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FOREWORD 

API PUBLICATIONS NECESSARILY ADDRESS PROBLEMS OF A GENERAL 
NATURE. WITH RESPECT TO PARTICULAR CIRCUMSTANCES, LOCAL, STATE, 
AND FEDERAL LAWS AND REGULATIONS SHOULD BE REVIEWED. 

M I  IS NOT UNDERTAKING TO MEET THE DUTlES OF EMPLOYERS, MANUFAC- 
TURERS, OR SUPPLIERS TO WARN AND PROPERLY TRAIN AND EQUIP THEIR 
EMPLOYEES, AND OTHERS EXPOSED, CONCERNING HEALTH AND SAFETY 
RISKS AND PRECAUTIONS, NOR UNDERTAKING THEIR OBLIGATIONS UNDER 
LOCAL, STATE, OR FEDERAL LAWS. 

NOTHING CONTAINED IN ANY API PUBLICATION IS TO BE CONSTRUED AS 
GRANTING ANY RIGHT, BY IMPLICATION OR OTHERWISE, FOR THE MANU- 
FACTURE, SALE, OR USE OF ANY METHOD, APPARATUS, OR PRODUCT COV- 
ERED BY LETTERS PATENT. NEITHER SHOULD ANYTHING CONTAINED IN 

ITY FOR INFRINGEMENT OF LETI'ERS PATENT. 
THE PUBLICATION BE CONSTRUED AS INSURING ANYONE AGAINST LIABIL- 
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ABSTRACT 

This study reviewed the leak detection and leak location methods for pressurized underground 

piping. The review selected candidate methods for testing underground piping of diameters of 6 

to 18 inches and lengths of 250 feet to about 2 miles. Such underground piping is commonly 

found at airports, refineries, and fuel terminals. Methods that appeared promising were further 

reviewed, and four technologies were selected for field demonstration in range-finding tests. The 

four technologies were constant-pressure volumetric testing, pressure-decay testing, chemical 

tracer testing, and acoustic emission testing. Range- finding tests were conducted at an operating 

facility, using pipeline sections of different volumes. The methods were tested on tight lines, 
lines with induced leaks, and one line with an operational leak. The approximate size of a leak 

that each method could detect was estimated. Methods that could locate leaks were used to 

identi@ the operational leak, which was confirmed by excavation and repair. 
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EXECUTIVE SUMMARY 

This study reviewed the available literature and other sources to identi6 methods of leak 

detection and leak location for pressurized underground piping. The size of the piping that was 

the subject of this research was larger than that found in retail fueling applications but smaller 

than cross-country transmission pipelines. The population of pipelines targeted ranged from 

about 6 to 18 inches in diameter and from about 250 feet to 2 miles long. Such piping is 

commonly found at airports, refineries, bulk plants, and fuel terminals. 

The technologies that were identified were constant-pressure volumetric testing, pressure-decay 

tests, chemical tracer tests, acoustic emission tests, radioactive tracer tests, product inventory 

reconciliation analysis, and computerized pressure-flow analysis. Vendors of four different 

technologies (constant-pressure volumetric tests, pressure-decay testing, chemical tracer testing, 

and acoustical emission tests) were identified and invited to participate in the research study. 

The first two technologies purport to detect a leak and measure its size, while the latter two 

methods purport to detect leaks and identifj their location. 

The four methods were subjected to range-finding tests at an operating facility. Up to four 

different line sections of different volumes ranging from 1,600 gallons to 9,700 gallons were 

used in the testing. Tests were done on tight lines, on lines with simulated leaks, and on one line 

with a large operational leak. 

The volumetric test method demonstrated the capacity to detect and measure leaks ranging from 

about 0.2 gallon per hour (gph) to 0.6 gph. The size of the leak that it can detect is a function of 

the volume of the line tested, in a fixed duration test. The system is designed for rapid 

mobilization to a test site and use as a point-in-time test. It has the potential to be permanently 

installed at a site and used for periodic testing. It requires that the sections of line to be tested be 

isolated with tight valves or blind flanges and tested in a static condition. The system checks the 

bulk modulus of the line. In the tests observed, the operators required that the line be nearly air- 

free. Once set up, a test requires about 2 hours. There are two differently sized systems designed 

ES- 1 
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for differently sized lines. This method identified the large operational leak and gave an 

approximate leak rate-the actual leak was too large for the system to measure without an 

additional source of fuel to keep the line under constant pressure. It tested a line with an 

unknown leak of about 0.2 gph, identified that the line was leaking, and estimated the leak rate as 

about 0.2 gph. 

The chemical tracer method demonstrated the ability to detect a leak of 0.05 gph that persisted 

for at least 36 hours with tracer-labeled material. The tracer method can be used in a variety of 

different operating conditions: tracer inoculated product can be placed in the line under pressure 

in a static condition, the product can be inoculated with tracer and circulated through the line, or 

the line can be emptied and pressurized with tracer-labeled air. The choice depends on the 

operating conditions at a site. The tracer method was tested with liquid product in a static 

condition, and with tracer in air in a static test. The tracer method gave no false alarms on a tight 

line. It identified the operational leak and identified three suspect areas, one of which was 

confirmed by excavation and repair. The tracer method requires inoculation with tracer, 

installation of sampling probes, then sampling and analysis several days after inoculation, 

depending on site conditions. Special procedures were used for these tests since introduction of 

the tracer material in fuel is not yet approved by the FAA for commercial aircraft. 

The pressure-decay method was found to be designed for permanent installation. As such, it 

requires calibration to each section of pipe to be tested-performing a number of calibration tests 

with the line tight and with known simulated leak rates. It is not intended for use as a one-time 

test method. Once calibrated, it detected simulated leaks and measured them. It uses a threshold 

for leak detection that is proportional to the volume of the pipeline, equivalent to 0.004% of the 

volume of the line per hour. When tested on a line with a large Operational leak, it identified the 

leak quickly through the line's failure to hold pressure. When tested on a line with an unknown 

leak of about 0.2 gph, the operators were unable to calibrate the system. After about a day and a 

half of testing, they concluded that the line must have a leak, which was then confirmed as 

leaking past a blind flange. The method requires absolutely tight valves to isolate line sections 

L,- 
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for testing. It also requires the lines to be essentially air-free. In permanent installation, it 

requires remotely operated double-block-and-bleed valves. A pipe section can be tested in about 

45 minutes, once the system is calibrated. 

The acoustic emission test requires physical access to the pipe about every 50 feet. At the test 

site, access was accomplished with existing valve pits and hydrants. Testing with simulated 

leaks showed that the system could detect leaks though a needle valve of about 0.4 gph at 

I50 feet and leaks of 1.8 gph through an orifice into air at that distance. The vendor stated that 

the leak into backfill created a different signal because of the interaction of the leaking liquid and 

the soil particles. The method tests quite rapidly once there is access to the pipe, taking about 

5 minutes at each point. The vendor knew from site personnel that one line had an operational 

leak and identified a signal the vendor said appeared to locate the leak near one end of the 

section. However, upon excavation, the actual leak was found at the opposite end of the line. 

The vendor had one test point within 20 feet of the operational leak and did not find it. The leak 

was found to be in a pipe in a sleeve, and the area was saturated with liquid. Thus, the leak did 

not directly interact with soil, and the area was saturated with liquid, which attenuates the 

acoustic signal. Testing on another section of pipe identified a signal resulting from the cathodic 

protection system. Thus, the range-finding tests showed that the system is sensitive to the 

geometry of the source of the leak, as well as the conditions around it. The location capability of 

the system was not confirmed upon excavation. 

No single leak detection system was found that works in all situations. Site-specific conditions 

may affect any method, and combinations of methods may provide the most effective approach. 
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Test duration 

Table 1. Comparison of Technologies 

permanent 
installation; 1 day 
for test 

2 hours 45 minutes 

Comparison Item I Volumetric I Pressure Decay 
Installation time I Oneday I About I weekfor 

Up to 14 days 

Temporary 
(probes can be 
permanent for re- 
testing) 
Vanes, can test in 

About 2 hours per 
1000 feet 
Temporary 
(access points 
could be 
permanent) 
Tests in service or 

Type of installation 

Impact on operation 

Temporary 
(could be 
permanent) 

Shut down for 
check out and 
tests 

size 

Requirements 

Detectable Leak 

estimated detectable Line 2: 0.32 
leak rates in gph Line3: 0.16 

120V and 230V 
electricity at site 

Fuel connection 
to line 

Vanes with line 

Permanent (can 
be temporary for 
demonstration) 

Shut down for 
calibration (at 
installation) and 
tests 
If installed, uses 
system pumps to 
pressurize line, 
needs 12OV at 
site or needs 
pumps and air- 
free line 
Varies with line 
size 

Real Leak 

Line 1: 0.60 
Line2: 0.34 
Line 3: 0.13 

Detected, size Detected, too 
estimated large for 

estimation 

Leak Location 

Comments 

Only to line 
section tested section tested 
Several Designed for 

Only to line 

interference 
sources: vapor, 
vibration, rain 

large systems; 
assumes 
turbulent flow in 

101ogy 

service static with 
pressurized line 

Sampling probes, 
GC and computer 

Independent of 
line size 

Access to line 
every 50 feet or 
closer 

Vanes with 
conditions, 
distance from I probe 

I Needle: 0.4 at Simulated rate of 
0.05 gph in 36 
hours 

Detected, found at 
one of three 
suspect locations 

Location estimate 
provided 
Requires tracer in 
product or in 
empty line; needs 
sampling ports 

150 feet 
Orifice: >1.8 at 
150 feet 
Incorrectly 
detected, but 
location not 
correct 
Location estimate 
provided 
Requires physical 
contact with pipe 
every 50 feet; 
detection varies 
with distance 
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Section 1 

INTRODUCTION 

A number of leak detection methods and systems have been developed for pipelines at retail 

fueling outlets. These pipelines are typically 2 or 3 inches in diameter and 200 to 300 feet long, 

operating at 30 psi or less. Many of these methods have had their performance evaluated 

according to the U.S. Environmental Protection Agency protocol (US. Environmental Protection 

Agency, 1990). However, that protocol is limited to pipelines of approximately that same size. 

The pipelines at facilities of interest to the American Petroleum Institute (API) in this research 

are those typically associated with aboveground storage tank (AST) facilities or airports and are 

substantially larger and operate at higher pressures (up to 150 psi) than those found at retail 

fueling outlets. These pipelines may be up to 18 inches in diameter and a mile long or more. 

Thus, the leak detection methods commercially available for underground storage tank (UST) 

facilities may not be applicable. 

Underground pressurized piping, particularly large pipes operating at high pressure, may be a 

potential source of soil and groundwater contamination should a leak develop. Examples of such 

systems include airport hydrant systems and pipelines at refineries, terminals, and transportation 

facilities. The performance of leak detection methods for such large pipelines is not well 

established. A 1990 study by Midwest Research Institute (MRI) and Burns & McDonnell for the 

Air Transport Association of America (Air Transportation Association of America, 1990; Flora 

et al., 1993) reviewed the available technology for leak detection for pressurized pipelines in 

airport hydrant systems and provided performance estimates based on engineering judgment 

without the benefit of actual data. 

MRI is an independent, not-for-profit research institute. MRI has no vested interest in any of the 

technologies investigated in this research or in other related technologies. Moreover, MRT is not 

developing any leak detection methods, nor is MRI a service provider for leak detection testing 

or leak location. Thus, MRI is an impartial and objective reviewer of the performance of these 

technologies. 

1-1 

COPYRIGHT American Petroleum Institute
Licensed by Information Handling Services
COPYRIGHT American Petroleum Institute
Licensed by Information Handling Services



STD-APIIPETRO PUBL 3'Ib-ENGL 1998 m 0732290 UbL3b1i7 517 m 

HISTORY 

In 1994, a survey by API at terminal, refining, and transportation facilities identified leaks fiom 

underground pressurized pipelines as a major contributor to contamination at those sites. One 

approach to assessing line tightness fiom those sources could be the application of periodic leak 

detection to the lines. However, outside of vendor literature or vendor-generated tests, limited 

data are available to assess the capabilities and limitations of various approaches to leak 

detection for this application. 

The EPA regulations (U.S. Environmental Protection Agency, 1988) speci5 performance 

standards for leak detection for underground pressurized piping under the UST regulations. 

Testing on an annual basis is required to detect a leak rate of 0.1 gph with at least 95% 

probability and no more than a 5% false dann rate. Monthly monitoring must be capable of 

detecting leaks of 0.2 gph with at least 95% probability with no more than a 5% false alarm rate. 

The EPA has published a standard test plan for evaluating line leak detection systems (U.S. 

Environmental Protection Agency, 1 990). However, because of the considerably larger volume 

of the pipes and the higher operating pressures, these requirements are unlikely to be appropriate 

for the terminal-sized piping. Other factors to be considered in evaluating leak detection 

methods for underground piping were considered by MRI (Glauz et aZ., 1993). 

PROJECT BACKGROUND 

With the larger pipelines typically associated with AST facilities or airports, not only is there 

interest in detecting the presence of a leak but also in locating the leak. Location of leaks is not 

as critical when the pipeline is only 100 feet long. However, for pipelines that are up to a mile or 

more long, locating the leak so that repairs can be made at the point of the problem is much more 

important. Consequently, this study addressed the capability of systems to identi@ a leak of 

specified size and to locate the leak. This study also addressed the degree of accuracy with 

which systems performed these two tasks. 
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TECHNOLOGIES THAT WERE REPRESENTED IN THE PROJECT 
MRI identified 20 companies that appeared to have expertise in the area of leak detection for 

large underground pipelines of the type typically found at refineries, bulk plants, and terminals. 

MRI contacted these companies to ascertain their level of expertise and their interest in the 

project. A three-page infomation summary was sent via facsimile to each company, giving 

basic information about the study and inviting each company to submit a letter of interest and 

any relevant technical information. The information s m a r y  also invited questions from 

companies about the project. 

MRI received written responses with information from eight companies. Collectively, these 

companies use 11 different leak detection methods for pipelines, although some of the methods 

are based on common technology. Leak detection methods were identified that were based on 

the following technologies: 

Volumetric changes 

Pressure decay 

Tracer substance 

Acoustic emission 

Product-sensitive cable 

Meteringhnventory reconciliation 

Computer-based flow and pressure monitoring 

Acoustic wave (pressure pulse) 

Visual inspection 

Based on technical discussions with the API work group, four general types of leak detection 

technologies were selected for testing: volumetric, pressure decay, chemical tracer, and acoustic 

emission. These four technologies were selected as being commercially available and having the 

potential to provide the precision and accuracy desired. They also appeared to be the most 

widely applicable with existing installations. They will be described in subsequent sections. 
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Product- S ensi t ive Cable 

Product-sensitive cable must be laid in close proximity to the underground pipelines. When the 

cable comes in contact with hydrocarbons, it reacts, giving a signal to its console. After any 

contamination has been cleaned up, the cable, or at least the affected section, must then be 

replaced for further use. It is difficult to install as a retrofit and is not applicable if there are 

existing hydrocarbons. 

MeteringBnventory Reconciliation 

Meteringhventory reconciliation coupled with a statistical analysis of the inventory data have 

shown some promise in preliminary trials. However, this technology requires that the pipelines 

be equipped with meters and that all inventory be tracked. Many pipelines do not have meters 

and some operations use product in tanks, trucks, and pipelines, making this technology 

cumbersome or not applicable. 

Computer-based flow and pressure monitoring requires special installation of flow and pressure 

sensors to provide data to a computer. The computer uses proprietary algorithms to process the 

data. This method monitors an ongoing flow process for any changes and takes a baseline period 

as defining the stable condition. It is applicable to special installations but is a process 

monitoring method rather than a leak test. 

Acoustic Wave 

Acoustic wave or pressure pulse technology relies on monitoring the pipeline in process. A 

change or start of a leak would generate an acoustic wave or a pressure pulse that would be 

detected as a change from a steady-state condition. It appeared to be in the development stage 

and to be designed to detect changes in an ongoing process rather than the existence of a leak. 
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Visual Insriection 

The visual inspection technique was found to be used for cross-country pipelines. It involved 

inspecting the line for dead vegetation or other visual evidence of a leak. It does not seem likely 

to have the desired sensitivity and is not applicable for pipelines that are located mostly under 

pavement. 
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Section 2 

SCOPE AND OBJECTIVES 

The project objectives were to: 

0 identi@ different technologies available for leak detection and location for the selected 
type of pipelines, 

select vendors for testing, 

0 

0 

identify vendors of each technology, 

conduct range-finding tests of the technologies, and 

assess potential impacts on operations. 

The scope of the project was limited to range-finding tests; testing was not intended to provide a 

complete evaluation of any specific system. Rather, the objective was to identi@ technologies 

and obtain information on the performance of each technology, together with the field 

considerations or limitations for applying each. 

GENERAL PROJECT OBJECTIVES 

The project identified the different technologies available for leak detection and leak location for 

underground pipelines of the sort used at refineries, fuel terminals, airports, and transportation 

facilities. Four different technologies were identified and representative vendors of each were 

reviewed. Based on that review, a vendor of each technology was selected and invited to 

participate in field trials. The purpose of the field tests was to provide information on the state of 

the technology in terms of its suitability for use in the field and to provide and estimate each 

technology’s sensitivity and accuracy in application. 

SCOPE OF THE TESTING 

The scope of the testing of each technology was designed to observe the operation of the 

technology and provide an approximate estimate of its performance. To this end, several features 

of each technology were documented as part of the testing: 
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The amount of and types of equipment employed 

The time for setup and calibration (if necessary) 

The site support and preparation required 

General operational considerations 

Impact on operations 

Test procedures 

Test duration 

Test results for tight lines and for simulated leaks 

Leak location results (when applicable) 

Testing was conducted with different lengths of lines and with different simulated leak rates. 

Testing was conducted at an operating site, which included one line with a suspected leak and 

another line with a known substantial leak as well as two lines of different sizes that were 

supposed to be tight. Thus, the tests included both real leaks and simulated leaks and different 

length of lines, providing different volumes of product in the lines. 

The vendors were provided with a description of the facility, including a sketch of the 

configuration of the lines. The approximate length of each identified segment was provided as 

well as the diameter and, when applicable, the number of hydrants. The vendors were told that 

the lines would be taken out of service and isolated from the rest of the system by blind flanges 

so that there would be no question about possible leakage past valves into other sections of the 

pipeline. MlU told the vendors that they were being asked to test each section of line as a 

commercial test and report the results. Vendors were told that all work performed would be 

considered their typical commercial protocol. If the vendors identified a leak in the lines as they 

found them, and had the capability of locating the leak, they would be asked to locate the leak. 

MFü also told the vendors that they would be asked to test each line multiple times. MRI would 

simulate a number of leaks of various sizes during some of the testing and would ask the vendors 

to conduct a number of tests under both tight and simulated leak conditions. The simulated leak 

rates would be kept blind to the vendors. 
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TECHNOLOGY-SPECIFIC OBJECTIVES 

Four technologies were investigated: volumetric, pressure decay, tracer, and acoustic emission. 

The objectives for each technology are discussed separately in the following sections. 

Volumetric 

The volumetric method is a quantitative method that provides an estimated leak rate at a specific 

line pressure in addition to an interpretation of the results in terms of whether the line is tight or 

leaking. The volumetric method uses product addition or removal from the line at a constant 

pressure as the basic procedure. The testing was designed to estimate the operational charac- 

teristics of the method in terms of setup time, test duration, and demobilization time. In addition, 

the method performance was estimated by comparing the method’s reported leak rates to the 

induced leak rates. Limited information on the role of interference @.e., temperature, vapor, 

vibration, etc.) was expected because the use of the field site did not allow for control of these 

variables. 

Pressure Decay 

This method is similar to the volumetric method in its application, in that both use the pressure- 

volume relationship. However, the volumetric method holds the pressure constant and measures 

volume change while the pressure decay method measures pressure change over time, resulting 

from a volume change. The pressure decay method also provides a quantitative measure of the 

estimated leak rate at a specific line pressure in addition to an interpretation of the results in 

terms of whether the line is tight or leaking. The testing was designed to estimate the operational 

characteristics of the method in terms of setup time, test duration, and demobilization time. In 

addition, the method performance was estimated by comparing the method‘s reported leak rates 

to the induced leak rates. Limited information on the role of interference (i.e., temperature, 

vapor, vibration, etc.) was expected because the use of the field site did not allow for control of 

these variables. 
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Tracer 

This method is primarily semi-quantitative, providing a result that indicates if a line is leaking or 

tight. In addition, it provides a delineation of the location of the leak based on probe spacing. 

The tracer method can provide a semi-quantitative estimate of the size of a leak, based on the 

concentration of tracer and the time lapse required before observing the presence of the tracer. 

Testing included simulated leak tests conducted by the vendor to determine the time needed for 

the tracer to migrate different distances. Testing was done on a tight line to confirm that it was 

tight and that no false alarm was observed. Testing was done on a suspected leaking line and a 

leak was detected. The objective was to demonstrate the ability to detect leaks and to assess the 

accuracy in locating leaks. The actual location of the leak found was documented when the line 

was repaired. 

Acoustic Emission 

Acoustic emission is a qualitative method, measuring the acoustic signature of a leak of a liquid 

under pressure to detect the leak. It also provides a location estimate based on one of two 

methods. As testing moves from point to point along the pipeline, an approximate location is 

determined based on the magnitude of the acoustic signature. A refined estimate of location is 

made by testing simultaneously at two points, bracketing the suspected leak and then statistically 

analyzing the signals received. 

The accuracy of the method both for detection and location is a function of the spacing of the test 

points on the pipe. Other factors, such as backfill composition, defect shape, and liquid 

saturation can also affect accuracy. Testing was conducted on tight lines (documented to be tight 

by other test methods) to document that the method did not provide excessive false alarms. A 

simulated leak also was introduced to determine whether the method could detect leaks at two 

different distances and of different sizes. The system was used to test a leaking line to detect the 

leak and provide an estimate of its location. The results were compared against the findings of 

the actual location of the leak after the line was repaired. 
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Section 3 

PROTOCOLS AND TEST METHODS 

The vendor of each test methodology was asked to provide a summary of its testing protocol. 

The MRI scientists then observed the testing and documented procedures relative to the protocol. 

Deviations or adaptations required by the specific site were noted. Each vendor was asked to test 

each of the four line segments. After testing in the lines’ normal mode of operation, leaks were 

simulated on three of the four line segments, and they were retested with the simulated leaks. 

The fourth line segment had an operational leak that was too large to accommodate additional 

leak simulation. Results of the test methods were compared to the simulations. 

TEST SITE 

Testing was conducted at a facility provided by an API member company. The field tests were 

conducted on portions of an airport hydrant system. The facility was made available and local 

support provided by an API member company. 

A sketch of the pipelines at the facility is provided in Figure 1. Four portions of the system were 

isolated and used as separate test beds (indicated on Figure 1). As can be seen in the figure, two 

parallel pipes extend from the fuel facility. This allowed for part of the hydrant system to remain 

in service while testing was being conducted on portions of the system that were isolated. 

Line 1 was a section of 1 0-inch diameter pipe that ran from the fuel facility to valve pit 4, a 

distance estimated as 3,500 feet. This line was blanked at the pumps and at valve pit 4. There 

were intermediate valve pits, low point drains, and high point drains along this length. A parallel 

pipe, also 10 inches in diameter, can be found adjacent to line 1. Line 1 was thought to be tight. 

Later measurement of line 1 from a scaled drawing gave a length of 2,370 feet, resulting in a 

volume of 9,700 gallons. Figure 2 shows the pumps and the flange where line 1 was isolated at 

the fiel terminal. 
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Figure 2. Pumps and Location of the End of Line 1 

Line 2 was a section of 10-inch diameter pipe that ran from valve pit 4 to valve pit 5 along the 

interior side of Pier A. This line ended at a spectacle blind to isolate that section of the line in 

valve pit 5. For testing, a blind flange was installed at valve pit 4. In addition to the main line, 

eight hydrants branched off from the line. Each hydrant was on a 6-inch diameter lateral pipe. 

High point 4 was located about 20 feet from valve pit 4. Line 2 consisted of approximately 

600 feet of 10-inch pipe and approximately 300 feet of 6-inch laterals to the hydrants. Line 2 

was thought to be tight but during testing by both the volumetric and the pressure decay methods 

was found to have a leak of approximately 0.2 gallon per hour. This leak was found visually at 

the spectacle blind and was eliminated by tightening the bolts on the spectacle blind after the 

volumetric method had completed testing. Later, measurement of line 2 on a scaled drawing 

resulted in a length of 580 feet of 10-inch pipe with 260 feet of 6-inch laterals, resulting in a 

volume of 2,800 gallons. 
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Line 3 was a section of 10-inch diameter pipe running adjacent to line 1 fiom valve pit 3 to valve 

pit 4. This line was 400 feet long and had a high point vent about 150 feet fiom valve pit 4. It 

was isolated fiom the other lines with blind flanges in valve pit 3 and valve pit 4. Line 3 was 

suspected to have a small leak, but testing indicated that it was actually tight. Its volume was 

1,660 gallons. 

Line 4 was a 10-inch diameter line with 6-inch laterals to hydrants. It ran from valve pit 4 to 

high point 4, then made a 90" turn left and ran under the Pier A building. It then made another 

90" turn right on the other side and ran to valve pit 5 ,  ending at the spectacle blind. Line 4 had 

8 hydrants and consisted of approximately 800 feet of 10-inch line and about 300 feet of 6-inch 

laterals. It was known to have a large leak, which testing confirmed. Measurement on a scaled 

drawing gave the length of line 4 as 726 feet of 10-inch pipe with 240 feet of 6-inch laterals for a 

volume of 3,330 gallons. 

GENERAL PROJECT PROTOCOLS 

When invited to participate in the test program, each line test technology vendor was provided 

with sketches and written information about the lines to be tested. Each vendor arrived on 

location for the field tests and was briefed on the facility. Vendors then began installation of 

their equipment. A test plan was prepared with each vendor in conjunction with the facility 

operator, scheduling tests on the different line segments. Generally, operational considerations 

required substantial modification of the initial test plan. 

Each test plan initially called for testing each of the four different line segments of different sizes 

and configurations. In addition, simulated leak tests were planned on three of the four line 

segments. The fourth had an operational leak that was too large to accommodate additional leak 

simulation. The approximate size of the leak rates was chosen based on the line volume and the 

size that the vendors expected to be able to find. Leak rates larger and smaller than the 

approximate size were selected by MIü and kept blind to the vendors uti1 they reported the 

results of their tests. All vendors knew that line 4 had a probable leak. 
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TECHNOLOGY-SPECIFIC PROTOCOLS 

Volumetric Method 

A volumetric method of leak detection is commercially available from, and testing was done by, 

Vista Research, Mountain View, California. Two systems are based on this technology, a large- 

volume and a small-volume system. Both systems use essentially the same technology; however, 

one system is designed to test larger lines than the other. The smaller system has a manual test 

mode that utilizes volume measurements based on a sight glass. It pressurizes the line with 

nitrogen and also can be used with a computer to record and store volume change data 

determined from differential pressure transducers. The larger system is completely computer 

controlled and uses a pump and product reservoir to pressurize the line. Both systems were used 

in the testing; however, all test results with a simulated leak were based on the smaller system. 

The larger system was used to test line 4 and to attempt to quanti@ the large leak discovered on 

that line. Figure 3 shows the larger volumetric system setup at valve pit 4. 

Because the technical approach is essentially the same for both the large and small volumetric 

systems, they are discussed together. The systems are used to perform a static leak detection test 

with existing product in the line. The line is packed with product and then isolated from the 

tank(s) or other lines. During a test, the volumetric system measures the change in volume of 

fuel in the line at two different pressures, each of which is held constant while the measurement 

is taken. 

Once the system has been installed and checked out, a formal test requires 2 hours of data. 

Typically the first hour of data is collected at low (generally atmospheric) pressure. This is 

followed by 1 hour of data at high (operating) pressure. The low pressure test was conducted at 

near atmospheric pressure but with a slight head pressure because the product in the test reservoir 

was elevated a few feet above the line. The high pressure test was conducted at 50 psi for the 

smaller and 150 psi for the larger system. For both stages, the last 20 minutes of data were used. 
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Figure 3. The Large Volumetric System 

Since the rate of volume change from thermal changes is independent of line pressure, while the 

rate of leak depends on the pressure, this comparison results in a leak rate estimate that accounts 

for any thermal changes. A leak rate and an associated error estimate can both be provided by 

the systems. 

The steps in the volumetric method are as follows: 

1. Take the line to be tested out of service and isolate it. (Lines need to be isolated to 
ensure that there is no leakage past valves. This can be done with blind flanges or 
double-block-and-bleed valves.) 

2. Pack the line with product. 

3. Set up and check equipment. 
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4. 

5 .  

6.  

7. 

8. 

9. 

10. 

Fill reservoir tank with the same product that is in the line. 

Connect the system to the line. 

Measure the bulk modulus of the line by adding volume in increments and recording the 
pressure change. 

If the bulk modulus is too small, purge the line of vapor (however, line does not have to 
be air-free). 

After bulk modulus is satisfactory, collect 1 hour of data at low pressure. 

Raise the pressure of the line and collect 1 hour of data at high pressure. 

Analyze the data from the last 20 minutes of low and high pressure tests and interpret 
the results. 

Figure 4 shows the smaller volumetric system setup and conducting a test. The large diameter 

cylinder is the product reservoir. The taller cylinder is compressed nitrogen used to maintain the 

constant pressure. The notebook computer is used to collect the data (and later may be used to 

analyze the data). Figure 5 shows MIU staff conducting a leak simulation during the testing. 

