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EXECUTIVE SUMMARY

State Water Resources Control Board (SWRCB) staff have been conducting a comprehensive
evaluation of the effectiveness of underground storage tank (UST) and piping systems, and
associated leak detection equipment. The evaluation includes: a field-based research project to
determine the frequency and source of releases from single and double-walled UST systems, a
field evaluation of automatic tank gauges and automatic line leak detectors, a survey of statistical
inventory reconciliation service providers, and a field evaluation of leak detection sensors. This
report contains the findings of the field evaluation of leak detection sensors, which are the
primary form of leak detection in double-walled UST systems. California’s UST population
currently consists of roughly 75% double-walled systems, making sensor performance a key
element in the detection of leaks from UST systems statewide. The importance of sensors will
only increase as older single-walled systems are phased out of service and replaced by double-
walled systems.

Leak detection sensors are typically located in tank interstitial spaces, piping sumps, under-
dispenser containment, and monitoring wells within excavation liners. They may also be located
in groundwater monitoring wells or soil-vapor monitoring wells surrounding the tank system,
although no such facilities were included in this field evaluation. California regulations require
that all leak detection equipment be functionally tested and certified by an authorized service
technician on an annual basis. This report was based largely on data collected from 789 sensors
at 124 UST facilities during routine annual testing and certification. Also discussed in this report
are 71 responses to an on-line survey on sensor performance, completed by service technicians
and inspectors. It is important to note that federal regulations and other state UST programs do
not require annual certification of monitoring equipment. One may assume that the sensor
performance problems identified in this field evaluation would be significantly more common if
California did not require the annual certification of monitoring equipment.

Federal and California regulations require that leak detection equipment be evaluated by an
independent third-party testing organization in accordance with recognized protocols. However,
these evaluation protocols are designed only to test sensor functionality in a laboratory setting.
The objective of this field evaluation was to assess sensor functionality under field conditions.
We also set out to determine the adequacy of annual certification testing procedures, and to
determine whether sensors in the field perform in a manner consistent with the specifications
outlined in their third-party evaluations.

The data collected in this field evaluation demonstrate that sensors can be a reliable form of leak
detection only when properly installed, programmed, maintained, and operated. Most problems
observed in this field evaluation are due to improper installation and programming of sensors,
poor or infrequent maintenance at UST facilities, ignoring alarms, and tampering with monitoring
equipment. Poor design, construction, and maintenance of secondary containment systems were
also common. Additionally, sensor design and materials played a role in some of the failures
observed.

SWRCB 1 August 2002



Findings - Effective performance of sensors is also dependent upon the performance of the
secondary containment in which they are installed. Therefore, this report’s findings are
presented in two categories: sensor performance and secondary containment performance.

Sensor Performance - Approximately 12% of sensors had one or more problems at the time
of testing. The most common problems observed were sensors raised from the low point of
the secondary containment, sensors failing to alarm when tested, and sensors failing to shut
down the turbine pump in the event of an alarm (when programmed to do so).

Secondary Containment System Performance - Problems with the performance of secondary
containment were more common than problems with sensors. Secondary containment must
be kept clean and dry in order for sensors to perform properly; however, water was found in
over 10% of secondary containment systems. Liquid product was present in an additional
3.5% of systems. Overall, 31% of the facilities visited in this field evaluation had water or
product in one or more areas of the secondary containment system.

Recommendations - Based on the findings of this field evaluation, we propose the following
recommendations to improve sensor performance and the effectiveness of leak detection
programs based on the use of sensors:

1. Periodic inspection and functional testing of sensors and secondary containment are essential
to reliable performance. California currently requires annual certification of monitoring
equipment, and triennial integrity testing of all secondary containment. The United States
Environmental Protection Agency (U.S. EPA) and states not currently requiring annual
certification of monitoring equipment and periodic testing of secondary containment should
consider implementing such requirements.

