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A sealing function of transport and/or storage casks of radioactive materials such as spent fuels is 
essential to prevent radioactive materials from being released excessively into the environment The 
sealing function of a transport cask is inspected at shipment, and the release rate of radioactive ma
terials into environment is evaluated based on the correlation specified in ANSI N 14.5 1987 (ANSI 
1987}. The inspection and evaluation methods on the leakage rate of gas from a cask is being stan
dardized by the International Organi7lltion for Standardization 

Reprocessing the spent fuels and l&lge of plutoniwn are the national policy of nuclear energy in 
Japm. Ho~. the interim storage of the spent fuels may be an alternative oJXjon for continuously 
smooth operation oflight Wclter reactors because of world-wide public opinion against the utiliza
tion of plutoniwn, and for a dry storage system such as a storage cask, monitoring the sealing func. 
tion is essential from safety point of view. 

Release of radioactive materials from a transport cask is eval uat.ed from a diameter and length of 
the leak pith obtained from gas leakage rate measured in a pre-shipment test Gas pressure decrease 
or increase method is usually applied for the test In this test, a pressure change rate in a~ be
tween double O-rin~ is measured by a pressw-e transducer. If the pre-shipment test is carried out 
under choked flow conditions specified in ANSI N 14.5 1987, the leak JlUh diameter evaluated for a 
choked flow is one order less than that evaluated for a laminar flow. However, the evaluation 
method of gas leakage discussed at the ISO has deleted the conce}X of choked flow. Aritomi et al. 
( 1993,1994} also indicated that a consideration for a choked flow is not necessary for the gas leak
S!,"e rate of 104 to 10·2 cmJ/s through the leak pith whose length is 3 mm to 10 mm, COrresJX>nding 
to an 0-ring thickness. In addition, since the weight of cask is mostly about 100 tons and its thermal 
~ity is so large, it takes a significantly long time to reach the thermal equilibriwn. And the tem
perature of the cask is rising during the test Moreover, the change in an ambient ternperatw"e, 
which varies in a day or in a year, affects the temperature of the cask. For these reasons, the le3kab'e 
rate is often overestimated even for a high leaktight cask 

Provided that the COrlCeJX of choked flow is not ~ to the leakage rate evaluation, the criteria 
of pre-shipment test should be severer, because the leak path diameter which is evaluated for a 
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laminar flow is larger than that evaluated for a choked flow for a same leakage rate. As a result, it is 
required for the pre-shipment test to measure much smaller leakage rate. The conventional measur
ing system used for the pre-shiJ:ment test can measure the required leakage rate but is not paetical 
for the actuaJ transport beaulc;e the period required for the measurement is too long. To cope with 
the revised evaluation method described above, it is required to develop a new leakage rate measur
ing system with high accwacy and reasonable measuring time. 

The shipping casks are often stored in the telnJX>I3IY cask-storage fucility before shipnent. When 
the pre-shipment test is carried out at the facility, the shortening the measuring time is not ahw.ys 
required but measuring at many points simultaneously is usually required In the interim &Drage 
facility, multiple casks are monitored their containment functiom for a long storage period, am the 
method for monitoring many points for a long period is required for such fucility. 

The Research Laboratory for Nuclear Reactors of Tokyo Institute ofTechnology is developing 
various kinds of small ~ leakage rate measuring systems in cooperation with Hitachi Zosen Cor
poration and Tsukasa Sokk.en Corporation One of them is to measure~ leakage rates directly and 
is called "flow measuring system" in this woik. The other is to measure the p-essure decreasing rate 
induced by the leakage and is called " p-essure decreasing rate measuring system". The former is 
developed for the pre-shipment test for transport casks which can measure ~ leakage rate of l 04 

to 1 o·1 cm3 /s with high accw-acy. The latter, which can monitor the pressure change at many points, 
is developed to apply to the ~pment test for several casks or monitor JRSSllre changes in the 
containment botmdaries of storage casks. 

In this study, ~ and results of calibration for both "flow measuring system" and "pressure 
decreasing rate measuring system" are reported The measuring range of both systems is l 04 to 1 o·l 

J l 
Cffi 1S .. 

REQUIREMENTS FOR SMALL GAS LEAKAGE MEASURING SYSTEM 

If the choked flow is not applied to the gas leakage evaluation method, the criteria for the pre
shiJ:ment test will be one order smalJer .and, in a severer case, the leakage rate in the order of I 04 

cm3/s will be required 

The volume of the SfECe between double~ of the cask with measuring line usually will be 
several huOOred cubic an The leakage during a reasonable measuring period is so small that the 
pressure in the measuring volume changes slightly. Suppooe that the criteria ofleakage rate at 

shipment test is 5 X I 04 cm3/s, the measwing volwne is 300 cm3 in standard condition, and the 
measwing time is 15 minutes. It is calculated from these requirements that the resolution of the 
transducer should be less than 150 Pa, which requires an accmacy of + o.o 15% taking into consid
eration a reading error in practical me&urement. 

