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FOREWORD

The US Environmental Protection Agency recognizes three distinct ways to prove that a particular vendor or leak detection equipment meets the federal performance standards:

1.
Evaluate the method using EPA's standard test procedures for leak detection equipment;

2.
Evaluate the method using a national voluntary consensus code or standard developed by a nationally recognized association or independent third-party testing laboratory; or,

3.
Evaluate the method using a procedure deemed equivalent to an EPA procedure by a nationally recognized association or independent third-party testing laboratory.

The manufacturer of the leak detection method should prove that the method meets the regulatory performance standards using one of these three approaches.  For regulatory enforcement purposes, each of the approaches is equally satisfactory.
The purpose of this document is to provide the details for an alternative evaluation procedure developed and utilized by Ken Wilcox Associates, Inc.  There are several reasons why it has been necessary to develop these alternative procedures.  These include the following:

1.
Some leak detection systems cannot be evaluated using procedures described in  the EPA Standard Methods for Evaluating Leak Detection Methods.

2.
For some types of equipment (e.g., interstitial monitors) there is no EPA protocol available.

3.
The costs to conduct an evaluation to the exact letter of the an existing EPA protocol may be prohibitive.  Less costly approaches may be available that will meet the requirements for alternative evaluations.

Two important factors have been considered by KWA in developing alternative procedures to meet specialized test requirements:  First, the EPA criteria for alternative test procedures deemed equivalent to EPA's; and second, the guidelines established by the American Society for Testing and Materials (ASTM) in their standard practice 1546E - 1993.  The EPA guidelines are as follows:

Alternative Test Procedures Deemed Equivalent to EPA's

The following general criteria must be met for an alternative procedure to be considered acceptable.

1.
The evaluation tests the system both under the no-leak condition and an induced-leak condition with an induced leak rate as close as possible to (or smaller than) the performance standard.  In the case of ATG systems, for example, this will mean testing under both 0.0 gallon per hour and 0.20 gallon per hour leak rates.  In the case of ground-water monitoring, this will mean testing with a 0.0 and 0.125 inch of free product.

2.
The evaluation should test the system under at least as many different environmental conditions as the corresponding EPA test procedure.

3.
The conditions under which the system is evaluated should be at least as rigorous as the conditions specified in the corresponding EPA test procedure.  For example, in the case of ATGS testing, the test should include a temperature difference between the delivered product and that already present in the tank, as well as the deformation of the tank caused by filling the tank prior to testing.

4.
The evaluation results must contain the same information and should be reported following the same general format as the EPA standard results sheet.

5.
The evaluation of the leak detection method must include physical testing of a full-sized version of the leak detection equipment, and a full disclosure must be made of the experimental conditions under which (1) the evaluation was performed, and (2) the method was recommended for use.  An evaluation based solely on theory or calculation is not sufficient.

National Consensus Code or Standard (ASTM 1526E - 1993)
This ASTM Practice provides general guidelines for performing evaluations on leak detectors designed for use on underground storage tanks.  There are no specific requirements defined such as the number of tests to be conducted or specific variable such as temperature that should be included in the evaluation.   None-the-less, the practice does proved a useful framework for developing alternative techniques.  

Ken Wilcox Associates, Inc. Evaluation Procedures
Ken Wilcox Associates, Inc. is an independent, internationally recognized third-party evaluation laboratory.  The procedures described in this document are based on operating experience, recognized scientific and engineering practices, and the guidelines provided by the EPA and ASTM.  Existing procedures have been adopted when practical.  Alternatives have been developed as necessary to meet the specialized requirements of leak detection systems that are not covered by the existing protocols.  The complete reports include summaries of the test procedures, descriptions of the leak detection systems, and a full disclosure of the test results obtained from the testing.  Questions regarding these procedures should be addressed to Ken Wilcox, President, Ken Wilcox Associates, Inc., (816) 795-7997.
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1.0 INTRODUCTION
1.1 Background

This document provides procedures that may be used to conduct leak detection tests on systems that are designed to detect leaks in dispenser sumps and turbine pits.  The capacity of these sumps is generally of the order of a few hundred gallons.   Since there is no official protocol for testing these sumps, it has been necessary to develop an alternate protocol, incorporating as many of the features as possible from the EPA protocols for evaluating leak detectors for smaller tanks.  The primary motivation for this protocol is to provide an independent evaluation of methods developed specifically to meet the requirements of California SB 989 for determining the tightness of sumps.