Figure 6 shows the connections of the volumetric system to the line. The larger volumetric system 

is connected to the line (line 4) at the left of the picture, and the smaller is connected to a different 

line (line 2) at the right of the picture. Figure 7 shows the leak simulators installed on line 3 (left) 

and line 1 (right) at high point 3. 

Tracer Method 

A tracer method of leak detection and location is commercially available from, and tracer testing 

was done by, Tracer Research Corporation, Tucson, Arizona. Tracer Research has used this 

method commercially since 1985 to test pipelines, ASTS, and USTs. 

The protocol calls for introducing a volatile nonhazardous, nontoxic chemical concentrate, a 

tracer, into the pipeline, followed by the detection of the tracer underground in the vapor phase. 

The tracer is used in very low concentrations and has no impact on the chemical or physical 
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Figure 4. The Smaller Volumetric Unit Conducting a Test 
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Figure 5. MRI Conducting a Leak Simulation 
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Figure 6. Connections of the Larger and Smaller Volumetric System at High Point 4 

Figure 7. Leak Simulators at High Point 3 
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properties of the pipeline products. Special procedures were implemented for this testing since 

the introduction of tracer material is not yet approved by the FAA for commercial aircraft. The 

tracer chemical, being highly volatile, distributes itself both into the product and into the vapor 

space above the product. 

If a pipeline leaks fuel, the tracer is released Com the product into the soil and disperses in all 

directions through the air porosity of the soil by molecular diffusion. The tracer also can travel 

by convection when a pipeline is emptied of liquid product and tested under pressure with a 

mixture of tracer and nitrogen or air. When product leaks below the saturated zone or water 

table, the product rises to the surface of the water table and then releases the tracer into the 

vadose or unsaturated zone above the water table. 

After the tracer has had time to diffuse and migrate through the soil away Com the leak, soil gas 

samples are collected from the area surrounding the pipeline. Probes are placed in the backfill 

above the pipeline to collect the tracer vapors that might appear in the soil. The probes are 

inserted into holes drilled in the soil, asphalt, or concrete, and a small amount of soil gas is pulled 

by vacuum through each probe. Samples of this soil gas are collected and analyzed for the 

presence of the tracer and hydrocarbons. Timing for sample gathering is based on leak 

simulations at the site. 

The protocol calls for initially conducting a leak simulation test to determine the suitability of the 

site and to validate the effectiveness and sensitivity of the method at the testing site. The 

simulation results also are used to determine recommended spacing of probes and timing of 

sample collection. 

The leak simulation was proceeded by installing a number of probes in the soil at the site of the 

line to be tested. One probe was used to inoculate the soil with a simulated leak at the pipe depth 

using one particular chemical tracer. The other probes were 16 inches deep (6 inches below the 

asphalt) at varying distances (e.g., 2.5 feet, 5 feet, and 10 feet in each direction) fiom the spiking 

location. After the simulated leak was introduced, soil gas samples were taken fiom the other 
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probes at different time intervals and analyzed for presence of the tracer. The simulation was 

conducted by introducing the amount of tracer that would be released fiom the pipeline with a 

leak rate of 0.05 gph over a 72-hour period, corresponding to a loss of 3.6 gallons of product. 

The information from the leak simulation allows the technician to adjust the timing for initial 

sample collection or tracer concentration appropriately for site conditions should a deviation 

from standard operating procedures be required. 

After the leak simulation was completed, probes were installed at the recommended spacing. 

The probes were placed in the backfill above the pipeline to collect the tracer vapors that might 

appear in the soil. The probes are driven into the ground in loose soil or are placed in holes 

drilled for that purpose if the area is paved. Since the area was paved, the probes were sealed 

with caulking to the paving flush with its surface. After the probes are installed, tracer is intro- 

duced into the line, either in the liquid product, or, if the line is empty, with compressed air or 

nitrogen. Samples are collected Com the line at the extremes fiom the point of tracer insertion to 

confirm that the entire line has a concentration of tracer. After the tracer has been in the line for 

a sufficient time, soil gas samples are taken from the probes and analyzed for the tracer. 

Presence of the tracer indicates a leak. Continued absence after a suitable period indicates that 

the line is tight. 

If a leak is found, its location is indicated by the relative concentrations at different probe 

locations. The location may be refined by installing additional probes near the suspected 

location. A soil depth profile of tracer concentration obtained by sampling at different depths to 

the line at probes near the suspected leak also may be used to provide a more definitive location 

of the leak. 

The steps in the tracer method are as follows: 

1.  Locate the pipelines and mark the locations. (This may be done from plans or 
magnetically.) 
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2. 

3. 

4. 

5 .  

6 .  

7. 

8. 

9. 

10. 

11. 

12. 

13. 

Drill a hole and insert an injection probe for leak simulation to about 6 inches above the 
top of the pipe. 

Install sampling probes for leak simulation at varying distances from the injection port. 

Inject tracer for leak simulation. 

Take soil gas samples from sampling ports at various times after injection and analyze 
for tracer. 

On the basis of the simulation results, select spacing for sampling probes and time after 
inoculation for testing. 

Install sampling probes along line. 

Inoculate line with tracer. 

Sample line at both extremes to co11i~m tracer is present throughout line. 

Take soil gas samples from sampling ports. 

Analyze soil gas samples for the tracer. 

Interpret results. 

Use a second tracer to confirm findings or to more precisely locate a suspected leak 
(may require adding sampling ports). 

Figure 8 shows a photo of the crew drilling holes for the simulation and sampling ports. Figure 9 

shows the connection as the tracer is added to liquid product as a line is filled. This was done on 

line 3, replacing the product in the line with tracer-inoculated product. Figure 10 is a picture of the 

crew installing the soil gas sampling probes. Figure 11 shows a soil gas sample being taken. 

Figure 12 shows line 4 being inoculated with tracer and air, and Figure 13 shows the gas 

chromatograph system used for analyzing the samples. 

Pressure Decay Method 

A pressure decay method is commercially available from, and pressure decay testing was 

conducted by, Hansa Consult Ingenieurgesellschaft mbH, Glinde, Germany, which has a U.S. 

oEce in Houston, Texas. The system was first developed in 1982 for installation on the under- 
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ground hydrant system at Frankfurt International Airport; dozens of installations now exist 

throughout the world, mostly in Europe. Systems are installed in the United States at airports in 

Anchorage, Alaska, and Atlanta, Georgia. 

The Tightness Control System (TCS) uses what is called a pressure-step or pressure-jump 

method. The pipeline section to be tested is first isolated fiom other sections and placed under 

high pressure. The pressure decay is then monitored. Following a certain test cycle time, the 

section pressure is lowered and again monitored. Finally, the pressure is again raised and 

monitored. The theory is that a leak rate (if there is a leak) will be pressure dependent, but the 

effect of thermal gradients is not pressure dependent. Thus, pressure changes due to thermal 

effects can be separated fiom pressure changes due to a leak. 

The normal operating procedure for the pressure decay method is as follows: 

1. 

2. 

3. 

4. 

5 .  

6 .  

7. 

8. 

The hydrant system to be monitored is f is t  divided into convenient sections. 

The individual sections are separated by tightly closing valves or by blanks. Double 
Block and Bleed valves are recommended since the pressure decay method is unable to 
distinguish a leak into the ground fiom a leak through a valve into another portion of the 
hydrant system. 

Each section has a pressure transducer and transmitter installed. 

A computer is set up to run the tests, log the data, and do the leak calculations. 

A means of pressurizing and depressurizing is identified. Typically the line would be 
pressurized by the airport’s main fuel pumps or a jockey pump. 

Excess air is bled from the lines. (The line must be fully packed and air-free.) 

A series of calibration tests is run, with both a tight line and with simulated leaks. (This 
enables the method to quanti@ its results depending upon the size and compressibility 
of the pipeline section.) 

For an actual test (as for a calibration test), the section being tested must be taken out of 
service for the test duration, which is approximately 45 minutes. 

3-14 

COPYRIGHT American Petroleum Institute
Licensed by Information Handling Services
COPYRIGHT American Petroleum Institute
Licensed by Information Handling Services



~ 

S T D . A P I / P E T R O  P U B L  3Yb-ENGL 1778 U 0732270 ü b L 3 b b 9  1 A T  

Figure 8. Drilling to Install Tracer Ports 
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Figure 9. Injecting Tracer in Product as the Line is Filled 
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Figure 10. Installing Sampling Ports for Tracer 
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Figure 11 .  Sampling Soil Gas for Tracer 
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Figure 12. Injecting Tracer with Compressor Air in Line 4 

Figure 13. The Gas Chromatograph Used to Analyze Soil Gas Samples for Tracer 
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The calculations are performed based on certain constants for the system that include the input 

data and two calibration factors, k, and k2, that are calculated based on calibration tests. The 

input data are related to the volume of the line being tested, the liquid’s compressibility, the pipe 

radius and wall thickness, and the normal operating pressure. 

In a normal setup, a minimum of five calibration tests with a tight line are run to determine k2, 

and a minimum of three tests with a known, simulated leak are run to calculate kl. This would 

require about 8 hours for each line section, although with multiple sections some calibration tests 

could be conducted simultaneously. At the test site, all of these tests were not conducted due to 

time constraints imposed by the vendor’s schedule so the vendor shortened its normal procedure 

to three calibration tests with a tight line and one with a known simulated leak. 

The pressure decay system is designed to be installed on a new line system. It assumes that the 

line is tight and does its calibration once when it is installed. When it is used on an existing line, 

it does a number of calibration tests on the line in its assumed tight condition, then follows those 

with calibration tests at a known leak rate to estimate the parameters that it uses with its data 

analysis. If it attempts to calibrate on a line with an existing leak, it identifies that there is a 

problem with the line in a number of ways, depending on the size of the leak. For a large leak, it 

may not be able to pressurize the line (this was the case with line 4) and so the operators 

conclude that there is a leak. When it attempted to calibrate on line 2 (which had a leak on the 

order of 0.2 gph at the blind) they were unable to get stable or reasonable values for their 

parameters and so the operators concluded that there was a problem with the line. They 

confirmed this with an overnight pressure decay test and then visually observed the product 

dripping from the blind the next day. Thus, the testing confirmed anecdotally that their 

calibration tests can identi@ lines with existing leaks at least down to about 0.2 gph. 

Figure 14 helps demonstrate the procedure for an actual test. As seen, each test consists of three 

cycles. The first cycle is conducted at approximately 10 bar (atmospheres, or about 150 psi). A 

10-minute waiting time allows for stabilization of the line after pressurization, and then there is a 

2-minute data collection period. The pressure is dropped to about 4 bar and again a 10-minute 
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waiting period occurs to allow the line to relax following the pressure drop. The 1 0-bar test is 

then repeated. A total time of about 45 minutes is required, assuming each pressurization/ 

depressurization activity requires only 2 to 3 minutes. 

Test Pressure 
[bd 

14 

f2 

Hgh Test Pressure 10 

8 

6 

LwerTest Prruure 4 

2 

0 

Figure 14. Procedure of a Pressure Decay Test with Its Three Test Cycles 
(test pressure high-low-high) 

The pressure step system reports leak rates as “tightness factors,” measured in units of W m 3  

@e., the leak rate in liters per hour divided by the pipeline section volume in m3). The vendor 

guarantees a leak detection accuracy of 0.04 W m 3  or 0.004% of the line volume. Thus, for 

example, if the line section has a volume of 100 m3 (about 26,400 gallons), the company would 

guarantee to find a leak of 4 l/h. If the line is tight, it would expect to obtain results of 0.0 

0.02 l/h/m3. If a test result is in this range, the vendors declare the line to be tight. If a measured 

leak rate is greater than 0.02 l/h/m3, it reports that as a leak. Thus, 0.02 l/h/m3 is used as its 

threshold and 0.04 lMm3 is its detectable leak rate, according to the vendor’s literature. In the 

field tests the vendor used the value of 0.04 W m 3  as the threshold. 

In its calculations, the vendor corrects all indicated pressure drops during the 2-minute data 

collection periods to exactly 10 bar. This adjustment is made assuming turbulent flow through 
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the leak (actual or simulated), using the theory that turbulent flow rates are proportional to the 

square root of the pressure. 

Figure 15 shows the system’s pressure sensor being installed. Figure 16 is a picture of the power 

supply, computer, and printer connected to the pressure sensor for the system. Figure 17 shows the 

complete installation. In the foreground is a hand pump that was used to pressurize the line for the 

system. In normal installation where the system is installed as part of the facility, that pressuriza- 

tion is accomplished by the system pumps shown in Figure 2, but since the line section under test 

was isolated by blind flanges, the system pumps could not be used. The pressure sensor is visible 

in the pit, with the computer and printer in the box in the background. Figure 18 is a close-up of 

the computer and interface for the system. 

Acoustic Emissions Method 

An acoustic emissions method is commercially available from the Physical Acoustics 

Corporation (PAC), Princeton, New Jersey, who tested using the acoustic emission method. The 

general method is applied to a number of structural integrity investigations; the present applica- 

tion is to detect and locate leaks in pressurized piping. 

The vendor hypothesizes that when leakage occurs through a hole in a pressurized pipe, the fluid 

escapes with turbulent flow into the surrounding soil. This produces acoustic waves in the sonic 

and ultrasonic frequency range. The waves propagate through the fluid in the pipe and along the 

pipe walls. The sound waves produced at the leak are attenuated as they propagate, especially 

within the fluid and less so along the pipe walls. A remotely located piezoelectric sensor can 

detect these acoustic waves if the noise is intense enough or if the sensor is located close enough 

to the source. 

, 

The acoustic emissions method defines a leak as a detection of an acoustic signal that is 6 dB or 

greater above the normal background noise. The company claims that, with sensing performed at 

%-foot intervals along the pipeline, its system is sensitive enough to detect leaks in the 2- to 

3-gallons per hour range. 
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Figure 15. Installing the Pressure Sensor for the Pressure Decay Method 

to the Pressure Decay System 
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Figure 17. The Pressure Decay System Installed 

- -  

for Pressure Decay System 
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Once a leak is detected, the vendor next attempts to determine the location of the leak. Two 
different methods are used to accomplish this. The first, and crudest, called the “Signal 

Difference” or “Amplitude Difference” method, requires signals to be detected at two different 

locations; their levels are compared with an attenuation curve. They claim to be able to locate 

leaks to within rr5% of the sensor spacing using this method. The second method, called the 

“Delta Time” or “Time Difference’’ method, acquires signals fiom two locations simultaneously 

and then processes them in a computer. One of three approaches is used-a conventional time- 

of-arrival comparison, cross-correlation techniques, or coherence analysis. The ability to locate a 

leak to within a foot is claimed. 

Leak detection and location are accomplished through a six-step process: 

1. The sensor or a wave guide is placed in contact with the pipe wall, using a couplant to 
enhance acoustic transmission from the pipe wall. The pipe surface must be cleaned of 
contaminants and pipe coating removed, if present. The sensor is magnetic to enhance 
its placement firmly against the pipe. A wave guide, rather than the sensor, is pushed 
through the soil and placed in contact with the pipe in the typical situation when the 
pipe is buried in the soil, to avoid the necessity of excavating the pipe. Drilling may be 
necessary for hard soils or when the pipeline is under pavement. 

2. The sensor is connected to the instrumentation and the instrument is calibrated. 
Calibration includes obtaining the background signal level. PAC uses its Model 5 120 
two-channel portable acoustic emission leak monitor for this purpose. 

3. The line is pressurized, either hydrostatically or pneumatically. (This step is not 
necessary if the line being tested is under normal operating conditions, and is already 
pressurized. The line does not have to be taken out of service for acoustic emission 
testing.) The line can be tested in either a static, pressurized condition, or with product 
flowing. However, different sensitivities result. 

4. A signal measurement is taken. 

5 .  After several readings at different locations are obtained, the results are reviewed. The 
readings are compared to each other as well as to the background noise. If an increase 
in signal level is detected, an initial estimate of the leak location is made by comparing 
the signal amplitudes, as described earlier. 
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6.  If more precise leak location is desired, simultaneous measurements are made at the two 
sensor locations nearest the leak and the time difference method is used. A four-channel 
system with a built-in 486 computer, which contains leak location software and which 
performs data logging and post-data processing, was used for this leak location. 

Figure 19 is a picture of a staff member attempting to drill to the pipe for access with a wave guide 

for the acoustic emissions sensor. The employee was unsuccessful in drilling because he did not 

have the needed bit extension. Instead, the company used available access to the pipe at the hydrant 

and valve pits. Figure 20 shows the acoustic emissions equipment used to detect the acoustic signal 

and perform the data processing for the detection and location of a leak. As a result of using 

existing access to the lines at valve and hydrant pits, data were taken at intervals ranging from 

20 feet to about 100 feet. 

TEST METHODS 

Volumetric 

The volumetric method was set up on a line segment. For line segments 1 and 3, the test 

equipment was connected to the lines at valve pit 4. For lines 2 and 4, the connection was made 

at high point 4, about 20 feet from valve pit 4. A leak simulator was installed at a high point 

along the line but at a different location. For tests on lines 1 and 3, the simulator was installed at 

high point 3, about 150 feet away from valve pit 4. For tests on line 2, the simulator was 

installed at valve pit 5, several hundred feet away from high point 4. 

The leak simulator consisted of a ball valve, piping, and a micrometer-needle valve. The leak 

was calibrated by setting the needle valve, opening the ball valve, and collecting product in a 

graduated cylinder while the line pressure was maintained constant. The collected product was 

measured and used with the time of collection to establish a leak rate corresponding to settings of 

the micrometer valve. The leak simulations were conducted by setting the micrometer valve at a 

value to obtain approximately the desired leak rate, then collecting and measuring the product 

over the period of the test. Product was measured every 5 minutes, and the data fiom the last 

20 minutes of each test were used to compute the induced leak rate. 
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Figure 19. Drilling to Get Access to Pipe for Acoustic Emissions System 
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Figure 20. Equipment Unit for the Acoustic Emissions System 

Leak rates were induced blind to the vendor. After a test was complete, the vendor provided an 

oral estimate of the measured leak rate to MRI and an approximate induced leak rate was com- 

municated to the vendor. No leak simulation was attempted on line 4. The vendor had intended 

to test line 4 with their larger system. However, foreign material (dirt or corrosion product) came 

into contact with the pump bearings, rendering the pump unusable. The vendor modified its 

larger system using a fuel reservoir and a nitrogen cylinder to pressurize the line. One test was 

started at 150 psi, and the line lost enough product to empty the reservoir tank before the test 

could be completed. A second test was started at 50 psi, and again line 4 lost enough product to 

empty the reservoir before the full hour of data could be obtained. Estimates of the leak rate 

were made by the vendor based on the duration of the test and the volume lost before the test was 

terminated. However, these estimates are based on a test that did not meet the normal operating 

protocol and so are subject to more variability than usual. With the pump and an adequate 

supply of fuel, the larger system should have been able to complete a test on line 4. 

* 
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Tracer 

Three leak simulation tests were run at different locations by the vendor as standard procedure. 

They were observed and reported by MRI but were not blind to the vendor. One leak simulation 

location was along line 3 (part of line 1 was located parallel to this location). A second leak 

simulation location was just east of the Pier A building along line 4, and the third leak simulation 

location was near valve pit 5. 

At each leak simulation location, one inoculation hole was drilled halfway between two test 

probes. Additional test probes were installed at 2.5 feet and 5 feet from the simulation probe 

along the line in each direction. The inoculation probe was installed to a depth of 6 inches above 

the fuel pipe, approximately 4 to 5 feet below the surface. The leak simulations were done to 

simulate a leak rate of 0.05 gallon per hour over a 72-hour period. The amount of tracer that 

would be present in the product with a leak of this size was injected into the inoculation port. 

Soil gas samples were taken from the sampling probes at various time periods and analyzed with 

a gas chromatograph to determine when tracer was detected at concentrations above the test 

threshold. 

At each location the amount of tracer injected was equivalent to the amount in 3.6 gallons of 

product. The three leak simulations were conducted under the soil conditions found at each 

location. At location 3, the inoculation point was below the water table, which had several 

inches of free product floating on it. 

Tracer was detected within 24 hours 10 feet away from the inoculation at locations 1 and 2. At 

location 3, tracer was detected 2.5 feet from the inoculation point after 27 hours. 

Installation of the three leak simulation probes proved difficult with a pneumatic rock drill. 

Drilling through the weddamp limestone plugged the ports in the drill bit through which air 

passes to clear the hole of cuttings. An auger type of drill was obtained from a local source, for 

the purpose of drilling the three leak simulation probes to the proper depth above the pipe. The 

annular space around the probe was sealed using a concrete slurry. The results of the leak 
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simulations indicated that it was possible to provide a valid test with shorter-than-normal probes 

installed. 

The vendor personnel then proceeded with the installation of the sampling probes at a normal 

spacing but to a depth of 16 inches below the surface of the pavement. All probes were at least 2 

inches deeper than the ramp. The normal depth of the sampling probes is 24 inches along 

pipelines unless the depth of the pipeline is less. Drilling through the concrete ramp for the 

installation of sampling probes was normal. Probes were installed by drilling a 1 '/2-inch hole 

through the concrete pavement followed by the instailation of a sampling probe. Probes were 

installed flush with the pavement and sealed with caulking to ensure a gas-, water-, and fuel-tight 

seal around the probe. 

Lines 3 and 4 were tested twice. Line 3 was tested with liquid tracer in the liquid product. Two 

different tracers were used on each line at two different times. Line 4 was tested using tracer in 

gas form with compressed air. Testing of lines 1 and 2 was not included in the scope of work for 

tracer testing. 

Pressure Decay Method 

The vendor was asked to calibrate its system on lines 1,2, and 3, and then to conduct a series of 

tests on these lines with blind (to the vendor) leak rates set and measured by MRI. 

The vendor was handicapped by the lack of an automated system at the airport that could be used 

for pressurizatioddepressurization. The test sections of the hydrant system had been blind- 

flanged off and isolated from the system pumps, which still supplied pressure to the remaining, 

operational portions of the system. Instead, the API member supplied a hand-operated manual 

pump and a laborer to operate it. For lines 2 and 3, with volumes of 9.6 and 5.3 m3, respectively, 

about 4 minutes were required to pump the lines up to pressure, which was considered satis- 

factory to the vendor. For line 1, however, with a volume of 46.3 m3, 20 minutes were required, 

which the vendor stated was outside the acceptable range of its operating parameters and would 

influence the results. Nevertheless, tests were run and results obtained and reported. For this 
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method to be used as a one-time test (instead of being a permanent facility installation), it needs 

to provide equipment to pressurize the lines. 

The vendor’s system is designed for testing lines with volumes of several hundred m3, and the 

literature suggests that the volume should be greater than 75 m3 if the guarantee of detecting 

0.04 lMm3 is to hold. Later communication from the vendor indicated a preferred minimum 

volume of 50 m3. For lesser volumes, the vendor indicates the system can detect leaks not 

smaller than 2 to 3 Vh. At the test site, the largest line (line 1) had a volume of about 46.3 m3, so 

was marginal for the vendor’s system. Lines 2 and 3, with much smaller volumes, were clearly 

too small to be reliably tested. Part of the difficulty stems from the fact that the small leak rates 

simulated (to be on the order of 0.04 lWm3) no longer produced turbulent flow; it was laminar. 

Thus, the vendor’s algorithm, which is based on turbulent flow, was known to be inaccurate. 

It was not possible to pressurize line 4 to 10 bar, because of the magnitude of its leak. Therefore, 

the API member personnel connected a fueling truck to the line and pumped it up to the maxi- 

mum capability of the truck, about 45 psi (3 bar). Since this was not sufficient to meet the 

vendor’s protocol (and could not be held at a steady value), the vendor was asked to simply 

perform a single pressure decay measurement and determine if there was a leak, and if so, of 

approximately what magnitude. 

All of the vendor’s measurements were made at access points at valve pit 4 or high point 4. Leak 

simulations were done at high point 3 for lines 1 and 3, and at valve pit 5 for line 2. Leaks were 

simulated by opening a micrometer valve and measuring the amount of product flowing through 

it per unit of time. Once a leak rate was established, the micrometer valve was not adjusted, but 

a ball valve upstream of the micrometer valve was opened and closed to start and stop the leaks. 

In normal operation, the vendor’s method is to bring the section of pipe to the test pressure, then 

isolate it with double-block-and-bleed valves. After the section is brought to the test pressure, it 

is allowed to stabilize for 10 minutes, followed by a 2-minute period of collecting data, which is 

a measurement of the pressure decay rate. At the test site, the line sections were isolated with 

blind flanges. After the section to be tested was brought to pressure, it was allowed to stabilize 
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for 10 minutes. The leak simulation was only started to run during the data collection period 

after stabilization. This was done to keep the leak simulation blind to the vendor. If the leak 

simulation were run during the stabilization period, a substantial drop in pressure would occur 

before the data collection period. This, in itself, would be sufficient to identie the fact that a 

non-zero leak was being simulated. Thus, for each test, the line segment remained at the set 

pressure (except for any thermal changes) until the data collection period began. 

Acoustic Emissions Method 

The vendor was invited to make a preliminary site visit in preparation for the testing. A 

representative arrived on-site on November 12,1996. It was decided that the acoustic emission 

vendor would test lines 2 and 4 to see if acoustic emissions could detecaocate any leaks. The 

vendor reluctantly agreed to test line 3 with simulated leaks but doubted that the leak simulations 

could be detected because the leaks would not consist of turbulent flow into backfill. Line 1 

would not be tested because of its length (2,370 feet) and the fact that about half of it is under the 

tarmac or paved roads. A substantial amount of drilling, to sample each 50 feet, would be 

required and little additional information about the performance of the acoustic emission system 

would be obtained. 

It was determined to attempt leak simulation using two methods. The first was to use the 

micrometer-needle valve used with the volumetric and pressure decay methods. The second leak 

simulation method used small orifices supplied by the vendor, A short section of 2-inch pipe 

was drilled and tapped to receive quarter-inch plugs containing the orifices. A number of orifices 

of different sizes were available to simuiate different leak rates. By the vendor’s own statement 

these leak simulation mechanisms may not adequately represent a true operational leak. 

TESTING LIMITATIONS 

The use of the operating fuel facility provided a unique opportunity to observe the technologies 

and vendors under actual conditions. On the other hand, it imposed some limitations on the 

testing program in that temperature changes could not be introduced as would be possible at a 

special test facility. It also meant that isolating lines, packing them with fuel, changing pressure, 
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etc., had to be coordinated with fueling operations. These real-world conditions did not affect 

actual testing but did make the research work more time consuming. The employees at the site 

were very accommodating in accomplishing this work, within the limits of maintaining 

operations. 

The volumetric and pressure decay technologies can be affected by temperature changes. If 

warm product is pumped into lines at a cooler temperature, the product will cool and contract 

according to its thermal coefficient of expansion. This could be mistaken for a leak. On the 

other hand, if cool product is pumped into warmer pipes, the product will warm and expand. 

This expansion could mask a leak. With the test site operating facility, no artificial temperature 

changes in the fuel could be introduced to challenge the technologies with temperature effects. 

Thus, testing was conducted under static conditions with fuel in the lines. For test methods 

affected by temperature changes, this represents the best test conditions. Fuel did not circulate 

since the lines were isolated with blind flanges. Results must be interpreted with the caution 

that, while the descriptions of the technologies recognize thermal effects and are designed to 

accommodate such effects, the ability of each system to do so was not directly tested in this 

project. 

The tracer method and the acoustic method can be affected by the soil conditions. For the tracer 

method, the porosity of the soil and the location of the water table are important factors in the 

diffusion of the tracer ifom release through a leak. These affect how far the tracer will travel and 

how long it will take for the tracer to be detected. The nature of the soil and location of the water 

table affect the acoustic signal. Granular size of the soil affects the production of one type of 

acoustic signal, while flow fiom a leak into unsaturated or saturated soil also changes the signal. 

The soil along the pipe sections was generally similar, so that the testing did not address effects 

due to different soil types or water table depths. However, some differences were observed. The 

water table was closer to the surface near valve pit 5, and there was free product above the water 

table. This affected lines 2 and 4. Lines 1 and 3 had lower water tables and little if any ifee 

product. A longer breakthrough time was observed for the leak simulation with the tracer 

method near valve pit 5 than at the other two locations. 
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Section 4 

OBSERVATIONS AND RESULTS 

VOLUMETRIC 

The data report supplied by the vendor is in Appendix A. Its report consisted of a series of four 

tables, corresponding to the 4 line test sections. Each table shows the tests that the vendor 

reported on that line section. The table shows the date and time of the test, the equipment, the 

leak rate that the vendor estimated, and the pasdfail conclusion. The tables are annotated with 

notes about special conditions. 

The vendor also supplied a description of the small and large systems used in the testing. On 

reviewing this document, MRI determined that the actual testing departed from the summary 

information on several important technical issues. 

The method of estimating the leak rate presented in the document supplied by the vendor 
was not the method used in the testing observed in the field. 

The document states that the compressibility characteristics of the pipeline system do not 
need to be known to conduct a test or interpret the results; yet the vendor spent a great 
deal of time documenting the compressibility of the lines and complained repeatedly 
about excessive trapped vapor. 

The document states that tests can be conducted with trapped vapor present, but in 
operation the field crew invalidated some tests because of this and required purging of 
the lines. 

The document stresses successful application of the systems in many cases; many 
difficulties were encountered in the field and the system appeared to be very sensitive to 
vibration, power line fluctuations, small amounts of trapped vapor, and other 
disturbances. 

