which emit high energy beta radiations, in place of tri-
tium as the tracer for leak detection. High energy beta
emitters in water produce light scintillations called
Cherenkov radiation. Cherenkov radiation is induced
when charged particle move through dielectric me-
dium faster than velocity of light. The minimum elec-
tron energy, called the Cherenkov threshold energy,
necessary for production of Cherenkov radiation is re-
lated to particle relative phase velocity (8) and refrac-
tive index (n) of the transparent medium, as delineated
ineq. (1) 1
p== (1)

n

For the relativistic equations, £ is related to the

kinetic energy (E) of the electron, by eq. (2)

1 11_
T |

Equation (2) indicates a threshold energy re-
quired for the production of Cherenkov radiation by
electrons. In water with a refractive index of 1.332 is
used as Cherenkov radiator, f is 0.7508 according to
eq. (1), and thus it is possible to measure Cherenkov
radiation over 264 keV according to eq. (2) [4]. From
beta particle energy 264 keV Cherenkov photon out-
put increases rapidly with energy up to about 2 MeV,
but further increases in energy results in smaller pro-
portionate increases in light output [5]. *°Y is prolific
producer of Cherenkov light, due to its higher mean
beta energy. Majority of ?°Sr will not produce
Cherenkov light since their energy will be below the
~250 keV thresholds [6]. For a perfect geometry of
two-photomultiplier measuring chamber and mean
quantum efficiency of 20 %, theoretical counting effi-
ciency is calculated as 72 % for #Sr and 85 % for *°Y
[7]. Mean beta energies of these isotopes are 587 keV
and 933.6 keV respectively [8].

Short lived isotopes of iodine (%I,
1357) are observed in significant quantities in primary
coolant during steady state operation of reactor. Mean
beta energy of these isotopes is 470,405, 620, and 335
keV respectively [8]. Among them '3*I is a prolific
producer of Cherenkov radiation in water due to its
high mean beta energy emission. Hence Cherenkov
photon counting technique of the H,O can be made use
of for D,0 to H,O leak detection in HX. Since the '34I
(T\,= 52.5 min) concentration reach equilibrium very
early in closed loop APW system in comparison with
tritium (7,=12.3 years) activity, the results would fa-
cilitate to identify leaky HX. The details of the D,O to
H,O0 leak detection and identification of leaky HX by

.
E[keV]zchL mc? =511keV (2)
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Cerenkov photon counting technique is explained in
this paper.

METHODS AND PROCEDURES

This study involved (1) evaluation of the feasi-
bility of using LSA for Cherenkov photon counting,
(2) measurements of Tritium activity concentration in
H,O samples from process water HX outlets to detect
D,0 leak (3) estimation of FP activity concentration in
D, 0O sample collected from primary coolant during re-
actor operation using high purity germanium detector
based gamma spectrometer to investigate source of
these radio isotopes and (4) Cherenkov photon count-
ing of the H,O samples from HX outlets to detect D,O
leak and identify the leaky HX. The present study was
carried out at 220 MWe PHWR, Kaiga Generating
Station, Unit-3&4, India. The details of the instru-
ments used and methodology adopted for the measure-
ment are presented in the following:

Instrumentation

A Perkin Elmer Tri-carb 2900TR LSA was used
to estimate tritium activity and Cherenkov photon
count rate of samples. This system consists of two dia-
metrically opposed bi-alkali PMT housed in a 2" thick
lead shield to reduce background. The signals after ini-
tial processing are subjected to a coincidence circuit
having a resolving time of 20 ns and passed into ana-
logue to digital converter (ADC). ADC has a conver-
sion gain of 4K channel which is pre-calibrated to 0.5
keV per channel.

A high purity germanium detector of coaxial
type (Canberra Eurysis, EGPC 15-1.80) coupled to a
PC-aided 16K MCA and InterWinner 4.1 software
(Canberra Eurysis, IW.1) is used for gamma spectro-
metric analysis of primary coolant samples. Efficiency
calibration of detector was performed by using '3'Ba,
137Cs, and ®°Co liquid standard radioactive source
(Board of Radiation and Isotope Technology, BRIT,
Mumbeai) of activity 9.2, 14.9, and 5.6 Bq respectively.