2. Sensor manufacturers should continue to refine sensor design and field testing procedures.
Sensors must be designed to reliably operate under the conditions found within the secondary
containment of an UST. Field testing procedures should involve functional testing of the
sensor, and should accurately determine the ability of the sensor to detect a release.

3. Standard third-party evaluation protocols for sensors should be revised to better reflect
operating conditions found in the field. SWRCB UST program staff has been active in the
efforts of the National Workgroup on Leak Detection Evaluations to improve the evaluation
and review process.

4. Regulatory agencies should call for more thorough training of personnel who install, service,
and operate UST leak detection systems. A recent California statute requires training for
these individuals, and the SWRCB is currently developing regulations to implement a
training standard statewide.

5. Regulatory agencies must have authority to take enforcement action against UST owners and
operators who tamper with leak detection equipment. The SWRCB has proposed legislation
that would grant regulators administrative enforcement authority, and allow them to “red-
tag” facilities that are significantly out of compliance.
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INTRODUCTION

Secondary containment for most UST systems has been required in California since January 1,
1984'. These “double-walled” systems employ liquid sensors in the interstitial space of UST
components, the space between the inner and outer wall of the component. Sensors are designed
to detect the presence of liquid in the interstitial space, providing the primary (and often only)
form of leak detection in double-walled UST systems. Therefore, their reliable performance is a
critical factor in preventing the release of hazardous substances into the environment.

To comply with regulations and provide the most effective leak detection, sensors should be
installed at the low point of the secondary containment [i.e., at the bottom of the tank interstice,
in turbine sumps (where liquid from leaks in double-walled piping will collect), and in under-
dispenser containment (where under-dispenser leaks collect)]. Sensors can also be found in fill
sumps, monitoring wells, or anywhere else leaking liquid from the primary containment may
collect. Regardless of location, all sensors are designed to perform the same task: to alert the
UST operator that liquid is present in the monitored area. This alert is typically accomplished
either by activating an audible and visual alarm at a control panel, or by stopping the flow of
product through automatic valve closure or pump/dispenser shutdown.

California regulations require that all UST monitoring equipment installed on a UST system
(including sensors) be tested and certified annually by a qualified technician®. Testing and
certification are often witnessed by an inspector from one of the 104 local government agencies
throughout the state that implement the UST regulations. The local regulatory agencies
implement the statewide UST program, which is overseen by the SWRCB. As the statewide
regulatory agency, SWRCB staff often receive comments from technicians and inspectors about
the effectiveness of UST monitoring equipment, especially if the equipment is not performing
properly. During Spring of 2000, inspectors brought the following specific concerns to our
attention:

e The inability of discriminating sensors to detect a layer of hydrocarbon-based product (i.e.
gasoline) floating on top of water and to properly distinguish between water and product;

e The inability of polymer-strip hydrocarbon detecting elements to quickly and reliably
alarm; and

e The inability of polymer-strip hydrocarbon detecting elements to return to effective
operation (recover) after exposure to hydrocarbons.

To determine how pervasive the problems were, SWRCB staff launched a field evaluation of
sensors. The first phase (Phase I) of this evaluation was a cooperative effort between SWRCB
staff, Veeder-Root representatives, and UST inspectors from the Santa Ana Fire Department,
City of Santa Monica, and Oakland Fire Department. Phase I focused exclusively on
discriminating sensors manufactured by Veeder-Root. Data were collected from 67 Veeder-Root
discriminating sensors at 18 UST facilities in Phase I, between August 2000 and November
2000. Sensors were evaluated for their ability to detect and discriminate between product and

! California Health and Safety Code, Chapter 6.7, Section 25291(a)
? California Code of Regulations, Title 23, Section 2637(b)
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water, using a test method proposed by UST inspectors and further refined by Veeder-Root and
SWRCB staff. The information collected provided a clearer picture of how sensors perform in
the field. Although a great deal of information was collected in Phase I, the data was limited to
Veeder-Root discriminating sensor models only.