InstallatiodSetup 

The equipment was unpacked and set up in about 4 hours. It was not ready to run at that time 

due to the lack of electricity available. The setup time included repairing damage that occurred 

to the smaller system in shipping. After electricity was available, the vendor spent about 8 hours 
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checking the two systems and trying to get them to function properly. Some of the difficulty 

turned out to be the electrical supply, which had excessive line noise and voltage fluctuations. 

This interfered with the computers used to collect data and control the test. This electrical 

problem was specific to the particular location and was solved by using a generator. However, it 

should be anticipated in the field and could have been solved with an unintermptible power 

supply ( U P S )  quite simply. The larger system requires electrical power to operate its pump. The 

smaller system can operate using battery power for its computer. 

Preliminary tests were done on all lines to estimate the compressibility or the amount of trapped 

vapor in the lines. This was perceived as a significant problem by the vendor’s field crew, in 

distinction to the vendor literature, which stated that tests could be conducted with trapped vapor. 

The lines were vented at the high points and MRI observed little or no vapor escaping, only 

small bubbles in a liquid stream. Line 3 was purged of vapor by pumping product in at valve pit 

3 and out at high point 3, followed by pumping product in at valve pit 4 and releasing it at high 

point 3. This took approximately 1 hour after arranging for the fuel truck and recovery. The 

procedure was viewed as improving the condition, but the vendor still reported excessive vapor. 

Thus, setup may include purging the lines of vapor. 

Test Duration 

Once the system has been set up and checked out, a preliminary test of system compressibility 

took 1 to 2 hours. If the results are acceptable, a test of the line takes an additional 2 hours. One 

hour of the test was at low pressure (atmospheric in the tests observed, although the vendor 

stated that any 2 pressures could be used). The second hour of the test was at high pressure 

(50 psi for the small system, about 150 psi for the large system). Thus, a test has a 2-hour 

duration, with about a total of a half hour to establish and release the pressure before and after the 

test period. 

Relation to Operation of the Line 

The line can be operational during the setup of the equipment, even during connection of the 

system to the line, provided that the connection can be made to a valved location. Once testing is 
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to start, the line must be taken out of service for the duration of the test-slightly more than 

2 hours. A period of time out of service is also required for compressibility tests, another 2 hours 

or so, preferably immediately before the leak test. The section of the line to be tested must be 

isolated. If valves are used, the valves must be completely tight, as seeping of product past a 

valve would be detected by the system as a loss of product and classified as a leak. 

Other Operational Aspects 

The system is designed to be transported to the site and used for a one-point-in-time test. 

Electrical power of both 120 volts (for the computer) and 220 volts (for the pump) is needed for 

the large system. A battery-powered computer can be used. 

During the testing observed, the system did not appear to be as field hardened as one would 

expect. The system was sensitive to a number of external factors. It was sensitive to the 

electrical power, but this could be corrected with a UPS. The system was sensitive to vibration. 

Drilling approximately 150 feet from the location of the equipment (but close to a line under test) 

was stated to have interfered with the test and made the data invalid. A rain overnight caused 

difficulty with the system, requiring extensive maintenance in trying to get it back on line. Dirt 

or corrosion product got into the pump for the larger system, taking it out of service. 

Product literature states that the system can be permanently installed. However, to date it has not 

been permanently installed, to o u  knowledge. Use of it as a permanently installed monitoring 

system would appear to be a potential development in the future. 

Results 

The large system was stated as the preferred system to test larger lines, including line 1 because 

of its size (approximately 9,700 gallons). It was also the preferred system to test a line with a 

large leak rate because of its larger product reservoir. It was used on the tests of line 4. How- 

ever, the vendor experienced considerable operating difficulties with the large system. Two 

attempts were made to test line 1 with the large system on November 1 1,  1996. The first was 
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recorded in the field as giving data that was too “noisy” and did not meet the data quality. The 

second was reported verbally as tight, but no estimated leak rate was reported. Neither of these 

tests was included in the vendor’s data report. One problem was dirt or corrosion product got 

into the pump bearing, rendering the pump unusable. After spending a considerable amount of 

time trying to fix the system, testing with the large system for this project was abandoned except 

for the tests on line 4. All of the other tests and the conclusions relate exclusively to the smaller 

system. 

Line 1. Line 1 was tested on November 12,1996 with the small system. Table 1 summarizes the 

data. It includes the two attempts with the large system. The times in the table are starting times 

from MN’s field notes. These differ by a few minutes fiom those of the vendor’s report due to 

difference in watches or imprecise notification of the starting time in the field. In the field, MRI 
asked for a report of the leak rate as soon as the test was completed. An approximate leak rate 

was given to MFU verbally after the data were analyzed. This is reported as the “Verbal Leak 

Rate.” MRI then provided an approximate induced leak rate to the vendor. The vendor con- 

ducted additional analyses of the data prior to sending the official report with the leak rate as 

indicated. Both the verbally reported leak rate and the officially reported leak rate are tabulated. 

Table 1. Volumetric Test Resuits on Line 1 

Date Time Test system I Result I Verbal leak rate Reported leak rate Induced leak 

I Nov. 11 I 1530 I Large I NR 1 Invalid I NR 

Table 1. Volumetric Test Resuits on Line 1 

Nov. 12 1550 Small Fail 0.570 0.623 0.539 

Nov. 12 1750 Small Fail 0.308 0.305 0.184 

NR: Not Reported 

Nov. 11 1730 Large NR Tight NR None T 
I I I I 

Nov. 12 1030 Small Pass Pass 0.174 0.0 

Nov. 12 1335 Small Fail 0.512 0.695 0.820 

Nov. 12 1550 Small Fail 0.570 0.623 0.539 

Nov. 12 1750 Small Fail 0.308 0.305 0.184 

NR: Not Reported 

4-4 

COPYRIGHT American Petroleum Institute
Licensed by Information Handling Services
COPYRIGHT American Petroleum Institute
Licensed by Information Handling Services



STD-APIIPETRO PUBL 34b-ENGL 1996 II 0732270 ObL3b92 5b2  

An inspection of Table 1 shows that the volumetric system did not report any false alarms when 

the line was tight. It indicated “Pass” in the valid tight test. It also identified correctly the three 

leak simulations as leaks, indicating “Fail.” The verbally reported leak rates were reasonably 

close to the simulated leak rates. Thus, as a range-finding experiment, these tests indicate that 

the small volumetric system can detect leaks on the order of 0.5 gph on this line, which had a 

volume of about 9,700 gallons. 

Line 2. The tests conducted by the volumetric method on line 2 are summarized in Table 2. All 

of the valid tests reported a fail, indicating that the line had a leak. The average leak rate 

reported for the test at 50 psi with no induced leak was 0.204 gph. After these tests were 

conducted, the pressure decay method was used on this line. It also identified a problem with the 

line. During that testing, a leak was visually observed from this line at the spectacle blind. The 

bolts on the blind were tightened and the visible leak stopped. The pressure decay tests then 

indicated a tight line. Later testing with the volumetric method for the API member (not as part 

of this project) reported a small seep past a valve into another part of the line at hydrant pit 25. 

After that was also corrected, tests with the volumetric method also indicated that line 2 was 

tight. 

All of the tests reported in Table 2 except for the November 9 test were conducted at 50 psi. The 

test on November 9 was conducted at 140 psi. That is the reason for the larger leak rate. The 

tests with zero induced leak averaged 0.204 gph, excluding the test at higher pressure. The 

standard deviation of these tests was 0.053 gph. In comparing the results of the volumetric tests, 

MRI assumed that during the testing at 50 psi, the line had a base leak of 0.204 gph. 

Inspecting Table 2 shows that the volumetric system failed the line, indicating a leak, on every 

valid test. This line was, in fact, later found to have a small leak with product dripping from the 

spectacle blind. The visually observed drip was consistent with the average measured leak rate 

of 0.204 gph (for the tests at 50 psi without an induced leak). This line had a volume of about 

2,800 gallons. Thus, as a range-finding test, it is reasonable to conclude that the volumetric 

system can detect leaks on the order of 0.2 gph in a line of this size under stable conditions. 
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Nov. 11 1730 Small No Operator Error Operator Error 0.0 
Test 

Line 3. Testing and checking out of both the small and large systems began on line 3. Three 

tests were conducted on line 3 with the large system, one of which was used to measure the bulk 

modulus (compressibility of the system). On the basis of these tests, the vendor concluded that 

the line contained excessive trapped vapor. The remaining tests were done with the small 

system. Those tests with the small system after the vapor was purged were reported by the 

vendor and are included in Table 3. MRI has reported some tests that were attempted by the 

vendor and were declared invalid for the reasons indicated. 

No formal report was received for the large system tests. The verbal report was excessive vapor 

with an unreliable leak rate on the order of 1 to 1.5 gph for the first test and 0.5 gph for the 

second test. In fact, the large system would not normally be used on a line as small as line 3. 

MRI has not included the large system results in the table as they appear to have been primarily 

attempts to troubleshoot the large system’s operation. 

4-6 

COPYRIGHT American Petroleum Institute
Licensed by Information Handling Services
COPYRIGHT American Petroleum Institute
Licensed by Information Handling Services



STDmAPIIPETRO PUBL 3qb-ENGL 177B P Ci732270 ObL3b74 335 

Nov. 7 
Nov. 8 

Nov. 11 

1944 Small Fail 0.55 0.556 0.530 

0900 Small Invalid Vibration from NR None 
Jackhammer 

1430 Small Pass Tight 0.017 0.00 

The tests reported showed one test that was lost due to operator error when a valve on the test 

equipment was incorrectly set during the test. One test was aborted due to a battery failure on 

the portable computer. A third test was declared invalid because of interference fiom vibrations 

resulting fiom drilling holes in the concrete about 160 feet from the system but close to part of 

the pipe. 

As seen in Table 3, the small volumetric system correctly identified the tight lines and the leak 

simulations for the valid tests. This line was about 1,660 gallons in volume. The verbally 

reported leak rates matched the induced rates well. As a range-finding demonstration, these tests 

indicated that the volumetric system could find leaks down to about 0.2 gph on a line of this size, 

at least under the test conditions, in which the line was isolated for an extended period of time. 

Line 4. The volumetric method was used to test line 4 with the large system. Two tests were 

attempted on November 6.  The first was attempted at the normal operating pressure of 150 psi. 

The test continued for 6 minutes, at which time the line had required so much product to 

maintain pressure that the system’s product reservoir was empty and the test had to be stopped. 

Based on the amount of product lost and the time, it was concluded that the line had a leak and 
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an attempt to quanti@ it was made. A second test was begun at a pressure of 50 psi. This test 

lasted for 30 minutes until the reservoir was empty. Again, the qualitative result was a 

significant leak, with an attempt to quanti@ the rate. The data are summarized in Table 4. It 

should be noted that neither test completed its required duration. Consequently, while the 
conclusion is clear, the precision and accuracy of the leak rate should not be expected to be as 

good as when a fill test is conducted. Probably the test at 50 psi has a somewhat more reliable 

result. It would extrapolate to 190 gph at 150 psi using the square root rule, which is in 

approximate agreement with the measured rate at 150 psi. 

Nov. 7 

Nov. 7 

Table 4. Volumetric Test Results on Line 4 

0954 6 min Q 150 psi Fail 230 gph None 

1250 30 min @ 50 psi Fail 110 gph None 

I Date I Time I Test I Result I Leakrate I lnducedleak I 

Line 4 was considered to be leaking on the basis of a number of pressure tests. This information 

was not presented to the vendors by MRI, so that they would test line 4 without prior knowledge 

of its assumed condition. However, the vendors all appeared to assume that line 4 had a 

problem, so they apparently received information about line 4 from the facility operator. When 

each vendor attempted to pressurize line 4, difficulty achieving or maintaining pressure was 

encountered. This observation indicated a problem with the line to each vendor as the testing 

began. All vendors did identi@ a major leak on line 4, which was later confirmed by excavation. 

Thus, the volumetric method correctly identified a leak on line 4 and provided probably the best 

estimate of its size. 

Analysis of Volumetric Results Data 

The purpose of this test program was to conduct range-finding tests to give an indication of the size 

of a leak that could be detected by the different technologies. That has been accomplished. The 

testing that was conducted was not as extensive or as controlled as testing for an EPA evaluation of 
leak detection. However, the testing was done under real-world conditions, and a substantial 
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number of tests was completed. There were 16 tests with officially reported test results conducted 

under standard conditions with the volumetric method. There were eight such tests with verbal 

reports on-site. Since the results are quantitative, the numerical value of the estimated leak rate can 

be compared with the induced leak rate actually measured. A statistical analysis of these data can 

provide additional insight into the performance to be expected of the method. However, the 

relatively small number of tests and, even more so, the limited set of test conditions, mean that the 

results must be interpreted with caution and viewed as indicative, not conclusive, estimates of the 

performance. 

The vendor of the volumetric test method provided verbal results for some tests at the time of the 

testing. Despite repeated requests, the vendor declined to provide official test results until after 

returning to the office and performing additional analyses of the data. The vendor asked for and 

received approximate simulated leak rates after providing verbal test results. However, verbal 

results were not provided for all tests, and for tight tests, the report was “Pass” or “Tight,” without a 

numerical result. The data tables in the previous sections show both the verbal report and the 

official report. The verbal report is probably the more representative of field performance. The 

officially reported results, some of which were determined with knowledge of the approximate 

induced leak rate data, probably represent a somewhat optimistic estimate of the performance. 

The statistical analysis consists of first forming the difference between the measured and reported 

leak rates. The mean and standard deviation of these differences are computed. If the method is 

unbiased, the mean difference should be close to zero, and this can be tested using a t-test. If the 

mean is not significantly different from zero, the method is judged to be unbiased. The standard 

deviation is used to compute a threshold for a probability of false alarm set at 5 percent. The 

threshold, standard deviation, and sample size are then used to compute the size of a leak that 

should be detectable with probability of 95 percent. The analysis is illustrated using the data fiom 

the verbally reported leak rates for line 1. The data fiom line 1 are reproduced in Table 5. The 

results of the analysis for the other lines are presented in Table 6. 
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Reported rate (gph) 

0.512 
0.520 

Table 5. Verbally Reported Leak Rates for Line I 
Induced rate (gph) Difference (gph) 