Performance evaluation of Tri-carb 2900TR
LSA for Cherenkov photon counting

Performance of the LSA for Cerenkov photon
counting was carried out by estimating Figure of Merit
(FOM) of the system. FOM is a measure of effective-
ness of counting system in presence of background,
and is a parameter to be evaluated for optimization of
the sample counting conditions. Blank samples were
prepared by dispensing de-mineralized water in fresh
plastic counting vials. Pulse height originating from

Cerenkov radiation in water does not exceed the
equivalent of ~ 50keV for pulse height spectra cali-
brated on energy scale. Hence energy region 0-50 keV
was selected to include all pulse heights originating
from Cerenkov effect [9]. The counting time was
lhour. Counting efficiency for high energy beta emit-
ters was determined using *°Sr-"’Y calibrated liquid
standard with specific activity 1.85 BqmL™' supplied
by BRIT, Mumbai. Counting efficiency (77) of
Cerenkov photon counting for *°Sr->°Y liquid source
in water was determined for sample volumes from
5-20 mL using following eq. (3)

N, -B
n=—" 3)
AV
and the FOM, is determined using eq. (4)
_n’
FOM =— “)
B

where M, is the total counting rate, B — the background
counting rate, 4 — the specific activity in BqmL ™, and
V.. — the volume of *°Sr -*°Y standard solution in the
counting vial.

Isotopic analysis of primary coolant D,O

The D,0 sample was collected from the primary
coolant sampling station while the reactor was under
the steady state operating condition. The isotopic anal-
ysisof the primary coolant sample was done by count-
ing 5 mL of the sample in a plastic vial on the HPGe
detector, mentioned in the previous section, which is
calibrated for the same geometry. The decay correc-
tion for the delay in the sample collection and the anal-
ysis are incorporated by the option available in the
Inter Winner software.

Measurement of Cherenkov photon
count rate in primary coolant D,O

The 5 ml of D,0O sample was dispensed in a plas-
tic counting vial and counted in the LSA without add-
ing the scintillation solution and the count rate was
noted. The counting time was 1 min. The measurement
of the Cherenkov photon count rate was repeated with
the time delay and the results were noted. The primary
coolant water sample was diluted 10%, 103, 103, and
10° times and 5-20 ml of the aliquot of easc diluted
sample was subjecrted to the Cherenkov counting.

Tritium activity concentration measurement
in H,O samples from HX outlets

The H,O samples from various HX outlets were
collected in the fresh polythene bottles. The 1 mL
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aliquot of the sample was dispensed with 5 mL of lig-
uid scintillator solution in the counting vial and the
Tritium activity was measured in LSA in a direct DPM
mode [10].

Measurement of Cherenkov photon
count rate in H,O from HX outlets

The H,O samples from various HX outlets were
collected in the polythene bottles and poured into the
20 mL plastic counting vials and counted in the LSA
for one minute. The Cherenkov photon count rate was
noted during the suspected D,O leak in HX.

RESULTS AND DISCUSSION

Cherenkov photon counting performance of
tri-carb 2900TR LSA

The pPerformance of Tri-carb 2900TR LSA for
Cherenkov photon counting was evaluated using stan-
dard source of *°Sr-*°Y (in liquid form), which is a
high energy beta emitter. Background count rate for
blank samples, counting efficiency and FOM of LSA
for *°Sr-Y liquid standard with 5, 10, 15, and 20 mL
sample in plastic counting vial is given in tab. 1. The
results show that background count rate is in the range
of 13.3-13.6 counts per min. (cpm) for blank sample
volume of 5, 10, 15, and 20 mL. Cherenkov photon
counting efficiency is maximum for 10 mL standard
(35.4 %) and it reduces for higher or lower volume of
standard in the counting vial. Gunther ef al. [11], re-
ported Cherenkov photon counting efficiencies of
%08r, 89Sr, and *°Y as <2 %, (24 £1) %, and (39 +2) %
respectively for aqueous solutions poured in 20mL
glass vials without scintillator and counted on liquid
scintillation counters of the type Perkin Elmer 3170
TR/SL for 600 min. [11].

FOM is minimum for 5 mL sample volume
(86.5) and maximum for 10 mL (94.2) sample. Mini-
mum detectable activity (MDA) was estimated in units
of BqmL ™! using equation adopted by ANSI (1996)

_7“3 (5)

where Rp is the background count rate, 75 — the back-
ground counting time, 77 — the counting efficiency in
the percentage and ¥ — the sample volume in mL [9]
and the results are given in tab. 1. The MDA are
0.12 BqmL ™" and 0.03 BqmL ™" for 5 and 20 mL sam-
ple, respectively. Hence, the sample volume was set as
5 mL for counting the D,O samples as they contain
high specific activity radioactive materials. On the
other hand sample volume was setas 20 mL for count-
ing low active and diluted primary coolant D,O sam-
ples and H,O samples from various HX outlets.

