NWGLDE TESTING PROTOCOL
Addendum to “Standard Test Procedures for Evaluating Leak Detection Methods:

Automatic Tank Gauging Systems”, EPA/530/UST-90/006, March 1990 and “Evaluation Protocol for Continuous In-Tank Leak Detection Systems” by Jairus D. Flora, Jr. Ph.D., January 7, 2000
ATG/CITLDS Functionality Testing in E85 Cont.

ATG/CITLDS WATER DETECTION TESTING IN ETHANOL
or BLENDS GREATER THAN 10% ETHANOL
Due to the azeotropic properties of a water/ethanol mixture (95.6/4.4%), it is desirable to be able to detect water ingress into a tank that contains an ethanol/petroleum mixture (E30, E85, E100, etc.) without the use of a water sensor.  This ATG/CITLDS test protocol amendment is intended to provide a test procedure to determine water detection capabilities of the ATG/CITLDS in such mixtures by using the top liquid level measurements only of the ethanol blend under consideration. 
This document is specifically written to provide a generic testing protocol to determine how an ATG/CITLDS manufacturer’s liquid level probe will respond to water in a specific ethanol blend.   The basic evaluation procedure is to obtain certain data values using a small reference tank and then repeat part of the evaluation using a larger test tank.  The recommended procedure below is designed to determine the exact volume of water and length of time at a known leak rate that it will take to show a significant increase in total volume.  This is accomplished by using top liquid level measurements only of the ethanol blend under consideration.  Once the time and volumes required to produce an alarm event for an increase in liquid level are determined using a small reference tank, those results can be used to calculate the corresponding values for a larger test tank containing the same ethanol blend under consideration.  In order to prevent water contamination of the ethanol blend in the large test tank during the evaluation, the evaluation will substitute an appropriate amount of ethanol blend ingress for the water ingress.
If the evaluator believes that modifications will need to be made to this protocol to accommodate the evaluation of a specific ATG/CITLDS system, the evaluator must submit proposed modifications to the NWGLDE ATG Team Leader (see www.nwglde.org) for review and acceptance prior to the commencement of any testing.

General Overview:

The evaluation will be carried out using two different tanks.  The first will be a small horizontal reference tank (200 – 500 gallons) that will provide the majority of the data.  The second will be a large horizontal test tank (10,000 gallons or greater) that will be used to confirm one or more of the values generated by the testing performed on the small reference tank.  Nine (9) tests are required to be conducted using the small reference tank, three (3) tests each at the 25% full level, 50% full level, and 75% full level.  The results for each level will be reported as an averaged value.  Nine (9) tests are required to be conducted in the large test tank, all at the 50% full level.  The results will be reported as an averaged value.
Procedure:
Fill a small reference tank with the ethanol blend under consideration to the 25% full level and install a previously evaluated ATG/CITLDS liquid level probe, along with its corresponding console, that is currently on the NWGLDE list.  With the probe/console in the test mode, add water at a leak rate of 0.2 gph to the inside end of the tank farthest from the liquid level probe until the probe/console indicates a positive responsive in excess of the allowable threshold and goes into alarm.  Record the length of time (ta,r), actual volume added to induce an alarm condition (Va), volume of water measured by the ATG liquid level probe at the time the alarm is activated (Vm), and calculate the water scale factor (W) using Eq. 4.  Enter the test results in TABLE 4 and calculate the average for all parameters.  At this point the following should be known for the tank at the 25% full level:
1.
Time-to-alarm (ta,r) for small horizontal reference tank
2.
Liquid level probe-measured volume-to-alarm (Vm).

3.
True or actual volume-to-alarm (Va).
4.
Water scale factor (W).




Remove the water contaminated ethanol blend and replace with uncontaminated ethanol blend prior to each of the remaining two tests.  Repeat the above testing procedure with the reference tank at the 50% full level and again at the 75% full level.  Plot the resulting data as % Full Level (y-axis) vs. Measured Volume-To-Alarm, Vm (x-axis).  For example, if the results of the three-level testing were 0.089 gal. at 25% full level; 0.285 gal. at 50% full level; and 0.788 gal. at 75% full level, then the graph would look something like the following:


Figure 1
Calculations:
Let the following additional variables be defined:
SA1
=
The Surface Area at the X% full level of the small horizontal reference tank.
Dia1
=
The Diameter of the small horizontal reference tank.
l1
=
The Length of the small horizontal reference tank.

SA2
=
The Surface Area at the X% full level of the large horizontal test tank.
Dia2
=
The Diameter of the large horizontal test tank.
l2
=
The Length of the large horizontal test tank. 