0.820 -0.308 
0.539 -0.031 
0.185 I 0.123 I 

~~~~ 

The arithmetic mean of the differences in the third column of Table 5 was computed as 

Mean = - 0.051 gph. 

The standard deviation of those differences was computed as 

(Equation 4- 1) 

SD = 0.227 gph. (Equation 4-2) 

A t-test was used to test whether the mean difference was significantly different from zero. The 

t-statistic was computed as 

t = (-0.051) &/(0.227) (Equation 4-3) 

t = -  0.389. (Equation 4-4) 

This computed t-value was compared with the critical value from a t-table with 2 degrees of 

fieedom of 2.92. Since the computed t-value was less in absolute value than the critical value, the 

mean difference was not signifcant at the 5 percent level and the method did not exhibit a 

significant bias. For a 5 percent false alarm rate, test of the null hypothesis that the leak rate is zero 

against the alternative that it is positive (positive numbers for leak rates represent leaks out of the 

line) would be done. This would be done by comparing the measured leak for a given test with a 

critical value. The critical value was computed as the estimated standard deviation times the 

critical value fiom the t-table with the number of degrees of hedom determined by the number of 

valid tests on a given line. For line 1, there were three valid tests, so the degrees of freedom is 2. 
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The critical value at the one-sided 5 percent level from the t-table is 2.92. Thus, the threshold for 

the test at a 5% significance level would be given by 

Threshold = 2.92 * 0.227 gph, (Equation 4-5) 

Threshold = 0.66 gph. (Equation 4-6) 

Thus, leak rates in excess of 0.66 gph on line 1 would be judged to be significant, based on the 

verbally reported test data. 

The leak rate must be large enough that there is a 95 percent probability of detecting it. This occurs 

if the actual leak rate is at least twice the threshold, or 1.32 gph in this example. 

Table 6 contains the results of these computations for both the verbally reported leak rates and the 

written officially reported leak rates in the vendor’s report. 

Table 6.  Statistical Results for Volumetric Tests 

Some cautionary notes are in order in regard to Table 6. The vendor reported thresholds and 

detectable leak rates for the three line sections. The vendor’s threshold was 0.3 gph for line 1, with 

a detectable leak rate of 0.6 gph, in good agreement with the results &om the officially reported 
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data. The vendor’s reported threshold was 0.06 gph for lines 2 and 3, with corresponding 

detectable leak rates reported as 0.10 gph. All of these were stated to be for a 5 percent false alarm 

rate and a 95 percent probability of detection. The basis for these thresholds and detectable leak 

rates was not stated by the vendor but is presumed to be the vendor’s own tests, which would 

presumably have larger sample sizes. A larger sample size would reduce the value fiom the t-table 

that is used in computing the thresholds and the detectable leak rates. To achieve the vendor’s 

stated thresholds for the smaller lines would also require a smaller standard deviation of the 

differences between the measured and induced leak rates. 

The data and results fiom line 2 must be viewed with special reservations. This line had a real leak 

when this vendor tested the line. The size of the leak was unknown, but was probably on the order 

of 0.2 gph. The results were adjusted using the vendor’s estimated leak rate based on all tests at 

50 psi of the line in its original condition. However, this adjustment is approximate and may not be 

adequate. 

With these cautions, some observations can still be made. The size of the leak that can be detected 

with this method is related to the volume of the line. The standard deviations were larger for the 

larger volume lines, and the vendor’s stated threshold and detectable leak were also larger for line 1 

than for the other two lines, which were similar in volume. While the general nature of the increase 

in detectable leak rate with the volume of the line seem clear, no specific form for this relationship 

can be obtained fiom these data. If the standard deviations were modified by dividing them by the 

line volume, the results increase as the line volume becomes smaller. Thus, assuming that the 

results were proportional to the line volume is too much of a correction. 

TRACER 

The detailed report of the tracer method is in Appendix B. A summary of those results, along 

with a discussion of the activities observed, problems encountered and their solutions, and 

findings are presented in this section. 
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Once the equipment was on-site and the crew was ready to begin, some difficulties were 

encountered in drilling through the concrete paving and underlying soil to install the three leak 

simulation probes. The tracer method requires installing an inoculation port and six sampling 

probes for the leak simulation test that is required. The results of this test are used to determine 

the probe spacing. At this site, there was initially difficulty in drilling the holes for the leak 

simulation probes. Rather than the typical engineered backfill material generally used, the trench 

was apparently backfilled with broken limestone rock that had been excavated for the pipeline 

installation. As discussed earlier, this proved difficult to drill through using a pneumatic rock 

drill. Probes were installed along a total of 1,500 feet of piping. 

The vendor used three tracers: tracer 1, tracer 2, and tracer 3. Probe installation and leak 

simulation with tracer 2 began on November 8 and concluded on November 1 1,1996. Once the 

rock drill was available, Tracer punched holes for probes to 16 inches about one per minute. The 

second phase, tracer inoculation, sample collection and sample analysis, began on December 1 

and concluded on December 12. 

The tracer sampling points are documented completely in the vendor’s report in Appendix B. 

Figure 21 shows the location of the sampling probes. 

InstallatiodSetur, 

Testing generally requires two steps. The first step is to conduct leak simulations and install 

sampling probes. The second step is to collect and analyze the samples. Leak Simulations are 

conducted to establish the soil porosity and conditions at the specific site. The leak simulations 

also demonstrate the sensitivity of the technology at the specific site. Sampling probes must be 

installed along the line. The spacing may vary depending on site conditions. 

Installation of the probes depends on the length of the line and the difficulty in installation. It 

requires that the line be located so the probes can be installed in the line trench either directly 

above or within a foot or two of the line. This typically takes 1 or 2 days, longer for long lines. 

4-13 

COPYRIGHT American Petroleum Institute
Licensed by Information Handling Services
COPYRIGHT American Petroleum Institute
Licensed by Information Handling Services



f 

Valve Pit I . . .  

N o . 3 q '  2 3 3 
Valve Pit 

No. 4 
tt;S:::::::::::::::::::: 

API Test Section 3 .. ................ ............................................... ............... ' * ' $ E L S *  
31 32 33 34 r4 36 High Point No. 4 DA& 

1124. 
LSI 111 *: :* 37 

Hydrant No. 36 U!* 38 
- - 

i 4  41 
I* 42 

48 

OA 95 b? 53 I! :a Hydrant No. 33 
39 

Hydrant No. 24 e93.i92tm;19i 
Hydrant No. 250: 

90 'I, .................... 
- 4 4 4 4 b 4  

"{* 79 78 77 76 75 74 
Hydrant No. 26 ? 

G] I+ 82 
Hydrant No. 2 7 ~ y ; - y : -  83 

86 85 84 87 
Hydrant No. 28B.l: .  88 

*89 

:;g5 58 59 
72 71 70 69 68 !;*&mt==tOHydrant NO. .. .% +*. z., 3 6  Hydrant No. 32 

60 
3461 

Valve Pit ;t62 
No' Ls3 : E Hydrant No. 30 

a -=  = = . .fl Hydrant No 
4 4 b  

t 
65 66 67 970764 

31 

. 2 9  

U 
t 
W 
r 
w 
-t 
0- 
I 
m z 

I 
O 
4 
W 
ru 
ru 
9 
0 

Figure 21. Location of Sampling Probe for Tracer 
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Test Duration 

Once the tracer is inoculated into the line, it must remain there for a sufficient period for leakage 

to diffuse to the sampling ports. When the test was performed with product in the line, the 

tracer-labeled product remained in the pipeline for 48 hours after inoculation. Typically, test 

samples are collected from probes 7 to 14 days after the 48-how inoculation period. When the 

test was performed with the line emptied of product, the line is pressurized with tracer-labeled 

air, which stayed in the line for only 24 hours. However, the tracer-labeled air cannot be released 

into the air in the vicinity of the test section of the pipe. It must therefore either remain in the 

pipe until after the test samples are collected and analyzed, or be moved through the piping and 

away fiom the test section with product. It may then be released from the pipe a safe distance 

fiom the test section. (This prevents possible contamination of the sampling probes.) Test 

samples are collected from the probes 24 hours after the 24-hour inoculation period. 

Once samples are collected, they are analyzed in a gas chromatograph. Because the leak 

simulations at the test site performed along the test sections of piping indicated a very porous soil 

with the tracer diffusing very rapidly to the sample probes, the duration of the test was shortened 

to 2 days in the case of line 3. 

Two tests were conducted with liquid product on line 3. The vendor first inoculated the line with 

tracer 1 on December 3 and conducted sampling and analysis on December 6 .  The line was 

inoculated with tracer 3 on December 10 and sampling and analysis were conducted on 

December 12. Thus, the first test lasted 4 days, the second 3. Two tests were conducted with air 
and tracer on line 4. The line was first inoculated with tracer 1 on December 3, and one round of 

samples was collected about 24 hours later with a second round after 72 hours. Secondly, the 

line was inoculated with tracer 3 on December 12, and one round of samples was collected after 

2 hours. 
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Relation to ODeration of the Line 

There are four scenarios of the tracer test in relation to line operation. Often the tracer is 

inoculated into the liquid product as the line is packed. The test would require that the line be 

taken out of service from the period of inoculation until sampling and analysis are complete and 

the line left under pressure with tracer-labeled product. This would take the line out of service 

for up to 14 days, depending on the site. 

A second scenario would be to inoculate the tracer into all the product in a tank for a period of 

time. Under that condition, the line could continue to function normally, assuming that it would 

then contain tracer-labeled liquid under pressure. This would require a larger amount of tracer, 

depending on the use of the line. It also assumes that the addition of the tracer does not interfere 

with originally intended use of the product. 

Where the intended product usage is not affected by the addition of tracer or where the necessary 

approval can be obtained prior to inoculation, a third scenario would be to inoculate the product 

flowing through the pipeline at a given concentration through an opening to the line, while that 

line remains in service. 

A fourth scenario would be to drain the line of liquid and use a tracer and compressed air (or 

nitrogen) to pressurize the line. In this case, the line would be out of service for the duration of 

the test, about 2 to 4 days. Additional time would be needed to drain the line at the beginning 

(unless the line were already empty) and refill the line at the end (unless repairs were needed). 

The most frequent applications of this method are the second and third scenarios. 

Other ODerational AsDects 

This system is well-established with a documented protocol and experienced operators. It has 

been used commercially with success at many different sites. It provides both identification of a 

leak when one exists and location of that leak. Location of a leak usually involves installing 

additional sampling probes at closer spacing in the vicinity of probes where tracer was found and 
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conducting additional sampling. A second tracer may be used to confirm findings and assist in 

locating the leak after additional sampling probes are installed. 

Results 

Line 3 Results. On December 3, 1996, 1,459 gallons of aviation fuel were pumped from a fuel 

pumper truck into the empty pipeline at valve pit 3. Tracer 1, the inoculation tracer, was metered 

into the fuel as it was pumped into the pipeline. After inoculation, two fuel samples were 

collected at valve pit 4 and analyzed for tracer. The analysis indicated that the pipeline was not 

sufficiently inoculated, so an additional 1 18 gallons of fuel and tracer 1 were added and the 

displaced fuel collected into a fuel bowser. Analysis of the collected fuel samples indicated that 

the fuel was properly inoculated. Test section 3 was then blocked in for the duration of the test. 

On December 6 ,22  samples were collected from test section 3 and analyzed for tracer 1. 

Elevated concentrations were found in probes 17 to 22, in the areas adjacent to test section 4 

(which was also inoculated with tracer 1). A summary of analytical results is in Table 7. The 

concentration units for the tracer method were pgL. 

Due to the proximity of the section 4 piping, test section 3 was retested with tracer 3 to confirm 

the initial results. On December 10, 1,800 gallons of fuel was pumped from a pumper truck into 

line test section 3 at valve pit 3 while tracer 3 was injected into the fuel. The displaced fuel was 

collected on a defuel truck at valve pit 4. The inoculation effectively displaced the tracer 1 

inoculated fuel and replaced it with tracer 3 inoculated fuel. 

On December 12, samples were collected from section 3 and analyzed for tracers 3 and 1 .  

Decreased concentration levels of tracer 1 were detected in probes 10 and 13 through 22. 

Tracer 3 was not detected at significant levels. The conclusion was drawn that test section 3 was 
tight and passed the leak test. A summary of the analytical results is in Table 8. The small 

reading of tracer 3 at probe 1 was due to a small amount of tracer-labeled product released in 

valve pit 3 when disconnecting a hose. 
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Probe number 

I through 16 

Analytical results 

ND 

~ 

I 
~~ 

I 19 I 1 .o 

~~ 

17 

18 

~~ ~~ 

0.02 

0.08 

20 

21 

22 

Test section 4 did not contain any fuel and was empty at the time of the inoculation. Using a 

compressor, a mixture of tracer 1 and compressed air was introduced into the pipeline on 

December 3,1996. The tracerhr mixture was added at the high point adjacent to valve pit 4 

@gh point 4). Samples were collected at valve pit 5 at the furthest end of the piping fiom the 

injection point and analyzed for tracer. Once the tracer 1 was confirmed at valve pit 5, the 

pipeline was blocked in at 30 psi. A hydrant outlet adapter was used to release air from the pipe 

until tracer labeled air arrived at hydrant outlets 29 to 36. Test section 4 was pressurized up to a 

fmai pressure of 42 psi at 1800 hours on December 3. 

12 

3 

7 

On December 4 at 0900, 15 hours after h a l  pressurization, gauge readings were 0 psi, indicating 

that the piping had lost all pressure. The pipe was recharged with tracer 1 and compressed air for 

3.5 minutes, bringing the pipeline pressure up to 10 psi before a malfunction in the locally rented 

compressor stopped the inoculation event. 

Air, Lab 

Air, Valve Pit 4 
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. 
21 1 ND 
22 1 ND 

Probe 
30 through 71 

On December 4, approximately 24 hours after initial inoculation, 48 samples were collected from 

section 4 and analyzed for tracer 1. Concentrations of tracer 1 high enough to fail the line were 

detected in probes 25 though 29, the area between high point 4 and Pier A. The highest 

concentration of tracer (13 p g L )  was detected at probe 28. The analytical results are 

summarized in Table 9. 

Analytical results 
ND 

29 
28 

0.8 
13 

27 I 5 I 
26 
25 
24 

4 
2 

0.001 

On December 6, in an effort to determine the location of the leak@), four leak delineation probes 
(28A, 28B, 28C, and 29A) were installed on 5-foot centers in the area of probe 28, between 
probe 27 and Pier A. These probes were installed only 16 inches deep because of concern about 
buried high voltage and radar cables in the vicinity. Deeper probes would have been useful in 
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Probes 

31 through 71 

30 

performing depth profiling, which is instructive in conducting a leak delineation. Probe 23 was 
also installed at this time. 

~~ ~ 

Analytical results 

ND 

0.001 

Approximately 72 hours after inoculation, another round of samples was collected from probes 
23 through 71 and analyzed for tracer 1. Concentrations of tracer 1 high enough to fail the line 
were observed in probes 23 through 29A. The analytical results are summarized in Table 10. 

28 
I 28B 

Table 10. 72-Hour Test with Tracer 1 on Line 4 (pgA) December 6, 1996) 

6 
5 

29A I 3 
I 29 I .2 

I 28A I 8 

I 28C I 4 

27 I 5 

26 I 9 

25 I 6 

I 24 I 0.005 
I 23 I 11 

To confirm the findings and further delineate the leak location(s), test section 4 was retested with 

tracer 3. On December 12, test section 4 was pressurized to 20 psi with a compressor. Tracer 3 

was then injected into the air stream over the next 16 minutes until the line pressure reached 

62 psi. 

Two hours after inoculation with tracer 3, samples were collected between valve pit 4 and the 

international pier. These were analyzed for tracer 3 and tracer 1, Tracer 3 was detected in probes 

23 through 28A with the highest concentration at probes 23,26, and 28A. Decreased residual 

concentrations of tracer 1 were detected in probes 23 through 29A. The analytical results are 
summarized in Table 1 1.  
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Analytical results tracer 1 1 
Probes 

29A 
29 

28A 
28 

(residual) Analytical results tracer 3 
1 ND 
0.4 ND 
I 2 
1 0.003 

288 1 0.001 
28C 1 0.003 
27 2 0.1 

25 
24 
23 

As a result of the tests, the portion of test section 4 between valve pit 5 and the east side of 

Pier A (probes 30-71) tested tight and passed the leak test. The portion of test section 4 between 

valve pit 4 and Pier A (probes 23-29A) failed the leak test. 

~~ 

0.9 .2 
0.02 0.0006 
0.2 13 

The leak location was stated to be more difficult to determine than usual. The reason for this was 

the high level of groundwater and the thick, overlying concrete cover. This formed two 

horizontal boundaries with a relatively thin layer of permeable fill between them. Tracer 

released with a large volume of air into this permeable layer resulted in a rapid lateral tracer 

transport around the site. 

The data indicated at least one leak. According to the vendor, the most probable location is in 

the vicinity of probe 28A. There may be leaks at locations of probe 23 and 26 as well, but the 

results there could also be due to tracer migration. Significant tracer migration was demonstrated 

by the detection of tracer 1 in probes 17 through 22, since the test with tracer 3 confirmed no leak 

in this area. Consequently, the vendor was not confident in identiSring leaks at probes 23 and 

26, feeling that those might turn out to be false positive locations. 
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PRESSURE DECAY METHOD 

The detailed report from the vendor is in Appendix C. A comparison of those results with the 

measured leak rates induced on the various lines is given in this section, along with a discussion 

of activities observed, problems encountered, and possible explanations for anomalies. 

First, a few comments are needed relative to the organization of the material in Appendix C. The 

first few pages provide a narrative description of the vendor's major points. Next is a theoretical 

determination of the point of transition to laminar flow from turbulent flow, a phenomenon 

expected to have occurred on some tests and which probably affected the accuracy of the 

reported results. This is followed by graphs of long term (overnight) pressure decay tests for 

section 1 and for section 2 (twice, before and after the leak had been discovered and repaired). 

Following that information are two-page summaries of all the tests on lines 1,2, and 3, respec- 

tively, and a one-page summary of the pressure decay test on line 4. The remainder of the 

material is field logs for all of the tests, including the pressure test on line 4 and the overnight 

pressure decay tests on lines 1 to 3. 

Note that clock time reported by the vendor was the time from the computer, which was set on 

Glinde (Hamburg), Germany, time. The corresponding U.S. Eastern time zone time is 7 hours 

earlier, which is the time used in this report. 

The vendor reported its findings to MRI in the field in real time; these are the results shown on 

the field forms. However, since those results were based on a shortened series of calibration 

tests, it was known that the values of k, and k, were only approximate, as would therefore also be 

the reported leak rates. Later, the vendor recalculated the k-factors based on all the usable data 

(including the tests performed blind but later reported to them). The adjusted k-factors were then 

used to refine the leak rate estimates. In the following tables, we give both the field-reported 

results and the adjusted results. 
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For each test, the vendor compared the computed leak rate with the value computed from the 

0.04 lMm3 tolerance limit or threshold (called “Tolerable Tightnessfactor” in its reports) to 

determine whether to pass or fail the line. 

InstallatiodSetuu 

The HANSA system is meant to be permanently installed, a process that the vendor states takes 

on the order of a week or two. Testing on a one-time basis as in this program is only done as a 

demonstration. The system is not intended as a one-time test method for lines of unknown 

condition but rather as a monitoring method. This assumes that the facility has previously 

installed the necessary valves and pumps. The time includes performing all of the calibrations, 

final software modifications, and training of the local personnel in the system operation. The 

time will vary with the number of test sections. 

Setup for the testing operations required 2 days. Most of this time was spent acquiring 

supplementary, site-specific equipment. The electrical supply at this location is notoriously 

troublesome, with voltage fluctuations and line noise. Computers cannot operate with such 

power. The vendor therefore locally procured an uninterruptible power supply for its computer. 

There was no means of automatically pressurizing the test segments because they had been 

isolated from the system pumps. A manual pump was then provided by the airport fueling 

contractor, although it required mechanical repairs. 

Calibration testing for a test section would normally require eight tests of 45 minutes each and 

about eight 30-minute periods of calculations and decision making. For these tests, the vendor 

reduced the calibrations to four tests to complete the tests within their travel schedule. 

Test Time 

A test normally requires 45 minutes from start to finish. This total time includes the time to 

pressurize the test section twice and depressurize it once. For our tests, because an automated 

pumping system was not available, the line had to be manually pressurized, which required about 
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20 minutes each time on line 1, less on lines 2 and 3. Under these conditions, a test on line 1 

required about 1 1/2 hours, about twice as long as the vendor normally plans. 

Relation to Operation of the Line 

In normal testing, a test section of the line would need to be taken out of service for the duration 

of the test, which is 45 minutes. The method would also require the test section to be taken out 

of service for about two days during the calibration tests, but these are generally done only 

during installation of the system. 

Other Operational Aspects 

This system is well established and is permanently installed at many airport hydrant systems 

around the world. It requires double block and bleed valves for isolating the different test 

sections, to assure that product cannot leak fiom one section to another during a test. It is 

normally meant to be installed on larger test sections than were used in our tests. On larger 

sections, leaks in the advertised detection range (0.04 Wm3) would be great enough to produce 

turbulent flow, which the s o h a r e  assumes. On the smaller test sections, some of the simulated 

leaks were small enough that the flow was probably laminar, reducing the accuracy of the 

vendor’s measurements. 

Power requirements for the system include 120 volts for the computer system and probably 

220 volts or more for the hydrant pumps. The vendor assumes that the line is initially tight so 

that he can properly run his calibration tests. If the line has a leak, and the vendor assumes it to 

be tight, the k-factor calculations will be invalid. This was the situation found with line 2, as will 

be discussed. The vendor is able to use his equipment to determine if a line is tight by operating 

it in a different mode. Instead of the usual test mode, the vendor uses his equipment to simply 

track the pressure and its drop over an extended period of time (ideally 12 to 24 hours). This was 

done on line 2, with a 10-hour test, and it was determined that it had a leak on the order of 0.4 to 

0.5 Vh (0.10 to 0.13 gaVh) at 10 bar (about 150 psi). 
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Results 
Line 1 Results. Table 12 contains the results of the testing on line 1. The vendor declared the 

third test to be invalid because it required an excessive amount of time to repressurize the line 
between the second and third cycles. The manual pump used for these tests failed on occasion. 
During the first test following the calibration runs, the simulated leak rate increased substantially 

for unknown reasons. Both the MRI observer and the system detected and reported this 
discrepancy. The system operator, not the system, declared the run to be aborted. Being unable 
to determine an accurate leak rate when it is varying represents a possible shortcoming in any 
system, although that shortcoming may not be of practical significance if real-world leaks do not 
vary significantly over a short time period (45 minutes). In the last test, the system accurately 
measured the leak rate, but because it was below the threshold, the system did not declare the 
line to be leaking. 

Table 12. Results from Pressure Decay Method on Line 1 

a Calibration run. Reported leak rate is artificial until k-factors are defined. 
Vendor discarded this test as a valid calibration test because 35 minutes were required to 
pressurize between cycles 2 and 3, a value deemed excessive. 
Leak simulator failed to maintain a steady leak rate. 
Line not declared leaking because measured leak rate was less than the threshold of I .851 I/h. 

The results from line 1 showed that the pressure decay method was able to detect a leak on the 

order of 1 gph. It measured an induced leak rate of about 0.2 gph fairly accurately, but the size 

of the leak was below its threshold, so it indicated a “pass,” meaning that the line was judged to 

be tight. For this line of about 9,700 gallons volume, the vendor’s threshold was 0.39 gph, 
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although the vendor used a threshold of 0.49 gph, based on an approximate size of the line. 

Thus, it appears that the method could reliably find leaks in excess of about 0.5 gph. 

Line 2 Results. Table 13 contains the results of the testing on line 2. The vendor tried, 

unsuccessfully, to determine the k-factors all day on November 12, 1996. Its attempts, based on 

all valid tests of the day, produced “unusual factors in an unstable situation.’’ The vendor 

suspected that the line had a leak. That night, equipment was set up to run an all-night pressure 

drop test. The following morning the vendor reported a suspected leak rate of 0.4 to 0.5 i/h. 

On November 14, 1996, the vendor again tried to calculate k-factors for line 2 using the first 

three tests of the day. But, the next three tests, using these calculated values, produced error 

messages from the system. (The reported leak rates were negative, implying leakage into the 

line.) At that point, the vendor reported that line 2 definitely had a leak and could not be tested 

further. Subsequently, it was discovered that a spectacle valve at one end of line 2 was not tight 

and fuel was dripping into valve pit 5 .  

After the valve was tightened, the vendor again ran a calibration test (at 17:44). Although the 

system again produced an error message (it was still using the old k-factors), the vendor 

calculated trial k-factors based on this single test and used them on the subsequent (calibration) 

tests. All of the adjusted leak rates in Table 13 are based on the fmal k-factors from the last four 

successful runs. 

The results from the line 2 tests illustrated the fact that the system is not designed to test a line in 

unknown condition. The system requires a calibration with known conditions on each line to 

establish its test. When the line has an existing leak, as was the case with line 2, the system 

cannot achieve a calibration. This means that it cannot reliably estimate a leak rate, although the 

fact that it cannot calibrate the system led to the conclusion that there was a problem with the line 

and that it was suspected to be leaking. After the leak was observed at the blind flange and 

corrected by tightening the bolts, the system was able to detect a simulated leak of about 0.6 gph 
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1 1-1 4-96 
1 I -1 4-96 

Table 13. Results from Pressure Decay Method on Line 2 

20:42 Abortede 
21:27 2.420 2.553 2.420 Faild 

a Calibration run. Reported leak rate is artificial until k-factors are defined. Vendor could not 
obtain satisfactory k-factors on 11-12-96. Tried to determine k-factors from first three tests on 
1 1-14-96, but system declared Errors on subsequent tests. 
Adjusted based on final k-factors from final 4 good tests on 11-14-96 after leak was repaired. 
Not reported by vendor in Summary Table. 
Based on trial k-factors determined from single calibration run at 17:44 on 11-14-96. 
Leak simulator failed to maintain a steady leak rate. e 

based on a single point calibration. The vendor’s threshold would calculate to about 0.12 gph on 

this line. However, depending on the shape of the hole in the line, leak rates of less than about 

0.2 gph may produce laminar rather than turbulent flow. The vendor’s algorithms assume 

turbulent flow and would overestimate leak rates if the flow is small enough to be laminar. Thus, 

with a line of this volume (about 2,800 gallons), the method could probably detect a leak on the 

order of 0.2 gph after calibration. 
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Date 
1 1-1 5-96 
1 1-1 5-96 

Line 3 Results. The data for line 3 are given in Table 14. Testing on this line went very well, 

with no unusual problems. The vendor calculated a trial k2 factor after only one calibration test, 

and used it to make padfail decisions on the remaining three calibration tests. Then, new 

k-factors were calculated based on all four calibration tests and used for the rest of the tests. 

Time leak rate (Vh) leak rate (Uh) leak &e (Uh) fail 
08:58 0.000 0.393a -0.003 NA 
09~43 0.000 -0.002a -0.005 PassD 

Table 14. Results from Pressure Decay Method on Line 3 
I I I Simulated I Field-reDorted I Adjusted I Pass/ 

a Calibration run. Reported leak rate is artificial until k-factors are defined. 
Based on k,-factor from first calibration test, only. 
Actual leak rate expected to be too small to support turbulent flow, according to vendor, so 
calculated leak rates stated to be overestimates based on turbulent flow assumption. 

b 

Line 3 had a small volume (estimated at 5.3 m3 or 1,660 gallons), so detectable leak rates were 

projected to be quite small (0.21 15 lh). However, the vendor estimated that at leak rates less 

than 0.7 l/h the flow would become laminar. As the system assumes leaks are turbulent, the 

vendor expected that the leak rate was over estimated when it was less than 0.7 Vh. This was 

true of the leaks simulated at 11 :40, 12:36, and 18:02. 

The system detected induced leaks ranging from about 0.38 gph down to 0.14 gph based on four 

calibration tests (three tight and one simulated leak). This line is small enough that the vendor’s 

threshold would be below the turbulent flow rate. Consequently, the leak rate that the method 

could detect is somewhat higher than would be expected based on the size of the line. A leak 

rate of about 0.2 gph should be detectable after calibration. 
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Line 4 Results. Testing on line 4 was very limited. Because it could not be pressurized to 

10 bar, the method could not be applied in its normal fashion. Instead, the airport fueling 

contractor applied pressure on the line from a fueling truck, raising the pressure to about 45 psi, 

The vendor then used its system to simply track the pressure drop in the line with time. In a 

single measurement over about 5 minutes of time, the vendor tracked a pressure drop from 2.7 to 

1.5 bar. Using these data, the vendor estimated a leak rate of 50 to 60 l/'h at 10 bar. However, it 

was also indicated that the true leak rate was probably greater because (the vendor suspected) 

there was a significant amount of trapped air in the line, which would require great amounts of 

fuel to flush it fiom the line. The vendor felt that it was not necessary to do this to obtain greater 

accuracy; there was obviously a large leak. 

Analvsis of Pressure Decay Results Data 

The purpose of this test program was to conduct range-finding tests to give an indication of the size 

of a leak that could be detected by the different technologies. That has been accomplished. The 

testing that was conducted was not as extensive or as controlled as testing for an EPA evaluation of 

leak detection. However, the testing was done under real-world conditions, and a substantial 

number of tests was completed. There were 1 1 valid tests with the pressure decay method 

performed after vendor calibration. These tests were conducted blind to the vendor. Since the 

results are quantitative, the numerical value of the estimated leak rate can be compared with the 

induced leak rate actually measured. A statistical analysis of these data can provide additional 

insight into the performance to be expected of the method. However, the relatively small number 

of tests and, even more so, the limited set of test conditions, mean that the results must be 

interpreted with caution and viewed as indicative, not conclusive, estimates of the performance. 

The method of analysis is the same as used for the volumetric method and the description is not 

repeated here. 

The pressure decay method requires that the system be calibrated on a known tight line and with a 

known leak rate. Once this is done, it is capable of detecting a leak in a section of a line. However, 

this limits its applicability as a test method for lines of unknown condition. The vendor calibrated 

4-29 

COPYRIGHT American Petroleum Institute
Licensed by Information Handling Services
COPYRIGHT American Petroleum Institute
Licensed by Information Handling Services



STD-API/PETRO PUBL 3Lib-ENGL 1998  0732290 Ob13717 7b2 

L 

2 2,800 14 0.133 0.24 0.47 
3 1,660 9 0.036 0.07 0.14 

the system and then tested lines 1,2, and 3. After calibrating the system on each line, a number of 

blind tests were run with simulated leaks unknown to the vendor. The vendor reported leak rate 

results for these tests on site. M e r  leaving the site, the vendor computed adjusted parameters using 

all of the test data and then reported adjusted leak rates for all tests. As with the volumetric vendor, 

the statistics have been computed and reported for both sets of data. The blind tests are judged to 

be more representative of what the vendor’s system could do in practice. However, they were 

based on fewer calibration tests than usual, so they may not be as accurate as the vendor could 

achieve. Table 15 contains the results of the statistical computations for the pressure decay system. 

Note that the vendor’s stated threshold is related to the volume of the line in that the vendor’s 

threshold is 0.004% of the volume of the line. 

Table 15. Statistical Results for Pressure Decav Data 

The vendor’s computed threshold would be 0.39 gph for line 1,O.ll gph for line 2, and 0.07 gph 

for line 3. Some caution is required in interpreting the data in Table 15. When originally tested, 

line 2 had a real, unknown leak. The vendor concluded that the line probably had a leak because he 
was unable to calibrate the system on the line. The leak was observed visually in valve pit 5 during 

the second day of testing on that line. After the leak was found, it was corrected. The blind tests 

reported in Table 15 were done after the leak had been corrected. The revised data for line 2 in 

Table 15 included tests with the existing leak, with an adjustment for the estimated leak rate. The 
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fact that the standard deviation for these tests was larger than for the tests on line 1 suggests that the 

adjustment was not adequate and the estimated leak rate was not accurate. 

This system states its threshold as directly proportional to the volume of the line under test. The 

results of these tests showed a higher standard deviation for the largest line. The two smaller lines 

were comparable in their standard deviations. Thus, it seems reasonable to conclude that the size of 

the leak rate that can be detected does increase with the size of the line, but the current testing was 

not detailed enough to establish the actual form of this relationship. 

ACOUSTIC EMISSIONS METHOD 

The detailed report of the vendor is in Appendix D. A summary  of the results, along with a 

discussion of activities observed, problems encountered, and possible explanations for anomalies 

are given in this section. 

The vendor decided to bring drilling equipment the week of November 18, 1996, when it did its 

testing. The equipment included a hammer drill, a 1-inch bit about 6 inches long, and bit 

extension rods. The vendor proceeded to attempt drilling a 1 -inch hole through the tarmac above 

line 4 but was unsuccessful. The extension rods were found to be 1 1/8 inch in diameter, so they 

could not be forced into the 1-inch drilled hole. No replacement rods or larger bits were 

available locally. Therefore, it was decided to test only at the hydrant pits, valve pits, and high 

points. Arrangements were made to bring a local contractor on site the evening of Tuesday, 

November 19, to drill a few holes in the vicinity of any suspected leak. (As it tumed out, the 

contractor did not appear, but the acoustic emission vendor did not require his services.) 

InstallatiodSetuD Time 

The vendor required about a one-half day to unpack and check out its electronic equipment. This 

checkout process also included changing out some components, such as electronic filters, of 

which a number of versions were shipped to the site, from which the proper ones for the site 

conditions were selected. 
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Test Time 

The testing to determine whether there is a leak is very rapid, requiring on the order of 5 minutes 

per test point assuming there is access to the pipe. If a leak is suspected, additional measure- 

ments are made to determine an approximate leak location, requiring another 15 or 20 minutes. 

If more precise leak location is desired, an additional leak-location system is placed into opera- 

tion. About 1 hour is required to set up and adjust this equipment, and about an hour of data 

collection and field analysis is needed. Later, the data are analyzed further in the laboratory, to 

refine the leak location determination. 

Relation to Otieration of the Line 

The acoustical emission method is routinely used with the line in normal operation. In an airport 

environment, aircraft taxiing nearby create enough background noise that testing is suspended 

until the aircraft either taxis away fkom the test site or shuts down its engines. The system 

compares acoustical emissions from various parts of the line to background levels. The back- 

ground is what the instrument measures when the probe is not in contact with the pipe. Areas 

with acoustical emissions in excess of the background are suspected of leaking if the signal is 

consistent with that of a leak in the judgment of the operator. 

Other Ouerational Asuects 

The method is qualitative, not quantitative, so it cannot produce an accurate estimate of the leak 

rate, although a skilled operator might make an educated guess. 

The method requires access to the pipe at about 5043 intervals. This normally means that some 

method of drilling through the soil andor pavement is required. This was not done for these 

tests, as the hydrants and valve pit access points were deemed to be adequate and accepted by the 

vendor. Drilling would have been very time consuming at this location because the backfill 

under the pavement was the native limestone or coral rock, which had apparently cemented itself 

together after the pipe was installed. Locating the pipe accurately is mandatory when accessing 

it because the wave guide must be placed in contact with the pipe. Any coating must be locally 

4-32 

COPYRIGHT American Petroleum Institute
Licensed by Information Handling Services
COPYRIGHT American Petroleum Institute
Licensed by Information Handling Services



STD.API/PETRO PUBL 3qb-ENGL 1998 = 07:32290 Ob13720 257 a 

removed to assure metal-to-metal contact between the pipe and the wave guide. Excellent 

operator skill is also required to accomplish this. 

The method might have different performance if the pipe to be tested were plastic (PVC, 

fiberglass, etc.) rather than steel. 

Ambient noise of an intermittent nature, such as a nearby taxiing aircraft, is not a significant 

deterrent for the method; the operator just waits a few minutes for the noise to subside. The 

acoustical emission signals from different parts of the pipeline are compared. A significant 

increase over the baseline signal indicates a suspect area. If the nature of the increased level is 

consistent with the emissions from a leak, a problem is declared and a location is estimated, 

There are no external power requirements; all of the equipment is battery operated. 

Results 

Line 1 Results. The acoustical method requires contact with the pipe approximately every 

50 feet. Line 1 was thought to be about 3,500 feet long; later, measured drawings indicated its 

length to be about 2,800 feet. Because of the length of line 1 and the difficulty of drilling 

through the pavement and rock, line 1 was not tested. It would have required drilling for access 

to the pipe at many points, since line 1 had no hydrants and few pipe access points. 

Line 2 Results. Testing proceeded on line 2 the afternoon of November 18. The results obtained 

are given in Table 16. The data are given in the order that the tests were conducted. The actual 

testing, once it was begun, required about 1 hr. The testing was performed with the line 

manually pressurized to about 150 psi. No indications of leakage were obtained. (This finding 

confirmed that of the other vendors after the leaking spectacle valve in valve pit 5 was corrected.) 

4-33 

COPYRIGHT American Petroleum Institute
Licensed by Information Handling Services
COPYRIGHT American Petroleum Institute
Licensed by Information Handling Services



S T D . A P I / P E T R O  PUBL 3‘Ib-ENGL 1798 E 0732291: Ob13721 193 = 

Table 16. Results from Acoustic Emissions Method on Line 2 

Line 3 Results. Line 3 was tested on the morning of November 20, 1996. Leak simulation was 
performed at high point 3, and leak detection was attempted at valve pits 3 and 4, and at high 
point 3, where the leaks were simulated. The results are shown in Table 17. The tests with the 
