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Abstract - HVAC equipment, gloveboxes, and other 
types of enclosures are required to meet rigid well- 
defined leak rates when they are to be installed in a 
nuclear faciliv. This paper describes two implemen- 
tations of an instrumentation system that is used to 
test leak rates on heating, ventilation, and air condi- 
tioning (HVAC) plenums, gloveboxes, and experi- 
mental chambers, etc. One of the implementations 
used a programmable logic controller (PLC). The 
other used what is probably a simpler system based 
on FIexNelo modules. The emphasis on both sys- 
tems was on automatic data collection, automatic 
report generation, and validation of the test results 
to ERDA 76-21 and ASME-N510. The data are col- 
lected using input modules connected to the PLC in 
one case. In the other case the data are collected 
using the FlexNem modules. In both cases, the data 
are stored and the reports are generated in a 
spreadsheet. 

I. INTRODUCTION 

Los Alamos National Laboratory is located in northern 
New Mexico. The only operational plutonium facility in 
the United States is located at this laboratory. As a 
nuclear facility, the operations are performed under strin- 
gent requirements from the Department of Energy 
DOE), the Defense Nuclear Facility Safety Board 
(DNFSB) and other regulatory bodies. One of the main 
thrusts of the requirements is to ensure safety of the 
public and the workers. 

A requirement that comes up often is to test various 
enclosures for leaks. These tests have typically been 
performed by using meters (pressure and temperature 
and a stopwatch) and by recording the information in a 
log book or data sheet. This report presents two imple- 
mentations of a small instrumentation system that will 

automate the measurement process and standardize 
the calculations and presentation of the results. 

II. THEORY 

The leak rate is calculated from the following equation 
that is extracted from [l]. 

where 
Q = average leak rate, SCFM 
V =  volume within test boundary, 6 
Pi = initial pressure within test boundary lb/ft2 ABS 
f f= final pressure within test boundary Ib/ft2 ABS 
Ti = initial temperature within test boundary O R  

Tf= final temperature within test boundary O R  

ti = time at start of test, min 
t f= time at end of test, min 
R = gas content for air = 53.35 ft IbAb OR. 

A t =  tf- ti 

This equation shows that the pressure, temperature, 
and time must be measured to determine the leak rate. 
In addition, the volume of the test enclosure must be 
either calculated or measured. 

Ill. EXPERIMENTAL SETUP 

A. Hardware 

7) Volume Under Test: Three different items have been 
leak-tested to date with the systems described here. Two 
of the items were HVAC plenums (Fig. l), and the other 
was a room that spanned two stories in the facility. In the 
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Fig. 1. HVAC Plenum. 

future we plan to use this process to measure leaks in 
gloveboxes (Fig. 2). The important factor here is that the 
measurement system must go to the volume and not the 
volume to the measurement device. 

Fittings are installed in the envelope of the volume for 
attaching the sensors and the vacuum or pressure 
equipment. Usually a compression fitting is used for 
installing a resistance temperature device (RTD) or a 
thermocouple. Hose barbs are usually installed for 
attaching the pressure sensors and the pumps used for 
pressurizing or evacuating the volume. 

2) Programmable Logic Controller (PLC) System: The 
programmable logic controller (PLC) system (Fig. 3) 
consists of a PLC, power supply, analog input module, 
and a discrete input switch module. The discrete input 
switch module is used to switch between the different 
functions in the ladder logic program. Inputs come from 
pressure and temperature sensors. In this system, lad- 
der logic in the PLC is used to set the sample rate and 

Fig. 2. Giovebox. 

Fig. 3. PLC System. 

the experimental parameters. The data and calculations 
are linked to a spreadsheet with a dynamic data 
exchange (DDE) link. 

3) FleXnetO System:This system (Fig. 4) performs the 
same functions as the previous one. The differences are 
in the link between the sensors and the spreadsheet. 
The modules have a much slower response than the 
PLC but are still appropriate for this task. The main dif- 
ference is in the size of the system. The FlexnetO hard- 
ware is very lightweight and can therefore be more 
easily carried to the test location. 

6. Software 

7) PLC System As mentioned earlier, the functionality 
of the PLC system is mostly contained in .the ladder logic 
(see [2]) in the PLC. The calculations are all performed 
and the conduct of the experiment is managed by using 
the ladder logic. For instance, when performing a leak 
test using the pressure decay method, it is required that 

Fig. 4. The FleXnet System. 



data be collected, between two pressures. If the enclo- 
sure is tight, the test can be terminated early before 
decaying to the second pressure. It is not required that 
any data be saved while the volume is being pressur- 
ized. In the PLC, these details are done manually by 
changing the positions of the switches on the discrete 
switch input module. The ladder logic looks for a change 
in switch position to enable data collection. 

2) FIeXnetO System: The FleXnetO system performs 
the same function as the PLC system, but in this case 
the programming is contained in the spreadsheet using 
visual basic for applications (VBA); (see [3]). This soft- 
ware is configured so that the data collection is enabled 
by using the mouse to check a box on the spreadsheet 
instead of looking for a switch change-of-state as in the 
PLC system. 

IV. CONCLUSIONS 

Two different approaches to data collection have been 
presented. Both can use the same sensors, and data 
from both of them can be placed in the same format in a 
spreadsheet. The spreadsheet shown has columns for 
two pressure sensors and two temperature sensors. 

Although data is only shown for one pressure sensor 
and one temperature sensor, the other columns are 
available so that the two sensors can be used and aver- 
aged for more reliable and accurate data.A copy of the 
spreadsheet is shown in the appendix. Both approaches 
are designed to collect data and compute a leak rate 
based on the pressure decay method. Any other appli- 
cation that the reader might envision could be imple- 
mented easily. When the method of reporting is decided, 
the instrumentation can be upgraded without making 
changes to the report. 
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Appendix Sample Spreadsheet 

Pressure Decay Method (PositiveNacuum Test Results-Run 1 for [Device I.D.]) 
Test Performed by: 
Test Evaluated by: 

System Calibration Date: 

1 Test Date: 24-Feb-97 TRUE -* 

I 

Housing Volume1 1 Icu ft 
Housing Area 1 6 lsqt l  

L 

Max Allowable Leakage per ERDA 76-21 0.005 ACFMave 
Max Allowable Leakage per ASME-N510 1.04 ACFMave 