Vs 
=
Scaled Volume of Liquid Needed to Produce an Alarm in the large horizontal test tank.

ta,t 
= 
Time-to-Alarm for the large horizontal test tank.                                                                       
Let the following equations be defined:

Calculate the Surface Areas:


SA1 = (l1)( Dia1)
(Eq. 1)


SA2 = (l2)( Dia2)
(Eq. 2)    

Calculate the Surface Area Scale Factor, RSA: 

RSA = SA2 / SA1
(Eq. 3)
Calculate the Water Scale Factor, W:                        


W = Vm / Va
(Eq. 4)

Calculate The Scaled Volume of Liquid Needed to Produce Alarm in Large Test Tank:


Vs  = RSA  x  Vm 
(Eq. 5)

Calculate the Times-To-Alarm (ta,r and ta,t) in Small Reference Tank and Large Test Tank:


ta,r  = Va  /  0.2 gph 
(Eq. 6) Small Reference Tank


ta,t  = Vs  /  0.2 gph 
(Eq. 7) Large Test Tank
Once the scale factor (W) is known for each level tested, the large test tank parameters can then be calculated and the percentage of added water that was “absorbed” or engrossed by the ethanol blend under consideration can be determined using the equation [(1- W)x100].
Example (fictitious data at 50% full level):
Small Reference Tank
A 270 gallon tank is chosen as the small reference tank, and is 50% full of E85.  The length (l1) is 5’ and the diameter (Dia1) is 3’.  Using Eq. 1, the calculated surface area (SA1) is 15 ft2.  A leak test was started and after inducing a 0.2 gph water ingress, it took 1.5 hours (ta,r)  for the probe to go into alarm.  The actual water added (Va) was 0.3 gallons (0.2 gph X 1.5 h) and the measured product volume increase using the liquid level probe information and recorded by the ATG/CITLDS console (Vm) was 0.285 gallons.  With this data, we use Eq. 4 to calculate the water scale factor (W) to be 0.95 and subsequently calculate the percentage of water absorbed by the E85 [(1- W)x100] to be 5%.
Based on this example and the information found in Figure 1 above, the data demonstrates that the relationship between the two values, tank % full level and measured volume-to-alarm can be considered linear.  It also indicates that the tank % full level range over which water ingress is most easily detected is between 25% and 75% full.

Large Test Tank

We now want to perform the evaluation in a 20,000 gallon tank that is 50% full of E85 and has length (l2) of 30.96’ and diameter (Dia2) of 10.5’.  Using Eq. 2, the calculated surface area (SA2) is 325.06 ft2.  Using Eq. 3 we can calculate the surface area scale factor RSA at 50% full to be 21.67.  Assuming a normal and linear relationship of values at the 50% full levels, using Eq. 5 we calculate the scaled volume of E85 that must be added to induce an alarm (Vs) at the 50% full level to be 6.18 gallons (21.67 X 0.285).  If this volume of E85 was to be added at a rate of 0.2 gph, using Eq. 7, the test time for the large test tank (ta,t) would be 30.9 hours.
To complete the evaluation, E85 (in place of water) is added to a 50% full 20,000 gallon tank of the same ethanol mixture at a rate of 0.2 gph and the time to alarm (ta,t) is recorded and the volume-to- alarm is calculated (time X rate).  If desired, the water equivalent can be calculated using the water scale factor (W) derived from the small tank testing.  For example, let’s assume it only took 26.3 hours to induce an alarm.  Using Eq.7 and solving for Vs, the E85 volume added would be 5.26 gallons.  Using Eq. 4, substituting Vs for Vm and solving for Va, the actual amount of water that would need to have been added to the large test tank to induce an alarm would be 5.54 gallons of water (5.26 ÷ .95).
Regulatory:

The Federal Rule does not set water ingress standards.  However, the “EPA Standard Test Procedures for Evaluating Leak Detection Methods:  Automatic Tank Gauging Systems, EPA/530/UST-90/006, March 1990” states “The performance of the ATGS is evaluated on its ability to detect a hole in the tank by measuring the incursion of water into the product”.

In the example above, if the ATG/CITLDS will normally be in test mode for only two hours, then there must be a total volume increase of 5.54 gallons of water or an ingress rate of 2.77 gallons per hour in order for the probe to register an alarm condition.  The manufacturer may want to lengthen the test time to four or six hours in order to reduce the detection leak rate.
Following this protocol addendum will demonstrate that an ATG/CITLDS liquid level probe can detect water ingress by using top liquid level measurements only of the ethanol blend under consideration.  The length of a test to determine water ingress using liquid level measurements is dependent upon the size of the tank and the desired detectable leak rate. 
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RESULTS   of   EVALUATION

AUTOMATIC TANK GAUGING SYSTEM (ATG/CITLDS) in ETHANOL BLENDS
This form describes the performance of the leak detection method described below in detecting water ingress in ethanol blends by using the top liquid level measurements only.  The evaluation was conducted by a consultant to the manufacturer according to a modification of the U.S. EPA’s “Standard Test Procedure for Evaluating Leak Detection Methods: Automatic Tank Gauging Systems.