vendor at valve pit 3 and valve pit 4 were blind to the vendor as far as presence or absence of 
leak and leak rate. The vendor knew the location of the leak simulation but not the leak condi- 
tion (tight or leaking). Tests at high point 3 were not blind as the vendor was testing where the 
leak simulation was located. 

For all the tests on line 3, two detection sensitivities were used: a normal frequency (NF) setting 
and a low frequency (LF) setting. With a zero leak rate simulated, essentially no detection 
occurred at either frequency at the two valve pits. However, detections were made at the source 
of the leak simulator at both frequencies. Further investigation revealed a slight leak through the 
pipe threads below the leak simulator. This piping was tightened and the sound level decreased 
to background, indicating that the leak had been repaired. 

A leak of about 0.40 gph was then established through a needle valve. It was detected (slightly) 
at valve pit 4, and at valve pit 3 it was stated to be a “borderline detect.’’ The vendor felt that 
detecting this at valve pit 4, a distance of about 150 feet away from the simulated leak on a 
straight section of pipe, was at about the upper limit of the method’s capability. Valve pit 3 was 
a little farther 
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Test location 

Table 17. Results from Acoustic Emissions Method on Line 3 
Simulation Leak rate Background DetedNo 

method (gph) (volts) On-pipe signal (volts) ' detect 
Norm I Low Norm I Low 

Valve Pit 4 
freq freq freq freq 

Needle Valve 0.00 0.34 0.19 0.34 0.1 9-0.21 N 

Valve Pit 4 
Valve Pit 3 

High Point 3 

I High Point 3 I Needle Valve I 0.00 1 0.34 I 0.24 I 0.53 I 0.10-1.20 I D I 
Needle Valve 0.36 0.35 0.1 9 0.36-0.50 0.20-0.41 D 
Needle Valve 0.40 0.39 0.20 0.40-0.44 0.21-0.24 N 
Needle Valve 0.38 0.35 0.19 0.60-0.80 1.10-2.30 D 

Valve Pit 4 

Valve Pit 3 
High Point 3 

Orifice 1.60 0.46 0.19 0.48-0.51 0.19 D 
Orifice 1.80 0.46 0.19 0.46-0.48 0.19 N 
Orifice 1 S O  0.52 0.24 0.70-0.80 3.904.60 D 

away, about 250 feet, and the line has two 45" bends along the way, further degrading the 

acoustic transmission. 

An orifice was then placed in the line at high point 3 for simulating leaks. The first orifice 

tended to become plugged easily, so another was installed. It produced a steady flow of about 

1.5 to 1.8 gph, dropping somewhat as the line pressure dropped during the testing. This leak was 

also detected at valve pit 4 and marginally at valve pit 3, both at the normal frequency setting. 

The leak was not detected at either valve pit with the low frequency setting. 

Line 4 Results. Testing of line 4 was initiated the afternoon of November 19, 1996. Prior to 

testing at each test point, the fueling contractor for the airport brought the line up to the 

maximum pressure producible by the fueling truck, about 45 psi. The actual pressure during 

each test fluctuated between about 38 psi and 45 psi, at a frequency of several cycles per minute, 

a function of the truck's fueling pump. When the pressure reached its maximum, the pump 

stopped. Then, the pressure would drop as product leaked Com the line. When the pressure 

dropped to about 38 psi, the pump automatically restarted. The results of the testing on line 4 are 

given in Table 18, again, in the order that the tests were conducted. 
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Test location 

Hydrant 36 

Background (volts) On-pipe signal (volts) 

0.34 0.35 

I Hvdrant35 I 0.33 I 0.35 I 

Hydrant 33 

Hydrant 32 

I Hydrant34 I 0.33 I 0.34 I 
0.33 0.34 
0.33 0.38 

Hydrant 30 

Hydrant 29 

High Point 4 

I Hydrant31 I 0.34 I 0.34 I 
0.33 0.39-0.49 

0.33 1.2-1.9 

0.33 0.34 

Note that the last line of Table 18 indicates the test location to be at High Point 4, whereas the 

vendor report (Appendix D) states it to be at High Point 5.  The original data sheet, a copy of 

which was provided to MRI in the field while testing was being conducted, identifies this point 

as simply “High Point” without a number. The MRI field notes state: ‘No noise [observed] at 

HP4; no test conducted @ H P 5  in VP-5.” 

Most of the test points in Table 15 provided essentially no sound levels above background. A 

slight signal was detected at Hydrant 32, and a somewhat greater signal was detected at Hydrant 

30. Significant noise was heard at Hydrant 29. The range of signal levels for Hydrants 29 and 

30 corresponds to the pressure variations between 38 and 45 psi. 

Sensors were then mounted on both Hydrants 29 and 30 and wired to the location equipment, and 

data collection was conducted for about 30 minutes. Then, a sound filter with a different sensi- 

tivity was placed on the signal line from Hydrant 30, and about 5 more minutes of data were 

collected. At that point, data collection ceased because the fueling truck was recalled to fuel a 

plane that had just landed. 

In-the-field review of the data by the vendor led to the conclusion that there was a significant 

leak between Hydrants 29 and 30, about 10 to 12 feet fiom Hydrant 29. The straight-line 
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distance between these two hydrants was estimated at about 43 feet, by pacing. The length of 

pipe between the two test points is somewhat longer, perhaps about 50 feet. 

Further examination and refinement of the data analysis by the vendor (see Appendix D) led to 

the conclusion that the leak was 14 feet along the pipe from the test point on Hydrant 29, or 

about 12 feet in a straight line from Hydrant 29 to Hydrant 30. 

Other Test Results. At about 1 1 :40 a.m. on November 20, the vendor began testing line 5, a 

different portion of the hydrant system in service at another part of the airport. This was not a 

previously scheduled set of tests, but because the vendor had additional time (partially since 

line 1 was not tested), it was agreed to run these tests. The results from those tests are shown in 

Table 19. The line was pressurized to 150 psi by the hydrant system pumps. Testing went 

rapidly, with only slight pauses because of ambient noise levels when an aircraft taxied nearby. 

The overall set of tests on line 5 required about 2 hours. No leaks were detected in this line. The 

only anomaly noted was at hydrant 18. Initial testing at this location determined that there was 

an acoustic signal but not one that was consistent with a leak. Further investigation found that 

the line's impressed current cathodic protection system was turned on. When that system was 

turned off, the acoustic signal disappeared. It was not determined why this effect was present. 
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Table 19. Results from Acoustic Emissions Method on Line 5 

a With cathodic protection system on. 
With cathodic protection system off. b 
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Section 5 

FIELD INSPECTION RESULTS 

FIELD INSPECTION 

A field inspection of the test site was conducted on Tuesday, May 20, 1997, by G. Joe Hennon for 

MRI. The facility personnel had found a hole and repaired it with a clamp on Thursday, May 15, 

1997. After the clamp was in place, they pressurized the line to 120 psi with air and found that the 

pressure continued to hold on Friday, May 16, 1997. 

Mr. Hennon and the facility crew arrived on site at 9:30 am on May 20, 1997. The line was still 

holding pressure at 120 psi, so the single hole appears to be the only hole. It was high tide, so the 

liquid level was at the top of the pipe in the three excavations referred to as bell holes. The line was 

holding air pressure at 120 psi and no air bubbling was observed in any of the pits. 

Figure 22 indicates the locations of the excavations. Bell hole 1 was located 15 feet fi-om the wail 

of the terminal building. The excavation was 4 feet by 4 feet square. It was 1 1 feet fiom an 

underground electrical line running parallel to the building about 4 feet fiom the wall. The 

excavation was 15 feet from an underground electrical line perpendicular to the building and 6 feet 

from another underground electrical line parallel to the building, about 21 feet out. The distance 

from the top of the tarmac to the top of the pipe was measured at 5 feet, 4% inches. The distance 

was 3 feet, 8 inches fiom the top of the tarmac to the top of the stained backfill. Figure 23 is a 

picture of the backfill in bell hole 1. The backfill was very hard and compacted for the first 

20 inches below the 4-inch tarmac, then was finer and more porous below that. The demarcation 

between the two types of backfill can be clearly seen in Figure 23. This difference in backfill may 

be relevant in interpreting the results fiom some of the vendor location results. 

Bell hole 2 was located 40 feet out from the edge of bell hole 1. It was also 4 feet square. The 

distance fiom the top of the tarmac to the top of the pipe was 5 feet, 1 inch. It was 40 feet from the 

edge of bell hole 2 to the edge of the high point pit. The pipe makes a right angle in the high point 

pit. The excavation next to valve pit 4 (denoted bell hole 3) was begun 6 feet Com the edge of the 
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Figure 22. Location of Excavations 
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Figure 21. Fill Material in Bell Hole 1 
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high point pit. The excavation on the outside of valve pit 4 was also 4 feet square. Thus, there was 

a distance of 10 feet fiom the outer wall of valve pit 4 to the wall of the pit around the high point. 

After low tide, the water and fuel mixture was pumped out of valve pit 4 beginning around 

3 5 0  p.m. The water and product mixture was removed to allow people to enter the valve pit to do 

the inspection. The pressure was released from the line and the clamp was removed so that the pipe 

could be observed. 

The valve pit area was dark and hot and it was difficult to see. The valve pit sleeve had been slid 

toward the excavation side since it could not be removed over the flange of the pipe in the valve pit. 

There was very limited access to the damaged area of the pipe as it was located where the pipe went 

through the valve pit wall. There was not enough room to position the cameras to obtain good 

photographs of the pitting. However, photographs were attempted, both directly and with a mirror. 

The best possible photographs were obtained, given the limitations caused by lack of space and lack 

of light. 

A single perforation was found on the bottom of the pipe at the location where the valve pit seal 

went around the pipe. The perforation was about 1/8-inch in diameter and was located at the 

bottom of a pit in the pipe wall about 518 inch in diameter. There was no weld close to the pit nor 

any sign of mechanical damage. There was a circderential line of pits with the perforation at the 

bottom of the pipe and the other pits extending about a quarter of the way around the circderence 

of the pipe. This line of pits was 4 inches into the sleeve fiom the inner wall of valve pit 4 and cor- 

responded with the end of the link seal. Considering a clock for reference, the perforation was 

located at 6 o'clock. Pitting extended to about 4:30 o'clock in one direction and to about 

7:30 o'clock in the other direction. The pit with the perforation measured 0.16 inch deep fiom the 

surface of the pipe to the edge of the perforation. The largest of the other pits was at 7:OO o'clock 

and measured 0.1 1 inch deep. These pit depths should be considered minimums because the lack 

of space made it difficult to position the pit gauge properly under the pipe. The diameters of the 

other pits ranged from 3/16 to 318 inch. 
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Figure 24 is a sketch of the location of the perforation and the other pits along the bottom of the 

pipe. Figure 25 is a photograph of the pit with the perforation. The photograph was taken in a 

mirror, which is the square approximately in the middle of the picture. A stream of liquid can be 

seen coming from the perforation. The reflection of this liquid stream can be seen in the mirror 

image of the pit, in the square approximately in the center of the picture. The liquid stream itself 

can be seen as a horizontal line adjacent to the square mirror. 

The crew stated that the line of pits corresponded to the edge of the link seal that had been between 

the sleeve and the pipe. The rubber/plastic/metal bolted seal was found in the bottom of the valve 

pit and inspected. Figure 26 is a picture of this link seal after it was removed. Figure 27 is a copy 

of the design drawing of the pipe and sleeve installation compared to a drawing of the installation 

as found by actual inspection. The location of the pitting is indicated on the drawing from the 

inspection. 

The pitting was isolated to the one circumferential area. From its location, the pitting appears to be 

related to the valve pit seal. Apparently this was the only perforation in the pipe, as evidenced by 

the line holding pressure of 120 psi for several days when the repair with the clamp was effected. 

The rest of the pipe that was visible appeared to be in good shape with only this isolated damage. 

COMPARISON TO LEAK LOCATION ESTIMATES BY VENDORS 

Two methods, the tracer method and the acoustical emission method, have techniques to pinpoint 

the location of the leak as well as to identi@ the presence of a leak. Each of these vendors provided 

an estimate of leak location. These location estimates are compared to the inspection results below. 

Tracer Method Estimates 

The tracer method identified three areas as possibly having leaks. These are the three locations 

where the bell holes were dug. The vendor identified the location next to the terminal (bell hole 1) 

as the location of the leak. The vendor stated in its report that there might be leaks at the other two 

locations (bell holes 2 and 3) as well, but did not identify those locations as definite leaks because 

to do so might lead to a false alarm error at those locations. 
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Side View 

The deep pit with the perforation was at the 6 o'clock (bottom) position and a 
line of pits in a circumferential pattern was evident The second largest pit was 
at the -7 o'clock position and was measured to be 0.11" deep. The diameter 
of the secondary pits was judged to be 311 6" to 3/8''. 

Crew stated that circumferential line pattern corresponds to edge of 
insulating seal that had been between the sleeve and the pipe. 

Figure 24. Location of Pits 
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Figure 2 I .  Perforation of Pipe 
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Figure 21. Link Seal after Removal 
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Actual from Inspection 

--- 

Design Drawing 

Bolted Mechanical Seal 
& Sleeve with WaterstDp 

Pipe 

Design drawing 
shows width of 
compression seal 
to be the width of 
the concrete wall. 

Figure 27. Detail of Pipe and Sleeve 
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The location where the leak was found is consistent with one area identified as suspicious by the 

tracer vendor. However, it is not the area identified by that vendor as the primary location of the 

leak. Bell hole 3, adjacent to valve pit 4 is the leak location that was confirmed as the source by 

this inspection. Thus, the tracer results located the leak in an area identified as a possible leak but 

also identified two other areas of potential leaks that were not confkmed. 

The perforation that was found was rather large, about 1/8 inch in diameter. It was also located in 

an open area between the pipe and wall sleeve. This allows for the possibility that the tracer 

dispersed very rapidly along the pipe. The hardness of the upper portion of the backfill resulted in 

the sampling probes being installed to only about 14 inches-not quite as deep as usual. The 

hardness and compaction of the upper part of the backfill may have led to the rapid dispersion of 

the tracer along the pipe, trapped between the liquid level below and the compacted backfill layer 

above. The areas of high tracer concentration that were found at the sampling points might 

correspond to areas of the upper backfill that had a crack or a porous area, allowing the tracer to 

reach the surface under the pavement and intersect a probe. Sampling the probes a shorter time 

after inoculating the line with tracer might have identified the location better. Repeated sampling at 

different times after inoculating the line might have showed this dispersion pattern. 

Acoustic Emission Method 

The acoustic emission vendor estimated the location of the leak between hydrant pits 29 and 30. 

This location was at the far end of the line fiom valve pit 4, Since the line held pressure at 120 psi 

for severai days after the instailation of a repair clamp on the identified perforation, it was 

concluded that there was no other perforation or leak. Thus, the location estimated by the acoustic 

method was not confirmed. 

Further, the acoustic method missed the location of the perforation. The vendor was able to test at 

valve pit 4 and at high point 4, quite close to the perforation that was found. MEü's field notes fiom 

the testing state: "NO noise [observed] at HP4; no test conducted @ H P 5  in VP-5." Thus, the notes 

indicate that a test was conducted at high point 4, approximately 10 to 12 feet fiom the leak. The 
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vendor did not test at valve pit 4, through its own choice. Thus, the test at high point 4 did not find 

the leak. 

The perforation in the pipe was located where the pipe was in a sleeve. Consequently, flow through 

the perforation would not interact immediately with soil particles, since the flow was into the area 

between the pipe and sleeve and only reached the soil after flowing a foot or so through the sleeve. 

The velocity of the liquid would be much reduced by the time it reached the soil or backfill 

material. Moreover, the sleeve and the backfill were saturated with liquid, a combination of the 

hydrocarbon product and the groundwater. When the area adjacent to a pipe perforation becomes 

saturated with liquid, this attenuates the acoustic signal. This attenuation may be the reason that the 

leak at this location was not detected by the acoustic method. 

However, the conclusion fiom the field test is that the acoustic method did not detect the leak nor 

correctly locate the leak in the pipe. Its location between hydrants 29 and 30 was a false alarm in 

terms of location. It is questionable whether the method would have identified the real leak in the 

absence of idormation that the pipe had a problem. While the actual leak was not in a location 

where the pipe was directly buried in backfill, it was a real leak and an operational problem. This 

suggests that the acoustic method needs to be able to find such leaks to be practical and reliable. 

5-1 1 

COPYRIGHT American Petroleum Institute
Licensed by Information Handling Services
COPYRIGHT American Petroleum Institute
Licensed by Information Handling Services



Section 6 

RESULTSRINDINGS 

This section summarizes the results in the previous sections and presents conclusions and 

recommendations. 

Each of the four technologies investigated has advantages and disadvantages. All appear capable 

of detecting leaks under some conditions; however, none of the technologies is a panacea that 

can be used in all situations. Combinations of ambient and site conditions exist that could cause 

any of the technologies to make an error of either a false alarm or missing an existing leak. No 

one technology appears best for all applications. In fact, users may want to consider a 

combination of technologies. One technology might be selected and used periodically as a 

screening to check that the line has not developed a problem since the last investigation. Another 

technology might be used if a problem with the line is suspected, to define the problem or 

pinpoint its location. 

The volumetric approach is designed to provide a test of a line or section of a line at a specified 

point in time. It currently requires skilled operators, and the line must be out of service during 

the testing. It provides an estimated leak rate with good accuracy for small to moderate leak 

sizes. The larger version of the system should provide testing for larger leaks. The size of the 

leak that it can reliably detect is related to the size of the line, increasing as the volume of the line 

increases. The only provision for locating a leak is to divide the line into separate sections and 

test each separately, thus isolating the leak to a particular section of the line between two valves 

or blanks. The volumetric test method demonstrated the capacity to detect and measure leaks as 

small as about 0.2 gph on the smaller lines to as small as about 0.6 gph on the largest line tested. 

The volumetric system is designed for rapid mobilization to a test site and for use as a point-in- 

time test. It has the potential to be permanently installed at a site and used for periodic testing, 

but such installation would require that it be permanently connected to several parts of a large 

line system and that these sections be isolated for testing. The volumetric method requires that 

the line section to be tested be isolated with tight valves of blind flanges and tested in a static 
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condition. The system checks the bulk modulus of the line and estimates the amount of trapped 

vapor. In the tests observed, the operators required that the lines be nearly vapor-free. Once set 

up, a test requires 2 hours of data collection. There are two different sized systems designed for 

different sizes of lines. The system correctly identified an operational leak and gave an estimate 

of its rate. It also correctly identified a leak at a valve and estimated its rate. When tested, the 

volumetric system experienced some weather-related problems with rain. 

The pressure decay approach is designed for permanent installation and automatic operation to 

provide periodic testing. As part of its installation, it requires calibration on the specific line or 

line sections intended for its use. The system requires that the line or section be out of service 

during the testing. After calibration upon installation, the out-of-service time would be 

45 minutes to one hour for a test. In the permanently installed mode, it requires double block 

and bleed valves, and for automatic operation, these must be capable of being closed and opened 

automatically. In addition, when permanently installed, the system uses the line’s pumps to 

pressurize the portion of the line being tested. It provides an estimated leak rate with good 

accuracy and is designed for pipeline sections of about 50 m3 (1 3,000 gallons) or more. The size 

of the leak that it can detect is related to the line volume in a linear fashion. The system uses a 

threshold of 0.004% of the line’s volume as the volume per hour to identify a leak. Its only way 

of locating a leak is to test sections of a line separately, thus isolating the leak to a specific 

portion of the line between two valves. 

The pressure decay system is not intended for use as a one time test. It is used in that mode only 

as a demonstration. It requires a calibration on a tight line and on a line with a known leak rate. 

This is a drawback for using it on a line with unknown condition or a suspected leak. When 
tested on a line with an unknown leak, the system could not be calibrated. After a day of testing, 

the vendor suspected a leak in the line and performed an overnight pressure decay test to codinn 

the leak. A leak was subsequently found at a blind flange. The system also correctly found a 

large operational leak. The system requires that the line be out of service for calibration and 

testing and that the line be nearly air-free. When tested on lines after it was calibrated, it 

demonstrated the potential to find leaks as small as about 0.2 gph on the small line. However, 
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the system uses a threshold that is equivalent to 0.004% of the line volume per hour, so this 

represents the smallest leak that it would identi@ in practice. These results suggest that the 

threshold could be lowered somewhat without increasing the probability of a false alarm 

excessively. The system was not adversely affected by rain. However, it does require support 

equipment from the site to pressurize the lines. 

The tracer method incorporates a validation test with a leak simulation to demonstrate the 

sensitivity in the specific location. The leak simulation is based on detecting a leak rate of as 

small as 0.05 gph over about 2 days. The key factor is the amount of tracer released and its 

dispersion through the soil for interception at soil gas probes. The tracer method is capable of 

locating a leak to within a foot or two. A requirement of the method is that the tracer must be 

added to the line. The line can be emptied and tracer added in air, or tracer can be added to the 

product. This may not pose a problem in some applications, but in others (e.g., aircraft fuel) its 

presence is not yet accepted by the aviation authorities. The line can be tested empty or full, and 

it can be tested in service or out of service, depending on the application. In-service testing 

requires that the line remain under pressure with tracer-inoculated product for 2 to 3 days. 

The acoustic emissions technology is the fastest way to test a large amount of pipe, provided that 

there is access to the pipe about every 50 feet. The sensor or waveguide is placed in contact with 

the pipe, and the acoustic signal monitored briefly at each location. This takes about 5 minutes 

per location. However, obtaining access to the pipe can be a drawback. For underground pipes, 

a hole must be drilled to the pipe and a waveguide inserted and placed in contact with the pipe. 

Any coating would interfere with acoustical transmissions and is generally removed. The 

acoustic technology can locate a leak by noting the points on the pipe where an acoustic signal 

indicative of a leak was above background. This is judged by comparing the acoustic signal at 

different portions of the pipe, some of which are assumed to be tight and provide a baseline. The 

size of the leak that is detectable depends on the conditions in the soil around the pipe, the 

geometry of a hole, the size of the leak, and the distance from the probe. 
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The acoustic emissions technology incorrectly estimated the location of the large operational 

leak. Further, it failed to detect the leak when tested about 20 feet from the leak that was later 

found by excavation. 

For ease of comparison, Table ES-1 summarizes the characteristics of the technologies tested. 

The entries in the table are based on the observations and tests conducted during this project. 

The results and estimated sensitivities are based on these field tests conducted at a single site 

under existing ambient and site conditions. Only a single vendor of each technology was 

involved; other vendors might have different results. Testing included leaking lines, tight line 

conditions, and simulated leaks. However, there was no experimental control allowing 

systematic variation of other important factors such as temperature gradients or soil conditions 

that might affect the performance of these technologies. In some cases, the technology was 

operated in a nonroutine mode. For example, the pressure decay technology was operated in a 

one-time test mode with limited calibration tests instead of its normal permanently installed 

mode. Similarly, the acoustic emission technology used available access to the pipe at hydrants 

rather than special pipe access through holes drilled at a set 50 foot spacing. 

Both the acoustic emissions technology and the tracer technology estimated the location of the 

leak. However, these two technologies disagreed on the location of the leak, placing the 

estimated location at approximately opposite ends of the line section. The tracer location was 

correct. 

The testing conducted under this project was of limited scope. It provided range-finding results 

in terms of the performance of the four technologies investigated. Future work could provide 

more definitive estimates of the performance through a more complete series of tests. Such tests 

could include experimental variation of test conditions appropriate to each technology, such as 

variations in temperature, amount of trapped air, and bulk modulus for the volumetric and 

pressure decay technologies. Variations in soil conditions, particle size, moisture, and 

permeability would be important considerations for .both tracer and acoustic technologies. The 
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characteristics of the fluid, pipe material, and hole size and geometry, as well as distance from 

the sensor, could affect the performance of the acoustic emission technology and should be 

investigated further. A larger number of tests with additional simulated leak rates and different 

ambient and site conditions would provide more definitive information on the operating envelope 

for the different technologies. 

Other technologies could be considered for future work. Some of these are currently in use, and 

others may still be developed. One additional technology is based on monitoring the flow at 

each end of the pipe. Another monitors flow and pressure and detects changes inconsistent in the 

usual relationship. One question with these technologies is whether they are restricted to new 

installations or how difficult it would be to retrofit them to existing installations. Another 

question is the sensitivity available with these technologies. Still another possibility is based on 

inventory reconciliation. These additional techniques could be tested to see what magnitude of 

leak they could detect in what time period. 
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Test Results 
API Demonstration Test Program 

Line #1: From the fuel terminal to Valve Pit 4. 14,300 gallons. 

Test Threshold: 0.3 gaVh 

Minimum Leak rate detectable with a 
P, > 95% and a PFA < 5%: 0.6 gaVh 

The following tests were conducted on Line #1: 

Date Time Test Results 

11/12 0910 Measurement of line compressibility B/V = 130 1810 ml air at 0 

11/12 1030 LT-100 Test Pass 0.17 gam (1) 

11/12 1333 LT-100 Test Fail 0.70 gaVh 

and volume of trapped air mVpsi psi 

11/12 1547 LT-100 Test Fail 0.62 gaih 

11/12 1750 LT-100 Test Fail 0.31 gai/h 

(1) A positive number indicates outflow from the line under test. 
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Line #2: From Valve Pit 4 to Valve Pit 5 along the international terminal. 2,900 gallons. 

Test Threshold: 0.06 gaVh 

Minimum Leak rate detectable with a 
P, > 95% and a P, < 5%: 0.1 gaüh 

The following tests were conducted on Line #2: 

Date Time Test Results 

11/11 1934 Measurement of line compressibility B/V = 56 mVpsi 271 mi air at 0 

11/08 1647 LT-100 Test - 50 psi Fail 0.18 gaVh 

11/08 1747 LT-100 Test - 50 psi Fail 0.16 gaVh 

and volume of trapped air psi 

11/08 1850 LT-100 Test - 50 psi 

11/08 1950 LT-100 Test - 50 psi 

11/09 1217 LT-100 Test - 140 psi 

Fail 0.22 g m  

Fail 0.18 gaVh 

Fail 0.45 gaVh 

11/10 2000 LT-100 Test - 50 psi Fail. 0.29 gavh 

11/11 1730 LT-100 Test - 5@ psi No Test Operator Error 

Two leaks were discovered on Line #2. The first leak was observed at the flange at Valve Pit 5. 
This leak was repaired. A second leak was measured at one of the pneumatic hydrant valves 
(Hydrant Pit #25) which had a small weep that would ailow the section between the pneumatic 
valve and the hydrant valve to slowly pressurize and/or depressurize during testing. This resulted 
in an apparent line leak of 0.1 to 0.2 gavh which persisted for approximately 30 minutes following 
a pressure change. After both of these sources of leakage were addressed, tests conducted by 
Vista Research for indicated that the line was tight. 
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Line #3: From Valve Pit 3 to Valve Pit 4. 1,630 gallons. 

Test Threshold: 0.06 gaVh 

Minimum Leak rate detectable with a 
PD > 95% and a PFA < 5%: 0.1 gavh 

The following tests were conducted on Line #3: 

Date Time Test Resuits 

11/11 1634 Measurement of line compressibility B/V = 45 d p s i  18 ml air at 0 psi 
and volume of trapped air 

11/06 1951 LT-100 Test - 50 psi Pass -0.03 g&h 

11/07 1009 LT- 100 Test - 50 psi Pass 0.02 gavh 

11/07 1540 LT-100 Test - 50 psi Fail 1.11 gam (2) 

11/07 1751 LT-100 Test - 50 psi Fail 0.20 gaih (3) 

11/07 1955 LT-100 Test - 50 psi Fail 0.56 gaüh 

11/11 1432 LT-100 Test - 50 psi Pass 0.02 gal/h 

(2) Induced leak rate is too large to accurately quantify rate. Pressure drop exceeded acceptable 
threshold indicating that measured leak rate understates actual. 
(3) The ball valve on the leak maker was opened during the low pressure measurement period. 
Measurement period duration reduced by 25% to attempt to minimize the effect of this on the test 
result. 
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Line #4: From Valve Pit 4 to Valve Pit 5 dong east side of international terminal. 3,700 gailons. 

Test Threshold: 0.08 gavh 

Minimum Leak rate detectable with a 
P,, > 95% and a P, e 5%: 0.15 gaVh 

The following tests were conducted on Line #4: 

Date Time Test Results 

11/07 0948 HT- 100 - 6 min. at 150 psi N/A 230 gaVh (4) 

11/07 1247 HT-100 - 30 min. at 50 psi N/A 110 gm (4) 

(4) Due to the magnitude of the leak in this line, the full 2-hr test could not be performed. The 
above results are estimates of the leak rate based on the available data. 
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Appendix 
Vista’s Volumetric Pipeline Leak Detection Technology 

1 Description of the LT-100 and the HT-100 

Vista Research has developed and operationally demonstrated an innovative volumetric 
technology for the detection of small Ieaks in the underground piping found at b u k  fuel storage 
facilities, hydrant fuel distribution systems, and marine terminal transfer lines. The two leak 
detection systems based on this technology, the LT-100 and the HT-100, achieve a high leveI of 
performance against small leaks because of a novel method of temperature compensation that is 
achieved as part of the test, The compensation is accomplished, moreover, without the need for a 
pre-rest waiting period to allow for temperature changes in the fuel to dissipate, and without the 
need to measure temperature anywhere in the line. A Ieak detection test can be completed in 2 h. 
High reliabiliq is assured, because the accuracy of the temperature compensation is also 
measured during each test. Thus, the technology overcomes the major operational and 
performance problems associated with conventional pressure and volumetric tests. if a leak is 
detected, both systems give a direct measurement of the flow rate of the leak in gallons per hour, 
the quantity of regulatory interest. 

Both the LT-100 and the HT-100 can be permanently installed for online monitoring or 
can be moved from line to line to conduct tightness tests. They can be integrated into the design 
of new lines or retrofitted to existing ones. Retrofitting is easy because these systems require only 
a single hose connection to the line, at any convenient location along the line. No online 
caiibration of the equipment is necessary. While the LT- lo0 and HT- 100 can be used to measure 
the onset of a leak, their principal use is in the testing of lines whose integrity is unknown. 
(Determining the onset of a leak is accomplished with a difference measurement approach, and 
determining line integrity is accomplished with the absolute measurement approach described 
below). 

A static leak detection test is performed with the existing fuel in the line. The line is first 
isolated from the tank(s) and other lines with which it is associated. During a test the LT- 
100/HT-100 measures the volume of fuel in the line at two different pressures, each of which is 
maintained constant while the measurement is taken. Because the LT-100 and HT-100 are 
volumetric systems, a leak detection test can be conducted even with surge suppressors and/or 
trapped vapor in the line. Both systems are capable of measuring the volume of trapped vapor; 
although this is not required as part of the test, it is another unique feature of the technology and a 
useful measurement tool during normal pipeline operations (for example, during line packing). 

The technology has been successfully demonstrated numerous times at operational 
facilities. The LT-100 was demonstrated on four occasions as part of the Naval Environmental 
Leadership Program (NELP) at the Naval Air Station, North Island, Coronado, Caiifomia (1-41. 
The HT-100 was demonstrated on a 2-mile hydrant fuel distribution line at the Miami 
International Airport [2,5 1, on several high-pressure, oil-fiiied underground cable transmission 
lines 4 to 8 miles in length owned/operated by Public Service Electric & Gas (New Jersey) and 
Boston Edison [6],  and on bulk underground piping at a variety of military and commercial 
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aboveground storage tank (AST) facilities [7]. Several more demonstrations of the HT-100 will 
be conducted on airport hydrant lines during the next two months, and the system has been 
included in the design of at least one major metropolitan airport. In addition to these 
demonstrations, both the LT-100 and HT-100 are being used to tightness test lines for military 
and commercial clients. Finally, both the LT-100 and HT-100 were recently evaluated by the 
American Petroleum Institute (APO in controlled operational field tests at the international airport 
in 

Since many of the bulk lines at military fuel farms are regulated as part of the underground 
storage tank (UST) regulations, a third-party evaluation of the LT-100 was performed by Ken 
Wiicox Associates. The performance of the LT-100 was determined experimentally and was 
reported in accordance with the procedures for evaluating leak detection methods set forth in 
ASTM Standard Practice E 1596-93 [8] and EPA Standard Test Procedure EPA/530/UST- 
90/010 [9]. The LT-100 meets the regulatory performance standards established by the EPA for 
both tightness tests and monthly monitoring tests (Le., 0.1 gaVh and 0.2 gavh, respectively, with a 
P, 2 95% and a PFA I 5 % )  on pressurized lines associated with underground storage tanks [lo]. 
When the LT- 100 is used as a monthly monitoring system, the probability of false alm is much 
less than 1%. This third-party evaluation has been reviewed and approved by the National 
Review Board. 

For up-to-date information about state 
and local regulatory certifications for both 
systems, please contact Vista Research directly. 
At the present time, the LT-100 is certified in 
California by the State Western Resources 
Control Board (SWRCB) for testing lines 
associated with the bulk fuel UST’s. Both the 
LT-100 and HT-100’systems are approved by 
the Florida Department of Environmental 
Protection (FDEP) as satisfying the annual 
testing requirement for b u k  storage and airport 
hydrant fueling system piping. Both systems are 
also acceptable substitutes for the pressure tests 
required by the California State Fire Marshal 
and the California State Lands Commission. 

LT-100. The LT-100, which is shown 
in Figure 1, tests underground bulk piping used 
to transfer product into and out of underground 
or aboveground fuel storage tanks. The LT-100 
is a totally self-contained leak detection system 
and requires no special site preparation or 
utilities. A battery-operated computer notebook 
is used to power the sensors and the data 
acquisition system. Since the test data can be Figure 1 . n i e  “Vista”LT-100, photographed at 

NAS North island. 
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collected either manually or with the notebook computer, the LT-100 is easily used at remote 
sites or parts of the fuel farm where electrical power is not available or safety considerations 
preclude the use of electrical outlets. The LT-100 is intrinsically safe, incorporating a standard 
ASTM pressure vessel with fire-proof valves and fittings; no special safety precautions need be 
taken when it is being operated. 

The Li''-100 volumetric sensur unit looks very similar to a surge suppressor and consists 
of (1) a lo-in.-diameter pressure cylinder, (2) a 2-1/2-in.-diameter measurement cylinder, (3) a 
means of measuring level changes in the measurement cylinder both visually (with a sight glass) 
and electronically (with a differential pressure sensor), and (4) three valves that are opened or 
closed to operate the unit, connecthsolate the unit from the line, and adjust the line pressure. The 
cylinders are approximately 48 in. in height. The system includes a pressure relief valve and a 
check valve to ensure safe operation of the device. Very small changes in volume can be easily 
measured. For example, a change of 1/16-in. in the level of liquid in the measurement cylinder 
(and sight glass) is equal to a change of 0.0012 gal (4.5 mi) in the volume of liquid in the line. 

The LT- IO0 dutu acquisition unit makes a permanent record of all test operations. In 
addition to reporting the test results, the electronic record is used for quality control, quality 
assurance, and test auditing. 

HT-100. The €3"-100, which is 
shown in Figure 2, is used to test long, 
large-diameter underground lines found 
in military hydrant fuel disiribution 
systems, marine terminal transfer lines, 
feeder lines, and very long bulk fuel farm 
piping. It is typically used to test lines up 
to several miles in length. The HT-100 is 
a fully automatic, computer-controlled 
system. This system can also be fully 
integrated into both existing and new 
aviation fueling lines and SCADA 
systems, Figure 2. Photograph of the HT-100, an implementation of the 

"Vista" technology designed for hydrant fuel distribution systems. 

The HT-100 consists of two 
storage reservoirs, two differential pressure sensors (one for each reservoir), and a pressure 
management system comprised of the pump, the pressure regulating valves, the pressure gauge, 
the solenoid valves, and a computer and electronics control unit. The storage reservoirs are used 
for changing and/or maintaining pressure during a leak detection test. These containers are 24 in. 
in diameter and over 60 in. in height. Unlike the LT- 100, these containers are not pressurized and 
serve only to store sufficient product to complete a test. (When the HT-100 is used on smaller 
lines or when it is integrated directly in to the fueling system, one of the storage containers can be 
eliminated and the second can be made smaller.) The HT-100 is connected to the line by means 
of a valve; when open, this valve allows the exchange of fuel between one of the reservoirs (the 
measurement cylinder) and the h e .  The volume of fuel that must be removed from or added to 
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the measurement cylinder in order to maintain a constant pressure is measured by a differential 
pressure sensor. The other reservoir stores the excess fuel used in attaining the two specified 
pressures. Pressure in the line is increased, decreased or maintained constant by the pressure 
management sys tem. 
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Vista’s technology uses a novel data collection and analysis algorithm to compensate for 
changes in the temperature of the product. The systems based on this technology measure 
volume changes in the pipeline at two different pressures, each one constant. This approach 
makes use of the fact that ( I )  the leak rate changes depend on line pressure and (2) the rate of 
thermally induced volume change is not affected by line pressure. 

Segment 
2 3 4 I 

C 

Typically the two pressures selected for a test are the noxmai operating pressure of the line 
(“test pressure”) and, in most cases, atmospheric pressure (0 psig). However, any two pressures 
can be used. The order of the two pressures is not critical. The LT-100 (as well as the HT-100) 
generates both a test result, which is an estimate of the leak expressed as a rate in gallons per 
hour, and a test error, which is an estimate of the accuracy of the temperature compensation 
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achieved during the test. There are a number of ways to analyze the “volume” data used in 
computing the test result and the test error. One way, which is illustrated in Figure 3, to divide 