With funding from U.S. EPA, we were able to conduct a second phase of field evaluations
(Phase II). Phase II was conducted to evaluate the functionality of all types of liquid sensors
used to monitor UST systems, including discriminating and non-discriminating sensors of all
makes and models. The range of objectives for Phase Il was broader than that of Phase I. Field
data for Phase II was collected between June 2001 and October 2001. This report includes the
findings of both phases, but focuses primarily on Phase II. A summary of Phase I testing results
is included in Appendix I.
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SCOPE OF WORK

Objectives of the Field Evaluation

The purpose of this field evaluation was to assess the functionality of liquid sensors used to
monitor UST systems. The focus was on “real world” effectiveness, with testing performed at
operating UST facilities. The field evaluation was designed to:

e cvaluate the functionality of sensors;

e check the adequacy of field-testing procedures for sensors (or work with manufacturers to
develop field-testing procedures if they were not already available);

e determine whether sensors in the field perform consistently with their third-party evaluations;
and

e determine whether the standard U.S. EPA third-party evaluation protocols for sensors are
appropriate for each of the sensor types evaluated.

A copy of the workplan for Phase II is included in Appendix II.

Facility Selection Process

For the first phase of this field evaluation, all facilities were located within the jurisdiction of
three agencies assisting in the project; Oakland, Santa Ana, and Santa Monica. All facilities
were equipped with Veeder-Root discriminating sensors, and all were owned by major oil
companies. In contrast to Phase I, Phase II data were collected from a variety of sensors at a
variety of facilities throughout California. An effort was made to include a wide variety of
geographic locations, facility ownership types, tank system configurations, sensor manufacturers,
sensor applications, and sensor operating mechanisms.

Facility Ownership

Of the 124 facilities in this field evaluation, 76 retail fueling facilities owned by major oil
companies and 23 were retail fueling facilities owned by independent marketers. Other types of
UST facilities were also included, such as emergency generator fueling facilities, fleet fueling
facilities, unmanned card-lock facilities, and government facilities. Figure 1 shows the
distribution of facilities in this field evaluation, by ownership.

Figure 1 - Facility Ownership
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Geographic Location

Data from facilities within 28 local regulatory jurisdictions throughout the state were included in
the field evaluation. Table 1 lists the various regulatory agencies and associated number of
facilities evaluated in the field evaluation. A map of California showing the distribution of test
facility locations is included in Appendix III.

Table 1 - Distribution of Test Facilities,
by Regulatory Agency Jurisdictions

Agency

# of
Facilities

Anaheim Fire Department

Butte County Environmental Health Division
Calaveras County Environmental Health Department
Orange City Fire Department

Colusa County Environmental Health

Contra Costa Hazardous Materials Program

Fremont Fire Department

Fullerton Fire Department

Long Beach Fire Department

Los Angeles County Department of Public Works
Mendocino County Environmental Health Department
Mountain View Fire Department

Napa County Hazardous Materials Section

Newark Fire Department

Oakland Fire Department

Placer County Department of Environmental Health
Sacramento County Environmental Health Department
San Bernardino Fire Department

San Diego County Department of Environmental Health Services
San Francisco Department of Public Health

San Leandro Fire Department

San Mateo County Environmental Health Department
Santa Ana Fire Department

Santa Monica Environmental Program Division

Solano County Environmental Health Services 16
Torrance Fire Department 2
Yolo County Environmental Health Department 3
Yuba County Emergency Services 1
Total # of Facilities 124

Sensor Location

Since all monitoring equipment is functionally tested during the annual certifications at which
field data was collected, sensors from various locations within the tank system are included in
this field evaluation. Figure 2 shows the distribution of sensors, by location within the tank
system. Note that no groundwater monitoring well or soil-vapor monitoring well sensors are
included in this field evaluation. While we did not specifically exclude such sensors, they are
very rarely used in California.