ATG/CITLDS Description
Name:

Version Number:

Vendor:


(street address)

(city)                                             (state)                  (zip)                            (phone)

Evaluation Results from Most Recent Third Party Evaluation

of this ATG/CITLDS in Petroleum Substances

Evaluator:

Date of Evaluation:

This ATG/CITLDS which declares a tank to be leaking when the measured leak rate exceeds the threshold of ________ gallon per hour, has a probability of false alarm PFA of                 %.

The corresponding probability of detection PD of a 0.20 gallon per hour leak is                 %.

The method is size-limited to tanks up to ____________ gallons.


Evaluation Results
This test was conducted in:

1.              an ethanol-gasoline blend consisting of ________% ethanol and ________% gasoline with a specific gravity of                 at             (F.
or
2.              100% ethanol with a specific gravity of                 at             (F.
The results of this evaluation are valid for ethanol-gasoline blends of up to                      % ethanol.
The results of this evaluation are valid for tanks up to                      gallons.
The Time-to-Alarm was _______minutes for a water ingress leak rate of 0.2 gph in a _________gallon tank at 50 % full.

GENERAL DATA TABLES
TABLE 1

Dimensions of Small Reference Tank used in testing: 

Length                      Diameter                          Total tank capacity in gallons 

	Percent of Tank Capacity
	Small Reference Tank Liquid Surface Area, SA1  in ft2 (Eq.1)

	25% full
	

	50% full
	

	75% full
	


TABLE 2

Dimensions of Large Test Tank used in testing:
Length                      Diameter                          Total tank capacity in gallons  

	Percent of Tank Capacity 
	Large Test Tank Liquid Surface Area, SA2  in ft2 (Eq.2)

	25% full
	

	50% full
	

	75% full
	


TABLE 3

Calculated Surface Area Scale Factor (RSA) from Data in TABLEs 1 and 2:
	Percent of Tank Capacity
	Surface Area Scale Factor, RSA (Eq.3)

	25% full
	

	50% full
	

	75% full
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EXPERIMENTAL DATA TABLES

TABLE 4

SMALL REFERENCE TANK:

Time to Alarm Results (ta,r) and Calculation of the Water Scale Factor (W) from Small Reference Tank Tests:

	Percent of Tank Capacity
	Rate of Water Added
	Test Number
	Time to Volume Increase Alarm

ta,r (min)
	True Volume of Water Added

 Va (gal)
	ATG/CITLDS Liquid Level Probe-Measured Volume of Water Added

Vm (gal)
	Water Scale Factor

W 

(Eq.4)

	25% full
	0.2gph
	1.
	
	
	
	

	
	
	2.
	
	
	
	

	
	
	3.
	
	
	
	

	
	Average:
	-------
	
	
	
	

	
	
	
	
	
	
	

	50% full
	0.2gph
	1.
	
	
	
	

	
	
	2.
	
	
	
	

	
	
	3.
	
	
	
	

	
	Average:
	-------
	
	
	
	

	
	
	
	
	
	
	

	75% full
	0.2gph
	1.
	
	
	
	

	
	
	2.
	
	
	
	

	
	
	3.
	
	
	
	

	
	Average:
	-------
	
	
	
	


TABLE 5

Surface Area Scale Factor (RSA) Data from TABLE 3, the remaining is averaged data from TABLE 4:
	Percent of Tank Capacity
	Surface Area Scale Factor  RSA 
	ATG/CITLDS Liquid Level Probe-Measured Volume-to-Alarm 

Vm (gal)
	True Volume of Water to Alarm

 Va (gal)
	Time to Alarm at 0.2 gph 

ta,r  (hrs)

	25% full
	
	
	
	

	50% full
	
	
	
	

	75% full
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LARGE TEST TANK:

Calculate Volume of Liquid Needed to Produce Alarm (Vs) for Large Test Tank at 50% Level Using Data From TABLE 5:


Vs  = RSA  x  Vm (Eq. 5)
Calculate Time to Alarm (ta,t) for Water Ingress at a Rate of 0.2 gph:

 
ta,t  = Vs  /  0.2 gph (Eq. 7)
TABLE 6

	Percent of Tank Capacity
	Rate of Water Added
	Test Number
	Time to Volume Increase Alarm

ta,t (min)
	Scaled Volume of Liquid Added

 Vs (gal)
	ATG/CITLDS Liquid Level Probe-Measured Volume of Liquid Added

Vm (gal)

	50% full
	0.2gph
	1.
	
	
	

	
	
	2.
	
	
	

	
	
	3.
	
	
	

	
	
	4.
	
	
	

	
	
	5.
	
	
	

	
	
	6.
	
	
	

	
	
	7.
	
	
	

	
	
	8.
	
	
	

	
	
	9.
	
	
	

	
	Average:
	-------
	
	
	


THE REMAINDER OF THIS PAGE PURPOSELY LEFT BLANK



Reference Tank


























Test Tank





SA1





Dia1





l1





SA2





Dia2





l2


















































“Smoothed” Fit – Linear between 25% and 75% full level
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