the 2-h test into a minimum of three equally spaced segments, all of the same duration, such that 
one of the three segments of data is taken at a different pressure than the other two. During each 
segment, changes in the volume of the liquid in the line are measured. 

The test result, TR, which is equal to the leak rate, if one exists, is estimated by 
appropriately averaging the data collected during the first three segments in Figure 4 and is 
computed by 

TR = [(Vi + VJ*0.5 - VJ/At 

where Vi is the measured volume change during each segment of duration At;  the subscript i 
denotes the segment number. That there is a nonzero estimated test result, TR, does not mean 
that the piping is not tight. A nonzero flow rate may be produced, for example, by residual 
fluctuations in temperature remaining after compensation. 

If the pressure during three of the segments is the same, then an estimate of the error in 
the temperature compensation can also be made; this is the test error. The test error, TE, is 
estimated by appropriately averaging the data from the last three segments in Figure 4 and is 
computed by 

TE = [(V, + VJ*0.5 - VJ/A t 

1.2 System Attributes 

Several attributes of the LT-100 and the HT-100 are summarized below. 

* The output of a Ieak detection test (i.e., the rest resulr) is easy to interpret, because it 
is a direct measurement of the leak rate in gallons per hour at the test pressure, and is 
the quantity of regulatory and operational interest. 

The LT-100 and HT-100 compensate for the thermal expansion or contraction of the 
fuel in the line during a test. This means that accurate tests can be conducted without 
long, pre-test waiting periods to assure thermal stabiIization. 

The output of a leak detection test includes a measure of the “goodness” of that test 
(Le., the rest error) that establishes the credibility of each test result and minimizes the 
chance of a fake alarm or a missed detection. The test error is a direct estimate of the 
accuracy of temperature compensation achieved during the test. 

The compressibility characteristics of the pipeline system do not need to be known in 
order to conduct a test or to interpret the results of a test; thus, the LT-100 and HT- 
100 can be used to test existing lines (for which this information may not be available) 
as well as newly constructed ones (for which this information can be obtained with 
measurements). 

The HT-100 can be used to test pipelines containing surge suppressors, which are 
commonly found in many hydrant fuel distribution systems. 
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Both systems can be used to conduct a test even when vapor is trapped in the line. 

There are a number of additional measurements that can be easily made with the LT-100 
and HT-100 that may be of interest either as part of the test or as part of routine operational 
maintenance. 

The LT- 100 and HT- 100 can be used to measure the volume of trapped vapor in the 
line. 

Both systems can be used to measure the average temperature and the average 
thermally induced volume changes that occur during a test. 

Both systems can be used to measure the compressibility of the line, with (and 
without) the effects of trapped vapor included in the compressibility estimate. 

1.3 For More Information 

Vista Research offers a wide range of LT-lOO/HT-100 products and services to meet your 
pipeline leak detection and leak location needs. Vista will test lines under a service contract or will 
sell stand-alone systems. Vista also provides the necessary design services to integrate either of 
these systems into an existing or new line. Vista Research has published a number of articles and 
technical reports on the technology. These documents and product brochures can be provided 
upon request. For additional information, contact Vista Research directly by phone (415-966- 
1171, fax (415-969-4348) or e-mail (info@vrinc.com). Mr. Michael R. Fierro is the Product 
Manager. Pictures of the LT-100 and HT-100 and the latest information about Vista’s products 
and services can be found on our web page (http://www.aimnet.cornJ-vrinc/). 
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1.0 Project Description 

Tracer Research Corporation (Tracer Research) performed Tracer Tight@ leak testing 

of 1,500 h e a r  feet of six to ten inch diameter aviation fuel distribution piping at Bahamas 

International Airport, Nasau. P.L, Bahamas. Advanced project planning and implementation 

were conducted to ensure that aircraft operations were not affected in any way during the test. 

The piping test was conducted under contract with API. under a project entitled. "Participate 

in the API Study on Leak Detection Methods for Underground Piping Providing Tracer Tight 

Leak Detection Services". Exxon Research and Engineering Corporation and Midwest 

Research Institute ( M a  provided on-site, third party technical oversight during ail phases of 

the leak simulation and piping tests. 

The testing was conducted in two phases. The first phase of testing, the leak detection 

sample probe instailation and leak simulation phase, began on November 4 and was completed 

by November 11,1996. The second phase of testing. the piping inoculation, leak detection 

probe sample coliection and analysis began on December 1 and was completed on December 

12, 1996. 

2.0 Rackground 

The purpose of this project was to test the aviation fuel piping for leaks and investigate 

and evaluate leak detection technologies for underground petroleum pipelines. In an effort to 

evaluate several different leak detection technologies, MI contracted with four companies 

offering four different leak detection technologies: pressure testing, volumemc testing, 

acoustic testing and racer testing. Tracer Research was selected to provide the tracer testhg. 

MRI provided on-site. third party technical oversight and evaiuanon for aii four technologies. 

...................................................................................................................................................... ...................................................................................................................................................... 
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3.0 Objectives 

The purpose of this Tracer Tight@ leak test was to identifj any sources of product 

leakage associated with API identified sections of piping at Nassau international Airport. Any 

leakage detected during the initial testing would be further investigated to determine the 

approximate leak location point on the pipeline so that repairs could be made and the 

pipeiine(s) returned to normal operation. 

4.0 Tracer Tights  Concept 

Tracer Tight@ leak testing is a patented process performed by introducing a volatiie 

chemical concentrate, a tracer, into the pipeline foliowed by the detection of tracer underground 

in the vapor phase. The tracer is used in very low concentrations. The tracer has no impact on 

the chemical or physical properties of the pipeline products. The tracer chemical, being highly 

volatile. distributes itself, both into the product and into the vapor space above the product. 

If a pipeline leaks fuei, the tracer is released from the fuel into the soil and disperses in 

all directions through the air porosity of the soil by molecular diffusion. Tracer can also travel 

by convection when a pipeline is emptied of fuel and tested under pressure with a mixture of 

tracer and nitrogen or air. When fuel leaks underwater, it rises to the surface of the water table 

and releases the tracer into the air above the water. 

After the tracer has had time to diffuse and migrate through the soil away from the 

leak, soil gas samples are collected from the area surrounding the pipeline. Probes are placed in 

the backf'di above the pipeline to collect the tracer vapors that might appear in the soil. The 

probes are driven into the ground and a smaii amount of soil gas is puiled by vacuum through 

each probe. Samples of this soil gas are collected and analyzed for the presence of tracer and 
hydrocarbons. 

...................................................................................................................................................... ...................................................................................................................................................... 
R0008-000.H a m x  Page 2 
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5.0 Site Description 

The aviation fuel distribution system begins at the Esso Standard Oil, bulk fuels storage 

facility located on Windsor Field Road. The fuel distribution system then extends to a fuel 

hydrant system which encircles both the U.S. Pier and the International Pier, Concourse “C”. 

The piping was arranged in two sections by American Petroleum Institute (MI), as Test 

Section #3 and Test Section #4. Test Section #3 (400 feet) extends from valve pit #3, between 

the U.S. Pier and the International Pier, Concourse “C”, to valve pit #4. Test Section #4 (1 100 

feet) extended from valve pit #4 to vaive pit #5, just south of the International Pier. The 

pipeline depth ranges from approximately four feet to six feet below ground surface (bgs). 

The depth to groundwater was reported to be in the range of four to six feet bgs. The ground 

cover over the piping right of way consists of reinforced concrete topped with a layer of 

asphaitic concrete. The thickness of this concrete and asphaltic concrete ground cover varies 

from twelve to fourteen inches. A section of Test Section #4 piping is encased in a piping 

sleeve. The sleeved pipe passes under the foundation of the International Pier. Concourse “C”, 
and is approximately 40 feet in length. 

6.0 Leak Detection System Installation 

instailation of the initial 72 sampling probes on Test Sections #3 and #4 began on 

November 6, 1996. Probes were installed adjacent to the approximately 1,500 feet of piphg 

tested. AU probes were 16 inches in length. AI probes were installed to a depth of at least 2 

inches below the bottom of the ramp. Probes were installed by first drilling a one and one half 

inch hole through the concrete ramp foilowed by the installation of a samphg probe. AU 

probes were installed flush with the ground surface and sealed with caulking to insure a gas, 

water and fuel tight seal around the probe. 

...................................................................................................................................................... ...................................................................................................................................................... 
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7.0 Leak Simulation 

Leak simulations were completed to validate the effectiveness and sensitivity of the 

Tracer Tighr@ method at the testing site and confirm that a Tracer Tight@ leak test would 

detect any leak exceeding the 0.05 gaiion per hour (gph) minimum detection criteria mandated 

by the United States Environmental Protection Agency (EPA) for tighmess testing methods. 

One leak simulation was performed on Test Section #3 and two leak simulations were 

performed on Test Section #4. The leak simulation probes were installed and the leak 

simulations performed on November 10-11,1996 (see Appendix D. Figures 2A-C). 

A leak simulation is performed by introducing a tracer different from the one used for 

the hydrant loop leak testing into the soil through an injection probe installed at a point qui-  

distant between two sampling probes. This spacing represents the farthest distance a leak could 

occur from any given sampiing location. Additional leak detection probes were installed at 2.5 

feet and 5 feet on either side of the leak simulation injection probe. The leak simulation probe 

wa5 installed to a depth of six inches above the fuel pipe (approximately 4 to 5 feet bgs). 

The minimum leak rate specified by the EPA for leak detection is 0.05 gph. 

Therefore, the amount of tracer used for the simuiations was determined by the amount of 

tracer expected to leak out of a pipeline leaking at 0.05 gph for 72 hours or the amount of 

tracer released with 3.6 gallons of product. This procedure provides a field test to confirm the 

leak detection sensitivity achieved at the site. This information allows the technician to adjust 

the test duration or the tracer inoculation concentration appropriately for site conditions should 

a deviation from standard operating procedures be required. 

The first leak simulation was performed on Test Section #3 just west of the high point 

between valve pit #3 and valve pit #4. The leak simulation was designed to simulate a liquid 

product leak because Test Section #3 was tested with aviauon fuel in the pipeline. The results 

of the leak simulation indicate that significant concentrations of tracer could be detected ten 

feet from the leak simulation probe m 22 hours. 
The second simulation was perfomed northeast of Hydrant #36, Gate 10, between 

probe locations #36 and #37 on Test Section #4. This leak simulation was designed to 

simulate a tracer/& mixture leak because Test Section #4 was inoculated with a mixture of 
tracer and air. As with leak simulation #1, the leak simulated was a 3.6 gallon product reiease. 

...................................................................................................................................................... ...................................................................................................................................................... 
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The results of this leak simulation indicate that significant concentrations of tracer could be 

detected ten feet from the leak simulation probe in 22 hours. 

The third simulation was performed southeast of valve pit #5. between probe locations 

#69 and #70. The same amount of leak simulation tracer was added to the leak simulation 

probe. Significant tracer concentrations were detected in the probe 2.5 feet away from the leak 

simulation probe after 27 total hours had passed. The leak simulation tracer appeared to 

migrate a little more slowly here because the leak simulation tracer was injected under water 

and floating product. Once the tracer finally reached the unsaturated vadous zone it would 

move rapidly to a distance of 10 feet from the leak simulation probe as it did with leak 

simulations #1 and #2. 

The results of the leak simulations confirmed that the soil is highly permeable and that 

the tests could be conducted in the time allotted. 

8.0 Test Sections #3 and #4 

8.1 Test Section #3 - Inoculation 
On December 3, 1996, 1,459 gaiions of aviation fuel was pumped from a fuel pumper 

truck into the empty pipeline at valve pit #3. Tracer A. the inoculation tracer, was metered into 

the fuel as the fuei was pumped into the pipeline. After the inoculation, two fuel samples were 

collected at valve pit #4. The analysis of two fuel samples indicated that the pipeline was not 

sufficiently inoculated to a 1 part per million (ppm) concentration. An additional 118 gaiions of 

fuel and tracer A were added to the pipeline and the displaced fuel was collected into a fuel 

bowser. Analysis of the coiiected fuel samples indicated that the fuel was properly inoculated 

to 1 ppm. Test Sections #3 was then blocked in for the duration of the test. 

...................................................................................................................................................... ...................................................................................................................................................... 
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8.2 Test Section #3 - Sampling and Analysis 
On December 6,22 samples were collected from Test Section #3 and analyzed for 

Tracer A. Elevated tracer concentrations were detected in Probes 17-22. in the area adjacent to 

Valve Pit 4 (see Appendix C, Table #2). Due to the proximity of th is piping to Test Section $4 

piping (ais0 inoculated with Tracer A), Test Section #3 was retested with Tracer W to c o h  

the initial results. 

On December 10.1.800 gallons of fuel was pumped from a pumper truck into valve 

pit #3 while Tracer W was injected into the fueL The displaced fuel from the inoculation of 

Test Section #3 was collected into a defuel truck at valve pit #4. This inoculation effectively 

displaced the Tracer A inoculated fuel and replaced it with Tracer W inoculated fueL Fuel 

sample anaiysis confirmed a satisfactory concentration of Tracer W (see Appendix C, Table 

#I). 

On December 12, samples were collected from Test Section #3 and analyzed for 

Tracer W and A. Decreased concentration levels of Tracer A were detected in probes 10 and 

13 through 22. Tracer W was not detected at significant levels (see Appendix C, Table #3). 

8.3 Test Section #4 - Inoculation (Tracer A) 

Test Section #4 did not contain any aviation fuel and was completely empty at the time 

of inoculation. Using a compressor, a mixture of Tracer A and compressed air was introduced 

into the pipeline on December 3,1996. The tracer/& mixture was added at the high point 

adjacent to valve pit #4. Confirmation that the Tracer A had been dismbuted throughout the 

piping was accomplished by coliecting and analyzing air samples at the furthest end of the 

piping from the injection point at valve pit #5. Once the Tracer A was confjrmed at the furthest 

end of the piping. the pipeline was blocked in at 30 p.s.i.. A hydrant outlet adapter was used to 

release air from the pipe until tracer labeled air arrived at hydrant outlets 29-36. This insured 

complete inoculation of each hydrant lateral. Air samples were collected and analyzed from 

hydrant outlets 29-32 in order to verify the presence of tracer at the furthest downstream 

points (see Appendix C, Table #l). Test Section #4 was pressurized up to a find pressure of 

42 p.s.i. at 1800 hours on December 3. 

...................................................................................................................................................... ...................................................................................................................................................... 
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On December 4. at 0900. 15 hours after final pressurization, gauge readings were 0 

p.s.i., indicating that the piping had lost aU pressure. The pipe was recharged with Tracer A 

and compressed air for 3.5 minutes bringing the pipeline pressure up to 10 p s i .  before a 

malfunction in the compressor stopped the inoculation event. 

8.4 Test Section #4 - Sampling and Analysis 

On December 4, approximately 24 hours after inoculation, 48 samples were collected 

from Test Section #4 and analyzed for Tracer A. Failing concentrations of Tracer A were 

detected in probes 25 through 29, the area between the high point at valve pit #4 and the 

International Pier building (see Appendix C, Table #4). The highest concentration of tracer 

was detected at probe 28 (13 ps). 

On December 6, in an effort to determine the leak location(s), four leak delineation 

probes (28A, 28B. 28C and 29A) were installed on 5 foot centers in the area of probe 28, 

between probe 27 and the International Pier building. Due to the proximity of buried high 

voltage and radar cables, Exxon personnel determined it hazardous to install leak delineation 

probes deeper than 16 inches. Deeper probes are useful in performing depth profiling which is 

instructive when conducting leak delineation. Probe 23 was also installed at this time (it had 

not been instailed during the original probe instaiiation because test equipment from another 

leak detection contractor was set up at that site). 

Approximately 72 hours after inoculation. another round of samples were collected 

from probes 23 through 71 and analyzed for Tracer A. Failing concentrations of Tracer A 

were detected in probes 23 and 25 through 29A (see Appendix C, Table #5). 

8.5 Test Section ##4 - Inoculation (Tracer W) 

To further delineate the leak location(s) on Test Section #4, the test section was 

retested with Tracer W. On December 12, Test Section f+l was pressurized to 20 p.s.i. with a 

compressor. Tracer W was then injected into the air srream over the next 16 minutes until the 

line pressure reached 62 p.s.i 

' 

...................................................................................................................................................... ...................................................................................................................................................... 
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8.6 Test Section #4 - Sampling and Analysis (Tracer W) 

Two hours after inoculation with Tracer W, samples were collected between valve pit 

#4 and the International Pier and anaiyzed for Tracer W and Tracer A. Tracer W was detected 

in probes 23 through 28A, with the highest concentrations at probes 23,26 and 28A (see 

Appendix C. Table #6). Decreased residual concentrations of Tracer A were detected in 

probes 23 through 29A. 

9.0 Sampling Parameters 

Aii samples were collected from instailed probes in pre-evacuated sample canisters. 

The samples were analyzed onsite immediately following collection. Au samples were 

analyzed utiiizing a laboratory grade Hewlett-Packard gas chromatograph (GC) and data 

plotting integrators. The GC was calibrated daily, before sample collection and analysis. 

Approximately 98% percent of the vacuum readings observed during sampling were less than 
five inches of mercury (in/Hg). The observed readings indicated favorable soil porosity and 

tracer migration was therefore optimal for detection of possible leaks. 

10.0 Conclusions 

10.1 Test Section #3 

Test Section #3, piping between valve pit #3 and valve pit #. tested tight and passes 

the Tracer TighrB leak test. 

10.2 Test Section #4 

The portion of Test Section #4 between valve pit #5 and the east side of the 

International Pier building (probes 30-71). tested tight and passes the Tracer Tight0 leak test. 

The portion of Test Section ##4 between valve pit #4 and the International Pier building (probes 

23-29A), failed the Tracer Tight0 leak test. 

It is difficult to determine the specific quantity and location of leak@) between valve pit 

#4 and the International Pier building. Tracer can spread great distances laterally at a site 

where a shallow water table exists with a thick, overlying concrete cover. The water table and 

...................................................................................................................................................... ...................................................................................................................................................... 
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the concrete effectively form two horizontai boundaries with a relatively thin layer of 

permeable soil between them. Tracer released with a large volume of air into this permeable 

layer (i.e. from the leak in the depressurizing pipe) will result in rapid lateral tracer transport 

around the site. 'kis tends to mask the exact leak location because it becomes difficult to 

meamre a reliable concentration gradient in the vicinity of the leak. This type of site condition 

can be addressed with deeper sampling probes and a more sensitive inoculation technique. 

Potential underground hazards and project schedule did not accommodate additional 

investigation. 

Based on our experience, the data indicate the existence of at least one leak. The most 

probable location is in the vicinity of probe 28A. in the initial Tracer A test results (see 

Appendix C, Table #4), the tracer concentrations decreased away from the probe as expected. 

However, higher than expected tracer concentrations exist at some probes that are a 

considerable distance from probe 28A. particularly probes 23 and 26. There may be leaks at 

these locations as well, or the data may be a manifestation of tracer migration. Significant 

lateral tracer migration is demonstrated by the detection of Tracer A in probes 17 through 22 

(Test Section #3 Tracer W test confirmed no leak in this area). Based on our experience, we 

are not confident that leak(s) exist at probes 23 and 26. Iden-g individual leaks at these 

locations risks identifying leaks where they do not exist (false positive). Exxon personnel have 

indicated the area between valve pit #4 and the International Pier building will be excavated. 

During the excavation, we recommend particular attention be paid to the piping in the Vicinity 

of probes 23,26 and 28A. 

The analytical results of the leak test are condensed and presented in Appendix C. The 

locations of the leak detection probes can be found on the map located in Appendix D. 

...................................................................................................................................................... ...................................................................................................................................................... 
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APPENDIX A: Results of EPA Standard Evaluation 
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APPENDIX B: Certification 
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TRACER TIGHT@ LEAK DETECTION CERTIFICATION 
Nassau International Airport Date: December 1996 
Nassau, P.I., Bahamas Job: R0008-OOO.H 

Pipeline I Length i Product : Tracer p a s s / F n  
TestSection#3 f 400Feet Jet A ; w Pass 1 
TestSectionM 1 990Feet ; Jet A A Pass 
ProbeLocltions3&71 > 
Test Section #4 i 110 Feet Jet A 1 A,W 
Probe Locations 29A-23 i 

Tracer Research Corporation hereby certifies that the above listed pipeiie(s) have been tested by means of 
Tracer Tight@, which meets the criteria set forth in NFPA 329 for a precision leak test. According to 
United States Environmental Protection Agency (EPA) standard test procedures for evaluating leak 
detection methods, the Tracer Tight@ method is capable of detecting leaks of 0.05 gaiions per hour with a 
Probability of Detection (PD) of 0.97 and a Probability of False A h  (PFA) of 0.029. 

Submitted by: Tracer Res&rch Corporation 

The ciassifxation of leakage is based on the presence or absence of tracer. 

Pass Criteria: NO tracer detected less than 0.1 U&. 
Fail Criteria: Tracer detected equal to or greater than 0.1 U&. 
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APPENDIX C: Analytical Data 
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1ANALYTICAL DATA 
APVMRISTLTDY 
Nassua Int'I Airport 
Nassua. P.L. Bahamas Job #R0008-000.H 

Robe # Tracer A 
.""...-...""-.-"."-""""--- .. ".."...""".."".__.-""......_ 

I TABLE#l f 
' Tracer Verification : 

Line #3, Line M i 
December 3,1996 1 

Line #3. Fuel 
Luie #4, Valve Pit #5 i 
Line #4, Hydrant #29 
.Line #4, Hydrant #30 I 
Line #4, Hydrant #3 1 
Line #4, Hydrant #32 i 

Air, Valve Pit #5 
Line #3, Fu*ec. 10) 

Tracer Verified 
Tracer Verified 
Tracer Verified 
Tracer Verified 
Tracer Verified 
Tracer Verified 

ND 
Tracer W Verified 

TABLE #2 
48 Hour Test 

Tracer A 
Line #3 

December 6,1996 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 

Air, lab 
Air, valve pit #i4 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
hm 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
0.02 
0.08 

1 
12 
3 
7 

ND 

Ail concentrations shown in p a  ND = Not Detected 
NA = Not Analyzed 

NS = Not Sampled 
1 
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~ A N A L ~ C A L D A T A  , 
A P ~ S T U D Y  
Nassua int'l Airport 
Nassua. P.I., Bahamas Job #R0008-000.H 
."".."."................___._.I -...--.- -."....""."-- 

Probe# Tracer A Tracer W I 

TABLE #3 
48 Hour Test 

Tracer W 
Line #3 

December 12,1996 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

0.001 * 
ND 
ND 

0.001 * 
0.004 * 
0.006 * 
0.01 * 
0.2 * 
0.2 * 
0.7 * 
1 *  
I *  
1 *  

O.o006** 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

* Residual Tracer A from previous test. 

** Probe location #1 is located very close to where Line #3 was inoculated at vaive pit #3. A small 
amount of inoculated fuel was releascd when disconnecting the inoculation hose from the vaive which 
caused a this very small elevated concentration of Tracer W. 

AU concentrations shown in pgR. 
1 

ND = Not Detected 
NA = Not Analyzed 
NS = Not Sampled 

2 
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3ANALYTiCA.L DATA 
APVMRlSTuDY 
Nassua ht’l Airport 
Y . E . a L E * L - a ~  Js!!!E!!?!!2!??!!! ..............- ~ ” - ”  “1-1 ....I... .....-I..-__.” ....... ”..” ............._. 

probe# 1 Tracer A Probe # Tracer A 

TABLE #4 
24 Hour Test 
Line #4 

December 4,1996 
Air, Lab 

30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 

Air, 48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
m 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

24 Hour Test (ConL) 
Line #4 

December 4,1996 
63 
64 
65 
66 
67 

Au, 67 
68 
69 
70 
71 
29 
28 
27 
26 
25 
24 

23 (not yet installed) 

ND 
ND 
m 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
0.8 
13 
5 
4 
2 

0.00 1 
NS 

All concenaations shown in pgfL ND = Not Detected 
NA = Not Analyzed 
NS = Not Sampled 

3 
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4t4NfiYTICAL DATA 

Nassua int’l Ahuort 
API/MRISTUDY 

TABLE #5 
72 Hour Test 

Line #4 
December 6,1996 

30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 

Air, 48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 

0.001 
ND 
ND 
ND 
ND 
ND 
ND. 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
m 

72 Hour Test 
Line #4 (Cont.) 

December 6,1996 

63 
64 
65 
66 
67 

Air, 67 
68 
69 
70 
71 

29A 
29 

28A 
28 
28B 
28C 
27 
26 
25 
24 
23 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
m 
ND 
m 
3 

0.2 
8 
6 
5 
4 
5 
9 
6 

0.005 
11 

All concentrations shown in pg/L 

4 
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SANALYTICAL DATA 
APIfMRI STUDY 
Nassua Int'l Airport 

TABLE #6 
2 Hour Test 
Tracer W 

Line #4 (Leak Locate) 
December 12,1996 

29A 
29 

28A 
28 

28B 
28C 
27 
26 
25 
24 
23 

1 *  
0.4 * 

1 *  
I *  
I *  
1 * .  
2 *  
2 *  

0.9 * 
0.02 * 
0.2 * 

* Residual Tracer A from previous test. 

All concentrations shown in pgJL 

ND 
ND 
2 

0.003 
0.001 
0.003 
0.1 
3 

0.2 
O.OOO6 

ND = Not Detected 
NA = Not Analyzed 
NS = Not Sampled 
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APPENDIX D: Map of Pipeline with Sampling Locations 
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L e a k  S i m u l a t i o n  N o .  1 

E X P L A N A T I O N  

* I  Sampling Probe Location 

* L S I  Leak Simulation Probe 

------- Approximate Pipeline Location 
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I Tracer Job No. R0008-000.P I 
A P I / M R I  S t u d y  - B A H A M A S  

N a s s a u  I n t ' l  A i r p o r t  
L e a k  S i m u l a t i o n  N o .  1 

N A S S A U ,  P . I . ,  B A H & Y A S  

S a m p l i n g  L o c a t I o n a  
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E X P L A N A T I O N  

* 1  Sampling Probe Location 

*LS2 Leak Simulation Probe 

------- Approximate Pipeline Location 
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L e a k  S i r n u l a t i o n  N o .  2 

N A S S A U ,  P . 1 . .  B A H A M A S  
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TCS 

hc h u m  consulf 
1-m-m 

Günde, November 26,1996 Pag2 

1 Introduction 

1.1 General 

At 
done with 4 different measurement-systems to determine their preferences. n i e  sections had sizes of 
5 - 50 m3 inner volume. 

should be tested 4 sections for tightness. It should be 

At 10 bar there will be a change from turbulent to laminar flow by about 0,05 mm diameter for the 
Leaksize. 

1.2 Explanation of words and shorts 

Volume Inner volume of pipeline 

d S  Proportion of inner pipeline radius to wall thikness 

Operating pressure design pressure bf pipeline (the leak-results are based on this pressure) 

kl 

k2 

Correction factor 1 for angle 
(influences are e.a. compressibility) 

Correction factor 2 for zero-line 
(influences are e.a time delayed effects) 

c-2 
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2 Results 

2.1 Section 1 

The parameter of section 1 where given us to 3500 feet of 10 inch pipeline. This section was given 
as possible tight. It was blindflanged on both sides and good settled by temperature. 

For pressurizing we needed with the manual pump about 20 minutes. For depressurizing the 
pressure was released through a small ball-valve within 1 minute. Usual pressurizing and 
depressurizing should be nearly the same time in the range between 1 and 3 minutes. Therefore the 
timedelayed effects had more influence than usuai. 

The first installation of k-factors are based on 3 tests without and 1 test with leak. The average time 
between cycle 1 an 2 had been about 16L2 minutes, the time between cycle 2 and 3 about 23I7  
minutes for no-leaktests and 3 154 for Ieaktests. 

The test 13th Nov at 19:24 had a too long pressurizing-time for cycle 3. Therefore this result was 
not valuated. 

The test 13th Nov at 2259 had leakrates (calculated for 10 bar) cIimbing upwards (2.86 vh to 4.25 
i/h calculated for 10 bar) while testphase. That means, the testequipment was not settled for a 
defined size of leak. Therefore this test was not valuated. 

2.2 Section 2 

The parameter of section 2 where given us to 600 feet of 10 inch and 300 feet of 6 inch pipeline. 
This section was given as possible tight. It was blindflanged on both sides and good settled by 
temperature. 

For pressurizing we needed with the manual pump about 4 minutes. That was nearly in the standard 
of 1 to 3 minutes. 

The first installation of k-factors are based on 4 tests without and 2 test with leak. It showed unusual 
factors in an unstabile situation. Therefore it seemed to be possible, the section was not tight. We 
made 8 more tests and a pressure-test for only 10 hours over night. It showed a leakrate of roughly 
about 400-500 mYh. 

Because of the size of leak, the most proability position for it was a leakage on a gasket or similar. 
Therefore we watched in the valve chanbers. This leakage was found on the blindflange in VP-5 
with a driprate of about 1 drips per 1-2 seconds. It was fixed. All measurements until now where 
deleted. 
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We made 3 new tests (No 14-16) without leak. The k2-factors where in the standard range and 
stabil. Therefore the section seemed to be tight, The first test with simulated leak (No 17) failed. 
The leakrate climbed up (1,49-238 Vh calculated for 10 bar) over the time. Therefore this result 
was not valuabled. The second leaktest (No 18) was ok. 

When all results are shown with the correction-factors for the tight pipeline, you see very easy that 
the results before are wide out of range (above the ,,Tol.Leak+"-line), even if they have an leakrate 
of only 400-500 mfi.  

2.3 Section 3 

The parameter of section 3 where given us to 400 feet of 10 inch pipeline. This section was given as 
possible leaking. It was blindflanged on both sides and good settled by temperature. 

For pressurizing we needed with the manual pump about 3 minutes. That was in the standard of I to 
3 minutes. 

The k-factors and calculations are based on turbulent flow. The leaks less than 0,7 I/h at 10 bar 
have laminar flow. If a leakrate is calculated for turbulent flow and you redly have laminar flow, 
the calculated I e h t e  wiIl be greater, that means an earlier aim. Therefore the resuits of test 15th 
Nov 18:40, 19:36 and 16th Nov 01 :02 are not correct. 

2.4 Section 4 

The parameter of section 4 where given us to 800 feet of 10 inch and 300 feet of 6 inch pipehe. 
The section was given as possible leaking with a big leakage. It was blindflanged on both sides and 
good settled by temperature but also possible partly filled with air. Our job was to find out, if there 
is a leak or not. 

A pressurizing with the manual pump was not possible (ma. 12 mbar). Therefore it was allowed to 
connect &.Q& a truck to pressurize the pipeline to about 2.7 bar and look for the pressurechange. 
With this method it was possible to say: ,,There is a leak of >SO Uh. The mass of leakage was 
dropped down by the amout of air in the line. 

To have a better accuracy, you would have to press more than the total pipelinevolume new product 
in the line (to eliminate the most important influence of air) and watch the trucks meter for 
literhour leakrate. For it you would need SO-times product for testing as used by us. 
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I - 
m e  see that by a leakrate of less than 1,8 Ilh we have 

I 
In this case we would make a mistake by calculation for turbulent 

-_I_ In the TCScalculation we would g&e by kminar flow a greater leakrate 
than real existing. That means, we would give an alarm a little earlier. 

If we would come direct from 10 bar to 4 bar it would possible stay at 
turbulent flow or go to laminar flow. It is not possible to determine it. 

turbulent flow at 10 bar and possible laminar flow at 4 bar. 

flÖw of about 35 % i i 

- I 
I ---- 

.---- --I_-_- 

-.-- - --L_--- ----- 
I 

Leck-Hydraulik 

I I 
Assumptions: (form of the hole, flow-resistence, --- ... ). I ' 

!flat rectangle ! 
! Aitshul's approximate formula 
-- lform of hole: 

. flow-resistance: --- - 
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- End About PLC-Reset=F10 Sustem Print Hel~=Fl 

a 

Pressuretest section 1 
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End About PLC-Reset=F10 Sustem Print Help=Fl Y 

Y 

Pressuretest section 2 with fixed leak 
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-End About PLC-Reset=FlO- Sustem Print Hel~=Fl I 

(1 

Pressuretest section 2 with unknown leak 
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Date I T h e  I Press 
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Press3 dPress1 dPress2 dPress3 Meas.Leak 
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E A ii S A 
Ingenieurgesel~schaft ibh D-21509 Glinde Zar. 040-710918-20 

C 0 A C U L T Beii  teugait  6 ? e l .  040-710918-0 

I C 1  ilansa Consult Ing.GibE - I C s  - XST 

Date: 13.10v.1996 Tiie: 17:42:03 Operator : hcd 

Voluie I I3 I: 
rils I - I: 
Operating-press. I bar 1: 

Pun Ro. - I: 
Start 1 ’ -  I:  
Stop [ - 1: 
lest-Pressure [ bar 1: 
Prets.Gradient [ barlh I:  
U v a  [ le-6/barl:  

kl- ,fZ-factors I - I :  

Tolerable !ightnessfactor 
Actual rightnessf ac tor 

46,271 
12.368 
10.000 

1 2 3 
17:42:03 18:00:03 18:17:03 
17: 41 : 03 18 :02:03 18: 19:03 

10.473 4 .185 10.265 
-0.6650 0.2563 -0.6091 
84 .IO09 84.7009 4 i .7009  

-0.800000 0.080000 

[11[i3*h]]: 0.040000 
il/[iPh)]: 0.082181 

]Tolerable Leakrate in l t r  per hour : 1.850839 
heasured Leakrate in l t r  per hour : 3.401611 

$S Pesult: lightnetsfactor out of liiit ! 

Couent: -------- Signature: _______________I___ 

Artificial Leak !est: yeslno 

Leak.rnn no.1: .., .... , i lhin : _______ l t r i b  =) _____ ltrlb at Operating press. 

Leak-run 110.2: .,...... illiin = _ _ _ _ _ _ _ _ _  l t r l h  =) ______ ltrlh at Operating press. 

Leak.run no.3: ... .. . . . illiia : _____.__ 1 W b  =) ________ ltr/h at Operating press .  

Calculated tightnessfactor at  Operating pressure ____-_ Itrlh (11 

.._._..__ -11) - 3.402611 ltrlh = ____.____ ltr/h t 1.850839trlh 

._ .. - Signature of Operator ____._ Signature of Supervisor 
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B A ii S A C 0 I S 0 I, t 
ingenieurgesellscbaft i b h  D-21509 Clinde lax. 040-710918-20 

Bein Geuqait 6 ?el. 040-710918-0 

IC) Xansa Consult 1ng.GibE - rCS - TST 

Date: 13.11op..lJJS tile: 18:31:03 Operator : bcd 

Volu1e 1 13 I:  
r i b  l - 1: 
Operating-press. I Bar 1: 
lun lo. - I: 
Start I ' -  I :  
stop [ - 1: 
lest-Pressurr I bar 1: 
Press.Cradirat [ bar/b I: 
Kappa [le-6/bat 1: 

kl-,U-factors 1 - I: 
tolerable Xigbtnessfactor 
Actual fightnessfactor 

46.271 
12.368 
10.000 

1 2 3 
18:31:03 18:48:03 19:10:03 
18:33:03 18:50:03 19:12:03 

10.269 4.190 10,241 
-0.4279 4.3002 -0.1038 
84,1009 84.1009 84.7009 

-0.800000 0.080000 

lloltrable Leakrate in ltr per hour 
IKeasured Leakrate in itr per hour 

+IS 1esult: Tigbtnersfactor out of liiit ! 

Artificial Leak lest: leslno 

LcaLrun no. 1: . . . . . . . . illiin : _____I_ Itr/b :) ltrlb at Operating press. 

leak.run no.2: . , , .. , . . i i l i ia : __. _. - __. ltr/h 2)  - ltrlh at Operating press. 

Leak.rua no.3: . . . . . . . . i lh in  : _______ ltr/b :) _______ Itr/h at Operating prssi. 

Calculated tightnarrfactor at  Operating pressure 

. _ _ _ _ _ _ _  (11 - 3.6111532 l tr lh  : ___I_ Itdb ( 1.850819tr/h 

itrlh liJ 

..^__ .- Signature of Operator _____ Signature of Supervisor 
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B A 1 S A 
Inqrnieurgerellschaft i b h  D-21509 Gllnde Fax. OW710918-20 

C 0 I S 0 1 T Bein Zeugait 6 f e l .  010-710918-0 

f C 1  Hansa Consult Ing.Gibl - !CS - ?ST 

Date: 13.Iov.1996 the: 19:24:03 Operator : bcd 

Voiuie [ r3 I: 46.211 
rill [ - I: 1 2 . ~  
Operating-press. [ bar I: 10.000 

Pun ao. [ \ -  I :  1 2 3 
Start - 1: 19:24:03 19:39:03 20:26:03 
Stop [ - 1: 19:26:03 19:11:03 20:28:03 
Tist-Pressure [ bar I: 10.101 i.129 10.253 
Prcrs.Gradirnt [ barlh 1: - 0 . W  0.i114 -0.5237 
lappa [it-llbar): 84.7009 84.7009 81.7009 

tl-,kZ-factorr [ - 1: -0.800000 0.060000 

tolerable Tigbtnessfactor (ll(i3ib) I :  0.040000 
Actual lightnebsfactor [l/(i3*hJI: 0.101214 

Tolerable Leakrate in ltr per hour : 1.850839 
Hcarurcd teaktat8 in ltr per hour ; ~ 6 a m  

POS lerult: liphtnesrfactor out of h i t  ! 

Artificial Leak Test: leslno 

I e a k m  no.1: ...... . . u l l i i p  = _______.. ltrlb =) ltrlh at Operating pttcr. 

LiiaLrun no.2: .,...... illiin : ________  ltrlh =) itrlb at Operating prerr. 

LeaLrun no.3: ........ illiin : _ _ _ _ _ _ _ _  ltrlb =) _______ W b  at Qprtatipp p r o m  

Calcalattd tightnerrfactor at Optratinq pressure 

________Ili - i . 6 8 3 2 7 4  ltr/h : _-__ l tr /b  ( 1.850839trlb 

_-_._.__ ltrlb (1  j 

_.. .___ Signature of Operator _____ Signatur# of Suprrriror 

C-18 

COPYRIGHT American Petroleum Institute
Licensed by Information Handling Services
COPYRIGHT American Petroleum Institute
Licensed by Information Handling Services



STD-API/PETRO PUBL 3qb-ENGL 1998  M 0732290 Ob23813 T T B  

E A I S A C 0 I S U I T !el. 040-710918-0 
Ingenieurgesel lschaft  i b h  D-21509 Glinde Par.  040-710918-20 

Bcii Zeugait  6 

[el Eansa Cansult Ing.Gib1 - rCS - Isr 

Date: 13.lov.1996 t h e :  20:41:03 Operator : hcd 

W i t  [ r3 1: 46.271 
rils - 1: 12.368 
Operat ing-prrrs .  [ bar I: 10.000 

IUD lo. 1 - 1: 1 z 3 
S t a r t  I* - 1: 20:41:03 20:56:03 21:26:03 
s top  1 - 1: 20:43:03 20:58:03 21:28:03 
Test-Pressure I bar I: 10.111 4 . 2 4 5  10.261 
Prets.Gradient b a r b  1: -0.5361 0.3358 -0.4465 
IaPPa [ l e -Ubar ] :  84.7009 8i.7009 81.7009 

k l - ,k I - f ac to r s  [ - I :  -0.800000 0.080000 

t o l e r a b l e  r igh tnes r f ac to r  [I/ (13 *h J j : 0.04  0000 
Actual Tigbtnessfactar  Ii/ h 3 * h  I ]  : 0.075225 

: 3.480753 
l o l e r a b l e  leatrate in ltr  per hour 
Hearured Lea t r a t e  i n  l tr  per  hour 

$S l e s u l t :  l i g b t n t r s f a c t o r  out of liiit ! 

A r t i f i c i a l  Leak Test:  l e i l n o  

Leak.run no.1: ........ illiin = ______._ i t r l h  =) _____ l t r / h  at  Operating press.  

Leak.run n0.2: ........ illiin : - ltrlh :> l t r / h  at Operating prtrr.  

Laak.run 00.3: ........ illiin = _______ l t r l h  =) l t r / h  at  Operating prus. 

Calculated t i gh tnoss fac to r  a t  Operating p ras ru rc  _ _ _ _ _ _ _ _  l t r l h  ( I )  

______.__Ill - 3.480753 l t r / h  = -___ l t r / h  1.850839tr/h 

_______ Signature  of Operator ---- Signature  of Supervisor 
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S T D . A P I / P E T R O  P U B L  3 4 b - E N G L  1998  = 0732290 0b1381q 9 3 4  = 
E A I S A C 0 I S U t T 
Ingmieutgerellrchaf t ibb D-21509 Gliade ’ lax. 040-710918-20 

Bein feugait 6 Xel. 040-710918-0 

(C) Eansa Consult 1ng.GibH - TCS - TST 

Date: 13.Iov.1996 The: 21:58:03 Operator : bcd 

Voluia [ i 3  I: 46.271 
ri /r  [ - I :  12.368 
Operating-press. I bar I: 10.000 

Run Io. [ - 1: 1 2 3 
Start i ‘- I:  21:58:03 22:13:03 22:i3:03 
Stop [ - 1: 22:00:03 22:15:03 22:45:03 
fast-Prersrra I bar I: 10.050 4.265 10,111 
Prers.Cradient [ bai/b 1: -0.8911 0.0636 -1.0386 
W a  [la-b/bar]: 84.7009 S i  .IO09 84 .7009  

kl-,k2-factors [ - 1: .-ü.800000 0.080000 

Xoicrable riqbtnessfactor [ 1/ ( i 3 * b )  I : 0.040000 
Actual lightnessfactor [l/(i3*bIl: 0.122892 

I I Heasurtd Leatrate in ltr per hour : 5.6863311 