Cherenkov photon counting of
primary coolant D,O samples

A typical pulse height spectrum due to Cerenkov
photons from primary coolant D,O sample obtained
from Packard Tri-carb-2900TR LSA is given in fig. 2.
The pulse height varies from 0 to 50 keV. Cerenkov
photon count rate obtained for 5 mL of primary cool-
ant samples is given in tab. 2, column 13. Result of
Cerenkov CPM observed for diluted primary coolant
sample (diluted by 102, 103, 10°, and 10° times) is
shown in fig. 3. The count rate approached back-
ground level for sample which is diluted to more than
10° times. For 10° dilutions, the observed counts are 3,
5 and 10 times the background CPM for sample vol-
ume of 5, 10, and 20 mL respectively. H,O flow rates
through various HX employed in reactor are 2-600
m’h!. Estimated D,O leak rate to reach this level of
dilution in secondary side with above flow rate is
0.02-6 kgh™!. Hence it is implicit that the results of
Cerenkov photon counting of H,O samples from HX
outlet would indicate D,O to H,O leak since similar
level of dilution is expected in chronic low level D,O
leaks in HX.
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Figure 2. Pulse height spectrum produced by the
Cherenkov photons from a sample of the primary
coolant DO seen on the computer monitor of the
Packard Tri- carb-2900TR LSA

Table 1. The Cherenkov photon counting performance of the Tri-carb 2900TR LSA

Sample volume [mL] Background (cpm) Efficiency (n %) FOM = (1 % )*/B MDA [BqmL ]
5 13.6 £0.5 34.3+0.24 86.5 0.12
10 13.3+0.6 354 £0.20 94.2 0.06
15 13.3+0.5 35.0£0.30 92.1 0.04
20 13.3+£0.6 34.1£0.24 87.4 0.03
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Table 2. Iodine and the noble gas concentration in the primary coolant and the Cherenkov photon count rate during the

steady-state operation of Kaiga reactor

Sample Fission product activity [MBqL '] Cherenkovi

number | SMg STy 8Ky 131 132 133] 134 135 e | By | xe | cpm
1 0.12 0.05 0.19 0.23 0.88 0.71 0.43 1.06 8.49 0.22 1.19 | 6.410°
2 0.10 0.57 0.16 0.17 0.94 0.61 0.73 1.02 7.48 0.16 111 | 6.7-10°
3 0.21 0.16 0.29 0.21 0.47 0.61 0.95 0.92 10.83 0.21 1.46 | 9.8.10°
4 0.21 0.16 0.29 0.21 1.00 0.71 0.68 1.14 13.31 0.40 121 | 7.9-10°
5 0.13 0.15 0.38 0.34 1.73 0.83 2.13 1.36 6.85 0.13 1.18 | 7.9-10°
6 0.21 0.12 0.30 0.24 0.85 0.54 0.53 0.97 18.06 0.57 230 | 7.6-10°
7 0.20 0.22 0.31 0.24 1.34 0.66 1.57 1.21 15.80 0.19 1.97 | 6.6-10°
8 0.13 0.07 0.21 0.15 1.01 0.55 0.65 0.95 9.50 0.15 1.28 | 8.7.10°
9 0.12 0.10 0.23 0.14 1.25 0.56 1.50 1.08 7.88 0.18 1.23 | 9.4.10°
10 0.16 1.23 0.30 0.19 1.19 0.68 1.21 1.27 7.84 0.14 1.61 |1.03-10°
11 0.11 0.07 0.21 0.21 1.20 0.77 0.83 1.33 7.39 0.19 1.35 | 8.8:10°
12 0.10 0.04 0.17 0.19 0.93 0.60 0.51 1.02 6.28 0.10 1.14 | 9.6-10°
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Figure 3. The Cherenkov photon count rate (cpm) with
the primary coolant D,O sample for different dilutions

Sources of FP in primary coolant D,O

Iodine and noble gas concentration measured by
gamma spectrometry of primary coolant samples dur-
ing steady state operation of Kaiga Unit-3 is given in
tab. 2, columns 2-12. The fission product data is given
intab. 3. Volatile FP (iodine and noble gases) can be re-
leased from uranium dioxide fuel into the free void
space within the fuel element via solid—state lattice dif-
fusion. FPs that is released into the gap will migrate to-
wards the defect site of failed fuel elements, where
they are released into reactor coolant. Uranium con-

tamination resulting from a previous fuel loss from
defected fuel elements, or from fuel manufacturing
process itself, can lead to additional activity in PHT
system when this contamination is deposited on
in-core surfaces. FP due to uranium contamination will
get released into coolant directly [12].

