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Statistical Analysis of Dewpoint Data Record at OWL-1 Loop Cubicle
and its Application to Early Detection of Abnormal Water Leakage from

the Loop

+
Ritsuo OGUMA, Koji HAYASHI and Yoshio KITAJIMA

Division of Reactor Engineering, Tokai Research Establishment, JAERI

(Received November 21, 1980)

A method of statistical analysis was applied to analyze the dewpoint
data record of both supply and exhaust air for OWL-1 (Oarai Water Loop No.l)
loop cubicle in JMTR (Japan Materials Testing Reactor).

The primary purpose of the present study is to determine experimentally
the dynamic interrelationship between these two quantities and then to
evaluate the effectiveness of incorporating the information thus derived
on the dewpoint dynamics into a water leakage monitoring system for the
OWL-1 loop.

Through the data analysis, it was shown that;

o The dynamicé of dewpoint between the supply and exhaust air contain
basically two mode characteristics; i. e. the fast mode with a time
constant of about ten minutes and the slow one with that of about
several hours.

o Under normal condition without any water leakage from the loop,
variations of the exhaust dewpoint for frequencies below about 2
cycle/hour are ﬁostly due to those of the supply dewpoint.

Based upon the results mentioned above, a simple filter including
the dewpoint dynamics was designed in an attempt to develop an efficient

leak monitor for the OWL-1l loop system. This filter was applied to

+ "Division of JMTR, Qarai Research Establishment, JAERIL
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analyze the dewpoint data record during the time when the OWL~1 loop
underwent an abnormal water leakage in the 43rd cycle of JMTR opevation.
The results of the analysis indicate potential usefulness of the present
method for detection of abunormal water lezkage at its early stage.

The basic idea for the leak monitor proposed here is considered to
be applicable also to the problem of water leakage detection at power

reactor plants in general.

KEYWORDS: Statistical Analysis, OWL-1 Loop Cubicle, Early Detection of

Abnormal Water Leakage, Water Leakage Monitoring.
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Table 1 Condition of the data acquired
Case No. Case 1 Case 2 Case 3
Number of variables 2 2 2
Data sample size 1536 1500 1464
Sampling interval 3.75(min) 3.75 3.75
Sampling start time | May 3rd 0:00 | May 8th 14:00] May 12th 7:00
On water leakage without without with

Table 2 Comparison of identified dewpoint
dynamics models for case 1 and
case 2

Case No. Case 1 Case 2

Model order 19 21

Min FPE (M) 225%x107° | 384%x107°

Noise variance -3 _3

3.07%x10 282X10
for e (k)

—15
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Control gignal ,‘gfﬁzzios’ buildin f
Ai\conditioner Sensor Fih{ or Stack
e i P e A
D{; | @ = y ﬁ:
G 2 ;f_’_‘{l j‘j&) NS S
[
Supply fan / “w% Exhaust fan
Reactor — \OWL-I loop cubicle

Fig.2 Air-flow paths in the veactor building ventilation system.

OWL-l loop cubicle

2777 7 )

#00 lnie*i // ::m@
Outlet %
Dew mefter % - -
/| QOuilet
» L Drain water
/| ﬁ "TD@ r/ ¥

3

gZ/ s
Dew meter M”"”%ﬁn '
@v’&:i{b@ %

Venti !mscm tube Drain tank

Flow meter

Fig.3 Diagram showing air-flow paths for the cubicle ventilation and

location of dew meters.
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Difference of dew- °*T
points between supply * [ S e
air and exhaust 0 [ TR T '
(deg) _, L
501
Reactor power 40 F
30L
(MW1) A

Outlet temperature 3°°
of OWL-l primary *%°

main cooler (°C) oor } u u JL__

Date E%3I24l25l26]271281;4l NE 4| 51 6] 7| sl 9ll0llll!2[l3ll4llsil€!

ml

Ll

Fig.4  Operational record of JMTR and OWL-1 loop during the 43rd cycle

operation.

w(t)

Ti{t) ——= g(=z) {2;::Tﬁ’ To(t)

Uit)—= hi(z)

Uz(T) -3 hg(?)

sasce
sone

U,(t) h,(z)

Fig.5 Blockdiagram of dewpoint dynamics in the OWL-1 loop cubicle.
Ti(t) and To(t) indicate dewpoints of supply air and exhaust,
respectively. Um(t) (m=1, 2, ....., ), quantities affecting
the exhaust dewpoint other than that of the supply air. g(t)
and hm(t) represent dynamic characteristics between variables
respectively concerned. W(t) is an independent random disturbance

to the exhaust dewpoint.
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Fig.7 Power spectral densities of dewpoint signals for the supply air

and exhaust.
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Fig.8 Step response of the exhaust dewpoint to a step input of the supply
dewpoint based on the identified model (Case 1),
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Fig.9 Frequency response of the exhaust dewpoint to variations of the

supply dewpoint based on the identified models (Case 1 and Case 2).
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.............. Estimaied

0.319
Exhaust dewpoint
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Case-a
O T T 6 8 10 12 (hour)
0.277f
Case-b 0
L0 V- 4 ST WY TS MR TR WY SR YOS SO YA WU S
0 2 4 6 8 10 {2 (hour)

Fig.10 Typical example of the exhaust dewpoint estimation based on an
identified dewpoint dynamics model. In the Case~(a), estimates
follow quite well the raw measurement data in a sense of mean

value. Case-(b) indicates that the estimates are slightly

higher than the measurement values.
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Fig.ll Evaluation of signal power contribution ratio based on an identified

dewpoint dynamics model.
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