CONCEYf OF SMAIL GAS lEAKAGE MEASURING SYSTEM. 

Flow Metillring System. 
A concept of a flow measwing system is shown in Figure I. The system consists of a rneasw-ement 
JlU1, a c.orNant JRSSUre supply system, therJoo.couples for measuring temperatw"e in the SJB:e 
between the double 0-~ and the personal computer for data acquisition and J:roeeSSing. The 
measurement ~ is composed of a semor made of a capillary tube, a digital quartz differential 
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pressure transducer with high accuracy (full scale: 0.2 MPa, resolution: IPa, accwacy: + 0.005%) to 
measure the differential ~ between the inlet and outlet of the capillary, a pressure transducer 
with high accuracy (full scale: 0.7 MPa, resolution: IOPa, accuracy: + 0.005%) to measure pressure 
of the upper stream of the capilhuy, am thermo-couples to measure the temperatures ofboth the 
u~ and downstream of the capillary. There is a byJms line which is puallel to the measuring 
put to equalize the pressure in the splCe between the double 0-rings with the OOck pressure of the 
measwement put . 

After equalizing the pressures of the SJllCe with the back pressure of the leakage measurement JlU1, 
the byfllSS line is closed, and the difterential press~ of capillary, pressure of the~ and 
temperatures of both the tqmearr1 and downstream are measured If the gas leakage rate ofO-rings 
exceeds 1 o·2 cm.l/s, the UJErean1 pressure decreases, and the sealing function is judged to be lJllaC. 

ceptable. For the leakage rates of 104 to I o·2 cm.l/s, it can be measured through the capillary tube. 
On the other hand. for the leakage rate lower than 104 cm3 /s, the measurement accuracy might ex
ceed 0.5%, but the sealing fi.mction can be ensw-ed 

It \WS conclOOed from our previous "OOJks that the gas leakage rate of 104 to I o·2 cm3 /scan be 
evaluated by the fiiction loss of laminar flow with gas e~on as the foLlowing correlation: 

/, = 7i( pu 2 - P/) ( D4) 
u 256j.d~ a ' ( I) 

where L" is volwnetric leakage rate, P.. and P d are the up;tream and downstream pressures, J.L 

is viscosity, and D and a are a capillary diameter and length. (D4/a) is the sensor coefficient and is 
calibrated before measurement as mentioned later. Since the change in temperature in the ~ 
between double~ induces a p-essure change, the pressure is compensated by the personal 
computer using the temperatures measured simultaneously. 

Pressure DecrtMing Rate Measuring System 
Sometimes several tl'ampOrt casks are tem]XnlJy stored in a cask storage tacility before their ship
ment, where the system which can ~the leakage rates of casks simultaneously is required 
Moreover, storage casks are requested during a interim storage period of20 to 40 years to monitor 
their containment functions. In these cases, a monitoring system, which can meas~ the leakage 
rate of multiple JX>ints of the casks simultaneously, is required 

In this work, a system as shown in Figure 2 is proposed to m~ the pressure at multiple JX>ints 
simultaneously. The system has an NO converter with a scanner to acclDllulate signals from sen
sors by scanning. Generally speaking, the zero point and gain of the pressure transducer is drifted by 
the change of temperature. To avoid the drift, a cti.ffmion type pressure tmnsducer with a JX>Iysili
cone strain~ is adoJted for the measwing system To remove the drift of a DC amplifier, no 
amplifier is used, but the signal is directly accumulated to the personal computer through an NO 
converter. The pressure transducer achieved a 600,00>-hour MTBF (Mean Time Between Fail~) 

in the continuous usage at 85"C. 

The change in the pressure induced by the change in the temperature is compemated by the follow
ing formulas. 
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(2) 

(3) 

where G is a mass leakage rate, Vis a volume of tank for calibration, P means pressure, T means 
temperature, p is density, R means the gas constant, o t is measuring period, and Slblcrips 1 
and 2 mean beginning and end of measurement The volumetric gas leakage rate for the ~n 
condition, ~ is: 

/, = 2V(~ I 7;- P2 I I;) (4) 
II li( ~ I 7; + p2 I I;) ' 

In this system. the estimated total accuracy is +0.25% including linearity of the sensor and the drift 
with a change in temperature of -20 "C to sot. 

CALIBRATION AND ADAPTABILI1Y FOR FLOW MEASURING SYS'IEM 

Apparatus and Method for Calibration 
The characteristic value of the capillary tube (D 41a), which is the coefficient of the sensor of the 
measuring system, WclS calibrated using the experimental appumus shown in Figure 3 which was 
composed of a test tank, a pessure measuring put, a temperature control put, a vacuum pump and 
a gas feeder. The ~ed information of the test tank is shown in Figure 4. A rressure measure
ment line, a test gas feeder and vacuum lines , and a flange to install the capillaiy tube were attached 
on the upper plate of the test tank.~ made ofViton were used for sealing of the flange. The 
volume of the tank incltding pessure measurement lines WclS 459.6cm3 with enor of + 0.5%. The 
gas leakage rate was caJculated from the pressure change in the tank during measuring period 
whose measuring enor was less than + 0.5%. 

