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INTRODUCTION

From the onset, EPA’s development of test methods for
characterization of external leak detectors has had several goals. The
primary goal has been to provide means by which tank owners and users can
select proper detection_systems. A secondary goal has been to establish a

h vequlations could be

knowledge base about detector performance upon whic
baSEdT_m—MSA e e e et et s+ e e L

The first step in test methods development consisted of surveying
vendors to get an accurate depiction of the universe of external detectors.
The survey demonstrated that there was a great diversity of detectors on- the
market and that performance data were gathered on widely varying bases or were
nonexistent. The survey, however, was very beneficial in providing the
foundation for further development of test procedures. The differentdetector
operating principles and critical performance criteria were identified. Also,
1imited information on performance test procedures developed by vendors and
testing agencies was uncovered. '

Performance criteria were ranked and grouped where appropriate.
Grouping allows multiple performance data to be collected simultaneously; and
thus, reduces testing costs. Test methods for the highest ranked criteria
were developed based on information gathered during the vendor survey and
other knowledge of the field of external leak detection.

The methods were then evaluated with leak detectors available in the

market. The purpose of this testing was to demonstrate the "real world"

utility of the methods. This evaluation was the first critical step in
validating the methods. Operational and theoretical flaws in the original
methods were identified and corrected as a result of the evaluation. In
addition, results from the evaluation provided EPA with consistent information
on typical performance of external leak detectors. ‘

The current plan calls for further validation and clarification so
the test methods can be released for general use. EPA hopes that vendors will
use the test methods to characterize performance of their detectors .so that
tank_owners are able to select the most appropriate detectors for each
underground storagetank-site. In addition, EPA hopes that having performance
characteristics available on a consistent basis will drive technology toward
improved detection capability.

This document includes three draft test methods in ASTM format.
These methods are revisions of test procedures developed under Work
Assignments 2 and 13. The revisions address-use of JP-4 jet fuel and other
hydrocarbon 1iquids as test atmosphere sources. The methods are:

o Standard Test Method for Accuracy and Response Time for Vapor-
Phase‘Out-of-Tank Petroleum Detectors;

) Standard Test Method for Specificity for Vapor-Phase Out-of-
Tank Petroleum Detectors; and '

] Standard Test Method for Lower Detection Limit for Vapor-Phase
Out-of-Tank}Petroleum Detectors.




Draft No. 3
June 29, 1990

Designation: X 0001
Standard Test Method for
ACCURACY AND RESPONSE TIME FOR VAPOR-PHASE OUT-OF-TANK PETROLEUM DETECTORS

1. Scope

1.1  This test method covers determination of accuracy and response

" time of vapor-phase out-of-tank petroleum hydrocarbon leak detectors.

1.2 This method is only applicable to componénts associated with
detection of vapor-phase petroleum releases for detectiontsystems uii]izing
multiple oﬁerating.princip1es.

1.3 This standard may involve hazardous materials, operations, and
equipmeﬁt. This standard does not purport to address all of the safety
problems associated with its use. It is the responsibility of the user of
this standard to establish appropriate safety and health practices and
determine the applicability of regulatory limitations pfiof to use.

2. Referenced Documents

2.1 ASTM Standards:

E 1 Standard Spec1f1cat1on for ASTM Thermometers
E 456 Standard Term1no]ogy Re]atlng to Statistics




différence between the average measured value for a series-of tests and the
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true value.

5.4 Responﬁe time is the general term that refers to a combination
of the more specific terms detection time and fall time. .Detection time is
the elapsed time from a detector’s first contact with a given concentration of
petroleum vapors to 95% of its full-scale signal output or to an activated
response. Fall time is the elapsed time after the detector is removed from

~contact with petroleum hydrocérbon vapors until the detector output returns to
a stable baseline response.

5.5 Results obtained using this method will permit the most
advantageous ‘use of a detector. Weaknesses as well as strengths of the
instrument should become apparent. It is not the interest of this method to
compare simf1ar detectors of different manufacture, but to enable the user to
choose a suitable detector.

o 6. . Interferences

6.1 Conditions that can cause interferences with this method include
temperature changes, high temperatures, excessive test apparatus volumes and
1eaks-in the test apparatus. To avoid these conditions, tests should be
conducted at constant (#3°C), normal laboratory temperatures with a leak-
tested test apparatus.

6.2 Cross contamination (e.g., memory effects from residual test
atmospheres) may be a major cause of inaccurate data. To minimize this
potential problem, avoid using rubber or plastic parts for components of the
test apparatus that contact test gases and purge the testing system as
described in Section 10. |

6.3 F]uciaations of the test thamber internal pressure may

significantly affect the detector’s response. Maintain a constant internal
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chamber pressure (0.2 inches of water relative to ambient ﬁreésure) while the
prbbe is exposed to the test atmosphere by maintaining a constant inlet and
exit test atmosphere flow rate. If thé pressure varies outside the acceptance
limits, repeat the tests within the accepted pressure fluctuation limits.

7. Apparatus .

7.1 Test apparatus—-The test apparatus, as depicted in Figure 1,

shall be constructed from materials that are inert with respect to test gases.

" The test apparatus consists of a compressed gas cylinder, pressure regulator,
tubing, valves, tubing connectors, rotameters, volatilization system, test
chamber, thermocouple, and manometer. The volatilization system is depicted
in éreater detajl in Figure 2.

7.1.1 Compressed gas cylinder--Ultrahigh-purity air is supplied in
standard compressed gas cylinders having Compressed G;s Association (CGA)
fittings’cbmpatib]e'with_regu]ator fittings.

Note I--Ultrahigh-purity air may be supplied in compfessed gas

- cylinders having Qarfous fittings. Consult specific gas suppliers for detai7§
on appropriate fittings. '

7.1.2 Pressure regulator--A dual étage regulator with a fitting
compatible with the test gas cylinder is needed. The regulator shall have a
range of at least 0 psi to 15 psi and have a diaphragm made of stainless
steel.

7.1.3 Tubing--Sufficient tubing to link all test apparatus components
is needed. The tubing shall be free from conéaminants and haQe an internal
diameter of at least 1/8 inch. The tubing shall be made of a -material that is
inert with respect to test gases.

7.1.4 Tubi;g connectors--Yarious compression-type tubing fittings are

needed to make test apparatus connections. These fittings -shall be free from
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contaminants, inert with respect to test gases, and of a ﬁéteria1 that is
compatible with the tubing. These fittings can include, but are not limited

to, tees, cross tees, reducers, and elbows. A thermocouple compression

. fitting is also needed.

7.1.5 Rotameters--Two rotameters, each having a flow range bracketing
the required flow rates for the detector, are needed to measure test chamber
inlet and outlet vapor rates. A third rotamefer, capable of de]ivefing 0.2
L/min. of air, is required for continuously flushing the volatilization
chamber between tests.

7.1.6 Valves--At least one shut-off valve, two flow controlling needle
valves, and two three-way ball valves are needed.

Note 2--Gas shut off can be accomplished using a regulator and the
jntegral shut-off valve commonly included with compressed gas cylinders. Many
rotameters include an integral flow controlling needle valve.

| 7.1.7 Thermocouple——A-thermocoup]e and temperature readout, or
equivalent, that responds from 0°C to 40°C and is accurate to wﬁthin 1°C over
this range'is needed.

7.1.8 Hanometer--A relative pressure manometer is required to monitor
the test chamber’s internal pressure. The manometer must have a working range
of at least 0-10 inches of water (0 to 20 mm Hg) with an accuracy of +5%. The
manometer should be scaled using at least 0.2 inches of water (0.4 mm Hg) sub-
divisions. 1

7.1.9 Volatilization chahber——The volatilization chamber should be gas
tight and made from materials that are inert with respect to test gases.
Figure 2 schematically depicts the arrangement of the volatilization chamber
within the vo]ati%ization system. The volatilization chamber should be made

from glass to allow for good thermal transfer and visual inspection of the
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position bf the syringe needle tip. All compression fittings connected to the
glass tube should utilize Teflon® ferrules and back ferrules. Nichrome

heating wire should be wound around the glass tube with no gaps between each

wrap. The volatilization chamber inlet should be fitted with a 1/4-inch,

stainless steel tubing tee. The end of thé.tee directly opposite the entrance
to the volatilization chamber should be fitted with a septum to allow inser-
tion of the syringe needle into the heated tubing. The needle should be
inserted at a slight angle so that the tip touches the top inner surface of
the glass tubing to insure a constant flow of fuel from the needle tip onto
the glass surface. _

Note 3--If the needle does not touch the glass surface, the test
product pumped from the needle will produce droplets rather than a steady
stream on the heated surface. This will give rise to fluctuations in vapor-
phase test product concentrations.

7.1.10 Test chamber--The test chamber should be gas-tight and made from
materials that are inert with respect to test gases. Figure 3 depicts a test
chamber schématic representation. The test chamber must have fittings to
allow connection to the detector probe, a manometer, and a thermocouple. Test
chamber volumes should be kept as small as possible without interfering with
detector operation. The chamber must also have an inlet and outlet for flow
of test atmospheres. Diagrams of suitable test chambers are presented in
Appendix A.

7.1.11 Syringe pump--A syringe pump that is accurate to 5% of the

desired flow rate is required. The syringe pump must be capable of delivering

- from 0.05 to 1500 pL/hr over one hour.

7.1.12 Syringes--Precision glass syringes with certified 1% accuracy

and repeatability are required. Syringes in 10, 100, 250, 500, and 1000 pL
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sizes are recommended.
| 7.1.13 Power supply--An alternating or direct current power supply that

js variable from 0 to 50 volts and is capable of delivering at least 2 amperes

.of current is needed.

7.1.14 Heating wire—-20 feet of 25-gauge, glass-insulated, Nichrome
heating wire with a fixed resistance of 2.1 ohms/ft is required.

7.1.15 Septum--An inert septum with a 6 mm diameter is required.

7.2 Timer--A timer that is accurate and precise to at least 1 second
per 10 minutes is required. Alternatively, a chart recorder or other data
acquisition system may be used. If a chart recordér or other»dat; acquisition
system is to be used, the timer is not required. If used, the recorder or
data acquisition system timing must be accurate and precise to at least one
second per 10 minutes.

7.3- Electronic recorder--A chart recorder or other electronic data.
acquisition system may be used if it is compatible with the specific detector
that is being evaluated. The output-of the data recorder .should be accurate
and precisebto +2% over the range of output from a quantitative detector. A
data recorder used with a qualitative detector must unambiguously identify
activated and inactivated states. |

7.4 Thermometer—-ASTM Solvents Distillation Thermometer having a
range from -2°C to 52°C and conforming to the requirements for Thermometer 37C
as prescribed in Specification E 1. ‘

7.5 Bubble meter--Use NBS-traceable soap bubble flow meters to

calibrate rotameters. The bubble meters must have a working range that

“brackets the range of all rotameters.

8. . _Reagents and»Haterials

8.1 Purity of Reagents--Reagent grade chemicals shall be used in all




testﬁ. Unless otherwise indicated, it is intended that a11Lreagents conform

to the specifications of the Cohmittee.on Analytical Reagents for the American

Chemical Society where such specifications are available.! Other grades may

be used, provided it is first ascertained that the reagent is of sufficiently

high purity to permit its use without lTessening the accuracy of determination.
8.2 Ultrahigh-Purity Air--The ultrahigh-purity air standard must

have less than 0.5 ppmv total hydrocarbon content. (Caution--Gas under high

" pressure. See Annex Al.l.)

