Note to Reviewers of this Document

This draft of a new protocol describes the general concepts of how we think that an evaluation of a vacuum interstitial monitoring system could be conducted.  It is not meant to be a complete protocol yet, but most of the technical details are there.  If anyone who reviews this feels that it needs to include some additional testing or that any of the concepts are incorrect now would be a good time to let us know.  If you do not have time or interest in reviewing this document, do not feel that you need to respond.  

After this opportunity for comment has been completed (by around May 7) we will polish it up, add a cover and some disclaimers, thank those who contributed, and send it to Jack Quigley for peer review.  If any of you know anyone who might be willing to serve as a reviewer, either for low pay or no pay, let us know.  Vendors are welcome to review and comment on the protocol.  The peer review should probably be conducted by persons with no vested interest in the testing.  Peer reviewers should have some expertise with vacuum testing and leak detection if possible.

Proposed Method for Testing Vacuum Interstitial Monitors

Background


Several vendors are marketing leak detection systems for testing the interstice of a double wall tank using vacuum monitoring methods.  In general, these measure the decay rate over a period of time, usually dependent on the volume of the interstice.


The procedures for testing these devices have not been well defined and have varied some depending of the requirements of the manufacturer of the equipment.  This document is intended to provide some specific guidance as to how these tests should be conducted.  The testing has been limited to laboratory tests since it is usually impractical to contaminate the interstice of a real tank.  A further assumption is that the time to alarm is a direct function of the interstitial volume.  All of the testing is conducted on a standard five-gallon test chamber with the results scaled to other interstitial volumes.


Since most vendors have different requirements for testing, it has not been possible to develop a standard set of test curves for vacuum decay.  Variables include the initial vacuum, the vacuum change, and the time interval allowed for the change.  The testing is also complicated by the fact that the volatility of the liquid leaked into the test chamber an important variable.  The volatility of the fuel is a function of the temperature.

Objectives


The objective of this testing is to determine the length of time required to detect a leak of 0.1 gal/h into the interstitial space of a double wall tank.  This will be accomplished by conducting multiple testing using different fluids including air, gasoline and diesel fuel.

Safety


Working with flammable vapors can be very dangerous.  All of the equipment used to test an interstice should be explosion proof.  A venturi should be used to evacuate the interstice if at all possible.  The vapors should be exhausted well away from any ignition source.  It may be possible in some instances to suck liquid fuel into the pump.  This can result in a very explosive condition.  All applicable OSHA or other regulations for the use of explosive materials should be followed.

Application


This procedure can be used to test vacuum monitoring systems that are applied to double wall tanks.  The method can be applied to methods intended for permanent installation that provide continuous monitoring or to methods that are used to conduct periodic tests.  Permanent installations may be limited for some types of tanks due to non-leak factors that could affect the vacuum over extended time periods.  A different test method is required for periodic testing.  This is because the vacuum behavior of an interstice containing liquid is different than that for a tight interstice.


The protocol has been presented in three parts.  Part 1 describes the general test procedures that apply to both continuous and periodic test methods.  Part 2. applies to methods that monitor the vacuum continuously over long periods of time.  These methods may or may not have automated vacuum pumps to maintain or restore the vacuum when necessary.  They detect the onset of a new leak.  Part 3 describes the procedures for the periodic testing of the interstice.  If a leak develops between tests liquid may have leaked into the interstice between tests of which the tester is not aware.  In these cases the behavior of the vacuum is altered from that which is expected immediately following a new leak.  A different evaluation procedure is needed, although the test equipment is nearly the same for these cases requiring somewhat different test procedures.

Part 1.  Equipment and General Testing Procedures

Test Equipment.  


Test Cell

A suitable test chamber must be provided for the testing.  The volume should be large enough that tests can be conducted over a reasonable period of time.  A test cell with a volume of 5 gallons has been used for this purpose in the past.  Test times have ranged from a few minutes with air or volatile liquid leaks to several hours for nonvolatile liquids such as water or diesel fuel.


The test chamber must be of sufficient strength to withstand high vacuum conditions of more than 28 inches of Hg.  It must also be constructed so that it can be easily cleaned between tests.  This is important because traces of fuel or water left in the test cell can adversely affect the test results. It must be equipped sufficient connections to allow for the measurement of temperature, pressure and have connections to the vacuum pump.


Leak Simulation.