1.2 Applicability

This protocol is intended to be applied to methods that test under dispenser sumps, STP sumps and other containment vessels that may be temporarily filled with water for testing.  The protocol does not define the performance necessary to achieve regulatory compliance. It does provide data necessary for calculating the minimum level change that can be detected with a probability of 95% or greater and the maximum leak that can exist for a 5% false alarm rate. The issue of compliance is left to the cognizant regulatory agency. Persons using this protocol should check with the appropriate agency to determine if the method is satisfactory.

2.0  GENERAL APPROACH
In general, the procedures described in this document are those contained in the EPA protocols for the determination of water level monitoring equipment included with all automatic tank gauging systems
.  The test procedure requires that the level sensor be tested by installing the leak detection system in a test cell or actual operating sump and conducting a minimum of 50 water level increments.  The results are used to determine the minimum detectable level change (MDL) that can be detected by the test system with a probability of 95% or greater. The procedures to convert level change into gallons are also provided.

3.0  Secondary Containment Vessels
The evaluation may be conducted on a laboratory test cell or on an operating sump as long as the sump can be taken out of service for the time necessary to conduct the testing.  Actual containment sumps used in the evaluation must be known to be tight and not have a history of problems. 

4.0 LEAK SIMULATION EQUIPMENT

The evaluation equipment consists of a test cell, a pump or other means of removing liquid from the test cell, and a method of accurately determining the volume of water removed during each increment.  The test cell volume to level ration must be determined for each set of equipment evaluated.

Determination of the volume to level ratio is accomplished by removing a relatively large volume of water sufficient to change the level by a minimum of one inch.  The volume to level ration (ml/in) is used to determine the actual level change during each incremental volume removal.

A small pump may or other device capable of removed small volumes of water may be used.  The water removed can be measured using a burette with a minimum volume graduation of 0.2 ml.  The volume should be recorded to the nearest 0.1 ml.  Gravimetric methods may also be used by weighing the water removed.  A balance with a resolution of 0.1 g or better is needed.

5.0  EVALUATION PROCEDURES
The induced leak procedures are similar to those described in the standard EPA protocol for ATG water sensor testing.  A peristaltic pump or equivalent method is used to remove increments of water from the test container.  At least 100 increments must be removed during the evaluation.  The volume of product removed during the test can be determined volumetrically using a graduated burette or gravimetrically with conversion to volume using the water density or any other method capable of determining the volume to within 0.1 ml.

The evaluation is conducted using a test cell with the leak detection system installed in the same manner as during an actual test.  The system is to be operated using the manufacturers test procedures.  A small increment of water sufficient to lower the water level by approximately 50% of the expected minimum detectable level change is removed from the test cell for each increment.  The actual level change in the test cell can be calculated from the volume of water removed and the volume to level ratio for the test cell. 

Determination of Volume to Level Ratio

The volume to level ratio (V/L) can be determined by either of two methods.  Both methods require that the cross section of the test cell be uniform over the range of testing.  If the cross section of the test cell can be accurately measured, the level change per ml of water removed can be calculated from the surface area and the volume.  Care must be taken to use consistent units in the calculation.  

Alternatively, the level change can be determined directly by removal of a large, accurately known volume of water.  The level change is then measured and the level change per ml removed can again be calculated.  The amount of water removed must produce a level change of several inches for this method to be used.

5.1  Test Procedures

1. Install the probe in the test cell.  The probe should extend into the water approximately 90% of the length of the probe for the first test.  The cross section of the test cell must be accurately know so that the volume of water removed from the cell can be used to calculate the level difference.

2. For each increment, remove enough water to produce a level change that is approximately equal to half of the claimed resolution.  At each increment, record the volume of water removed and the water level change for each removal.  At least 20 increments should be conducted for each test.

3. Move the sensor until it is approximately 70% immersed and repeat the procedure for 20 more increments.  Record the data for each increment.

4. Repeat steps 2 and 3 at 50%, 30% and 10% for a total of five tests and 100 increments.

5. The data for each test are recorded on individual test log forms provided in Attachment 1. 

5.2  Minimum Testing Time

In the field, each test method requires a minimum test time to obtain its performance accuracy.  The minimum test time may vary depending on the size of the sump under test.  All tests under evaluation will meet the minimum test time specified by the equipment vendor.  The minimum test time requirement shall be used during the evaluation. The minimum test time will become part of the vendor’s standard test procedure and will be used for all subsequent field testing using that method.

5.3 Stabilization Time

The stabilization time between filling the sump and start of data collection is defined by the vendor.  Because of distortion of some types of sumps, it may be necessary to allow for a stabilization before beginning the test.  The criteria for determining when the tanks has reached sufficient stability for testing should be specified by the vendor in a form that will allow the evaluator to determine when the criteria have been met during the evaluation.
6.0  Calculations

The following statistical procedure provides a means of estimating the minimum water level change that the water sensor can detect. based on the schedule described in Section 6.  The data is recorded in as indicated in Table 1.  The number of increments in each test must be at least 20.  At least five tests of 20 increments each must be conducted at different locations of the float on the sensor for a total of 100 readings.