8.3 Commercial gasoline--The commercial gasoline test product shall
be unleaded regular or premium gasoline that is purchased at a retail outlet.
(Danger--Gasoline is extremely flammable. Vapors are harmful if inhaled. See
Annex Al1.2. Leaded gasoline should not be used because there are significant
additional hazards associated with its handling and disposal). |

8.4 Synthetic Gasoline--Synthetic gasoline, as used in this ﬁethod,
is an ll-component mixture that is roughly representative of automotive gaso-
line prepared accord{ng to Method X 0004, "Standard Practice for The Prepara-
tion of Synﬁhetic Gasoline for Testing Out-of-Tank Petroleum Detectors.”
(Danger—Synthetic gasoline is extremely flammable. Vapors are harmful if
inhaled. See Annex Al.3).

8.5 JP-4 Jet Fuel--The JP-4 jet fuel test product shall be purchased

~ from a retail outlet. (Danger—JP-4 jet fuel is flammable. Vapors are harm-

ful if inhaled. See Annex Al.4).
8.6  Other Test Products--This test method can also be used with

'1”Reagent Chemiicals, American Chemical Society Specifications,” Am.
Chemical Soc., Washington, D.C. For suggestions on the testing of reagents
not listed by the American Chemicals Society, see “Reagent Chemicals and
Etaqdards;” by Joseph Rosin, D. Van Nostrand Co., In., New York, NY, and the

United States Pharmacopeia.”




other non-viscous, volatile liquids. The method, however,iﬁoes not directly
address use of 1iquids other than commercial gasoline, the synthetic gasoline

gescribed herein, and JP-4 jet fuel. The suitability of this method with

‘regard to other substances should be ascertained before this method is used

with those 1iquids. |

8.7 A1l petroleum hydrocarbon products and hydrocarbon reagents
shall be stored in tightly sealed, ineft containers away from heat, sparks,
and flames. Petroleum fuels shall not be stored for more than 60 days because
significant changes in their properties may occur as a result of volatile com-
ponent losses.

9. Calibration and Standardization

9.1 Chart Recorder or Other Data Recording System—-If used, .a chart
recorder or other data recording system should be calibrated along with the
defector. The data recording system should be ca]ibrated according to
instructions from its manufacturer and the detector manufacturer. Also, any
recording device should be compatible with the detector being investigated.
Consult speéifications from the manufacturers of the recording device and the
detector.

9.2 Detecfor—-Because of wide design variability among different
petroleum detectors, it is impossible to give complete calibration instruc-
tions for all ﬁossib1e detéctor designs. Calibrate all detectors according to
manufacturer instructions.

9.3 Rotameters--Calibrate each rotameter prior to initiating test
procedures, once a year thereafter, and after any internal contamination
(e.g., dirt, moisture.) during testing. Instructions accompanying the NBS-
traceable bubble m;ters should be fo]]owéd. The rotameters‘are'to'be cali-

brateg at a'minimum of five points ("multipoints™) within the working range.

10




Flow readings should be made from the middle of the ball float. A1l readings
should bevmade from the upper float on dual-float rotameters until it is off

scale. Once the upper float is off scale, readings should be made from the

-lower float.

9.3.1 Assembly--Remove the rotameter from the test system, if assem-
bled, and connect the rotameter in series between a controllable compressed
air sourée and an NBS-traceable bubble meter. Use a bubble meter cylinder
that will aT]ow a flow measurement over a period of 15 to 45 seconds.

9.3.2 First calibration point--Bring the gas flow rate to the lowest
calibration flow for testing. Let the system run at this setting until the
rotameter is steady. If the flow rate is not within the first level range,
adjust the flow rate until it is within that range and wait for a steady-state
value. Record the steady-state flow meter va}ue that is within the first flow
rate level. Measure the f]ow.rate with the bubble meter and stopwatch accord-
ing to the NBS bubﬁle meter instructions. Record each reference flow rate.

| 9.3.3 Remaining éalfbration points;—Record steadysstate settings for
trip]icéte funs as described in Section 9.3.2 for at least four more flow.
rates throughout the rotameter range. |

9.4 Thermocouple-~Perform side-by-side multipoint calibrations for
each thermocouple used in the test procedure in a 1-L glass beaker filled with
water. The reference thermometer should be an ASTM Solvents Distillation
thermometer having a range from -2°C to 52°C gnd conforming to the require-
ments for Thermometer 37C as prescribed in Specification E 1. The levels

tested are low (room temperature - 10°C), room temperature, and high (room

‘temperature + 10°C).

9.4.1 Insert both the thermocouple and reference thermometer into the

beaker of water and add small quantities of ice. Allow the ice to melt and

11
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the temperature to stabilize. Continue adding ice until a Eteady-state
reading (£0.5°C over two minutes) of room temperature - 10°C ($2°C) occurs.

9.4.2 Repeat this procedure using room temperature water (15°C to

'30°C), and water heated to room temperature + 10°C (iZ’C)l If the temperature

difference is more than 1°C, either repeat the test with the same thermocouple
or replace the thermocouple and repeat the test until it is acceptable.

9.4.3 Perform thermocouple calibration at the onset of testing and at

least once a year.

9.5 Averége Holecular Weight of Commercial Fuels--Determine the
average molecular weight of commercial gasoline and JP-4 jet fuel by cryo-
scopic osmometry. Average molecular weight values should be #5% accurate.

Note 4--Synthetic gasoline prepared according to EPA Leak Detector
Standard X 0004 has an average molecular weight of 92.83 g/mol.

9.6 Test Product Density--The dénsity of test products should be
determined by filling a tared 50-mL volumetric flask with test product and
weighing-thg volumetric flask with test product on an analytical balance.

Test product density is calculated as follows:

Density, g/mL = (m, - m,) + v (1)
Where
m, = mass of flask plus test product, g;
m. = mass of flask, g;
v = flask volume, mL (v = 50 mL).

P

9.7 Syringe Pump--Determine the linearity of liquid delivery at each

gear setting of the pump at the beginning of testing and at least yearly

12




thereafter. Calibration should be performed with a 250 il “syringe filled with
water. The syringe pump should be set at approximately 50% flow for the gear

setting that is being calibrated. Record the initial volume of the syringe.

- Start the syringe pump and a timer simultaneously. Record the syringe volume

after 15, 30, 45, and 60 minutes. The correlation coefficient of delivered

volume versus time, as calculated with the following equation, must be 0.995

or better:
Correlation coefficient =  n3t,AV, - (3t,)(2AV;) (2)
JInZt - (3t,)¢][nZAV.© - (2AV,)“)
Where:
n = number of ga]ibration‘points (5);
t, = each time increment, minutes; and
‘AV;= each corresponding volume change, pul.

9.8 Syringes--Ca]ibrate each syringe before ini%iating testing and
yearly thereafter. Syringes should be calibrated at each syringe pump gear'
setting at a rate corresponding to 50% flow. Calibration should be performed
with a syringe filled with water. Record the initial syringe volume, and
affix the syringe to the syringe pump. Simultaneously start a timér‘and the
syringe pump. Record the syringe volume after at least 15 minutes (%l
secénd). Determine the 100% flow rate for téé syringe according to the

following equation:

100% Syringe flow rate, ul/hr = 6000 x (V; - V,) + t + p (3)

13
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Where:

Ve = final syringe volume, pl;
Vv, = initial syringe volume, ulL;
't = elapsed time, minutes; and

p = syringe pump setting, % (50%).
10. Conditioning

10.1 Before each test--Purge the test chamber for at least three min-

utes with ultrahigh-purity air at 0.2 L/min. Turn on the power supply for the

volatilization chamber and set the voltage such that a volatilization chamber
temperature of 160°C ilS°C‘is established. Allow the chamber to warm up for
five minutes.

10.2  During each test--Continuously purge the vB]ati]ization chamber
with ultrahigh-purity air when it is not in use. The purge-air flow rate
should be at least 0.1 L/min.

11. Procedure

11.1 Test Series—-The detector should be tested a minimum of five

times for eéch combination of test gas and concentration 1isted in Table 1.

11.1.1 Perform tests in a random order such that variables of test gas

. and hydrocarbon concentration are isolated.

11.2 Detector Assembly--Assemble the detection system as described by
the manufacturer. Insert the detector probe into the test chamber. The seal
between the probe and the test chamber shou]dlbe gas tight.

11.2.1 Connect the detector output to a chart recorder or other data
acquisition system if one is being used. All connections should be in
compliance with spgpifications from the manufapturer§ of the detector and the

data recording system.

11.3‘ Syringe Pump Setup--Assemble thé volatilization system according

14




to Figure 2. Make sure the syringe needle is inserted intd;the septum far
enbugh and at a slight angle so that the tip is inside and touching the
heating tubihg, and not in fhe tee fitting.

11.4 Calibration--Calibrate the detector if necessary. Many detec-
tors do not require any calibration. Perform calibrations, if necessary,
according to manufacturer recommendations, Calibration may need to occur

before mounting in the test container. If a data recording system is being

" used, it should be calibrated with the detector. Calibrate the data acquisi-

tion system according to manufacturer instructions.
11.5 Background-—Supb]y ultrahigh-purity air to the test chamber at a
rate that is 0.2 L/min. greater than the detector’s aspiration rate.

Note 5-—Mény detectors are passive and do not aspirate gas samples.

 Use total test gas flow rates of 0.2 L/min for these detectors.

Monitor the detector’s response every 15 seconds until a sfeady-state reading
(+2% change of full scale over one minute) is achieved or 4 minutes has
elapsed, whichever is longer. Monitor the temperature inside the test chamber
during background testing.

11.6 Test Atmosphére Response—-Introduce the appropriate test gas to
the test chamber by turning on the syringe pump and switching valves so that
ultrahigh-purity air flows through the volatilization system and into the test
chamber. ‘Monitor the‘temperature inside the test chamber during testing. The

syringe pump -injection rate should be determined as follows:
Injection rate, ul/hr = F, x M x C, x 2.6786 x 10 + d, (4)

Where:

F; =. total test gas flow rate, L/min;

15




* Mo = test product average molecular weight, g/mol;
C, = desired test gas concentration, ppmv; and
d. = test product density, g/mL.

Instructions provided by the syringe pump manufacturer should be followed for
proper syringe selection and injection rate setting.
11.6.1 Monitor quantitative detectors until a steady-state (22% of full
'scale over 1 minute) response occurs or for 1 hour, whichever is shorter.
Monitor qualitative detectors for a positive response ("activated") for up to
1 hour.
11.7 Detection Time--1f the detector gives‘a positive response within
1 hour, the elapsed time between when the test atmosphere was introduced into
the chamber and when the detector responded is the detection time. The nature
of a response is dependent on whether a detector gives quantitative'output or
qualitative output.
11.7.1 The period for detection time of quantitative detectors is from
introduction of the test atmosphere into the test chamber to the time the
detector reaches 95% of its final stable output. Calculate the 95% of final

stable output level from the following equation:
High level output, ppmv = BL + (HL - BL) x 0.95 (5)

where:
BL = stable baseline output, ppmv; and
HL =-stable high Tevel output, ppmv.

11.7.2 A positive response for‘quélitative detectors occurs when the

detector output goes from an inactivated state to an activated state.

16
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11.7.3 If the detector gives a response within 1 hﬁﬁr, report the
elapsed time between when the detector probe was added to the container with
test gas and when the detector responded as the detection time.

‘ 11.8 Fall Time—-Simultaneously switch the ultrahigh-purity air flow
such that the volatilization chamber is fully bypassed. The air flow rafe
should be sufficient to produce a 0.2 L/min vent flow rate. Vent and flush

the volatilization chamber and turn off the syringe pump. After five minutes,

turn off the volatilization air and power supply unless subsequent tests are

planned.

| Note 6--Fall time is not applicable to some detectors such as qualita-
tive detectors that did not activate in response to addition of gas to the
test container.