To standardize the testing process, it is necessary to establish a reference conditions for simulating a leak.  This is because the test conditions vary widely and the vacuum changes significantly during the testing.  It is insufficient to specify that a leak of 0.1 gal/h must be detected without also providing the conditions under which the leak is occurring.  Leaks for this type of testing have been simulated in the past by using an orifice or flow meter set to leak at a rate of 0.1 gal/hr with a 48-inch head using #2 diesel fuel.  This produces a pressure of approximately 1.5 psig at the orifice.  This was based on mimicking a leak at the bottom of an 8 ft diameter tank, 50% full, containing diesel fuel.  Other reference values could be used but the conditions for the leak should also be provided.


A test stand should be set up to produce the reference pressure of 1.5 psig.  An easy way to do this is to construct a test stand that provides a 48 in high fuel column to which the orifice or flow device is connected.  The volume of fluid through the orifice can then be measured directly using a graduated cylinder or balance and a stopwatch.  Although it is not necessary to have a flow meter, it is helpful to have some visual indication of the flow rate so that it is easy to determine if the orifice has become plugged during the testing.  It is also useful to determine the flow characteristics of the orifice over the range of the test conditions.  This can be accomplished is done by attaching the flow device that has been set to 0.1 gal/h to the test chamber and varying the vacuum over the expected test conditions.  This will allow the tester to determine that the leak is proper during the changing vacuum conditions during the test.


To prevent the orifice from plugging, it is necessary to filter the fuel before it gets to the orifice.  If a filter is used it is important that it be large enough that the flow through the orifice is not altered by the capacity of the filter.  This is particularly important if small micron filters are used.


Several types of flow controllers can be used.  These include an actual orifice produced by drilling a small hole in a metal disk or plug.  This is somewhat difficult to do, although very small orifices can be purchased from several sources.  The problem with an actual orifice is that they tend to plug very easily during the testing.  Other alternatives include the use of long capillary tubes.  These are large enough in diameter that they do not readily plug.  The length can be adjusted to provide the desired flow rate.  They are calibrated in the same way as other orifices.  A third alternative is to use a precision needle valve and a rotameter.   Care must be taken not to change the needle valve once the calibration is completed.  A flow vs. vacuum calibration curve is a necessity for these devices since they are subject to change during setup and operation.


Test Conditions.

The test conditions have been limited in the past to room temperature.  This is because the test times for most sizes of tanks are very short when compared to the time allowed for monthly monitoring. (up to 30 days)  Volatile fuels such as gasoline produce an alarm within a few minutes on a five-gallon test cell.  Under warmer conditions the times will become shorter. Under colder conditions the tests will lengthen.  For nonvolatile liquids such as water, the changes in vapor pressure are small for conditions where the temperature remains below 100 deg F.  Changes in vacuum are produced largely by displacement of the available volume, which is not a temperature dependent process.  

Temperature effects can be measured by placing a small amount of fuel in the test cell and varying the temperature over the range of temperatures that might reasonably be expected for an underground tank.  It is relatively easy to cool the chamber to 32 deg F using an ice bath.  Temperatures can also be easily raised to 110 to 120 deg F.  The liquid should be introduced into the test chamber under the average vacuum conditions of the test.  The vacuum and temperature can then be monitored while the temperature is slowly changed from 32 deg to the upper limit.  The boiling point of the liquid should not be exceeded.  The data can be either logged manually or by using a data acquisition system.

Temperature Control During Testing

The temperature of the test cell can be controlled by installing the test cell in an environmental chamber or a water bath that is thermostatically controlled.   A low temperature of around 32 deg F can be easily maintained by a water/ice bath where the sufficient ice is present to prevent warming of the water.  Temperatures above room temperature can be attained by using a small heater and a thermostat to shut of the heat when the proper temperature is reached.  If a water bath is used, It is important to provide mixing of the water during the heating and testing phases of the test.

Data Acquisition

It is useful to collect several types of information during the testing.  The best method for achieving this is to use automated data acquisition equipment, particularly for longer tests.  The following parameters should be logged.

1. Time to alarm.  This should be recorded for each alarm level if multiple alarms are available.

2. Leak Rate.  The leak rate can be monitored by weighing the liquid removed from a reservoir as it goes into the test cell.  This data can also be used to determine the total amount of fluid leaked into the test cell.  Data should be logged at appropriate intervals during the tests. 

3. Vacuum.  Logging of the vacuum can used to determine the time to various vacuum levels.  This can be useful in determining the effect of a change in test time or in resetting the alarm levels to produce a more efficient test.