The mass balance for fission product inventory
N; (atom) released into primary coolant for isotope i
and losses due to radioactive decay and coolant purifi-
cation is given by the eq. 6

dw,
L=R,—(A+p,)N,
g R ( BN,

(6)

where f3, is the coolant purification rate constant (s
and R; is total release rate in to coolant from defective
fuel and uranium contamination [12]. One can distin-
guish releases between defective fuel and uranium
contamination by analysis of coolant activity during
steady state operation of the reactor and generating a
plot of the release to birth ratio (R/B) of measured io-
dine isotopes against their decay constants. This plot is
generated by measuring coolant activity for each iso-
tope and dividing this by its fission yield fraction to
provide an effective R/B [13]. The plot generated with
measured coolant iodine activity for Kaiga Unit-4 is

Table 3. Isotopic fission product data for the Iodine and the noble gases [8, 12]

issi i Energy and intensity of beta radiations
rsuiiglr)ﬂei Radio nuclide | Decay constant A [s™'] 235[}:(1?(5)1928;&(;”;62)'&215‘2011) Moan egr?ergy eV Y Total intensity [%]
1 131 9.98E-07 2.88 181.9 100
2 1321 8.37E-05 4.30 470 12.5
3 13 9.26E-06 6.70 405 100
4 1341 2.20E-04 771 620 101
5 15 2.91E-05 6.30 335 100.3
6 SSmgy 4.30E-05 1.30 280 78.3
7 YKy 1.52E-04 2.52 1330 100
8 8¥Kr 6.78E-05 3.55 360 101
9 13Bmye 3.66E-06 0.019 - -
10 1$3Xe 1.53E-06 6.70 100 99
11 35X e 2.12E-05 6.54 307 100
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Figure 4. Curve of the R/B value for the radio iodines in
the primary coolant D,O vs. A

shown in fig. 4. The isotopes, "*'I and '**I show an ex-
ponential dependence on the decay constant (from de-
fective fuel release) while a flat slope for the short
lived isotopes (***I, "**I, and *°I) indicates presence of
uranium contamination. "*'I has long half-life and is
therefore the predominant isotope with a large
diffusional release. On the other hand, short-lived "**I
will decay before it is released from defective fuel ele-
ment. Consequently these two isotopes can be used to
distinguish defective fuel vs. uranium contamination
contribution [12]. From fig. 4, normalized release rate
(R/B) for **Tis 1.2 -10"% and estimated amount of ura-
nium contamination is 3.2 gm (in-core) yielded by
equating R/B with normalized production rate N;op
[14], where is nuclear number density of 2°U; is fis-
sion cross-section for **’U[15] and ¢ is neutron flux
[16]. Uranium contamination within the core, particu-
larly on pressure tube surfaces, act as a continuous
long term source of dissolved fission products in pri-
mary coolant [17].

Iodine and noble gas activity concentration in
primary coolant sample and results of the repeat count-
ing of sample with time delay is plotted in fig. 5. Decay
curves plotted for each isotope indicates that activity is
reducing in accordance with their radioactive half
lives — e. g., in the decay plot for 341, activity reduces

from 1.93 MBqL ! to 0.1 MBqL ! within a time period
of'about 240 min, which is in agreement with the half
life of this radioisotope, 52.5 min. In the figure, slope
of the plot for Cherenkov photon count rate measured
simultaneously closely follows decay curve of '3* ac-
tivity and it reduced to half of its initial value within 70
min. This indicates that among all the FP '3*I contrib-
uted significantly to Cherenkov photon counts for its
higher concentration and Cherenkov photon yield in
water, due to higher mean beta energy emission (in-
tensity) 620 keV (101 %) [8]. Other short lived iso-
topes of iodine (1321, 1331, and '3°1), despite their signif-
icant concentration in primary coolant do not
contribute significantly to Cherenkov counts because
mean beta energy of these isotopes are low (tab. 3) and
hence photon yield of these isotopes in water will be
less. Among the FP noble gases, '3*Xe, despite its
large concentration in primary coolant, contribute
very less to Cherenkov photon counts since it emits
low energy beta particles of mean energy (intensity)
100 keV (99 %), the energy which is far below the
Cherenkov threshold.