Table 1.  Water Sensor Readings

	Increment
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A
	Volume of Water Added
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B
	Calculated Level Change

(inches)

C
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1. Calculate the level change for the incremental volume added as indicated in column A using the equation 
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where Coeff is the coefficient obtained for the volume to height ratio for the test cell.  Record this information in column B

2. Record the sensor readings from the test unit for each increment in column C. 

3. Calculate the differences Wn between consecutive sensor readings and record the information in column E. 

4. Calculate the incremental difference between the calculated level change in column C and the measured difference for each increment in column E.  Record these differences in column F.

5. Calculate the average, D, of the differences in column E.
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6. Calculate the variance of the differences between the each of the differences, d, and average, D.
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7. Calculate the polled variance, Varp from the equation
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8. Calculate the pooled standard deviation, SDp,
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9. From a table of tolerance factors, K, for two-sided tolerance intervals with 95% probability and 95% coverage, obtain K for  (n-m) degrees of freedom.  For the suggested sample size, the value corresponding to a total of 100 degrees of freedom (K=2.233) can be used unless the number of differences obtained is less than 100.  (Reference:  CRC Handbook of Tables for Probability and Statistics. 1966.  William H. Beyer (ed.).  pp.31-35.  The Chemical Rubber Company)

10.   Calculate the minimum water level change, MLC that the sensor can detect.




MLC = K*SDp


or



               MLC = 2.233*SDp

The MDL is the smallest level change that can be detected with a probability of 95%.  Systems using a level change smaller than the MLC will detect changes with a probability of less than 95% while those using level change greater than the MLC will detect the change with a probability of greater than 95%.

7.0  Reporting of Results


APPENDIX A


REPORTING FORMS

FOR ALTERNATIVE EPA TEST PROCEDURES
Most of the forms contained in Appendix A of the Alternative Protocol can be used without modification.  Where appropriate, the forms should be modified to indicate the actual process and results that were used to conduct the evaluation.  .

Appendix A should contain the following:

1. Secondary Containment Results Forms - 3 Pages

2. Secondary Containment Method Description Forms - 3 Pages


Results of U.S. EPA Alternative Test Procedures


Secondary Containment Vessel

Leak Detection Method
This form describes the performance of the leak detection method described below.  The evaluation was conducted by the equipment manufacturer or a consultant to the manufacturer according to a modification of the Water sensor test procedures described in the U.S. EPA’s “Standard Test Procedure for Evaluating Leak Detection Methods: Automatic Tank Gauging Systems.”  The full evaluation report also includes a form describing the method and a form summarizing the test data.

Tank owners using this leak detection system should keep this form on file to provide compliance with the federal regulations.  Tank owners should check with State and local agencies to make sure this form satisfies their requirements.


Leak Detection Method Description
Name 


















Version number 















Vendor 

















(street address)
(city)


(state)


(zip)



(phone)

Evaluation Results
This Leak Detection Method which declares tank to be leaking when the measured level change exceeds the threshold of   
          inches of change within a time period of ________ minutes.  The probability of detection [PD] is 95% or greater.

The standard deviation of the test data results was

   inches.

The minimum change in water level that can be detected by the method is          inches.


Test Conditions During Evaluation
The evaluation testing was conducted in a 

 gallon test cell with a cross section of ________ square inches or a volume to level ratio of _____ in per mL.

Limitations on the Results
The performance estimates above are only valid when:


The method has not been substantially changed.

 
The vendor's instructions for installing and operating the Leak Detection Method are followed.


The waiting time after filling the sump is 


  minutes.


The total data collection time for the test is at least   

  minutes.

· Other limitations specified by the vendor of determined during testing:

__________________________________________________________________
__________________________________________________________________

Procedural Information
State the procedures used to determine when the tank is stable.

State the procedures used to eliminate various types of errors.

Wind

Vibration

STP on and off

Other

Other Information
Have other evaluations been conducted on this method? (  ) Yes (  ) No

If so, please summarize the results or attach a copy of the Results Forms to this document.


 >
Safety disclaimer:  This test procedure only addresses the issue of the Leak Detection Method’s ability to detect leaks.  It does not test the equipment for safety hazards.

Certification of Results
I certify that the Leak Detection Method was installed and operated according to the vendor's instructions and that the results presented on this form are those obtained during the evaluation.