4. The use of a video camera can also be useful in recording data when the test operator is not present to record the vacuum and alarm time.

Reporting


A report must be prepared in a format suitable for regulatory review.  It should include a narrative description of the test procedures, the results of the evaluation, and an application of the results to the field-testing.  The test data should be provided in an appendix or a second volume.  This data should be adequately annotated so that reviewers can understand how it fits into testing process.  Aborted tests should be listed with a reason as to why they were not included in the evaluation.

Part 2.  Evaluation Procedures for Continuous Monitoring Methods

Detailed Test Procedure for Permanently Installed Continuous Monitor


The test procedure to be used is as follows:

1. Install the leak detection equipment on the test cell in the same manner as it would be attached to the interstice of a double wall tank.

2. Thermostat the tank if the temperature is to be any different than the normal room temperature.  Abnormally high or low temperatures should be avoided for the test.  In all cases, the temperature should remain constant within 2 deg F during each test.

3. Establish the vacuum at the initial level prescribed by the vendor.

4. Monitor the vacuum to be sure that the test cell and all fittings are tight.  Any drift in the vacuum should be investigated to determine if there is a leak or if contamination is present in the test cell.  The testing cannot be conducted until the test apparatus is shown to be leak free.

5. Once the baseline is established, the leak is initiated and the time recorded.  The leak is allowed to continue until all alarms have occurred.  The time and vacuum at each alarm should be recorded.

6. At the end of each test, the test cell must be thoroughly cleaned and reassembled for the next test.

7. A total of six tests are to be conducted for each liquid.  If multiple temperatures are required, six tests must be conducted at each temperature for each liquid.

The test matrix in Table 1 should be used for a single temperature evaluation.  The same matrix can also be used for other temperatures by repeating the process.

Table 1.  Test Matrix for Single Temperature

	Test No.
	Fluid
	Temperature*

	1
	Diesel
	T1, T2, or T3

	2
	Diesel
	Nominal 70 – 80 Deg F

	3
	Diesel
	Nominal 70 – 80 Deg F

	4
	Diesel
	Nominal 70 – 80 Deg F

	5
	Diesel
	Nominal 70 – 80 Deg F

	6
	Diesel
	Nominal 70 – 80 Deg F

	7
	Gasoline
	Nominal 70 – 80 Deg F

	8
	Gasoline
	Nominal 70 – 80 Deg F

	9
	Gasoline
	Nominal 70 – 80 Deg F

	10
	Gasoline
	Nominal 70 – 80 Deg F

	11
	Gasoline
	Nominal 70 – 80 Deg F

	12
	Gasoline
	Nominal 70 – 80 Deg F

	13
	Air
	Nominal 70 – 80 Deg F

	14
	Air
	Nominal 70 – 80 Deg F

	15
	Air
	Nominal 70 – 80 Deg F

	16
	Air
	Nominal 70 – 80 Deg F

	17
	Air
	Nominal 70 – 80 Deg F

	18
	Air
	Nominal 70 – 80 Deg F


Nominal Temperatures are as follows:

  T1 = 32 Deg F

  T2  = 70 – 80 deg F

  T3 = 100 deg F

The order of the product type is not particularly important, but by conducting all of the tests for one fluid together the necessity for changing the leak simulation equipment from one fluid to another is minimized. 

Statistical Analysis

The statistical analysis uses the same basic equations as are described in the ATGS protocol for the water sensors.  The time to alarm is obtained from the calculations.  The use of automatic calculations in data spread sheets is the easiest way to complete the calculations.

1. Calculate the average test time for each of the six tests for each fluid.

2. Calculate the standard deviation for each group of six tests.

3. Calculate the upper tolerance limit for 95% coverage with a tolerance coefficient of 95% using the equation

TL = X + K*SD

where TL is the threshold test time, X is the average time, and K is the tolerance coefficient for a one-sided normal tolerance interval with a 95% probability level and a 95% coverage for a sample size of six. 

4. This is the time required for the detection of a 0.1 gal/h leak with a PD of 95% using the five gallon test cell.

5. The test time for other interstitial volumes is calculated from the equation

New Time = Old Time *(New Volume/5 gallons)


A table presenting these results can be prepared listing each model and size of tank, its interstitial volume and test time.  Conversely, the vendor may opt to test all tanks using an inclusive test time.