The D,0 to H,O leak detection and the
identification of leaky HX by the Cherenkov
photon counting

The D,0 to H,0O leak in HX would lead to gradual
buildup of tritium activity in H,O. Periodic sampling
and analysis of H,O for presence of tritium activity pro-
vides backup monitoring of any leakages in HX tubes
during periods when the on-line monitors are inopera-
ble / ineffective. Various HXs from samples are col-
lected for leak detection includes shutdown cooling
system pumps (SD/P 1-2), PHT bleed coolers (BCD) ,
PHT main pump gland and motors (PCPG/C 1-4), PHT

——|-131 —— |-132 —[-133 - |-134
= |-135 —a— Xe-133 = Xe-135 = Kr-85M
—=— Kr-88 —— Kr-87 —+—=Xe-133m  —+— Cherenkov CPM
1-10” 1.107
Y
= —_
@, 6 £
= 1-10> @
s °
3] 6 S
© -1-10° =
Q S
s o
5 5 O Figure 5. Isotopic activity and the
2 110% Cherenkov photon count rate (cpm)
for S mL primary coolant D,O vs. time
1.10% 11.10°
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shutdown coolers (SD/C 1-2), moderator coolers
(MOD/C 1-2), fueling machine return cooler (FMR/C),
fueling machine bypass cooler (FMB/C) etc. Tritium
activity observed in the H,O from various HX during a
period of time in during reactor operation is shown in
fig. 6. The figure shows that there is no increase in tri-
tium concentration in H,O during the initial days. Sub-
sequently tritium concentration increases and reaches ~
200 BqmL ! within a period of seven weeks. It clearly
indicates D,O to H,O leak from HX. For arresting leak,
itis required to identify the leaky one. But tritium activ-
ity is comparable in more than one HX samples and
hence it is difficult to identify the HX, which has devel-
oped leak. This is due to the fact that as D,O ingress pro-
gresses tritium activity builds up in H,O, which is flow-
ing in closed loop APW system and hence background
activity increases till steady state condition is reached.
For aparticular leak rate, it will take about 130 days to
reach the equilibrium concentration of tritium activity
in the APW inventory of 500 m? with makeup rate for
loses, 440 Lh'.

‘When tritium concentration in HX out let samples
were ~200 BqmL™', results of Cherenkov photon
counting of HX outlet H,O samples are given in fig. 7.
Cherenkov photon count rate for all HX outlet samples
are more than three times the blank (11CPM), which
clearly indicates D,0O leak from HX. Once D,O leak
started from a HX the “background” counts in H,O in-
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creases and reaches equilibrium very early (<5 h) as the
Cherenkov photon counts are contributed essentially by
1341, Therefore H,O from leaky HX is expected to ex-
hibit count rate significantly higher than that of back-
ground level. Leaky HX is identified on the basis of ra-
tio of their signal to background or Discrimination
Ratio (DR) [18]. If DR corresponds to a particular HX
sample is significantly higher (about 30 %) than the av-
erage Cherenkov photon countrate for all other HX, it is
an indication of D,0 leak from the HX.

Let Cherenkov photon count rate for a single HX
is S and average Cherenkov photon count rate for all
HX is 4. § is normalized to 4 and is expressed as

DR = S
A

From fig. 7, the range of Cherenkov photon
count rate for various HX is 36.2-72.0 cpm. Count rate
for FMR/C sample is showing higher value for repeat
samples with an average of 61.7 cpm (S). Average
count rate for all other HX is 50.6 (A). Substituting for
S'and 4 in eq. (6)

(7

DR=132

i. e. Cherenkov photon count rate of FMR/C sample
is 30 % higher than average Cherenkov photon count
rate for all other HX. It indicated that D,O leak was
from this particular HX. '*I concentration in primary
coolant was 4.5 MBqL ™" during this period and heavy
water leak rate was 2.2 kgh™'. The same HX was iden-



D. Blangat, et al.: A New Method for the D,O to H,O Leak Detection and ...
332 Nuclear Technology & Radiation Protection: Year 2018, Vol. 33, No. 4, pp. 325-333

tified as the leaky one by the traditional method of D,O
leak detection.