11.8.1 Start the timer or mark the beginning of the fall time test on
the recording system whén ultrahigh-purity air is introduced into -the test
chamber.

11.8.2 Monitor the detector output for fall time:response. The N
nature of a.fa11 time response is dependent on whether a detector gives
quantitative or qualitative outpdt. Fall time response for a quantitative
detector is when the detector output returns to within 5% of its original
stable baseline level. Calculate the 5% stable baseline level aécording to

the following equation:
5% Stable baseline output, ppmv = BL + (HL - BL) x 0.05 . (6)

where:

e

" BL = stable baseline output, ppmv; and

HL = stable high level output, ppmv.

17



Fall tiﬁe response for a qualitative output detector is whei the detector
output goes from an activated state to an inactivated state.

11.8.3 Continue fall time monitoring for up to 1 hour.

12, Calculations

12.1 Relative Percent Difference--Calculate relative percent
difference as follows:

Relative percent difference, % = 200 x [(V, - V,)/(V, + V,)] (7)

where:

V, = larger value; and

v, smaller value.

12.2  Coefficient of Variation--Calculate the coefficient of variation

as follows:
Coefficient of variation, % = (s/i) X 100 (8)

where:

S

standard deviation of n values (n-1 degrees of freedom),ppmv; and

X

mean of n values, ppmv.
12.3  Accuracy--Calculation for accurgcy'is dependent on the type of
output a detector produces. |
12.3.1 Quantitative detectors--Accuracy for quantitative detectors is a
function of systematic error (bias) and random error (precision). Bias and
precision calculations are given in Equations 13 and 8, respectively.

Calculate relative accuracy of a set of data as follows:

18



Relative accuracy, % = (|d] + |cc]) / V, x 100 (9)

- where:
V. = reference (theoretical) value;
8 = arithmetic mean of the difference of a data set, Equation 10; and
cc = 2.5% error confidence coefficient (one tailed, Equation 11).

12.3.2 Mean difference--Calculate the arithmetic mean of the difference

of a data set as follows:

n
Mean difference, ppmv = 1/n 2 d; (10)
i=1

where: .
d, = measured response - theoretical response.

12.3.3 Confidence coefficient--Calculate the one-tailed 2.5% confidence
coefficient (cc) as follows:

Confidence coefficient, ppmv = t, ;5 X s//ﬁ (11)

where:

s = the standard deviation (n-1) of the data set; and

ty 975 = 2.5% t value = from Table 2; and

n = number of tests for a test gas at a partjcu]ér concentration.

12.3.4 Qualitative detectors--Use the following formula to calculate
the accuracy of qualitative detectors:

Accuracy, % = 100 x (r,/n) (12)

where:

19



N

= number of positive responses; and

r
P
n = number of tests for a particular test gas at a particular concentration.
12.4 Bias—-Bias for quantitative detectors is calculated as follows:
Bias, % = 100 x [(V, - V.)/V.] ' (13)
where:
V. = the reference (theoretical) value, ppmv; and
V, = the average observed value, 1/n 2 V;;
i=1
where:

n = the number of tests with a particular test gas at a particular
concentration; and
V, = the individual response to test gas, ppmv;

12.5 Detection'Time-—Ca1cu1ate detection-time according to the

following formula:

Detection time =T, - T, (14)

where:

T, = clock time when test gas was first added to test chamber; and

T, = clock time when detector output went from an inactivated state to
an activated state for a qualitative-outpuﬁ detector or from a baseline
reading to 95% of stable high level output for a quantitative detector.

12.6  Fall Time--Calculate fall time according to the following

formula:

e

Fall time = T, - T, (15)

20
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13.1.5 Detection Time--Report detection time in thé']argest convenient
units (seconds, minutes, or hours) for each test gas at every concentration

(nominally 50, 500, and 1250 ppmv). If detector response is immediate, report

- detection time as "<l second." If the detector does not'respond within

1 hour, report detection time as "No response in 1 hour."

13.1.6 Fall Time--Report fall time in the largest convenient units
(seconds, minutes, or hours) for each tést Qas at every concentration
(nominally 50, 500, and 1250 ppmv). Fall time is not applicable to some
detectors such as gas-soluble detectors and qualitative detectors that did not
activate in response to addition of test gas to-the chamber. For these
detectors, report fall time as "NA," not applicable. Also, record the
reason(s) why fall time determination was not applicable. If the detector
does not respond within 1 hour, report fall time as "No response in 1 hour."
14, Precision and Bias |

14.1 Precision--The precision of the procedure in Test Method X 0001
for measuring accuracy and response time for vapor-phase.out-of-tank petroleum
detectors is being determined.

14.2 Bias—-Since there is no accepted reference material suitable for
determining the bias for the procedure in Test Method X 0001 for measuring
accuracy and response time for vapor-phase out-of-tank petroleum detectors, no

statement on bias is being made.
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TABLE 1.

Test Atmospheres

Gas Compound

Concentrations (pphv)

Commercial Gasoline
Synthetic Gasoline
JP-4 Jet Fuel

-4

50 5, 500 +10, 1000 %50
50 5, 500 *10, 1000 %50

-+

50 5, 500 %10, 1000 50

23



(0 TABLE 2. 2.5% T Values’

n-1 to.975

0 12.706

1 4.303

2 3.182

3 2.776

4 2.571

5 2.447

6 2.365

7 2.306

8 2.262

9 2.228

10 2.201

11 2.179

12 2.160

13 2.145

14 2.131

15 2.120

16 2.110

17 2.101

(”“ 18 2.093
N 19 2.086
o 20 2.080
~ 21 2.074
~ - 22 2.069
23 2.064

24 2.060

25 2.056

26 2.052

27 2.048

28 2.045

29 2.042

30 2.021

40 2.000

60 1.980

120 1.960

ATaken from CRC Standard Mathematical Tab7es}'26fh ed. CRC Press, Inc. Boca
Raton, FL, 1981.
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1[—! ] Test Gas Inlet
10

6

11 Purge Gas Inlet

110

’\\J 9

A - Description Specifications
i 3-way valve stainless steel, 1/4-In. fractipnal tubing fittings
2 tubing union stainless steel, 1/4-in. fractional tubing fittings
3 glass tube 1/4-in. O.D,, 7-in. long |
4 heating wire Nichrome, 25 gauge, glass insulated, 2.1 Q/ft
5 power supply 0-50V,2A ‘
6 tee ' stainless steel, 1/4-in. fractional tubing fittings
7 septum 6-mm diameter, inert
8 syringe precision, glass
9 syringe pump (See text.)
10 tubing 1/4-in. O.D,, stainless steel
11 stop valve stainless steel, 1/4-in. fractional tubing fittings

FIG. 2. Volatilization System Schematic Diagram
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ANNEX
(Mandatory Information)

Al. PRECAUTIONARY STATEMENTS

Compressed Gas. Air.
Caution—Compressed gas under high pressure.
Keep container closed.

Always use a pressure regulator. Release regulator tension before

opening cylinder.

Do not

Al.2

skin.

Do not transfer to cylinder other than one in which gas is received.

mix gases in cylinders.

Do not drop cylinder. Make sure cylinder is securely supported at all
times. |

Stand away from cylinder outlet when opening cylinder v§1ve.
Keep cylinder out of sun and away from heat.

Do not use cylinder without label.

Do not use dented or damaged cylinder.

For technical use only.

Do not use for inhalation purposes.

Gasoline (including Leaded Gasoline)

Danger--Extremely flammable. Vapors harmful if inhaled.
Vapors may cause flash fire. I

Contains toxic lead antiknock components. Harmful if absorbed through

Keep away fr;m heat, sparks, and open f]ames,

Keep container closed.
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Use with adequate ventilation. Avoid buildup of vapérs and eliminate
all sources of ignitfon especially nonexplosion-proof electrical apparatus and

heaters.

Avoid prolonged breathing of vapor or spray mist. Avoid prolonged or

repeated skin contact.

Al.3 Synthetic Gasoline Mixture

Danger--Extremely flammable. Vapors harmful if inhaled. Vapors may

cause flash fire. Contains toxic benzene and other hydrocarbon substances.

(See Method X 0000).
Harmful if absorbed through skin.
Keep away from heat, sparks, and open flames.
Keep container closed. Use with adequate ventilation.

Avoid buildup of vapors and eliminate all sources of ignition,

espec1a11y nonexp]os1on proof electric apparatus and heaters

Avoid pro]onged breathing of vapors or spray mxst
Avoid pro]onged or repeated skin contact.
Al.4 JP-4 Jet Fuel

Danger--Flammable. Vapors harmfu].if inhﬁ]ed.

Vapors may cause flash fire.

Keeg away from heat, sparks, and open flames.

Keep container closed.

Use with adequate ventilation, avoid bu11dup of vapors, and eliminate
all sources of ignition, especially nonexp]os1on -proof electrical apparatus
and heaters.

Avoid prolonged breathing of vapor or spray mist;. Avoid prolonged or

repeated skin contact.
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- APPENDIX
X1. EXAMPLE TEST CHAMBERS

X1.1 It is not reasonable to try to design a single test chamber that

‘accommodates all configurations of detectorvprobes. Instead, it is better to

define the general requirements for the chamber and allow specific chambers to
be designed to meet requirements for particular probes. Included in this
appendix are diagrams of three test chambers that, combined, should be suited
to the vast majority of vapor-phase detectors. The included chamber desigﬁs
may also serve as starting points for alternate chamber designs.

X1.2 Test Chamber for Tubing Probes--Figure X1 contains a diagram
detailing a test chamber design that should be suitable for almost all vapor-

phase detectors that have probes consisting of tubing. These detectors

primarily aspirate gas samples through tubing to a sensor located in the

control box. , ‘
"X1.3 Test Chamber for Probes Up to 3/8-Inch Diameter--Figure X2 is a
diagram of a test chamber design that should be adequate for detector probes
with diametér§ up to 3/8 inch.
X1.4 Test Chamber for Probes Up to 1-1/4-Inch Diameter--Figure X3 is
a diagram of a test chamber design that should be adequate for detector probes

with diameters up to 1-1/4 inches.
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FIG. X1. Gas Test Chamber for Tubing Probes
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Draft No. 3
June 29, 1990

Designation: X 0003
Standard Test Method for
SPECIFICITY FOR VAPOR-PHASE OUT-OF-TANK PETROLEUM DETECTORS

1. Scope
1.1 This test method covers détermination of specificity of vapor-
phase out-of-tank petroleum hydrocérbon leak detectors. |

1.2 This method is only applicable to the compopents associated with
detection of vapor-phase petroleum releases for detection systems utilizing
multiple operating principles.

1.3 This standard may involve hazardous materials, operations, and
equipment. This standard does not purport to address all of the safety
problems associated with its use. It is the responsibility of the user of
this standard to establish appropriate safety anq health practices and

determine the applicability of regulatory limitations prior to use.

2. Referenced Documents

2.1 ASTH Standards:
E 1 Standard Specification for ASTM Thermometers
E 456 Standard Terminology Relating to Statistics
2.2 EPA Leak Detector Standards:
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X 0004 Standard Practice for Preparation of Synthetic Gasoline

3. Terminology

3.1 Definitions -- For formal definitions of statistical terms, see
- Terminology E 456.

3.2. Descriptions of Terms Specific to This Method

3.2.1 activated—-refers to the state of a qualitative detector’s
response when indicating the presence of hydrocarbon vapors.