System Limitations


Long term monitoring only works when the interstice is completely tight and there is no permeation through either wall or out gassing of volatile fumes from the tank construction material.  Steel tanks present the least problems of this type.  Fiberglass or other plastic materials may not be suitable for long term monitoring unless some mechanism is provided for periodically restoring the vacuum. 

Part 3.  Periodic Methods


Methods that are used to test the interstice periodically must be designed to take into account that liquid may have leaked into the interstice between tests.  This liquid could be either the result of a water leak through the outer wall or a product leak through the inner wall.  In some instances, the effects of the presence of this liquid can alter the test times and conclusions over those obtained from a clean, dry environment.

Detailed Test Procedure for Periodic Testing


The test procedure to be used is as follows:

1. Install the leak detection equipment on the test cell in the same manner as it would be attached to the interstice of a double wall tank.

2. Thermostat the test cell if the temperature is to be any different than the normal room temperature.  Abnormally high or low temperatures should be avoided for the test.  In all cases, the temperature should remain constant within 2 deg F during each test.

3. Establish the vacuum at the initial level prescribed by the vendor.

4. Monitor the vacuum to be sure that the test cell and all fittings are tight.  Any drift in the vacuum should be investigated to determine if there is a leak or if contamination is present in the test cell.  The testing cannot be conducted until the test apparatus is shown to be leak free.

5. Once the baseline is established, the leak is initiated and the time recorded.  The leak is allowed to continue until all alarms have occurred.  The time and vacuum at each alarm should be recorded.  The leak remains in place during the remainder of the test.

6. Once the alarm has occurred, the tank is then reevacuated with liquid present in the test cell and the leak still active.  Note:  This can be a dangerous process if highly flammable vapors are exhausted.  All equipment must be either intrinsically safe or explosion proof.

7. The evacuation continues until the vacuum is returned to its normal initial value if possible.  If the initial vacuum cannot be reestablished, the tank should be considered leaking and further investigation conducted.

8. If the vacuum is reestablished, the test continues by monitoring the vacuum decay over time.  The time to reach alarm is monitored and recorded again.

9. Steps 6 through 8 are repeated at least 6 times for each liquid. or until the test cell is too full for further evacuation or around 90% full

10. The test times for each evacuation are noted and the vendor is required to have a field test procedure that will differentiate between a tight interstice and a leak.

The test matrix in Table 1 can be used for a single temperature evaluation.  Testing should be conducted a low temperature to provide the worst-case conditions.  Since the test occurs over a short time, changes in the tank temperature will be minimal.

Table 1.  Test Matrix for Single Temperature

	Test No.
	Fluid

	1
	Diesel

	2
	Diesel

	3
	Diesel

	4
	Diesel

	5
	Diesel

	6
	Diesel

	7
	Gasoline

	8
	Gasoline

	9
	Gasoline

	10
	Gasoline

	11
	Gasoline

	12
	Gasoline

	13
	Air

	14
	Air

	15
	Air

	16
	Air

	17
	Air

	18
	Air


The order of the product type is not particularly important, but by conducting all of the tests for one fluid together the necessity for changing the leak simulation equipment from one fluid to another is minimized. 

Statistical Analysis

The statistical analysis uses the same basic equations as are described in the ATGS protocol for the water sensors.  The time to alarm is obtained from the calculations.  The use of automatic calculations in data spread sheets is the easiest way to complete the calculations.

1. Calculate the average test time for each of the six tests for each fluid.

2. Calculate the standard deviation for each group of six tests.

3. Calculate the upper tolerance limit for 95% coverage with a tolerance coefficient of 95% using the equation

TL = X + K*SD

where TL is the threshold test time, X is the average time, and K is the tolerance coefficient for a one-sided normal tolerance interval with a 95% probability level and a 95% coverage for a sample size of six. 

4. This is the time required for the detection of a 0.1 gal/h leak with a PD of 95% using the five-gallon test cell.

5. The test time for other interstitial volumes is calculated from the equation

New Time = Old Time *(New Volume / Test Cell Volume)


A table presenting these results can be prepared listing each model and size of tank, its interstitial volume and test time.  Conversely, the vendor may opt to test all tanks using an inclusive test time.

System Limitations


Short term periodic testing can be applied to any tank.  Since the test times are relatively short, the effects of permeation or out gassing are minimized.  Fiberglass or jacketed tanks may show a very slow vacuum decay over a period of several hours even if the tank is tight.  This slow decay should be ignored as it is much less than that produced by a leak of 0.1 gal/h.