(printed name)









(organization performing evaluation)

(signature)










(city, state, zip)
(date)









(phone number)

Description
Secondary Containment Vessel

Leak Detection Method
This section describes briefly the important aspects of the bulk tank leak detection method.  It is not intended to provide a thorough description of the principles behind the system or how the equipment works.


Method Name and Version 

Principle of Operation
What technique is used to detect leaks in the tank system?

(  ) directly measure the volume of product change

(  ) changes in head pressure

(  ) changes in buoyancy of a probe

(  ) mechanical level measure (e.g., ruler, dipstick)

(  ) changes in capacitance

(  ) ultrasonic

(  ) change in level of float (specify principle, e.g., capacitance, magnetostrictive, load cell, etc.) 





















(  ) acoustical signal characteristics of a leak

(  ) identification of a tracer chemical outside the tank system

(  )  change in vacuum produced in the containment vessel

(  ) other (describe briefly)                                                             




Data Acquisition
How are the test data acquired and recorded?

(  ) manually

(  ) by strip chart

(  ) by computer


Procedure information
> Waiting times
What is the required waiting period between filling the sump and the beginning of a test.  

______ Hours 

 Minutes

Additional Comments: 


















> Test duration
What is the required time for collecting data?

    

 Hours 

 Minutes

Additional Comments: 


















What is the sampling frequency for the measurements?

(  ) more than once per second

(  ) at least once per minute

(  ) every 1-15 minutes

(  ) at the beginning and end of the test

(  ) variable (explain)                                                                         




> Identifying and correcting for interfering factors
How does the Method correct for the interference due to the presence of ground water above the bottom of the sump?

(  ) no action

(  ) system tests for water incursion

(  ) different product levels tested and leak rates compared

(  ) other (describe briefly)                                                                  



> Interpreting test results

How are level changes converted to volume changes (i.e., how is height-to-volume conversion factor determined)?

(  ) actual level changes observed when known volume is added or removed 


(e.g., liquid metal bar)

(  ) theoretical ratio calculated from sump geometry

(  ) other (describe briefly)

(  ) not applicable; volume measured directly

How is the leak rate (gallon per hour) calculated?

(  ) average of subsets of all data collected

(  ) difference between first and last data collected

(  ) from data from last 




 hours of test period

(  ) from data determined to be valid by statistical analysis

(  ) other (describe)                                                                          



What threshold value is used to declare that a tank is leaking?

Describe  _______________________________________________




Additional Comments: 


















Under what conditions are test results considered inconclusive?

(  ) ground water level above the bottom of the sump

(  ) too much variability in the data (standard deviation beyond a given 


value)

(  ) other (describe briefly)


                                                               



Exceptions
Are there any conditions under which a test should not be conducted?

(  ) ground water level above the bottom of the sump

(  ) extremely high or low ambient temperature

(  ) other (describe briefly) 















What are acceptable deviations from the standard testing protocol?

(  ) none

(  ) lengthen the duration of test

(  ) other (describe briefly) 















What elements of the test procedure are determined by personnel on-site?

(  ) water level when test is conducted

(  ) when to conduct test

(  ) waiting period between filling sump and beginning test

(  ) length of test

(  ) determination of "outlier" data that may be discarded

(  ) other (describe briefly)                    












(  ) none

Appendix B. Data Sheets

Data Sheet for Determining Minimum Level Change (MLC)

Method ______________________________________      Test No. _______
Date _______________  Coefficient for Volume/in ____________________
Signature of Field Operator  ______________________________________

 Table 1.  Water Sensor Readings

	Increment

No.

A
	Volume of Water Added

(mL)

B
	Calculated Level Change

(inches)

C
	Sensor

Reading

(inches)

C
	Measured Sensor

Increment

(inches)

E
	Increment

Difference

Calculated- Measured

(C-E)

F
	Increment

Difference

For Pooled Variance

(d-D)
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	18
	
	
	
	
	
	

	19
	
	
	
	
	
	

	20
	
	
	
	
	
	

	                                                                 Average Difference (D)
	
	----------------

	                                                                       Variance for Data Set (Var)
	


Summary of Evaluation Data

	Test No.
	Variance
	Sensor Range

	1
	
	

	2
	
	

	3
	
	

	4
	
	

	5
	
	

	Pooled Variance
	
	-----------------

	Pooled Stdev
	
	-----------------

	MLC
	


Probe Length ______________________

Measurement Principle ___________________________

Manufacturer and Model No. (if available) ____________________________________


Test Cell Dimensions  __________________________________

Volume to Height Ratio  _________________________________








�Some material has been excerpted and adapted from the Foreword that appears at the front of each of the EPA Evaluation Protocols.


�  Standard Methods
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