SWRCB
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Figure 2 - Distribution of Sensor Locations
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Sensor Manufacturer and Operating Mechanisms

Facilities for Phase II were selected with the intention of including a wide variety of sensor
manufacturers and operating mechanisms. Overall, sensor selection represented 8 different
operating mechanisms and 15 different manufacturers. Figure 3 shows a distribution of sensors
in this field evaluation, by operating mechanism. Figure 4 shows a distribution of sensors in this
field evaluation, by manufacturer. In spite of our efforts to include a wide variety, the majority
of sensors tested were float switches manufactured by Veeder-Root. Such sensors are by far the
most prevalent in California.

SWRCB

Figure 3 - Sensors Tested, by Operating Mechanism
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Figure 4 - Sensors Tested, by Manufacturer
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Note: Veeder-Root and Gilbarco sensors are produced by the same manufacturer

Scheduling and Coordination

As part of the annual monitoring system certification required for UST systems in California, a
qualified technician must functionally test each leak detection component. To minimize the
impact on UST facility operations during Phase II data collection, SWRCB staff accompanied
service technicians and regulatory agency inspectors during scheduled annual monitoring system
certifications. Field data were collected while the technician performed this testing, and the
technician’s routine test procedures were not interrupted.

Many inspectors and service technicians provided insightful information and data that would not
have otherwise been obtained. In total, inspectors were present at 79 of the 106 facilities (75%)
evaluated in Phase II. In cases where regulatory agencies do not routinely have inspectors
witness annual monitoring systems certifications, SWRCB staff coordinated with the service
technicians directly. In total, technicians from 19 service companies performed the sensor
testing in this field evaluation.

Data Collection Process

Data for Phase II were collected from 722 sensors in the field between May 2001 and February
2002. Where applicable in data analysis, data from the 67 sensors tested during Phase I were also
included. During Phase II, SWRCB staff used a Sensor Data Collection Form to record the
make, model, location, condition, response, and recovery times for each sensor tested. Data
about facility location, UST system construction type, and personnel present were recorded on
the Site Data Collection Form. All field data collected in Phase I was recorded on the Veeder-
Root Discriminating Sensor Field Performance Test Form. A copy of each form is included in
Appendix IV.
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Limitations of Data Collection

Because all Phase II data were collected with the intent of minimum impact on the operation of
the UST facility, not all of the desired tests were performed. For example, we suggested that
discriminating sensors should be tested both in product and water, and that non-discriminating
sensors be tested in water. However, many discriminating sensors were not tested in product, but
rather by inverting or submersing the sensor in water. Non-discriminating float switch sensors
were often tested by inverting the sensors, rather than by submersing them in water.

When possible, sensor response time was measured from the time the sensor was immersed in
liquid (or flipped in the case of some float switch sensors) to the time an alarm was activated at
the control panel. In cases where the control panel could not be seen or heard from the sensor
location, the time from sensor immersion/flip to the time of pump shutdown occurred was used.
In cases where the control panel could not be seen or heard from the sensor location and the
monitoring system was not programmed for pump shutdown, field staff would move between the
sensor location and the control panel, making their best estimate as to the actual sensor response
time.

Several SWRCB staff were involved in field data collection. To reduce subjectivity during data
collection, staff met periodically throughout the evaluation to discuss the standards used in
recording data. These meetings helped minimize the impact that inconsistent standards may
have had on the data collection process. For example, some sensors were found near, but not
quite at the lowest point of the secondary containment. One person might consider this sensor to
be raised from the lowest point, while another person might consider it close enough to the
proper location to record it as being at the lowest point. Through periodic staff meetings,
standards were agreed upon and applied uniformly by all staff involved in data collection.

Another factor that may have impacted the results of this field evaluation is the practice of
performing maintenance at a facility just prior to the annual monitoring certification. Some
inspectors have stated that service technicians often perform these “pre-tests” to assure that the
facility will be in regulatory compliance and the monitoring equipment will pass the annual
certification. Problems such as failed sensors and water or product in sumps may have been
corrected during a “pre-test”, meaning they would not show up during our field evaluation. If
“pre-testing” occurred at facilities covered in this field evaluation, failure rates would be
artificially lowered. Although SWRCB staff are not aware that any “pre-testing” took place, the
possibility cannot be ruled out.