3.2.2 non-activated--refers to the state of a qualitative detector’s
response when indicating that no hydrocarbon vapors are detected.

3.2.3 probe--component of a detection system that must come into
contact with petroleum gas before the gas can be detected.

3.274 qualitative responses--type of detector response that indicates
only the presence or absence of hydrocarbon vapors without determining the
specific hydrocarbon concentration. |

3.2.5 quantitative responses——type of detector response that
- quantitates the-concentration of hydrocarbon vapor present.

3.2.6 responses--detector’s indication of the presence of petroleum
‘hydrocarbon vapors. Responses can be qualitative or quantitative.
3.2.7 specificity--ability of a detector to respond to various
substances.
4, Summary of Test Method

4.1 Detector probes are subjected to each of six different test
atmospheres inside a sealed test chamber. Test gas concentrations are
nominally 500 parts per million by volume (ppmv). Detector response is
monitqred for up to 1 hour.

5, Significance and Use



5.1 For vapor-phase petroleum hydrocarbon detéctérs, specificity is
a measure of how sensitive a detector is to different test gases.

5.2. Results obtained using this method will permit the most

. advantageous use of a detector. Weaknesses as well as strengths of the

instrument should become apparent. It is not the interest of this method to
compare similar detectors of different manufacture, but to enable the user to
choose a suitable detector.
6. Interferences |

6.1 Conditions that can cause interferences with this method include
temperature changes, high temperatures, excessive apparatus volumes, and leaks
in the test apparatus. To avoid these conditions, tests should be conducted
at relatively constant normal laboratory temperatures with a leak-tested test
apparatus.

6.2  Cross contamination (i.e., memory effects from residual test

atmospheres) may be a major cause of inaccurate data. To minimize this

-potential problem, avoid using rubber or plastic parts for components of the

test apparétus that contact test gases and purge the testing system as
described in Section 11.

6.3 Fluctuations of the test chamber internal pressure may
significantly affect the detector’s response. Maintain a constant internal
chamber pressure (+0.2 inches of water relative to ambient pressure) while the
probe is exposed to the test atmosphere by m§intaining a constant inlet and
exit test atmosphere flow rate. If the pressure varies outside the acceptance

Timits, repeat the tests within the accepted pressure fluctuation limits.
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7. Apparatus
7.1 Test apparatus--The test apparatus, as depicted in Figure 1,

shall be consfructed from materials that are inert with respect to test gases.

‘The test apparatus consists of a compressed gas cylinder,  pressure regulator,

tubing, valves, tubing connectors, rotameters, volatilization system, test
chamber, thermocouple, and manometer. The volatilization system is depicted
in greater detail in Figure 2.

7.1.1 Compressed gas cylinder--Ultrahigh-purity air is supplied in
standard compressed gas cylinders having Compressed Gas Association (CGA)
fittings compatible with regulator fittings. '

Note 1--Ultrahigh-purity air may be supplied in compressed gas
cylinders having various fittings. Consult specific gas suppliers for details
on appropriate fittings.

7.1.2 _Pressare regulator--A dua] stage regulator with a fitting
compatible with the test gas cylinder is needed. The regﬁ]ator shall have a

range of at least O psi to 15 psi and have a diaphragm made of stainless

steel.

7.1.3 Tubing--Sufficient tubing to 1ink all test apparatus components
is needed. The tubing shall be free from contaminants and have an internal
diameter of at least 1/8 inch. The tubing shall be made of a material that is
inert with respect to test gases.

7.1.4 Tubing connectors--Various compression-type tubing fittings are
needed to make test apparatus connections. These fittings shall be free from
contaminants, inert with respect to test gases, and of a materialvthat is
compatible with the tubing. These fittings can include, but are not limited
to, tees, cross teés, reducers, and elbows. A thermocouple compression

fitting is also needed.
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7.1.5 Rotameters--Two rotameters, each having a flow range bracketing
the required flow rates for the detector, are needed to measure test chamber

inlet and outlet vapor rates. A third rotameter, capable of delivering 0.2

L/min of air, is required for continuously flushing the yolatilization chamber

between tests.

7.1.6 Valves——At least one shut-off valve, two flow controlling needle
valves, and two three-way ball valves are needed.

Note 2--Gas shut off can be accomplished using a regulator and the
integral shut-off valve commonly included with compressed gas cylinders. Hany
rotameters include an integral flow controlling needle valve.

7.1.7 Thermocouple--A thermocouple and temperature readout, or
equivaient, that responds from 0°C to 40°C and is accurate to within 1°C over
this range'is needed.

7.1.8 ‘Manometer--A relative pressure manometer is required to monitor
the test chamber’s internal pressure. The manometer must have a working range
of at least 0-10 inches of water (0 to 20 mm Hg) with an‘accuracy of +5%. The
manometer should be scaled using at least 0.2 inches of water (0.4 mm Hg) sub-
divisions.

7.1.9 Volatilization chamber--The volatilization chamber should be gas
tight and made from materials that are inert with respect to test gases.
Figure 2 schematically depicts the arrangement of the volatilization chamber
within the volatilization system. The volatilization chamber should be made
from glass to allow for good thermal transfe} and visual inspection of the
position of the syringe needle tip. A1l compression fittings connected to the
glass tube should utilize Teflon® ferrules and back ferrules. Nichrome

heating wire shouid bg wouhd around the glass tube with no gaps between each

wrap. The volatilization chamber inlet shou}d be fitted with a 1/4-inch,
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stain]ess steel tubing tee. The end of the tee directly opposite the entrance
to the volatilization chamber should be fitted with a septum to allow

insertion of the syringe needle into the heated tubing. The needle should be

inserted at a slight angle so that the tip touches the top inner surface of

the glass tubing to insure a constant flow of fuel from the needle tip onto
the glass surface. |

Note 3--If the needle does not touch the glass surface, the test
product pumped from the needle will produce droplets rather than a steady

stream on the heated surface. This will give rise to fluctuations in vapor-

- phase test product concentrations.

7.1.10 Test chamber--The test chamber should be gas tight and made from
materials that are inert with respect to test gases. Figure 3 contaiﬁs a test
chamber schematic representation. The test chamber must have fittings to
allow connection to the detéctor probe, a manometer, and a thermocouple. Test
chamber volumes should be kept as small as possible without interfering with
detector operatidn. The chamber must also have an inlet énd outlet for flow
of test atmospheres. Diagrams of suitable test chambers are presented in
Appendix A. |

7.1.11 Syringe pump--A syringe pump that is accurate to 5% of the
desired flow rate is required. The syringe pump must be capable of de]ivering
from 0.05 to 1500 pglL/hr over one hour.

7.1.12 Syringes--Precision glass syringes with certified +1% accuracy
and repeatability are required. Syringes froﬁ 10 to 1000 pL sizes may be
required depending on the detector’s gas-flow requirements.

7.1.13 Power supply--An alternating or direct current power supply that
is variable from 0 to 50 volts and is capable of delivering at least 2 amperes

of current is needed.



7.1.14 Heating wire--20 feet of 25-gauge, g1ass-§nsd1ated, Nichrome
heating wire with a fixed resistance of 2.1 ohms/ft is required.
7.1.15 Septum—-An inert septum with a 6 mm diameter is required.

7.2 Timer--A timer that is accurate and precise to at least one

vsecond per 10 minutes is required. Alternatively, a chart recorder or other

data acquisition system may be used. If a chart recorder or other data
acquisition system is to be used, a timer is not required. If used, the
recorder or data acquisition system timing must be accurate and precise to at
least one second per 10 minutes.

7.3 Electronic recorder--A chart recorder or other electronic data
acquisition system may be used if it is compatible with the specific detector
that is being evaluated. The output of the data recorder should be accurate
to +2% over the range of output from a quantitative detector. A data recorder
used with a qualitative detector must unambiguously identify activated and
inactivated states.

7.4 Thermometer--ASTM Solvents Distillation Thérmometer having a
range from.-2°C to 52°C and conforming to the requirements for Thermometer 37C
as prescribed in Specification E 1.

7.5 Bubble meter--Use NBS-traceable soap bubble flow meters to
calibrate rotameters. The bubble meters must have a working range that
brackets the range of all rotameters.

8. Reagents and Materials
8.1 Purity of Reagents--Reagent ggéde.chemica1s shall be used in all

tests. Unless otherwise indicated, it is intended that all reagents conform

‘to ‘the specifications of the Committee on Analytical Reagenté for the American
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Chemfca] Society where such specifications are available.? ;bther grades may
be used, provided it is first ascertained that the reagent is of sufficiently
high purity to permit its use without lessening the accuracy of determination.

8.2 Commercial Gasoline--Commercial gasoline tegt product shall be
ﬁn]eaded regular or premium gaso]iné that is purchased at a retail outlet.
(The fuel shall contain less than 2% water-miscible substances.

(Danger--Commercial gasoline is extremely flammable. Vépors are harmful if

inhaled. Leaded gasoline should not be used because there are significant

additional hazards associated with its handling and disposal. See Annex
Al.1.) |

8.3 n-Hexane (CEHJZ)—-(Qggggg——g-Hexane is extremely flammable.
Vapors are harmful if inhaled. See Annex Al.2.) '

8.4 ° JP-4 Jet Fuel--JP-4 jet fuel test product shall be purchased at
a retail outlet. (Danger--JP-4 jet fuel fS'fIammable. Vapors are harmful if
fnhaled. See Annex Al.3.) o

8.5 Synthetic Gasoline--Synthetic gasoline, as used in this metﬁod,
is an 1l-component mixture that is roughly representative of automotive
gasoline prepared according to Practice X 0004. (Dangér--Synthetic gasoline
is extremely flammable. Vapors are harmful if inhaled. See Annex Al.4.)

8.6 Toluene (CH366H5).» (Danger--Toluene is extremely flammable.
Vapors are harmful if inhaled. See Annex Al.5.)

8.7 Xylene(s) [Z(CH3)66H4]. (gggggn—-Xerne is flammable. Vapors
are harmful if inhaled. See Annex Al.6.) H

.I”Reagent Chemicals, American Chemical Society Specifications,” Am.
Chem1ga1 Soc., Washington, D.C. For suggestions on the testing of reagents
not 1isted by the American Chemicals Society, see ”Reagent Chemicals and
Etapdards,” by Joseph Rosin, D. Van Nostrand Co., In., New York, NY, and the

United States Pharmacopeia.”
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8.8  Other Test Products--This test method can aiéo be used with
other non-viscous volatile 1iquids. The method, however, does not directly

address use of test products other than the liquids described herein, and JP-4

jet fuel. The suitability of this method with regard to other substances

should be ascertained before this method is used with those liquids.

8.9 A1l petroleum hydrocarbon products and hydrocarbon reagents
shall be stored in tightly sealed, inert containers away from heat, sparks,
and flames. Petroleum fuels shall not be stored for more than 60 days because
significant changes in their properties may occur as a result of volatile
component Tosses.

8.10 Ultrahigh-purity air--The ultrahigh-purity air standard must
have less than 0.5 ppmv total hydrocarbon content. (Caution--Gas under high
pressure. See Annex Al.7.) |
9. Calibration and Standardization

9.1 Chart Recorder or Other Data Recording System;—lf used, a chart
recorder or other data recording systeﬁ should be calibrated along with the
detector. -The data recording system should be calibrated according to
instructions from its manufacturer and the detector manufacturer. Also, any
recording device should be compatible with the detector being investigated.
Consult specifications from the manufacturers of the recording device and the
detector.

9.2 Detector--Because of wide design variability among different
petroleum detectors, it is impossible to give complete calibration

instructions for all possible detector designs. Calibrate all detectors

according to manufacturer instructions.