~~~ 

roicrabic leakrate i n  itr per hour : i.e50a39 

~ 

$IS l eru l t :  fight~ersfactor out of liiit ! . 

Couent : -------- 

Artificial Ltat Tart: @no 

teat.run 00.1: . ....... y L  W a i n  = .!-:%- ltr/h =) . .J-,lrltr/h at Operating p n r i .  

L e a k m  no.2: ........ 3’) illiin = -&!!- ltr/h :) 3 .  0 3  ltr/h at Operating press. 

LtaLrnn no.3: ........ L\ ?- i l l i i a  = ..l:!.:- ltr/b =) J2!C ltr/b at Opeiatiag preis. 

Calculated tigktncrsfactor at Optrating prtrrnre 

_____.___Ill - 5.686338 ltr/b = _______ ltr/b ( 1.850839trb 

Jtr,’b 111 

_ .  . Signature of O p m t o r  ____ Signature of Supervisor 
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7 

Tolerable teakrate in ltr per hour : 1.850839 
Keasured leakrate in It? per hour : 7.1163i2 

E A X S A C 0 I S U 1 T rel. 040-710918-0 
Ingenieurgeseilschaft ibh D-21509 Glinde l a x .  040-710918-20 

Bei1 leugait 6 

IC1 Hansa Consult Iag.GibE - TCS - ?SX 

Date: 13.lov.1996 The: 22:5!:03 Operator : hcd 

Foluie [ 13 I: 46.271 
rils I - I: 11.368 
Operating-prrsr. I bar I: 10.000 

Inn Io. I , -  1: 1 2 3 
Start [ - 1: 22:59:03 23:14:03 23:16:03 
Stop  - I: 23:01:03 23:16:03 23:18:03 
Test-Prcssurb [ bar 1: 10.123 4.232 10.069 
Press.Gradient I bar/b I: -0.9303 0.0654 -1.4201 
Iaepa [le-Slbarl: 84.7009 84.7009 84,7009 

kl-,fZ-factors I - 1: -0,800000 0.080000 

Artificial Leak rest: ferlno 

Leak.rua 110.1: ,,!?z.. illiio : _22&?? Itr/h :> -!:& ltr/b at Operating press. 
L c a k m  no.2: ..$.e.. i I / i i a  -%& ltrlh =) J & & l t r / h  at Operating press. 

L e a k m  ao.3: ..? !... illiia : '(nLb itiib :) - j : > . l t r / h  a t  Ogtratiog prrrr. [d ,&#&. / 
Caleulatcd tiphtnersfactor at Operating pressure 

____..___ (1) - 1.1163i2 Itr/b = ____-___ Itrlb ( 1.850839tr/h 

1.13- ltr/h (11 

.. .. . . Signature of Operator _ _ _ _ _ _ _  Signature of Supervisor 
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STD-API/PETRO PUBL 

~- ~ ~~ ~ ~~~ 

rolerable teatrate in ltr pet hour : 1.850839 
Hcarurcd Leatratc in ltr per hour : 4.359084 

34b-ENGL 

ü A I S A C 0 i S I 1 r 
Inpenieurgcsellrchaf t ibh D-2150! Glinde lax. 040-710918-10 

Beii  teugart 6 lei. 010-710918-0 

I C 1  Bansa C o n s u l t  Ing.Cib1 - !CS - !Si 

Date: li.lov.1996 Tile: 00:35:03 Operator : hcd 

Voluic 13 I: 46.111 
rils r - 1: 12.368 
Operating-prtss. 1 bar I: 10.000 

Bun lo.  [ - 1: 1 2 3 

stop [ - 1: 00:31:03 00:52:03 01:21:03 
!ert -Prwire  I bar I :  9.913 4.190 10.006 
Press.Gradient [ barlh I :  -1.5099 -0.2395 -1.6605 
tappa Ilo-S/bar I: 84.7009 84.1009 84,7009 

Start r > -  J:  OO:~S:OI oo:so:o~ oi:zs:oi 

tl-,kt-factors [ - I: -0.690600 0.1i6600 

lolerable riphtncssfac tor Il/ I i P b )  I: 0.040000 
Actual figbtaessfactor Iillr3thIj: 0.09l208 

Artificial Leal; !est: ycslno 

Lcak.ron no.l: ....,... alliin = - . ~ ~ i , ~ ~ l t r / h  =) -xLtG- ltr/h at Operating prisr. 

Ltat.run no.2: ........ illiin = --JJa l t r / h  =) r.0)- ltr/b at Operating press. 

LeaLrun no.3: ....,... il/iin : -s,!L-g l tr /h  =) _E:!!&'- ltr/h at Operating press. 

Calculated tightnerrfactor at Optrating preisur8 ltr/h 11) 

c-22 

COPYRIGHT American Petroleum Institute
Licensed by Information Handling Services
COPYRIGHT American Petroleum Institute
Licensed by Information Handling Services



H A I S A C 0 LI S 0 L T !el. 040-710918-0 
Ingenieurqesellschaf t ibh 0-21509 Glinde Far. 040-710918-20 

Beii Zeugait 6 

IC1 lansa Consult Ing.Gmbü - rCS - tSr 

Date: 1l.Jiov.1996 liie: 01:51:03 Operator : bed 

Yoluie [ 83 1: 46.271 
rili I - I: 12.368 
Operating-press. [ bar 1: 10.000 

inn 10. 1 % -  1: 1 I 3 
Start [ - 1: 01:51:03 02:06:03 02:34:03 
Stop I - I :  01:53:03 02:08:03 02:36:03 
Test-Pressure [ bar I: 10.330 1.281 10.336 
Press.Gradient 1 barlb 1: -0,2747 0.5187 -0.3304 
lappa [le-Ubarl: 81.1009 84.1009 84.1009 

kl-,kt-factors I - I: -0.690600 0.146600 

Tolerable Tightnessfactor 111113th) I:  0. 040000 
Actual Tightnessfactor [ l / ( i I * b l J :  -0.011968 

: -0 .553789 
folerable Leakrate in ltr per hour 
Heasured Leakrate i n  ltr per hour 

fJS Oaralt: !igbtncssfactor is ok ! 

Artificial Leak Tert: re no 

LeaLrun n0.1: ..... ... alliin = 0, ____ ltrlb =) _____- ltrlb at Operating press. 
Leak.run ~ 0 . 2 :  ... . . .. . i l l i i n  = _______ ltr/h => ______ ltr/h at Operating press. 

Leak.run no.3: ... ..... illiin : __.___ ltr/b =) _ _ ~ -  ltr/h at Operating press. 

Calculated tipbtnessfactor at Operating pressure 

____...__ (11 - -0 .553789 ltrlh : ______ lttlh ( 1.850839ti/b 

0 

_____ ltr/h (1) 

. . .___ Signature of Operator /J~ ------ " s & y o r  
/ '  
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B A 1 s A c 0 I s U L r rel. 040-710918-0 
Ingenieur~esellschaft ibh D-21509 Glinde Fax. 010-710918-20 

Bein teupait 6 

IC1 Eansa Consult Ing.GibE - !CS - TSr 

Date: 14.iio~J996 Tire: 03:04:03 Operator : hcd 

Yolure [ 13 I :  16.271 

Oprrating-prerr. [ bar I: 10.OOD 
r i b  l - I :  12 .368 

1un l o .  I - I :  1 ' 2  3 
Start [ ' - 1: 03:04:03 03:19:03 03:50:03 
Stop I - I :  03:06:03 03:21:03 03:52:03 
tart-Prtirure [ bar I: 10.141 4.320 10.221 
Prrir.Gradient [ b a r b  1: -0.3674 0.4583 -0.54~1 
IaPPa (10-61 bar I : 84.700! 8 i .7009  ' 84.7009 

tl-,k2-factors [ - J:  -0.690600 0.146600 

Tolerabla Tightneirfactor 111 113thl I: 0 .OUJOOO 
Actual Tightnessfactor [1/(i3*h)l: 0.010679 

Tolerable Leakrate in ltr ptr hour : 1.850839 
tearurcd leatrate in ltr per hour : 0.49kli5 

$IS kcsalt: rightnoisfactor is ok ! 
r 

Couent: -------- 

Artificial Leak reit: Ieslno 

Leak.ran 110.1: ........ illiin : .C2.?1. ltrlb => o~ ! -k  ltrlh at Optrating preis, 

Ltak.run 110.2: . . . . . . . . illiin : $&&.. ltr/b =) -gAL,Y, ltr/h i t  Operating .prerr. 

Leak.run 110.3: ........ illiin = J2?-3-- ltr/h a Olq-&- ltr/b at  Optrating preis. 

Calculated tightneiifactor at Operating pressure 

?:g?..ilI - 0.191145 ltr/b --o:>ylti/b j.85083!tr/b 

I '  

-11,g.J- ltr/b (1) 

. -. . . . . Signature o f  Operator bf-!~ *visor 
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ü A li S A C 0 I S U L T 
Ingenieurqesellschaft i b b  D-21509 Glide Fax. 040-710918-20 

Bai1 Zeugart I Tel. 040-710918-0 

IC) Eansa Consult 1ng.GibE - TCS - IST 

Date: 12.iiov.1996 flie: 17:01:03 Operator : hcd 

Y olure I 13 1: 9.638 
rils [ - I: 11.863 
Operating-press, I bar 1: 10,000 

lun Bo. 
Start 
stop 
!es t-Pressure 
PresseGradient 
Iappa I 

[ * -  1: 1 2 3 
[ - 1: 17:01:03 17:17:03 17:35:03 
[ - 1: 17:03:03 17:19:03 17:37:03 
[ bar I: 1 0 . O S R  4.095 10.070 
( bar/b I:  -3.1089 -1.2178 -2 ,1360 
le-6/barl: 84.7009 84.7009 84.7009 

kl-,tZ-factors I - I :  -0.800000 0.080000 

Tolerable rightnessfactor [l/Ii3*hJJ: O . O i O O O 0  
Actual rightnessfactor [ I /  IrPb) I : 0.251122 

Tolerable Leakrate in l t r  per hour : 0.385503 
Keasured Leakrate in ltr per hour : 2. i20208 

$IS Oerult: fightnessfactor out of h i t  ! 

Conient : -------- 

Artificial Leak Test: ye@ 

Leak.run ao.1: ........ illiin = l t r / h  =) l t r lh  at Operating press. 

L e a t m  no.2: ........ illiin : __-_ l t r / h  =) l t r /h  at Operating press. 

Leak.run no.3: . .... ... W i n  : ______.__ l t r l h  :) ________  l t r /b  at Operating press. 

Calculated tigbtnessfactor at Operatinq pressure _______ Itr/b ( I ]  

. . .___ Ill - 2.420208 ltr/h = _ _ _ _ _ _ _ _ _  l t r / h  ( 0.385503tr/b 

--..---. Signature of Operator ______ Signature of Supervisor 
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R A 1 S A C 0 !i S U t T lei, OiO-710916-0 
Ingen ieu rgese l l s cha f t  i b h  0-21309 Glinde Pal. OiO-710918-20 

Beii Zeuqait 6 

IC1 Ransa Consult Ing.GihE - fCS - TS! 

Date: 12.Ior.1996 Xiie:  17:19:03 Operator : hcd 

Voluie [ 13 1: 9.638 

Opera t iup-prer r .  [ bar  I: 10.000 ' 

Run Io. I * -  1: 1 1 3 

r i l r  I - 1: 11 463 

S t a r t  [ - 1: 17:19:03 18:03:03 18:19:03 
s t o p  I - 1: 17:51:03 18:05:03 18:21:03 
f e s t -P res su r@ [ bar  I: 9.803 4.124 9.665 
P r e r ~ G r a d i e n t  I bar/A I: -2.4137 -1.0269 -2.5724 
t appa  [ l e - l / ba r  1 : 84.7009 84.7009 84.7009 

t1 - , t2 - fac tor r  I - I :  -0.800000 0.080000 

l o l e r a b l e  l i g h t n e s s f a c t o r  [I /  W h )  I : O . O i O O O 0  
Actual Tig h t  ness  f a c t o r  [1/[i3*b] J : 0.225071 

l o l e r a b l e  t c a k r a t e  in ltt per hour : 0.385503 I 
lieasurcd I t a t r a t 8  in ltt per hour : 2.1691i2 

pDS Resul t :  ! igb tnesr fac tor  ou t  of liiit ! 

Coi icn t :  -------- 

Artificial Leak Xcst: ye@ 

Leak.run uo.1: ........ illiin = --I _ _ _ _ _  l t r l b  :> ______ l t r / h  a t  Opera t ing  p res s .  

t e a k m  n0.2: . . .., . .. illiin : ___.____ l t r l h  :I __- l t r l h  at Operating p r w . .  

Leak.run no.]: ........ illiin : __..____ l t r / b  =) ____ ltrlh a t  Operating presr. 

Calcula ted  t i g b t n e r s f a c t o t  a t  Opera t ing  p i ec ru rc  l t r / h  (11 

_... -..-Hi - 2.169142 ltr/h : ______ ltr/b ( 0.385503tr/h 

------ Signa tu re  of Operator _____ Signature  of Supervisor 
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f o l e r a b l e  Lea t r a t e  i n  l t r  per hour : 0 .385503  
Measured Leakrate in ltr per hour ; 2.193917 

d 

K A II S A C 0 I S . U  L I I e l .  OiO-710318-0 
lngenieurgebel lscbaft  i b b  D-21S09 Clinde l ax .  040-710918-20 

E e i i  Zeugait 0 

(CI Eansa Consult Ing.Gib1 - !CS - !SI 

Date: 12.iiov.1996 !he: 18:33:03 Operator : bed 

Voluie I 13 I :  9.m 
rilr [ - 1: 11.863 
Operating-press.  [ bar  1: 10.000 

l u n  Io. I , -  1: 1 2 3 
Start r - I: ia:u:03 ia:49:03 i 9 : o w  
s t o p  [ - I: 18:35:03 18:51:03 19:08:03 
Test-Pressure [ bar  I :  9.896 4.173 9.795 
Press.Cradient I b a r l h  I :  -2.4305 -0.9461 -2.4381 
I w a  [ l e - U b a r l :  84 .lo09 84.7009 84.7009 

k l - ,U- fac t c r s  I - 1: -0.800000 0.080000 

Couen  t : -------- 

A r t i f i c i a l  leak lest: yes@ 

Leat.run no.1: .,...... a l l i i n  = _ _  _ _ _ _  l t r / h  => ________  l t r / h  a t  Operatiny press .  

L r a L r u n  no.2: . .... ... illiin = __.____ l t r / b  :) - ltrlh at  Operating presr.  

Leakrun  no.]: .... . .. . illiin = _______ ltrlb =) _______ ltrlb a t  Operating prese,  

Calculated t i g h t n e s r f a c t o r  at  Operat ing pressure 

_ _ _ _ _ _ _  111 - 7.1!3927 l t r / b  ______ itr/b ( 0.385503tr/h 

_ _ _ _ _ _ _ _  l t r l b  111 

_._ ._._ Signature of Operator Sigaature  of Supervisor 
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E A I S A C 0 1 S U I ? Tei. 040-710918-0 
Ingenieurpcscllschaf t ibh D-21509 Glinde Fax. 040-710918-20 

(CI üansa Consult 1ng.GtbH - !CS - ?ST 

Beim Zeugait I 

Data: 12.10~.1!96 rita: 21:32:03 Operator : hcd 

Yoluie [ 13 1: 9.638 
tils I - I: 11.863 
Operating-prerr. [ bar 1: 10.000 

Oun Io. [ - I  
Start [ - I  
stop 1 - 1  
fest-Prerrure [ bar 1 
Press.Gradisnt I har/h I 
lappa [le-Ubarl 

1 2 3 
: 21:32:03 21:i1:03 22:04:03 
: 21:34:03 21:49:03 22:06:03 
: 10.355 I. 231 10.142 
: -1.9101 -0.4782 -2.1454 
: a4.7009 84,1009 84.7009 

kl-,k2-factors [ - I:  -0.800000 0.080000 

?oletable liqhtnessfactor [I/ 113th) I : 0 .OIOOOO 
Actual Tightntrsfactor [l/[iPhll: 0.221941 

: 2.161885 
iolerable Leakrate in ltr per hour I lieisurtd Leaktati in ltr per hour 

TOS Oeruit: lightnerrfactor out of liiit ! 