While the findings of this field evaluation are applicable to UST systems throughout the nation,
it is important to note that our field data were collected exclusively in California, where annual
certification of monitoring equipment is required. This means that a technician had already
certified all leak detection equipment at the facilities as operational within the year prior to the
data collection. It is reasonable to assume that failure rates may be higher in states where annual
certification of monitoring equipment is not required, although such data are not available.
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UST Sensor Field Evaluation Survey

To supplement the field data, inspectors and service technicians were polled to provide their
personal experiences with sensor performance. Sensor surveys were distributed to regulatory
agencies and UST service technicians who work with sensors on a regular basis. With the help
of the California Certified Unified Program Agency (CUPA) Forum, an online version of the
survey was also made available. A total of 71 surveys were completed, with 63 submitted by
inspectors and 8 by service technicians. Copies of the survey and transmittal letter are included
in Appendix V.

Data Analysis

To prepare this report, data from both phases of field evaluation were entered into a database.
Additional information from sensor manufacturers’ installation, testing, and operations manuals
have also been used as reference materials. Sensor survey results have been reviewed, and in
most instances they validate the field findings. However, the results of the survey are not always
consistent with field data. In such cases, it is possible that survey respondents may have negative
experiences with a specific sensor model’s performance, which could cause them to believe that
a particular problem is more widespread than it actually is. It is also possible that we were
unable to collect sufficient field data to yield reliable findings in a particular area. In such
instances, additional research may be needed to discover why field results differ from survey
results.

Although the data collection forms and sensor surveys were designed to adequately record most
data, there were many instances where important information could not be captured on a form.
In these cases, the “comments” section was used. On the data collection forms, comments
describe unique facility layouts, special testing procedures, and additional details on sensor
condition and performance. On the sensor survey, the comments include respondents’
observations of sensor performance, and suggestions on sensor improvements. Comments from
the field data collection can be found in Appendix VI. Comments from the sensor survey can be
found in Appendix V.

Failure Rates, by Sensor Make and Model
One objective of this field evaluation was to quantify failure rates for each sensor make, model,
and operating principle. We attempted to locate and include facilities with a variety of
monitoring equipment. Although 59 sensor models from 15 manufacturers were tested, it was not
possible to test a statistically significant number of each model. Therefore, no statistically valid
comparison can be made between manufacturers’ products. Data on makes and models tested are
summarized in Table 2. Sensor performance data by manufacturer are detailed in Table 3.

Failure Rates, by Sensor Operating Mechanisms
Efforts were made to collect enough performance data from sensors so that statistically valid
determinations about operating mechanisms could be made. Sufficient data were gathered for
float switch, optical, ultrasonic, and product permeable sensors. However, only a handful of
capacitance change, thermal conductivity, or metal-oxide semiconductor sensors were included
in the field evaluation. Therefore, the limited data may not be a statistically valid to determine
the reliability of these latter operating mechanisms. Sensor performance data by operating
mechanism is detailed in Table 4.
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Table 2 - Number of Sensors Tested and Failures, by Model