CONCLUSION

A new methodology of Cerenkov photon count-
ing technique of H,O, the secondary coolant, could be
successfully employed to detect the D,O to H,O leak
in heat exchanger and identify leaky one during steady
state operation of PHWR. Presence of fission products
in H,0 was sensed by Cerenkov photon counting tech-
nique for the leak detection. A discrimination ratio sig-
nificantly higher than the mean count rate for all heat
exchangers was used to identify the leaky one. Non
use chemicals and identification of leaky heat
exchanger during full power operation of the plant
makes the new method environmentally benign, saves
economy and reduce generation of radioactive liquid
waste in comparison with traditional method of identi-
fication of leak by measurement of tritium by liquid
scintillation analysis.
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Junun BJIAHT'AT, Pasu Ilabajarxy MAHA, Kapynakapa HEPYTYH/IU,
CanramemBap MAHATAHBU, Pag Manrax TPUITATXU

HOBA METOJA 3A OJPEGUBAIBE HYPEIA U3 TEIIKE Y OBUYHY BOOY
N NIEHTUOUKALINTY ITPOITYCT/BUMBOI USMEIBLUBAYA TOIUIOTE ¥ PHWR
PEAKTOPY NPUMEHOM TEXHUKE BPOJAIA YEPEHKOBUX ®OTOHA

Kop peakTopa ca Telkom BoioM NOJ IPUTUCKOM Iypewbe 13 D,O npumMapHor cucreMa xiaabemwa
umogeparopay H,O cexynpnapuu cucrem xnabema 1 gpyre 1akOBOHE CUCTEME Y U3MEHUBAYNMA TOIIOTE
HEe MOXe OUTH y OTIYHOCTU MCKIbyueHO. Bucoka nena D,O 3axTeBa ga meros ryoutak Oyjie CBeJIeH Ha
MUHIMIIaH7 Moryhu HuBO. TpaguionanHo, AeTeknyja nypema D,0O n upenTndnKkanja nponycTbHBOCTA
uU3MewUBavya TOIIOTe 00aBiba ce MepemuMa akTuBHOCTU Tpunujyma y H,O. IomTo Tpunujym emMuryje
HIICKOGHEPrecTKo 6eTa 3pauee, heropa Konmenrpanuja y H,O mepu ce memameM ca pacCTBOPOM TEIHOT
CIMHTHUJIATOPA Y KOHAYHOM OJTHOCY V €TIPYBETH U OpOjamheM TEUHUM CIUHTUIAMOHUM O6pojadeM. OBoO je
BEOMa OCEeTJbHBA METOJA 3a JIETEKIHUjy Iypera, ajli je WieHTH(UKaIja IpOIyCT/HUBOT N3MEHhUBada
TOIIOTE BPEMEHCKH 3aXTeBaH II0Ca0 M MOXKe YCIOBUTH M paji peakTopa Ha HUCKOj CHAa3W WM HEeroBO
rameme. Y HOBOj METOAH, (PUCHOHM MPORYKTHU KOjU CYy U3BOP BUCOKOCHEPIeTCKOT 6eTa 3pavctha 1 KOju
emutyjy Yepenkose ¢orone y H,O, uckopuithenu cy kao rparauu. H,O je cunana y niactuyHe enpysere
3anpemmHe 20 mL Ge3 pacTBopa CHMHTHIATOpA M M3BPIIEHO je Opojare TEYHHM CIOUHTWIAIMOHUM
opojauem. Llypewe D,O upentucuxkoBaHo je nopebewmeM ofbpoja UepeHkoBux hoToHa ca OIaHKO
on6pojeM. JIMCKpUMUHAIIMOHNA HUBO, 3HATHO BHILIM HETO cpefmH ofdpoj UepeHKoBHX (pOTOHA 3a cBe
n3MeBmUBave TOIUIOTE, YCIOCTABIbEH je U MCKOpUITheH 3a WIeHTU(UKAIN]y TPOMYCTILUBOT N3MEHhUBada
romnore. [IpegnocTn oBa MeTosie Hajg mocrojehnm MeTonama cy: (1) COMHTMIIAOHE XEMUKaJHje HICY
notpe6He, (2) 3a WeHTU(HUKALHN]Y TPONYCTILUBOT U3MEHABava TOIUIOTE HHIje NoTpebaH paj] peKkaTopa Ha
HHCKOj CHa3WM HHUTH HErOBO raiewe, (3) Hema crTBapama pajMOaKTHBHOI XeMHjCKOr ornaja u (4)
uaeHTH(UKaINja ypemba y TOKY paja peakTopa CMamyje FTeHepucame TEYHOT PaJHOaKTHBHOT OTHAafa.

Kmyune peuu: peakitiop ca iieutkom 6000M oo tpuiiuckom, yyperse D,O y H,O, 6pojarse
Yepenkosux ¢oitiona