913 Rotameters--Calibrate each rotameter prior to initiating test

procedures, once a year thereafter, and after any internal contamination



(e.dg., dirt, moisture, etc.) during testing. InstructionsTaccompanying the
NBS-traceable bubble meters should be followed. The rotameters are to be

calibrated at a minimum of five points (“multipoints”) within the working

range. Flow readings should be made from the middle of the ball float. All

readings should be made from the upper float on dual-float rotameters until it
is off scale. Once the upper float is off scale, readings should be made from
the lower float.

9.3.1 Assembly--Remove the rotameter from the test system, if
assembled, and coﬁnect the rotameter in series between a controllable
compressed air source and an NBS-traceable bubble meter. Use a bubble meter
cylinder that will allow a flow measurement over a period of 15 to 45 seconds.

9.3.2 First calibration point--Bring the gas flow rate to the lowest
calibration flow for testing. Let the system run at this setting until the
rotameter is steady. If the flow rate is not within fhe first level range,
adjust the flow rate until it is within that range and wait for a steady-state
value. Record the steady-state flow meter value that is within the first flow
rate Tevel. Measure the flow rate with the bubble meter and stopwatch
according to the NBS bubble meter instructions. Record each reference flow
rate.

8.3.3 Remaining calibration points--Record steady-state settings for
triplicate runs as described in Section 9.3.2 for at least four more flow
rates throughout the rotameter range.

9.4 Thermocoupie-—Perform side-by-side multipoint calibrations for

- each thermocouple used in the test procedure in a 1-L glass beaker filled with

water. The reference thermometer should be an ASTM Solvents Distillation
thermometer having -a range from -2°C to 52°C and conforming to the

requirements for Thermometer 37C as prescribed in Specification E 1. The

10



levels tested are low (room temperature - 10°C), room tembérature, and high

(room temperature + 10°C).

9.4.1 Insert both the thermocouple and reference thermometer into the

~ beaker of water and add small quantities of ice. Allow .the ice to melt and

the temperature to stabilize. Continue adding ice until a steady-state
reading (#0.5°C over two minutes) of room temperature - 10°C (*2°C) occurs.

9.4.2 Repeat this procedure using room temperature water (15°C to
30°C) and water heated to room temperature + 10°C (#2°C). If the temperature
difference is more than 1°C, either repeat the test with the same thermocouple
or replace the thermocouple and repeat the test until it is acceptable.

9.4.3 Perform thermocouple calibration at the onset of testing and at
least once . a year. .

9.5 Average Molecular Weight of Commercial Fuels--Determine the
avefage molecular weight of commercial gaso]ine and JP-4 jet fue1 by
cryoscopic osmohetry. Average mo]eéu]ar weight determinations must be 5%
accurate.

Note 4--Synthetic gasoline prepared according to .EPA Leak Detector
Standard X 0004 has an average molecular weight of 92.83 g/mol.

9.6 Test Product Density——The density of test products should be
determined by filling a tared 50-mL volumetric flask with test product and
weighing the volumetric flask with test product on an analiytical balance.

Test product density is calculated as follows:
Density, g/mL = (m, - m) + v . (1)

Where:

m, = mass of flask plus test product, g;

11



m, = mass of flask, g;

y = flask volume, mL (v = 50 mL).

9.7 Syringe Pump--Determine the linearity of liquid delivery at each

gear settihg of the pump at the beginning of testing and at least yearly

thereafter. Calibration should be performed with a 250 uL syringe filled with
water. The syringe pump should be set at approximately 50% flow for the gear
setting that is being calibrated. Record the initial volume in the syringe.
Start the syringe pump and a timer simu]tanedus]y. Record the syringe volume
after 15, 30, 45, and 60 minutes. The correlation coefficient of delivered

volume versus time, as calculated with the following equation, must be 0.995

or better:
Correlation Coefficient =  n St,AV, - (St,)(SAV,) (2)
JInst.%- (3t.)%1[n3AV,2 - (3AV,)]
Where:
n = number of calibration points (n=5);
t, = each time increment, minutes; and
AV.=  each corresponding volume change, ul.

9.8 Syringes--Calibrate each syringe before initiating testing and
yearly thereafter. Syringes should be calibrated at each syringe pump gear
setting at a rate corresﬁonding to 50% f]ow.“ C#]ibration should be performed
with a syringe filled with water. Record the initial syringe volume, and
affix the syringe to the syringe pump. Simu1taneous]y‘start-a timer and the

syringe pump. Record the syringe volume after at least 15 minutes (&l

12
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seéond). Determine the 100% flow rate for the syringe acéording to the

following equation:

100% Syringe flow rate, pL/hr = 6000 x (V¢ - V;) =+ t = p - (3)
Where:
V. =  final syringe volume, pl;
v, = initial syringe volume, pl;
t = elapsed time, minutes; and
p = syringe pump setting, % (50%).

10. Conditioning

10.1 Before Fach Test--Purge the test chamber for at Teast three min-

" utes with ultrahigh-purity air at 0.2 L/min. Turn on the power supply for the

vo1étiiization chamber and set the voltage such that a volatilization chamber
temperature of 160°C + 15°C is established. Allow the chamber to warm up for
five minutes.

10.2 During each test--Continuously purge the volatilization chamber
with ultrahigh-purity air when it is not in use. The purge-air flow rate
§hou1d be at least 0.1 L/min.

11. Procedure

11.1 Test Series--The detector should be tested with each test gas.
Test gases are commercia] gasp]ine, n-hexane) JP-4 jet fuel, synthetic
gasoline, toluene, and xylene(s).

11.1.1 Perform tests in a random order.

11.2  Detector Assembly--Assemble the detection system as described by
the manufacturer.& Insert -the detector probe into the test chamber. The seal

between the probe and the test chamber should be gas tight.



11.3  Syringe Pump Setup--Assemble the vo]ati]izét;bn system according
to Figure 2. Make sure the syringe needle is inserted into the septum far
enough and at a slight angle so that the tip is inside and touching the heated
tube, and not in the tee fitting.

11.4 Calibration--Calibrate the detector if necessary. Many
detectors do not require calibration. Perform calibrations, if necessary,
according to manufacturer recommendations. Calibration may need to occur
before mounting in the test container. If a data recording system is beiﬁg
used, it should be calibrated with the detector. Calibrate the data
acquisition system according to manufacturer instructions.

11.5 Background--Supply ultrahigh-purity air to the test chamber at a
rate that is 0.2 L/min. greater than the detector’s aspiration rate.

Noté 5: Hany detectors are passive and do not aspirate gas samples.
Use total test gas flow rates of 0.2 L/min for these detectors.

Monitor the detector’s response every 15 seconds until a steady?state reading
(£2% change of full scale over one minﬁte) is achieved or four minutes has
elapsed, whichever is longer. Monitor the temperature inside the test chamber
during background testing.

11.6 Test atmosphere response--Introduce the appropriate test gas to
the test chamber at a sufficient rate to produce a 0.2 L/min test system vent
flow rate. Monitor the temperature inside the test chamber during testing.

The syringe pump injection rate should be determined as follows:

Injection rate, pl/hr = F, x Me x C, x 2.6786 x 10 + d; (4)

s

Where:

F, = total test gas flow rate, L/min;

14



M, = test product average molecular weight, g/mol;
C, = desired test gas concentration, ppmv; and
d, = test product density, g/mlL.

Instructions provided by the syringe pump manufacturer should be followed for
proper syringe selection and injection rate setting.

11.6.1 Monitor quantitativé detectors until a steady-state (2% of full
scale over 1 minute) response occurs or for 1 hour, whichever is shorter.
Monitor qualitative detectors for a positive response (“activated”) for up to
1 hour.

12. Calculations
12.1 Specificity for Quantitative Detectors--Specificity for

quantitative detectors is the ratio of detector output, or measured

‘concentration, to the -actual concentration of hydrocarbon~test gas expressed

as a percentage. The following equation should be used to calculate

specificity for quantitative detectors:
Specificity, % = 100 x my/c | (5)

Where:
my = detector’s output reading, ppmv; and
c = hydrocarbon concentration, ppmv (c = 500 ppmv).
13. Interpretation of Results

13.1  Specificity for Qualitative Detectors--Specificity for
qualitative devices should be reported as “activated” if the detector responds
within 1 hour. Oéherwise, specificity should be reported as ”inactivated.”

14, Report

15
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14.1 Report detector type (guantitative or qualfﬁétive) and
specificity results for each test product.
15. Precision and Bias

15.1 Precision--The precision of the procedure in Test Method X 0003
for meésuring specificity for vapor-phase out-of-tank petroleum detectors is

being determined.

15.2 Bias--Since there is no accepted reference material suitable for
determining the bias for the procedure in Test Method X 0003 for measuring
specificity for vapor-phase out-of-tank petroleum detectors, no statement on

bias is being made.

16
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ANNEX
(Mandatory Information)

Al. PRECAUTIONARY STATEMENTS

Gasoline (including Leaded Gasoline)
Danger—-Extremely flammable. Vapors harmful if inhaled.
Vapors may cause flash fire.

Contains toxic lead antiknock components. Harmful if absorbed through

Keep away from heat, sparks, and open flames.
Keep container closed.

Use with adequate ventilation. Avoid buildup of vapors and eliminate

all sources of ignition especially nonexplosion-proof electrical apparatus and

heaters.

Avoid prolonged breathing of vapor or spray mist. Avoid prolonged or

repeated skin contact.

Al.2

n-Hexane

banger——Extreme]y flammable. Vapors harmful if inhaled.
Vapors may cause flash fire.

Keep away from heat, sparks, and open flames.

Keep container closed.

Use with adequate ventilation. Avoid buildup of vapors and eliminate

all sources of ignition especially nonexplosion-proof electrical apparatus and

heaters.

20
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Avoid prolonged breathing of vapor or spray mist.. A;oid prolonged or
repeated skin contact.
Al.3 Jet Fuel (JP-4)

Danger--Flammable. Vapors harmful if inhaled.

Vapors may cause flash fire.

Keep away from heat, sparks, and open flames.

Keep container closed.

Use with adequate ventilation. Avoid buildup of vapors and eliminate
all sources of ignition especially nonexplosion-proof electrical apparatus and
neaters.

Avoid prolonged breathing of vapor or spray mist. -Avoid prolonged or
repeated skin contact.

A154 Synthetic Gasoline Mixture

Danger--Extremely flammable.. Vapors hérmfu] if inhafed.‘ Vapbfs may
cause flash fife. Contains toxic benzene and other hydrocarbon substances
(See Method X 0004).

Harmful if absorbed through skin.

Keep away from heat, 'sparks, and open flames.

Keep container closed. Use with adequate ventilation.

Avoid buildup of vapors and eliminate all sources of ignition,
especially nonexplosion-proof electric apparatus and heaters.

Avoid prolonged breathing of vapors or, spray mist.

Avoid prolonged or repeated skin contact.

Al.5 Toluene
Danger——Extreme]y flammable. Vapors harmful if inhaled.
Vapors may cguse-f1ash fire.

Keep away from heat, sparks, and open flames.
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{ i - Keep container closed.
| Use with adequate ventilation. Avoid bui]dup of vapors and eliminate
a1l sources of ignition especially nonexplosion-proof electrical apparatus and
- heaters.
Avoid prolonged breathing of vaper or spray mist. Avoid prolonged or
repeated skin contact.
Al.6  Compressed Gas. Air.
Caution-;Compressed gas under high pressure.
Keep container closed. |
Always use a pressure regulator. Release regulator tension before
opening cylinder.
Do pot trénsfer to cylinder other than one in which gas is received.