Manufacturer [ Model [ Tested [ Failed
Alpha Wire Unknown 2
Beaudreau 404 1
406 24 3
Emco Q0003-010 2
Q0003-001 5
Q0003-002 6
Q0003-006 4
Gilbarco PA02591144000 24 1
PA02592000000 8
PA02592000010 16 1
PA0259300000-2 2
Incon TS-ILS 1
TSP-DIS 1
TSP-HIS 2
TSP-ULS 15 1
Mallory Controls Pollulert FD 221GTRA 3
Pollulert MD 241RRA 6 1
Mine Safety Appliances Tankgard 482607 5 2
Owens-Corning Tank FHRB 810 1
PermAlert PSTV 1
Pneumeractor LS 600LD 3
Red Jacket RE400-111-5 6
RE400-203 6
Liquid Refraction (Unknown) 1
Unknown 1
Ronan LS-30 5
LS-3 59 4
LS-7 18
Unknown 1
Universal Sensors LAVS-1 1 1
LALS-1 29
LS 03875 STP 3
Veeder-Root 330212-001 7
331102-002 2
794380-208 171 3
794380-209 3
794380-300 1
794380-301 3
794380-302 8
794380-320 2
794380-322 1
794380-341 26 11
794380-350 39 4
794380-352 52 1
794380-408 4
794380-500 1
794390-205 40
794390-352 33 2
794390-407 20 2
794390-409 22 2
794390-420 80 2
794390-460 4
847990-001 6
Warrick Controls DLP-1-NC 2 1
Total 789 44

(Note: Veeder-Root and Gilbarco sensors are produced by the same manufacturer)
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Table 3 - Sensors Failing to Alarm, by Manufacturer

Manufacturer Sensors | Failures | Failure
Tested Rate (%
Alpha Wire 2 0 0
Beaudreau 25 3 12
Emco 17 0 0
Gilbarco 54 2 4
Incon 19 1 5
Mallory Controls 9 1 11
Mine Safety Appliances 5 2 40
Owens-Corning Tank 1 0 0
PermAlert 1 0 0
Pneumeractor 3 0 0
Red Jacket 14 0 0
Ronan 83 4 5
Universal Sensors and Devices 33 3 9
Veeder-Root 521 27 5
Warrick Controls 2 1 50
TOTAL 789 44 5.6

Table 4 - Sensors Failing to Alarm, by Operating Mechanism

Operating Mechanism Sensors | Failures | Failure
Tested Rate (%)

Conductivity 9 1 11
Float Switch 539 17 3
Float Switch, Product Permeable 97 3 3
Metal Oxide Semiconductor 1 1 100
Optical 39 3 8
Thermal Conductivity 37 4 11
Ultrasonic and Capacitance Change* 26 11 42
Ultrasonic and Product Permeable 41 4 10
Total 789 44 5.6

* All sensors in this category were Veeder-Root model 794380-341
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Failure Rates, by Facility Ownership

The quality of installation and maintenance procedures at a UST facility is expected to affect
sensor reliability. An assumption was made that the quality of maintenance and installation
would vary depending on the type of facility ownership. Therefore, an attempt was made to
gather and compare data from a variety of types of facility ownership. The distribution of
sensors by facility ownership is shown in Table 5.

Table 5 - Number of Sensors Tested,

by Facility Ownership
Ownership # of # of
Facilities | Sensors
Major Oil Company 76 504
Independent Oil Company 23 177
Governmental Agency 16 61
Other* 9 47
Total 124 789

* Other includes emergency generator fueling systems,
chemical storage tanks, and fleet fueling facilities.

Field data shows that failure rates were similar among major oil and independent owners. Other
facility ownership types had a failure rate of roughly twice that of the major and independent oil
marketers, although the sample size for “other ownership” was somewhat limited. Independently
owned facilities had a noticeably higher rate of raised sensors and water or product in the
secondary containment. This may be attributed to less stringent construction standards, or less
frequent visual inspection of the secondary containment. Sensor performance data by facility
ownership is shown in Figure 5.

Figure 5 - Sensor Performance, by Facility Ownership
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**Calculations based on the 722 sensors tested in Phase II, since data on raised sensors and
water/product in the containment were not recorded in Phase 1.