The decreasing rate of the pessure in the tank was measured by a digital quartz p-essure tnmsdocer 
with very high accuracy (fulJ range ofO. 7MPa and resolution of lPa), and the 00ck pressure, wruch 
was atmospheric, was measlD'ed with another digital quartz pressme transducer (full range of 
1.4.MPa and resolution of 1 OPa). The measurement error was within 0.005% as long as they were 
calibrated once a year. The accuracy of this measurement method was confinned for the actual 
volume measuring system with gas for plutoniwn nitmte solution From such a countermeasure, 
total measurement error of within +;20/o was obtained 

In the case of the leakage rate measurement for the range of 104 to 1 o-2 cm3 Is, the change in tem

perature induces a significant measuring error as follows: 

PV=nRT, 
8PV = nRol', 
8P 8T 
-=-p 7' 

(5) 

(6) 

(7) 

As the measurement is canierl out at 3001<, temperature change of 1 K irx.iuces pressure change of 
1!300. Therefore, the test tank was installed in a isothermal bath filled with Wclter, and the whole 
experimental apJmatus was set in a room at a constant temperature. The temperature change in the 
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test tank could be controlled within 0.1 K. The measurements were carried out several times. and 
the averaged value was aOOJ:ied as the leakage rate. 

Pressure boundaries of the experimental appuatus consists ofv.eld, fittings. and valves. Back
ground leakage rate of the system should be two order less than the measured value. Especially for 
the leakage rateofl04 cm.l/s, it should be less than 10-()cmJ/s. In a pressure measurement line, both 
a bellows seal valve and a stop valve were installed to minimize the leakage from the experimental 
apJmat\JS. After pressurized gas was filled in the tank with all valves closed except the valves in 
measwing line, it was confinned that the leakage rate is less than IO.()cm3/safter72 h<>lm; (259,200 
second). 

After attaching the capillary to the measurement tank. gas was filled into the tank. and its pressure 
was regulated to a desired value. Leaving the system until the temperature became constant over 
several hoi.D"S, a leakage rate from a capillary (sensor) was oblaiood by measuring JreSSUre deJcreas.. 
ing rate in the tank When gas excq:t air was used as working fluid, the system was replaced with 
\\-Oricing gas three times. 

Resuhs of Calibration 
lne coefficient of the sensor was measured using air, helium, argon, and nitrogen in rather high 
pressure difference coo:fiti~ that is, at the high flow rate to obtain the high accuracy value. Meas
ured results are shown in Figure 5. It is seen from the figure that the sensor coefficient is 
3.050 X 10·17 m3

. It should be clearly noted that one working gas is enough to detennine the coeffi
cient. The adaptability of the sensor was examined using air as shown in Figure 6. It is confinned 
from the fibJUre that gas leakage rates of 104 to 10.2cm3/s can be measured with the accuracy of 
+ 0.2%. The wider measurement range of flow rates can be achieved, provided that lower accuracy 
is permitted 

CAUBRA TION AND ADAPTABILITY FOR PRESSURE DECREASING RATE 
MEASlfRING SYSTEM 

A diffusion type JRSSUre sensor with a JX>lysilicone strain ~ was used which has superior tem
perature characteristics up to 85"C and has accuracy and stability for long measuring period The 
temperature characteristic and measuring accuracy were examined in this \Wik. The results of cali
bration of the transdocer as the relative error to the full scale of pressure are shown in Figure 7. 

Generally speaking, zero JX>int and gain of pressure transducer V3I)' with the change in an ambient 
temperature. The transducer has a function to ensure this temperature drift To ensure this function, 
the temperature dependency was measured in the :range of -20°C to 80"C at 600 kPa abs. The ~ 
suits are shown in Figure 8, which indicates that the function of the transducer is satisfilctoxy. The 
temperature drift of the pessure transducer against the several working pressures were also meas
ured, and the results are shown in Figure 9. It can be seen from the figure that the measurement 
enurs were within + 0.25%, which is within the target From these results, reprodoobility, linearity, 
and temperature characteristic of the sensor were extensively evaluated, and it was confinned that 
the sensor bas sufficient accuracy at the temperature range of -20"C to sot. 

CONCLUSIONS 

The flow measuring systems v.ere developed to measure a small gas leakage rate of 104 to 1 o·Z 
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em%, which is required for the sealing perfonnance of the casks for a pre-shipment test It was 
darified fmm this work that the l~ge rate could he measured fc>r tht: desired p!riod with there
quired accuracy. ln addition to the f1ow mc!aSuring ~-ystems, the pressure dt!Creasing rate measuring 
system WdS developed to measure ~ leakab>e rate simultaneously at several points of a transport 
cask at the pre-shipment rest and to monitor the containment fimctions at multiple points ofstOfab'l:! 
casks. It was clarified rrom this work that the pressure decrea<;ing could he detected with an accu
racy of + 0.25% at the temperature ranb>e of -20"C to 80'C. 
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