Do not mix gases in cylinders.

TN
N

Do not drop -cylinder. Make sure cylinder is supported at all times.

7

Stand away from cylinder outlet when opening cylinder valve.
Keep cylinder out of sun and away from heat.

Do not use cylinder without label.

Do not use dented or damaged cylinder.

For technical use only. Do not use for inhalation purposes.
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APPENDIX
X1. EXAMPLE TEST CHAMBERS

X1.1 It is not reasonable to try to design a single test chamber that

accommodates all configurations of detector probes. Instead, it is better to

define the general requirements for the chamber and allow specific chambers to
be designed to meet requirements for particular probes. Included in this
appendix are diagrams of three test chambers that, combined, should be suited
to the vast majority of vapor-phase detectors. The included chamber designs
may also serve as starting points for alternate chambet designs.

X1.2 Test Chamber for Tubing Probes--Figure X1 contains é diagram
detailing a test chamber design that should be suitable for almost all vapor-
phase detectors that have probes consisting of tubing. These detectors
primarily aspirate gas samples through tubing to a sensor Tocated in the
contrb] box.

X1.3 Test Chamber for Probes Up to 3/8-Inch Diameter--Figure X2 is a
diagram of a test chamber design that should be adequate for detector probes
with diameiers up to 3/8 inch.

X1.4 Test Chamber for Probes Up to 1-1/4-Inch Diameter--Figure X3 is
a diagram of a test chamber design that should be adequate for detector probes

with diameters up to 1-1/4 inches.
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Draft No. 3
June 29, 1990

Designation: X 0006
Standard Test Method for
LOWER DETECTION LIMIT FOR VAPOR-PHASE OUT-OF-TANK PETROLEUM DETECTORS

1. Stope

1!1 " This test method covers determination of the lowef detection
1ihit of vapor-phase out-of-tank petroleum hydrocarbon 1qak detectors.

1.2. This method is only applicable to the components associated with
detection of vapor-phase petroleum releases for detection system; utilizing
multiple operating principles.

1.3 This standard may involve hazardous materials, operations, and
equipment. This standard does not purport to address all of the safety
problems associated with its use. It is the responsibility of the user of
this standard to establish appropriate safet} ana health practices and
determine the applicability of regulatory limitations prior to use.

2. Referenced Documents |

2.1 ASTH Standards:

E 1 Standard Specification for ASTM Thermometers
E 456 Standard Terminology Relating to Statistics

1



2.2 EPA Leak Detector Standards:

X 0004 Standard Practice for Preparation of Synthetic Gasoline
3. Terminology

3.1 Definitions--For formal definitions of stat%stical terms, see
Terminology E 456.

3.2. Descriptions of Terms Specific to This Method

3.2.1 activated—-refers to the state of a qualitative detector’s
response when indicating the presence of hydrocarbon vapors.

3.2.2 critical level--point at which a detector’s response becomes
significantly different from a blank response. .

3.2.3 Jlower detection limit--minimum concentration of hydrocarbon test
vapor that has only a 5 percent chance of not being detected at a 95 percent
confidence level.

N | 3.2.4 non-activated--refers to the state of a'qualitative.deiector‘s~
responsé when indicating that no hydrocarbon vapors are detected. .

3.2.5 probe--component of a detection system that ‘must come into
contact with hydrocarbon vapor before the vapor can be detected.

3.2.6 qualitative responses--type of detector response that indicates
only the presence or absence of hydrocarbon vapors without determining the
specific concentration.

3.2.7 quantitative responses--type of detector response that
quantitates the concentration of hydrocarbon'vapdr present.

3.2.8 responses--detector’s indication of the presence of petroleum
hydrocarbon vaporé. Responses can be qualitative or quantitative.

4. Summary of Test Mefhod |

4.1 Detector probes are subjected to test atmospheres of either

(1

commercial gasoline, a synthetic gasoline mixture, or JP-4 jet fuel inside a
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sealed test chamber. Test atmospheres are made by accuréte]y delivering
liquid fuel into a heated volatilization chamber through which ultrahigh-

purity air is fed at a controlled rate. Detectors are screened at several

 different test product concentrations to determine the lowest concentration to

which the detectors will respond reliably. Test product concentrations are 10
parts per million by volume (ppmv), 50 ppmv, 100 ppmv, 500 ppmv, and 1000
ppmv.

4.2  The concentration at which a detector is tested is referred to
as the lower detection limit, or "LDL." For qualitative detectors, the next

lowest concentration is referred to as "LDL-." Quantitative detectors require
seven tests for each test gas at the LDL concentration. Qualitative detectors
require a total of twelve tests for each gas, six tests at both the LDL and

LDL- concentrations. If a qualitative detector fails to respond positively to

one or more of the six LDL tests, then the LDL concentration is increased and

" six more tests are performed at the new LDL concentration. Similarly, if a

detector responds positively six times to the LDL concentration and one or
more times to the LDL- concentration, the LDL- concentration is decreased and
six more tests are performed at the new LDL- concentration.
5. Significance and Use

5.1 For vapor-phase petroleum hydrocarbon detectors, the lower
detection limit, or "LDL," is the minimum hydrocarbon concentration to which a
detector will respond positively. This method uses hydrocarbon gas
concentrations from 10 ppmv to 1000 ppmv. Commercial gasoline, a synthetic
gasoline mixture, and JP-4 jet fuel are the hydrocarbon test‘products used in
this method. .

5.2 The lower limits of a detector’s abi1ity to detect.hydrocafbon

vapors may be described in terms of two types of detection errors that are



possible. One type of error involves concluding that hydrdkarbon product is
present when there actually is not any product. This is the classic "false

alarm," which is referred to as a false positive or Type I error. The risk of

" making a Type [ error is usually denoted as a (alpha). The second type of

error that can be made is referred to as a false negative or Type II error.
This is the error of not detecting the presence of hydrocarbon product, and
the risk associated with making this type of error is denoted as B8 (beta).
Limits of detectors described below are based on the risks associated with
these two types of error to prescribed hydrocarbon vapor concentrations.

5.3 Data obtained from repeated testing of quantitative detectors
will be used-to define two characteristics associated with the detector
capabilities. These two characteristics, corresponding to the two possible
types of detection errors described above, will be referred to as the critical
level and the detection 1imit. The critical level fs the detision-poinf test-
vapor- concentration, above which hydrocarbons are "detected" and below which
they are "not detected." For quantitative detectors, the‘critical point will
be establighed at a concentration corresponding to a 5 percent risk of false
positive error. The detection 1imit will be defined as a second, higher test-
vapor concentration, at which the risk of false negative error is no more than
5 percent. The estimated magnitude of a and B risk assume a normal error
distribution.

5.3.1 Figure 1 shows the critical 1eqe1,'the Tower detection limit,
and the a and B risks applicable to quantitative detectors. The critical
lTevel is the point at which detector response becomes significantly different
from a blank respoése. ‘The two bell-shaped curves represent probability
density functions (PDF). The .curve on the left represents the PDF for

possible detector responses for a test vapor having a true hydrocarbon
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concentration of zero. The critical level (Le) is 1ocatédmon the right tail

of the curve. The critical level will be established using a one-sided

tolerance limit for normal distribution. Using the tolerance limit approach,

- it may be stated with 95 percent confidence that a false positive error will

be made no more than five percent of the time.

5.3.2 The curve to the right in Figure 1 represents the PDF for
possible detector responses for a test vapor having a true hydrocarbon
concentration equal to the detection limit (L;). The detection limit will be
established by letting the false negative error coincide with the false
positive error at the critical level and then applying the tolerance 1imit
equation. Using the tolerance limit, it can be stated with 95 percent
confidence that the lower detection limit concentration is the lowest
concentration that has only a five percent chance of not being detected.

5.4 . Qualitative deteétors reqhire a different test strategy because
the dgta collected are attribute measurements. The critical level and the
detection 1imit may still be used to characterize detector performance, and
the risk of detection error may still be expressed in terms of a and 8.
However, different levels of a and 8 will be used for these detectors.

Figure 2 illustrates the probability of detection versus concentration for
qualitative detectors. The false positive risk a is dependent on the detector
and represents the probability tﬁat the detector will go to an activated state
at zero concentration. For these detectors,uthe-critica1 level is defined as
the test vapor concentration at which the detector has a fifty percent

probability of detection. The lower detection limit is the test vapor

‘concentration at which the detector has a probability of not activating that

o

is equal to the false negative risk 3.



5.4.1 The critical level and lower detection limit will be established
with 95 percent confidence to be within a range bounded by a lower test -vapor

concentration (LDL-) and an upper test vapor concentration (LDL). LDL and

" LDL- will be established by measuring the detector respohse six times at the

LDL concentration and six times at the LDL- concentration. If the detector
responds six times at the higher concentration and does not respond to the
lower concentration, it will be concluded with 95 percent confidence that the
critical level and Tower detection 1imit are between the LDL- and LDL conce-
ntrations. If, however, the detector fails to respond to one or more of the
six tests, then the LDL concentration will be increased and six more tests
will be performed at the new LDL concentration. Similarly, if the detector
responds six times to the LDL concentration and one or more times to the LDL-
concentration, then the LDL- concentration will be decreased and six more
tésts will be performed at'the-new LDLF concentration.

5.4.2 A risk of 50 percent will be set for false negative error (8)
and false positive error (a). This risk level requires six tests at the LDL
and LDL- test vapor concentrations. By establishing these risk levels, it can
be stated with 95 percent confidence that the detector will respond to a
minimum of 50 percent to the LDL concentration and a maximum of 50 percent to
the LDL- concentration. The number of experimenfs is based on a binomial
distribution and is directly related to false positive risk and false negative
risk.

5.5 Results obtained using this method will permit the most

advantageous use of a.détector. Weaknesses as well as strengths of the

instrument should become apparent. It is not the interest of this method to
compare similar-detectors of different manufacture, but to enable the user to

choose a suitable detector.
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6. Interferences

6.1 Conditions that can cause interferences with this method include

temperature changes, high temperatures, excessive test apparatus-volumes, and

- leaks in the test apparatus. To avoid these conditions, tests should be

conducted at constant normal laboratory temperatures with a leak-tested test
apparatus.

6.2 Cross contamination (e.g., memory effects from residual test
atmospheres) may be a major cause of inaccurate data. To minimize this
potential problem, avoid using rubber or plastic parts for components of the
test apparatus that contact test gases and purge the testing systém as
described in Section 10.

6.3' Fluctuations of the test chamber internal pressure may
significantly affect the detector’s response. Maintain a constant internal
chahbér pressﬁre~(10,2 inches of Qater relative to ambient pressure) while the
prébe is exposed to the test atmosphere by maintaining a constant inlet and
exit test atmosphere flow rate. If the pressure varies outside the acceptancé
lTimits, rebeat the tests within the accepted pressure fluctuation limits.

7. Apparatus

7.1 Test apparatus——The test apparatus, as depicted in Figure 3,
shall be constructed from materials that are inert with respect to test gases.
The test apparatus consists of a compressed gas cylinder, pressure regulator,
tubing, valves, tubing connectors, rotameters, volatilization system, test
chamber, thermocouple, and manometer. The volatilization system is depicted
in greater detail in Figure 4.

7.1.1 Compressed gas cylinder--Ultrahigh-purity air is suppliied in
standard compreé;ed gas cylinders having Compressed Gas Association (CGA)

fittings compatible with regulator fittings.
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Note 1--Ultrahigh-purity air may be supplied in cbm;ressed gas
cylinders having various fittings. Consult specific gas suppliers on details
on appropriate fittings.