SWRCB

13

E Major Oil Company

EIndependent Oil
Company

Governmental Agency

M Other

August 2002



Performance of Discriminating Sensors Compared to Non-Discriminating Sensors
SWRCB staff have received many comments from inspectors and contractors, stating that
discriminating sensors do not perform reliably in the field. Responses to the sensor survey
echoed these comments. We targeted as many facilities with discriminating sensors as possible,
collecting data on a total of 182 discriminating sensors, including the 67 tested during the Phase
I. Ofthese 182 discriminating sensors, 132 were tested in both water and product. Figures 6a,
6b, and 6¢ show a comparison between discriminating sensors tested in water only,
discriminating sensors tested in both water and product, and non-discriminating sensors.
Because the Veeder-Root model 794380-341 discriminating sensors have such high failure rates,
and because Veeder-Root has since that time specified that all model 794380-341 sensors should
be programmed as non-discriminating, the performance of discriminating sensors excluding the
model 794380-341 have also been included for comparison.

Figure 6a - Number of Sensors Tested
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Discriminating in Water and Product (excluding model -341) ] 106
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Figure 6b - Perecntage of Sensors Failing to Alarm Properly When Tested
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Figure 6¢ - Percentage of Sensors Not at Low Point
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Field data shows that, when excluding the Veeder-Root model 794380-341 sensor,
discriminating sensors failed to alarm properly only slightly more frequently than non-
discriminating sensors. It is also important to note that discriminating sensors appear to be less
likely to be raised from their proper location. In contrast to these findings, 77% of survey
respondents stated that discriminating sensors were less reliable than non-discriminating sensors.
This may be due to their negative experiences with the model 794380-341 sensor. It may also
reflect the fact that our field data has an important limitation. Due to contractors’ reluctance to
test discriminating sensors in product’ and the difficulty in locating a wide selection of
makes/models, many discriminating sensors were not tested in product. Without test data on
more makes and models, and without the ability to test these sensors both in product and water, it
is difficult to make a statistically valid statement regarding the relative reliability of
discriminating versus non-discriminating sensors. Table 6 lists the failure rates for all
discriminating sensors tested in product, sorted by make and model.

Table 6 - Performance Data for Discriminating Sensors, by Make and Model

Make Model # of # of Failure # of of Failure | Failure | Fotal# | [otal# | Total
Sensors | Failures | 'ate wher | Sensors | 'hen Teste | ate whei of of ‘ailur
Tested in when Tested in | Testedin | in Water | Tested in | jensor | "ailure | Rate
Product | Tested in | Product Water Only Water Tested (%)
Product (%) Only Only (%)
Alpha Wire Unknown 0 - - 2 0 0 2 0 0
Emco Electronics  Q0003-001 0 - - 5 0 0 5 0 0
Q0003-002 0 - - 6 0 0 6 0 0
Incon TSP-DIS 0 - - 1 0 0 1 0 0
Mallory Controls  Pollulert FD 3 0 0 0 - - 3 0 0
221GTRA
Pollulert MD 6 1 17 0 - - 6 1 17
241RRA
Red Jacket RE400-203 0 - - 6 0 0 6 0 0
Veeder-Root 794380-320 2 0 0 0 - - 2 0 0
794380-322 0 - - 1 0 0 1 0 0
794380-341 26 11 42 0 - 26 11 42
794380-350 39 4 10 0 - - 39 4 10
794380-352 56 2 4 29 1 3 85 3 4
Total 132 18 13.5 50 1 2 182 19 10
Total Excluding Model 794380-341 | 106 7 6.5 50 1 2 156 8 5

Determining the Reason for Sensor Failures

It is important to understand what causes failures of sensors in the field. However, the reasons
are not always apparent. When possible, SWRCB staff and the technician performing the test
attempted to determine the cause of failure. In cases where the cause of failure could not be
determined, SWRCB staff followed up with the proper regulatory agency and/or service
technician to verify that the failure was repaired and the system was verified functional.

* Many contractors state that testing polymer strip discriminating sensors in product is impractical due to excessive
response and recovery times. Further, some sensors may not recover after repeated or prolonged exposure to
product, thus requiring replacement.

SWRCB 15 August 2002



FINDINGS

The findings of this report have been sorted into six general categories: Sensor Design and
Performance, Secondary Containment Performance and Compliance Issues, Oversight and
Qualifications, Sensor Field-Certification and Testing Procedures, Mainten