7.1.2 Pressure regulator--At least one dual stagé regulator with a
fitting compatible with the test gas cylinders is needed. The regulator shall
have a range of at least O psi to 15 psi and have a diaphragm made of
stainless steel.

7.1.3 Tubing--Sufficient tubing to link all test apparatus components
is needed. The tﬁbing shall be free from contaminants and have an internal
diameter of at least 1/8 inch. The tubing shall be made of a material that is
inert with respect to test gases.

7.1.4 Tubing connectors--Various'compression-type tubing fittings are
needed to make test apparatus connections. These fittings shall be .free from
céntaminants, iﬁert with respett to test gases, and of a material that is
compatible with the tubing. These fittings can fnc]ude, but are.not limited
to, tees, cross tees, reducers, and elbows. A thermocoupﬁe compression
fitting is also needed.

7.1.5 Rotameters--Two rotameters, each having a f]ow range bracketing
the required flow rates for the detector, are needed to measure test chamber
inlet and outlet flow rates. Another rotameter, capable of delivering 0.2
L/min of air, is required for continuously flushing the volatilization
chambers between tests.

7.1.6 Valves--A shut-off valve and a flow controlling needle valve are
needed.

Note 2--Gas shut off can be accomplished using a regulator and the
integral shut-off valve commonly included with compressed gas cylinders. Many

rotameters include an integral flow controlling needle valve.
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7.1.7 Thermocouple--A thermocouple and temperatdregreadout, or
equivalent, that responds from 0°C to 40°C and is accurate to within 1°C over
this range is needed.

7.1.8 HManometer--A relative pressure manometer is required to monitor
the test chamber’s internal pressure. The manometer must have a working range
of at least 0-10 inches of water (0 to 20 mm Hg) with an accuracy of +5%. The
manometer should be scaled using at least 0.2 inches of water (0.4 mm Hg) sub-
divisions.

7.1.9 Volatilization chamber--The volatilization chamber should be gas

tight and made from materials that are inert with respect to test gases.

Figure 4 schematically depicts the arrangement of the volatilization chamber

within the volatilization system. The volatilization chamber should be made
from glass to allow for good thermal transfer and visual inspection of the
posit{on of the syringe needle tip. All compression fittings connected to the
glass tube should utilize Teflon® ferrules and back ferrules. Nichrbme
heating wire should be wound around the glass tube with rio gaps between each
wrap. The volatilization qhamber inlet should be fitted with a 1/4-inch,
stainless steel tubing tee. The end of the tee directly opposite the entrance
to the volatilization chamber should be fitted with a septum to allow
insertion of the syringe needle into the heated tubing. The needle should be
inserted at a slight angle so that the tip touches the inner surface of the
glass tubing to insure a constant flow of fuel from the needle tip onto the
glass surface.

Note 3--If the needle does not touch the glass surface, the test

- product pumped from the needle will produce droplets rather than a steady

stream on the heated surface. This will give rise to fluctuations in vapor-

phase test product concentrations.
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7.1.10 Test chamber--The test chamber should be gés.kight and made from
materials that are inert with respect to test gases. Figure 5 contains a test

chamber schematic representation. The test chamber must have fittings to

~allow connection to the detector probe; a manometer, and a thermocouple. The

chamber must also have an inlet and outlet for flow of test atmospheres. Test
chamber volumes should be kept as small as possible without interfering with
detector operation. Diagrams of suitable test chambers are presented in
Appendix A.

7.1.11 Syringe pump--A syringe pump that is accurate to #5% of the
desired flow rate is required} The syringe pump must be capable of delivering
from 0.05 to 1500 ul/hr over one hour.

7.1.12 Syringes—-Precision glass syringes with certified £1% accuracy

and repeatabiiity are required. Syringes in 10, 100, 250, 500, and 1000‘uL

sizes are.recommended.

7.1.13 Power Supply--An alternating or direct current power supply that
is variable from 0 to 50 volts and is capable of delivering at least 2 amperes
of current.is needed. |

7.1.14 Heating wfre-;ZO feet of 25-gauge, glass-insulated, Nichrome
heating wire with a fixed resistance of 2.1 ohms/ft is required.

7.1.15 Septum--An inert septum with a 6 mm diameter is required.

7.2 . Timer—-A timer that is accurate and precise to at least one
second per 10 minutes is required. A]ternative1y, a chart recorder or other
data acquisition system may be used. If a chart recorder or other data
acquisition system is to be used, the timer is not required. If used, the
recorder or data afquisition system timing must be accurate and precise to at
least one second per 10 minutes.

7.3 Electronic recorder--A chart recorder or other electronic data

10



g, T

acqﬁisition system may be used if it is compatible with thé”specific detector
that is being evaluated. The output of the data recorder should be accurate
and precise to 2% over the range of output from a quantitative detector. A
data recorder used with a qualitative detector must unambiguously identify
activated and inactivated states.

7.4 Thermometer--ASTM Solvents Distillation Thermometer having a
range from -2°C to 52°C and conforming to the requirements for Thermometer 37C
" as prescribed in Specification E 1.

7.5 Bubble meter--Use NBS-traceable soap bubble flow meters to
calibrate rotameters. The bubble meters must have a working range that
brackets the range of all rotameters.

8. Reagents and Materials

8.1 Purity of Reagents--Reagent grade chemicals shall be used in all
tests. Unless otherwise indicated, it is intended that a11-reagents.cohfdrm
to the specifications of the Committee on Analytical Reageﬁts for the American

L Other grades may

Chemical Soc{ety where such specifications are available.
be used, pfovided it is first ascertained that the reagent ‘is of -sufficiently
high purity to permit its use without lessening the accuracy of determination.

8.2 Ultrahigh-Purity Air--The ultrahigh-purity air standard must
have less than 0.5 ppmv total hydrocarbon content. (Caution--Gas under high
pressure. See Annex Al.l.)

8.3  Commercial gasoline--Commercial gasoline test product shall be

unleaded regular brApremium gasoline that is purchased at a retail outlet.

1"Reagent Chemicals, American Chemical Society Specifications,” Am.
Chemical Soc., Washington, D.C. For suggestions on the testing of reagents
not listed by the American Chemicals Society, see "Reagent Chemicals and
Standards,” by Joseph Rosin, D. Van Nostrand Co., In., New York, NY, and the
"United States Pharmacopeia."

11
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(Danger--Gasoline is extremely flammable. Vapors are ha}m%ul if inhaled. See
Annex Al.2. Leaded gasoline should not be used because there are significant
additional hazards associated with its handling and disposal).

8.4 Synthetic Gasoline—-Synthetic gasoline, as:used in this method,
is an 11-component mixture that is roughly representative of automotive gaso-
1ine prepared according to Method X 0004, "Standard Practice for The Prepara-
tion of Synthetic Gasoline for Testing Out-of-Tank Petroleum Detectors.”
(Danger--Synthetic gasoline is extremely flammable. Vapors are harmful if
inhaled. See Annex Al.3).

8.5 JP-4 Jet Fuel--The JP-4 jet fuel test product sha11.be purchased
from a retail outlet. (Danger--JP-4 jet‘fuel is flammable. Vapors are harm-
ful if inhaled. See Annex Al.4). ’

8.6 Other Test Products--This test method can also be used with

~other non-viscous, volatile 1iquids. The method, however,-doés not directly -

address use of 1iquids other than commercial gasoline, the synthetic gasoline
described herein, and JP;4 jet fuel. The suitability of this method with
regard to other substances should bé-ascertained before this method is used
with those liquids.

8.7 All petro]eum.hydrocarbon products and hydrocarbon reagents
shall be stored in tightly sealed, inert containers away from heat, sparks,
and flames. Petroleum fuels shall not be stored for more than 60 days because
significant changes in their properties may occur as a result of volatile com-
ponent losses.

9. Calibration and-Standardization

9.1 Chart Recorder or Other Data Recording System--1f used, a chart

recorder or other data recording system should be calibrated along with the

detector. The data recording system.should be calibrated according to

12
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instructions from its manufacturer and the detector manufacturer. Also, any
recording device should be compatible with the detector being investigated.

Consult specifications from the manufacturers of the recording device and the

“detector.

9.2 Detector--Because of wide design variability among different
petroleum detectors, it is impossible to give complete calibration
instructions for all possible detector designs. Calibrate all detectors
according to manufacturer instructions.

9.3 Rotameters--Calibrate each rotameter prior to initiating test
procedures, once a year thereafter, and after any internal contamination
(e.g., dirt or moisture) during testing. Instructions accompanying the NBS-
traceable bubble meters should be followed. The rotameters are to be cali-

brated at a minimum of five points ("multipoints") within the working range.

‘Flow readings should be made from the middle of the ball float.” All readings

should be made from the ubper float on dual-float rotameters until it is off
scale. Once the upper float is off scale, readings should be made from the
Tower f]oat;

9.3.1 Assemb]y—-Rémove the rotameter from the test system, if
assembled, and connect the rotameter in series between a controllable
compressed air sourcevand an NBS-traceable bubble meter. Use a bubble meter
cylinder that will allow a flow measurement over a period of 15 to 45 seconds.

9.3.2 First calibration pbint~—Bring:ﬁhe'gas flow rate to the lowest
calibration flow for testing. Let the system run at this setting until the
rotameter is steady. If the flow rate is not within the first level range,
adjust the f]owAraye until it is within that range and wait for a steady-state
value. Record the steady-state flow meter value that is within the first f]oﬁ

rate level. Measure the flow rate with the bubble meter and stopﬁatch

13



according to the NBS bubble meter instructions. Record éaéh reference flow

rate.

9.3.3 Remaining calibration points--Record steady-state settings for

triplicate runs as described in Section 10.3.2 for at least four more flow

rates throughout the rotameter range.
9.4 Thermocouple--Perform side-by-side multipoint calibrations for

gach thermocouple used in the test procedure in a 1-L glass beaker filled with

"water. The reference thermometer should be an ASTM Solvents Distillation

thermometer having a range from -2°C to 52°C and conforming to the
requirements for Thermometer 37C as prescribed in Specification E 1. The
levels tested are low (room temperature - 10°C), room temperature, and high
(room temperature + 10°C).

9.4.1 Insert both the thermocouple and reference thermometer into the
beaker of water and add small quantities of icé. Allow.the ice.to melt and
the temperature to stabilize. Continue adding ice until a steady-state
reading (£0.5°C over two minufes) of room temperature - 10°C (£2°C) occurs.

9.4.é Repeat this procedure using room temperature water (15°C to
30°C), and room temperature + 10°C (#2°C) water. If the temperature
difference is more than 1°C, either repeat the test with the same thermocouple
or replace the thermocouple and repeat the test until it is acceptable.

9.4.3 Perform thermocouple calibration at the onset of testing and at
least once a year.

9.5 Average Molecular Weight of Commercial Fuels--Determine the
average molecular weight of commercial gasoline and JP-4 jet fuel by cryo-
scopic osmometry. bAverage molecular weight values should be 15% accurate.

Note 4--Synthetic gasoline prepared according to EPA Leak Detector
Standard X 0004 has an averaée molecular weight of 92.83 g/mol.
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9.6 Test Product Density--The density of test products should be
determined by filling a tared 50-mL volumetric flask with test product and
weighing the volumetric flask with test product on an analytical balance.

Test product density is calculated as follows:

Density, g/mL = (m, - m.) + V (1)
Where:
m. = mass of flask plus test product, g;
m. = mass of flask, g;
v = flask volume, mL (v = 50 mL).

9.7 Syringe Pump—-Determjne the 1inearityvof 1iquid delivery at each
gear setting of the pump at the beginning of testing and at least yearly
thereafter. Calibration should be performed with a 250 pL syringe filled with
water. The syringe pump should be set. at approximately 50% flow for the gear
setting that is being calibrated. Record the initial volume in the syringe.
Start the syringe pump and a timer simultaneously. Record the syringe volume
after 15, 30, 45, and 60 minutes. The correlation coefficient of delivered

volume versus time, as calculated with the following equation, must be 0.895

or better:
Correlation coefficient = nSt.AV, - (St;)(3AV,) (2)
JTRSt 2 (Bt AT neAV % - (3AV,))
Where:
n = number of calibration points (5);

15
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t. = each time increment, minutes; and

i

AV. each corresponding volume change, L.

1

9.8 Syringes--Calibrate each syringe before initiating testing and

" yearly thereafter. Syringes should be calibrated at each syringe pump gear

setting at a rate corresponding to 50% flow. Calibration should be performed
with a syringe filled with water. Record the initial syringe volume, and
affix the syringe to the syringe pump. Simultaneously start a timer and the
syringe pump. Record the syringe volume after at least 15 minutes (£1
second). Determine the 100% flow rate for the syringe according to the

following equation:

100% Syringe flow rate, pl/hr = 6000 x (V; - Vi) +t <= p (3)
Where:
V. =  final syringe volume, ul;
V. = initial syringe volume, puL;
t = elapsed time, minutes; and

p = syringe pump setting, % (50%).

10. Conditioning

10.1 Before Fach Test--Purge the test chamber for at least three min-
utes with ultrahigh-purity air at 0.2 L/min. Turn on the power supply for the
volatilization chamber and set the voltage suych that-a volatilization chamber
temperature of 160°C * 15°C is established. Allow the chamber to warm up for
five minutes.

10.2 During each test--Continuously purge the volatilization chamber
with ultrahigh-purity air when it is not in use. The'purge-air flow rate

should be at least 0.1 L/min.
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11. Procedure

11.1  Test Serfes-—Quantitative detectors shall be tested seven times

for each test product. Qualitative detectors shall be tested a total of

~twelve tests for each test gas, six tests at both the LDL and LDL-

concentrations. If a qua]itative-detector fajls to respond positively to one
or more of the six LDL tests, then the LDL concentration shall be increased
and six more tests shall be performed at the new LDL concentration.
Similarly, if a detector responds positively six times to the LDL
concentration and one or more times to the LDL- concentration, the LDL-
concentration shall be decreased and six more tests shall be perférmed at the
new LDL- concentration.

11.1.1 Perform tests in a random order such that variables of test gas

~and hydrocarbon concentration are isolated.

11.2 Detector Assembly--Assemble the detection system as described by
the manufacturer. Insert the detector probe into the test chamber. The seal
between the probe and the test chamber should be gas tight.

11.2.1 Connect the detector output to a chart recorder or other data
acquisition system if one is being used. A1l connections should be in
compliance with specifications from the manufacturers of the detector and the
data recording system. |

11.3  Syringe Pump Setup--Assemble the volatilization system according
to Figure 4. Make sure the syringe needle is inserted into the septum far
enough and at a slight angle so that the tip is inside and touching the top of
the heating tubing, and not in the tee fitting.

11.4 Cé]ibration-—Calibrate the detector if necessary. Many

.detectors do not require calibration. Perform calibrations, if necessary,

according to manufacturer recommendations. Calibration may need to occur
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before mounting in the test container. If a data recordinéhsystem is being
used, it should be calibrated with the detector. Calibrate the data
acquisition system according to manufacturer instructions.

11.5  Background--Supply ultrahigh-purity air to the test chamber at a
rate that is 0.2 L/min. greater than the detector’s aspiration rate.

Hote 5--Many detectors are passive and do not aspirate gas samples.

Use total] test gas flow rates of 0.2 L/min for these detectors.

Monitor the detector’s response every 15 seconds until a steady-state reading

(:2% change of full scale over one minute) is achieved or four minutes has
elapsed, whichever is longer. Monitor the temperature inside the test chamber
during background testing.

11.6 Identify LDL Concentration--Based on previous testing or vendor
information, identify the lowest hydrocarbon concentration to which the
detector is khown to respond. This test gas concentration is referred to as
the lower detection limit, or "LDL." The LDL may be different for each test
product. '

11.6.1 If the LDL test gas concentration is unknown, begin with the
1000 parts per million by volume (ppmv) concentration and then test at
successively lower standard concentrations until the detector does not

respond. The standard test gas concentrations are 10 ppmv, 50 ppmv, 100 ppmv,

500 ppmv, and 1000 ppmv. The highest test gas concentration for JP-4 jet fuel
should be 500 ppmv.

11.7 Test Atmosphere Response--Introduce the appropriate test gas to
the test chamber by turning on.the syringe pump and switching valves so that
u_]trahigh-purity air flows through the volatilization system and into the test

chamber. Monitor the temperature inside the test chamber during testing. The

18
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syringe pump injection rate should be determined as follows:

Injection rate, ul/hr = F, x My x C, x 2.6786 x 107 + d; (4)
Where:
Fq = total test gas flow rate, L/min;
ﬁf = test product average molecular weight, g/mol;
C, = desired test gas concentration, ppmv; and
d. =  test product density, g/mlL.

Instructions provided by the syringe pump manufacturer should be followed for
proper syringe selection and injection rate setting.
11.7.1 Monitor quantitative detectors until a steady-state (2% of full

scale over-1 minute) response occurs or for 1 hour, whichever is shorter.

'quitor qualitative detectors for a positive response ("activated") for up to

1 hour.
12. Calculation
12.1 Critical Level for Quantitative Detectors--Calculate the

critical level for quantitative detectors as follows:
Critical level, ppmv = K x s + B ’ (5)

Where:

K = tolerance limit statistic from Table 1; .

s = standard deviation (n-1 degrees of freedom) of the data set, ppmv; and
B = absolute bias = |V, - V.|, ppmv; |

=

Where:
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quantitative detectors. For qualitative detectors, repoft“the LDL and LDL-
concentrations.
15. Precision and Bias

15.1 Precision--The precision of the procedure in Test Method X 0006
for measuring lower detection limit for vapor-phase out-of-tank petroleum
detectors is being determined.

15.2 Bias--Since there is no accepted reference material suitable for
determining the bias for the procedure in Test Method X 0006 for measuring
Jower detection 1imit for vapor-phase out-of-tank petroleum detectors, no

statement on bias is being made.
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Table 1. One-Sided Tolerance Limit Factors for a Five-Percent Beta Error

at a Ninety-Five-Percent Confidence Level®

Number of Tests (n) Tolerance Limit Factor (K)
3 7.655
4 5.145
5 4.202
34399
3.188
3.031
2.911
11 2.815
12 2.736
o 13 2.670
(7 14 2.614
S 15 ~ 2.566
“ 16 2.523
) 17 2.486
18 :2.453
19 2.423
20 2.396
21 2.371
22 2.350
23 2.329
24 2.309
25 2.292
30 2.220
35 2.166
40 2.126
45 2.092
50 2.065

ATaken from Natrella, M.G., Experimental Statistics. National Bureau of

— Standards Handbook 91. United States Department of Standards. Stock Number
&(:ij 003-003-00135-0. August, 1963. Reprinted October, 1966.
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1 T,  TestGasInlet

11 Purge Gas Inlet

(7 5 |

- Description Specifications

' i 3-way valve stainless steel, 1/4-in. fractipnal tubing fittings
2 tubing union stainless steel, 1/4-in. fractional tubing fittings
3 glass tube 1/4-in. O.D., 7-In. long .
4 heating wire Nichrome, 25 gauge, glass insulated, 2.1 Q/ft
5 power supply 0-50V,2A
6 tee stainless steel, 1/4-in. fractional tubing fittings
7 septum 6-mm dlameter, Inert
8 syringe precision, glass .
9 syringe pump (See text.) |
10 tubing 1/4-in. O.D., stainless steel
11 stop valve stainless steel, 1/4-in. fractional tubing fittings

~

e

FIG. 4. Volatilization System Schematic Diagram
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ANNEX
(Mandatory Information)

Al. PRECAUTIONARY STATEMENTS

Compressed Gas. Air,
Caution—Compressed gas under high pressure.
Keep container closed.

Always use a pressure regulator. Release regulator tension before

opening cylinder.

Do not transfer to cylinder other than one in which gas is received.

Do not mix gases in cylinders.

Al.2
skin.
(\

Do not drop cylinder. Make sure cylinder is securely supported at all
fimes.

Stand away from cylinder outlet when opening cylinder valve.
Keep'cylinder out of sun and away from heat.

Do not use cylinder without label.

Do not use dented or damaged cylinder.

For technical use only.

Do not use for inhalation purposes.

Gasoline (including Leaded Gasoline)

Danger--Extremely flammable. Vapors harmfu] if inhaled.

Vapors may cause flash fire.

Contains toxic lead antiknock components. Harmful if absorbed through
Keep away from heat, sparks, and open flames.

Keep container closed.
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Use with adequate ventilation. Avoid buildup of-VaﬁBrs and eliminate

a11 sources of ignition especially nonexplosion-proof electrical apparatus and

heaters.

Avoid prolonged breathing of vapor or spray mist.- Avoid prolonged or
repeatéd skin contact.

Al.3 Synthetic Gasoline Mixture

Danger--Extremely flammable. Vapors harmful if inhaled. Vapors may
cause flash fire. Contains toxic benzene and other hydrocarbon substances.
(See Method X 0000).

Harmful if absorbed through skin.

Keep away from heat, sparks, and open flames.

Keep container closed. Use with adequate ventilation.

Avoid buildup of vapors and eliminate all sources of ignition,
especially nonexplosion-proof electric apparatus and heaters.

Avoid prolonged breathing of vapors or spray mist.

Avoid prolonged or repeated skin contact.

Al.4 P-4 Jet Fuel

Danger--Flammable. Vapors harmful if inhaled.

Vapors may cause flash fire.

Keep away from heat, sparks, and open f]ames..

Keep container closed.

Use with adequate ventilation, avoid guildup of vapors, and eliminate
all sources of ignition, especially nonexplosion-proof electrical apparatus
and heaters.

Avoid prolonged breathing of vapor or spray mist. Avoid pro]onged‘or

repeated skin contact.
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APPENDIX
X1. EXAMPLE TEST CHAMBERS

X1.1 It is not reasonable to try to design a single test chamber that

- accommodates -all configurations of detector probes. Instead, it is better to

define the general requirements for the chamber and allow specific chambers to
be designed to meet requirements for particular probes. Included in this
appendix are diagrams of three test chambers that, combined, should be suited
to the vast majority of vapor-phase detectors. The included chamber designs
may also serve as starting pofnts for alternate chamber designs. |

X1.2 Test Chamber for Tubing Probes--Figure X1 contains a diagram
detailing a test chamber design that should be suitable for almost all vapor-
phase detectors that have probes consisting of tubing. These detectors

primarily aspirate gas samples through tubing to a sensor located in the

" control box.

X1.3 Test Chamber for Probes Up to 3/8-Inch Diameter--Figure X2 is a
diagram of a test chamber design that should be adequate for detector probes
with diamefers up to 3/8 inch. |

X1.4 Test Chamber for Probes Up to 1-1/4-Inch Diameter--Figure X3 is
a diagram of a test chamber design that should be adequate for detector probes

with diameters up to 1-1/4 inches.
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FIG. X1. Gas Test Chamber for Tubing Probes
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