Coiient: -------- 
. . . . . _ . . .  I .  . . .  . 

Signature: - 

Artificial teat tut: @o 

1cak.run 00.1: .%.r... illiin : -!!XE. lttlh => g&_ Itr/b at Operating prerr. 

Leak.run 00.2: ........ ’+ illiin = ltx&- ltr/h =) -&gr- ltr/h at Operating press; 
teak.run no.]: ... rz :.... r alliin : !:fi:- ltrlh =) 4&-_ ltr/h at Operating pris t :  

Calculated tigbtnrrtfactor at Operating prrrrurc ß, br ltr/b ill 

. _ _ _ _  (1) - 2.161885 ltr/h : ____I_ Itr/h ( 0.385503tr/h 

_.. . ._ Signature of Operator ---- -_ - Signature of Suptrvisor 
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r 

Tolerable Leakrate in ltr per hour : 0.385503 
Keasured Leakrate in ltr per hour : 1.711568 

L 

34b-ENGL 1998 D 0732290 ObL3823 947 

E A I S A Tel. 040-710918-0 
Ingenieurgesellschaft ibh D-21509 Glinde h1. 040-710918-20 

C 0 R S 0 t T Beii Zeugait 6 

I C )  iiansa Consult Ing.Gibü - lCS - !St 

Date: 12.iiov.1996 liie: 22:18:03 Operator : hcd 

Yoluic [ 13 I:  9.638 
rilr [ - I: 11.863 
Operating-press. 1 bar 1: 10.000 

üun 80. [ ‘ -  1: 1 2 .  3 
Start [ - 1: 22:18:03 22:32:03 22:18:03 
stop [ - I: 22:20:03 22:34:03 22:50:03 
lest-Pressure [ bar I: 10,423 1.217 10.308 
Press.GIadieot I bar/h I: -1. i049 -0.0854 -1.4555 
lappa [le-l/barl: 8 i  ,7009 8i.7009 81.7009 

ki-,t2-factors [ - I :  -0.800000 0.080000 

Artificial Leak lest: re@ 

leak.rqn no.1: .. ,. . .. . rllmin = _ _ _ _ _ _ _ _  ltr/h =) _______ ltrlh at Operating press. 

teak.run no.2: .... .... illiin = -_-____- I tr lh  =) ________ Itr/h at Operating press: 
leat.run 110.3: . . . . ... . illrin = _ _ _ _ _ _ _ _  ltr/b =’ _------ I tr /b  at Operating press. 

Calculated tigbtnessfactor at Operating pressuri - l t r /h  Ill 

. ... .. Signature of Operator ---._--- Signature of Superviior 
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STD*API/PETRO PUBL 39b-ENGL 1778 0732270 Ob13829 883 m 

E A I S A C 0 1 S U L T Tel. OiO-710918-0 
lnpeoieurgesellschaft i b h  D-21509 Giinde Fax. 040-W~918-20 

IC] Hansa Consult 1ng.GibE - TCS - TST 

Beii Zeugaat 6 

Date: 12.10v.1996 T h e :  23:43:03 Operator : bcd 

Voluie [ I3 I :  9.638 
ri le  [ - 1: 11.863 
Operating-prerr. [ bar 1: 10.000 

Run i o .  [ .- 
Start [ -  
stop [ -  
test-Pressure [ bar 
Prcrs.Gradicnt I b a r b  
lappa I le-61 bar 

I :  1 2 7 
I: 23:43:03 23:57:03 00:11:03 
I: 23:15:03 23:59:03 00:16:03 
1: 9.783 4.086 9.847 
1 :  -3.2866 -0.6133 -1.1565 

, I :  84.7009 a m 0 9  84.1009 

t1-,tZ-factors [ - I: -0.800000 0.080000 

Tolerable Tightnessfactor [I/(r3*hl I : 0.010000 
Act na 1 Tiqhtaeosf act or [ I /  113 * b I I : 0.377184 

toltrable Leakrate in ltr per hour : 0.385503 I 
Htarured Leakrate in ltr per hour : 3.635146 

)S . Otsult: !ightntrsfactor out of liiit ! 

Cocient : -------- 

Artificial Leak Test: @o 

Leak.run noel: .!3... illiin = 4O.L ltr/b =) &d-L., ltr/h at Operating press. -.t---- 
Lcak.run no.2: ........ 9 illrin = .!&Y- ltr/h =) &;I-_ ltrib at Operating prttt. 

A t  LeaLrua 110.3: ........ alliin : -4~..#_ Itr/b :) &T-- ltrlb at Operating prtsr. 

Calculated tightnerrfactot at Operating prerrurc 

. _ _ _ _ _  Ill - 7.635146 ltr/h : _______ ltr/h ( 0.385503trlh 

a{#. ltt/h (1) 

. .  Signature of Operator - - --- ._- Signature of Supervisor 
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STD*API/PETRO PUBL 3'4b-ENGL 1778 = 0732270 Ob13825 7 1 T  

. B A ii S A C 0 I[ S U 1 T Bein Zeugait 6 rel. 010-710918-0 
lngenieurgesellschaft ibh D-21509 Glindc rar, 040-110918-213 

IC1 Banta Consult Ing.GibR - TCS - rsl 

Date: 13.lov.1996 lime: 00:58:03 Operator : hcd 

Vola1e [ 13 I: 9.638 
rill I - I: 11.863 
Operating-press, I bar I: 10.000 

Pun i o ,  1 ' -  I :  1 2 3 

stop [ - I: 01:00:03 01:14:03 01:30:03 
!est-Pressure [ bar I :  10.213 i.174 10.205 
Prcct.Gradient 1 bar/h I: -1.2859 .-0.0127 -1.3445 
IaPPa [le-Ubar ] : 84. IO09 81.1009 81.1009 

Start [ - 1: 00:58:03 01:12:03 01:28:03 

kl-,kZ-factors I - I: -0.800000 0.080000 

lolarable Tightnersfactor [l/(il*h)J: 0.040000 
Actual Tightnusfactor [1/(13*A)l: 0.171422 

!olerable Liakratt in ltr per hour : 0.385503 
Wearured Leakrate in ltr per hour : 1.652096 

$IS Ptrult: rigbtnesrfactor out of liiit ! 

Artificial Leak !cot: Teslno 

I t a h a n  noel: .... .... alliin = ._____ 1 t m  =' --I_--_ ltr/h at Operating precr. 

Leak.run no.2: ........ iIliin = __-____ ltr/h -> _____ ltr/h at Opirating prtrs. 

t e a k m  no.!: ........ illiin : _______ ltr/h :) _______ ltr/h at Operating presr. 

Calculated tightnessfactor it Operating pressure 

_._ ...._ (1) - 1.652096 ltr/b = ________ Itr/h ( 0.385503tr/b 

Itrlb (1) 

_-_-- -- Signature of Operator . _____ Signature of Supervisor 
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STD.API/PETRO PUBL 34b-ENGL 1778 M 0732290 ObL382b b5b m 
II A I S A C 0 II S U I t Bei i  t e u g a i t  6 Tel. OiO-110918-0 
Ingen ieu rgese l l s cba f t  i b h  D-21SO9 Glinde Fax. 040-710918-20 

I C )  Eansa Consult  1ng.GibE - TCS - TST 

Date: 13.11ov.1996 T h e :  01:.50:03 Operator : bcd 

Volumr [ 13 I: 9 . 6 3 8  
r i b  1 - I: 11.863 
Operating-press.  [ bar I :  10 * 000 

Pun l o .  [ - I  
S t a r t  [ ' -  I 
s t o p  [ - I  
Test-Pressure [ bar 1 
Presc.Gradient [ bar /b  I 
lappa [ I e -Ubar  1 

1 2 3 
: 01:50:03 02:03:03 02:20:01 
: 01:52:03 02:05:03 02:22:03 
: 10.i74 ( . i o 3  10.1oo 
: -1 .1428 -0 .0149  -1,2952 
: 8i.7009 84.7009 84.7009 

k l - ,k i - f ac to r s  [ - I: -0.800000 0.080000 

Tolerable  r igb tness fac to r  [1 / l i 3*h l l :  0 .040000  
Actual XightPeSsfaCtor f I! I i 3  * h 11 : 0 . 1 ~ 5  

: 1.594685 
Toletahla  t e a k r a t e  in It? per hour I Heasured t e a k r a t e  i n  l t r  per hour 

f o S  B e u l t :  Xightnessfactor out of liiit ! 

Cooient: -------- 

A r t i f i c i a l  Leak Test:  reslno 

Ltak.run no.1:  .,...... illiin : __..____ ltrlb =) _-____ l t r l b  a t  Operating prrsr. 

LeaLrun no.2: ........ illiin : __.__ l t t l h  =) l t r l h  a t  Operating prtrr. 

t ea t . run  no.3: ........ illiin = ____I___ h l b  =) .._______ l t r / h  at  Operating prerr. 

Calculated t i g h t a c s s f a c t o r  a t  Operating pressure ltr/h (1) 

__.___ (11 - 1 .594685  I t r l b  = ____.__ l t r / h  ( 0.385503tr/h 

Signature  of Operator ____ Signature  of Superoiroi  
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~ 

STD.API/PETRO PUBL ILiL-ENGL L998 I O 7 3 2 2 9 0  Ob13827 5 9 2  M 

1 A I S A C 0 I S U 1 t lel. 040-710918-0 
Ingenieutgesellscba[t ibb D-21509 Glinde la1. 010-710918-20 

Beil Zeugait 6 

IC1 Banra Consult 1ng.GibE - lcs - !st 

Date: ll.äov.1996 !he: 16:26:03 Operator : hcd 

Voluie [ 13 1: 9.638 
rilr i - I: 11.863 
Operating-press. [ bar I: 10.000 

Oun Io. 1 - 1  
Start [ ' -  1 
stop I - )  
test-Prtsrure [ bar J 
Press .Gradient I bar/h 1 
IaPPa [le-6/barJ 

1 I 3 
: 16:26:03 16:40:03 16:58:03 
: 16:28:03 16:42:03 11:00:03 

9.523 3.883 9.689 
: -4.1838 -2.0621 -4.1109 
: 84.7009 84.7009 84.7009 

ki-,k2-factots [ - I: -0.800000 0.080000 

Tolerable Tigbtoessfactor [l! 113th) I : 0. O I O U O O  
Actual lightacssf ac tor [11113*b]): 0.347313 

: 3.347810 
!oletable Leakrate in l tr  per hour 
Weasntcd Leakrate in I t r  per boor 

fDS Oesuit: rightnestfactor out of liiit ! 

Coiient: -------- 
~ ~ . . . - .__ -._ ._.. _---- - -_-_ .-----_------ _.... -- 

Artificial Leak last: yeelno 

Leak.ruo no.1: ........ illiin = _ _ _  ___ itrlh :) _______ ltrlh at Optrating prtos. 

LeaLron a0.2: ,..,,... illiin : -_____ ltrih :> - l t d h  at Optrating press. 

LcaLrun no.3: ........ illiia = ._______ l t r l h  :) _ _ _ _ _ _ _ _  l t r / h  at Operating prtst. 

Calculated tightnessfactor at Operating pressure 

__..___.__ 111 - 3.3i7810 l t r l h  : ___.____ ltrlb i 0.385503tr/A 

________  Itr/A 111 

_ _  .. . Signature of Operator I Signature of Supervisor 
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STD.API/PETRO PUBL 

E A l l S A  C O I S O L T  
Iogen ieu rgese l l s cha f t  ibb 

Beil Xeagait  6 Tel. OiO-110918-0 
0-21509 Glinds  Fax. 010-710918-20 

IC) Eansa Consult Ing.GibE - TCS - TSX 

Date: lLäov.1!96 the: 11:15:03 Operator : hcd 

Yoluic [ 13 I :  9 .638 
r i l l  [ - 1: 11.863 
Operating-press.  [ bar  I: 10.000 

Run lo .  [ - I:' 1 I 3 
S t a r t  I ' -  1: i7:15:03 17:34:03 17:51:03 
Stop - 1: ll:17:03 17:31:03 17:53:03 
f c r t - P r t r r a r e  I bar I :  9.172 1.065 9.745 
Pre i r .Gradien t  [ bar ih  I: -3.7826 -1.51211 -3.5121 
W p a  [ 18-61 bar I: 8i ,1009 8 i .7009  8i.7009 

tl-,k2-factorr [ - I :  -0.800000 0.080000 

Tolerable t i g h t n e s r f a c t o r  [ l / ( i 3 * h )  I: 0.040000 
Actual T i g h t a t r r f a c t o r  [1 / l i 3*h)  I : 0.3CS347 

~~ ~ ~ _ _ _ _ _  

h l i n b l t  Leatrate in ltr per hour 0.385503 I 
lllearursd t e a k r a t c  i n  l t r  per  hour : 3.521059 

pCS l e r u l t :  t i g h t n c t r f a c t o r  ou t  of liiit ! 

Artificial Leak ttrt: Terlno 

Leak.run no.1: ...... .. iiliin : __.____ l t r / h  1) ________ l t t l h  at  O p m t i a g  p r t r r .  

Leak.run 00.2: .. .. . . . . il/iin _______ I t r l h  1) _______ l t r / h  a t  Opera t ing  p r e r r .  

h a t m  80.3: ...,.... il/iia =. l t r l h  =) ___.._ W h  at  Opera t ing  prcir. 

Calculated t i g h t n e r r f a c t o r  at Operating prtrrtire ___-_ I t r / h  (1) 

._______Ill - lI521059 l t t l h  = ______ l t r l h  ( 0.385503tr/h 

. _  Signa tu re  of Opcrator _____.__ Signature  of Supe rv i ro t  
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STD.API/PETRO PUBL 3Lib-ENGL 1798 0732270 0633827 3b5 

E A U S A C 0 ii S U I X 
Ingenieurgesellschaft nbh 0-21509 Glinde Fax. 010-710918-20 

Beil Zeugait 6 :el. 040-710918-0 

IC) Eansa Consult 1ng.GibR - !CS - TS! 

Date: l l . i i o v . 1 9 9 6  !he: 18:17:03 Operator : hcd 

Voluit I 11 1: 9 .638  
t i i s  [ - 1: 11.863 
Operating-press, I bar I: 30.000 

Pun Io. 1 - 1: 1 2 3 
Start  [ '- 1: 18:11:03 18:30:03 18:49:03 
stop - 1: 18:19:03 ie:32:03 i a : s i : o 3  
Test-Dressur8 I bar I: 9 . 5 8 1  4.172 9.608 
Pre6s.Gradient [ b a r b  1: -1.1207 -1.1881 -4.3076 
lappa I l e - l / b a r J :  84 .7009  84 .7009  84.7009 

Ll-,kZ-factors [ - I: -0.800000 0.080000 

Xolerable Xiqhtnessfaetor [i/(r3th)): 0.040000 
Actuai Tightnessfactor [ i / [ i P h ) ] :  0.455088 

llolarable Leakrate in ltr per hour : 0.385503 I 
keasured Ceakrate in Itr pet hour : 4.385941 

r p S  Oerult: tightaecrfactor out of liiit ! 

Artificial Leak Test: Ieslno 

L e a h u n  00.1: .!.d.... alliin : -:!:!!:- ltrlh :) /fff!-c ltr/h at Operating preis. 
teak.run EO.~: .!.!.?.. illiin : /.~~~,. ltrlh =) .A (- ltr/h at Operating prtrr. 

teak.rsn no.3: .:...... iiliin = -!::!!:- ltr/b a L!Jg!- ltrlh at Operating prcrr. 

Calculated tiqhtncrsfactor at Operating preisure 

_ _ _ _ _ _ _ _ _  ill - 4.385949 ltr/h : __-..___ ltr/h ( 0.385503trlh 

.- 

';? 

-J..-g.i-- ltr/h (1) 

Signature of Operator .- - ._.--- Signattre of Supervisor 
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STD.API/PETRO PUBL 34b-ENGL 1798 0732290 ObL3830 U87 

Tolerable  t e a k r a t c  i n  ltr per hoar : 0.385503 
Heasurtd l e a k r a t e  in ltr per boor : -0.397175 

ü A II S A C 0 I S U L X ?e l .  040-710918-0 
lngen iea rgese l l r cha f t  i b h  D-21509 Gl inde  Fax. 040-710918-20 

[CI Eansa Consult  Ing.Gib1 - XCS - TST 

Bei, I e u g a i t  6 

Date: ll.llav.1996 Tiis: 19:19:03 Operator : hcd 

Voluie [ I3 I :  9 .638  
ri/s I - 1: 11.863 
Opera t ing-presr .  I bar 1: 10.000 

tun lo. I - 1: 1 2 3 
S t a r t  [ ' - 1: 19:19:03 19:33:03 19:51:03 
Stop  I - I: 19:21:03 19:35:03 19:53:03 
r e s t -P res su re  [ bar  I :  9.872 4.325 10.292 
PIesr .Gradicn t  I b a t h  I :  -2 .9819 -1,0617 -3.2052 
Kappa I la -S/bar  1: 84.7009 84.7009 64.1009 

C o u i n t  : ------- 

Xrtificial teak lert: leslno' 

LeaLrun no.1: . ' . ? . I . . . .  illiin : f:i..! l t r / b  -) -(J:&.- l t r l h  at  Operating press .  

Leak.run no.2: ........ illiin : ,cr!..> l t r l h  :> _~_sü- l t r / h  a t  Operating press .  

L e a h u n  ~ 0 . 3 :  ..< I:! ... illiia : -.f,$-k I t r / h  :) -!:&.c- l t i / h  at Operating presr. 

Calcu la ted  t i gh tnebs fac to r  a t  Operating pressure  

.c. . k L ~ . l l I  - -0.397175 l t r / b  : ..A&%- l t r l h  ( 0.385503tr/h 

Y, 5' 

.i!$&!. l t r / h  11) 

.. . Signature  of Operator .__.__.. Signature  of Supervisor 
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STD*API/PETRO PUBL 34b-ENGL 2998 0732290 ObL3832 TL3 

E A II S A C 0 II S 0 L X Tel. 040-710918-0 
Ingenicargerellschaft i b h  D-21509 Giinde Jar. 040-710918-20 

IC1 Uansa Consult 1ug.GibE - XCS - IS! 

Beii leugait I 

Date: 14.iiov.1996 Tire: 20:28:03 Opirrator : hed 

lolure [ i 3  I: 9.639 
rilr I - I: 11.863 
Operating-press, 1 bar 1: 10.000 

Run lo. [ I -  1: I 2 3 
Start 1 - 1: 20:20:03 20:15:03 f i : 0 2 : 0 3  
Stop I - 1: 20:30:03 20:47:03 21:04:03 
!est-Pressure I bar 1: 10.086 4.354 9.906 
Prers.Gradieat I bar/h I :  -2.07!8 -0.7103 -2.2674 
Iappa [le-6/bar 1 : 84.7009 84.1009 84.7001 

kl-,tZ-factors I - 1: -1.560500 0.369600 

Xolerable Xifbtnesrfactor [l/li3*bll: 0.040000 
Actual lightnessfactor [1/[13*h)]: -0.285070 

: -2.717389 
Xolerable teakrate in ltr per hour I Keasurid Leakrate in ltr per hour 

~ 

fpS PcsuIt: Error rbile Tightness-Control ! 

Artificial Leak Test: fesluo 

Leak.rua ao.1: .... .... illmin = _ _ _ _ _ _ _ _  ltrlh =) ___._____ ltrlh at Operating prtrr. 

teak.run 00.2: ........ illiia : __-__ _ _  U r / &  =) _____ ltr/b at Operating prisr. 
teak.run no.]: . . , ... . . illiin = _. _ _ _ _ _  ltilh =) . 1:rlh at Opsratiag prcit. 

Calculated tifhtnessfactor at Operating pressure ._ _____. itrlb 11) 

_ _  111 - -2.747389 ltrlb :: _______. ~ ltrlh ( 0.385503trlh 

Signature of Operator . - .-_ Signature of Supervisor 
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STD*API/PETRO PUBL 3Llb-ENGL 1998 = 0732270 Ob13832 75T  

rolerable Ieatrate in ltr per hour : 0 . 3 a w  
Heasured leihate in itr per hour : -1.608818 

B A I s A C o i S ü L t fel. üi0-710918-0 
lngenieargesellschaft i b h  0-21509 Glinde Fax. 040-110918-20 

IC) Eansa Consult Ing.GibE - TCS - IST 

Bei1 leugait 6 

Date: 14.1ov.1996 Tiic: 21:25:03 Operator : hcd 

Y o l u i e  [ 13 1: 9.038 
rils f - 1: ii.ai3 
Operating-press. bar I: 10.000 

lun  i o .  [ -' I :  1 t 3 
Statt [ - 1: 21:25:03 21:42:03 22:00:03 
stop [ - 1: 21:27:03 21:44:08 22:02:03 
Test-Preriare [ bar 1: 10.015 4.125 10.005 
Press.Gradicat [ barlh I: -2.065i -0.6239 -2.2216 
lappa [le-6/barl: 84.7009 84.7009 84.7009 

il-,k2-factorr [ - I :  -1.560500 0.369600 

. . . . . . . . . . .._ . _ .  - .. 

Artificial Leak Test: yerliio 

1eak.run no.1: ........ illiin : , _._. . l t r / h  => __.____ l t r / b  at Operating press. 

Icak.run no.2: ......., illiin : ..____...... ltrih =) _.___._. ltrlh at Operating prers. 

LeaLrun no.3: .. . ... . , illiin : - ltr/h =) .._____ Itrlh at Operating press. 

Calcalatcd tightntssfactor at Operating pressure 

. .______..  (1) - -2.608818 l t r / h  = _-.___ i t r l b  ( 0.385503tr/b 

_______. itrlh Ill 

. _ -  . Signature of Operator __. - Signature of Superrisor 
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STD-APIIPETRO PUBL 346-ENGL 1998 0732290 Ob13833 B 7 b  M 

E A II S A C 0 II S U L ! 
Ingenieurgese l l schaf  t i b b  D-21509 Glinde Fax. 040-110918-20 

B e i l  Xtugait  6 !el, Oi0-710918-0 

IC) Bansa Consult ing.Gibü - TCS - TS7 . 

Date: 15.1ov.1996 !he: 0 0 : 4 4 : 0 3  Jpe ra to r  : hcd 

Yli1i iMe I 4 1: 9 .63 i i  
riis- [ - 1: 11.863 
Operatinp-press.  I bar  I: 1o.uoo 

Pun 10. [ 1: 1 1 3 
Start [ - 1: 00:44:03 00:57:03 01:14:03 
Stop [ - 1: 0 0 : 4 6 : 0 3  00:59:03 01:16:03 
Test-Pressure [ bar  1: 1 0 . 3 7 1  4.326 10.327 
Dresr.Gradisnt [ bar /h  I: -0.3880 0.3518 -0.4566 
W p a  [ le -6 /bar l :  84.1009 84,7009 81.7009 

kl - ,kZ-fac tors  [ - I :  -1.560500 0.369600 

h l e r a b i e  r iph tness fac  t o r  [l/ W h J  I: 0 . O i O O O O  
Actual TightO666faCtOr [ l /{ä3*h)] :  -0.600284 

: -5.785290 
Tolerable  f e a t r a t e  in ltr per hour . : 
Keasured Leakrate in l tr  per hour 

PS Pesu l t :  l r r o r  rbilc !ightnets-Control 1 

Couent: -------- 

A r t i f i c i a l  Leak Test: yes/no 

Leak.run 00.1: ........ illiin : . - _.. i tr /b  :> ._______ l tr lb  at Operating prrri .  

Lsak.run no.2: ..,. .... iiliin : _ _ _ _ _ _  - l tr ih  =) _____ l t r / h  at Opera t ing  p res s .  

I sak . run  no.3: ..... .. . iihin : . - - l tr lh  => _ _ _ _ _ _ _ _  I t r i h  a t  Operating press. 

Calcula ted  t i gh tnebs fac to r  a t  Operating p res su re  _ _ _ _ _ _ _ _  l t r / h  Ill 

._. _. .I11 - -5.785290 l t t l h  : _ _ _ _ _ _ _ _  l t r l b  { 0.385503tr/h 

S igna ture  of  Operator .- . . ._. - . Signa tu re  of Supervisor 
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B A I[ S A 
l ngea ieu rgese l l s cha f t  i b b  D-21509 Glinde Fax. 040-710918-20 

C 0 I S U L T Bei l  t euqa i t  6 Tel.  040-710911-0 

[CI iiansa Consult 1ng.CibE - fCS - XST 

Data: 15.1ov.1996 T h e :  01:34:03 Operator : bcd 

Voluie ( 13 1: 9.638 
r i b  I - I: 11 .I63 
Operating-press.  [ bar I: 10.000 

Bun i o .  * I - *  I: 1 z 3 
S t a r t  [ - 1: 01:34:01 01:48:03 02:04:03 
stop [ - 1: 01:36:03 01:50:03 02:06:03 
rest -Pressure [ bar 1: 10.391 4.289 10.237 
Press.Gradient [ barlh I: -0.3066 0.3809 -0.4476 
I i P P i  ( l e -6 lba r l :  84.7009 14.1009 64.7009 

kl- ,k2-factorr  I - I :  -0.800000 0.128500 

l o l e r a b l e  l i gh tness fac  tor [l/li3*hll: 0.040000 
Actual f i g h t n e r s f a c t o r  [ll[i3*h]): -0.003486 

: -0 .033591 
toltrable Leakrate in ltr per hour 
Keasired Leakrate in ltr per boor 

~~ 

$S Icsult: l i g h t n o s f a c t o r  is ok ! 

A r t i f i c i a l  Leak Test: yeslno 

Ieat.ruo 00.1: . . . , . . . . alliin : _ _  ._____ ltr/h :) ltrlh at Optratiip prcrr. 

l e a t m  no.2: . .. , . . .. il/&in = _______ l t r / h  :) I____ l t r / b  at Operating preir. 

Lcat.run no.3: ..... ... illiia : __._I__ l tr /h  :) ____.____ ltr/b at  Operating prccs. 

Calculated t i g h t n e r r f a c t o r  at Opcriting p r e i i u r t  

~ .. . --- - 111 - -0.033591 l t r / h  : lti/b 0,385503trlh 

_ _ _ _ _ _ _  l t r / h  11)' 

- ._ . Signature  of  Operator ------ Signiturc of Supervisor 

C-40 
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STD-API/PETRO PUBL 34b-ENGL 1778 II 0732270 Ob33835 b b 7  D 

E A I S A C 0 I S U L t !el. OiO-710918-0 
Ingenieurgesellrchaft ibb D-21509 Glinde !ai. 040-710918-20 

üeii Ziugait 6 

IC) iiansa Consult Ing.GibE - ICs - IS! 

Dah: 15.Sov~1996 !he: 02:17:03 Operator : hcd 

Yoluir 1 I3 1: 9.638 
rib I - I: 11.863 
Operating-press. [ bar 1: 10 ,000  

Pun Io. I -' 1: 1 2 3 
Start I - 1: 02:17:03 02:31:03 02:19:03 
Stop 1 - 1: 02:19:03 02:53:03 02:51:03 
test-Pressure [ bar I:  10.348 1.136 10.195 
Prers.Graditot I barib I: -0.3371 0.3752 -0.4698 
W p a  (le-i/bar] : 84.7009 am09 81.7009 

ll-,kZ-factors I - I: -0.800000 0.128500 

tolerable figbtnesefactor [U 113th 1 I: 0.010000 
Actual iigbtnessfactor [l/ (13th) I : -0.002008 

tolerable leakrate in I t r  per hour : 0.385503 
Heasured leakrate in ltr  per hour : 4.019356 

f o S  Perult: tightnerrfactor is  ok ! 

Artificial Itat tcst: I e s l n o  

leak.run no.1: ... ... . . iiliia = - _ _  - Itrlb :' ---__-_- ltr/b at Operating prerr. 

leat.run no.2: ... ..... illiin = __ _ _  W b  0 )  _ _ _ _ _ _ _ _  ltr/b at Operating prerr. 

LeaLrun n0.3: .. . . . . . . illiin = .. . . _ _  ltr/b :) . ____._ I t r /h  at Operating press. 

CaIculattd tigbtnessfactor at Oprrating pressure 

_______  111 - -0.019356 ltt/b : ________  ltr/h 0.385503tr/h 

_ _ _ _ _  _ _ _  W h  11) 

__.---- Signature of Operator _ _ _ _ _ _ _  Signature of Supervisor 
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S T D m A P I I P E T R O  PUBL 3 q b - E N G L  1998 I 0 7 3 2 2 7 0  Ob1383b 5 T 5  

E A I S A C 0 I S U 1 ! !el. 040-710918-0 
Ingenieurgeoellschaf t ibb D-21509 Glinde Pax. 040-710918-20 

Beii Zeugait 6 

IC1 Hansa Consult 1ng.GibE - !CS - IST 

Date: 15.ior.1996 The: 03:42:03 Operator : hcd 

Voiuie [ 13 1: 9.638 
ri lr  I - I :  11.863 
Operating-press. [ bar 1: 10.000 

Pun Io. I -. I :  1 2 3 
Start [ - 1: 03:41:03 03:56:03 01:13:03 
Stop - 1: 03:14:03 03:58:03 04:15:03 
ta!t-Prtssure [ bar 1: 10.069 4.151 9.789 
Prers.Gradiint I b a t h  I: -1.8161 -0.9779 -2.9187 
Iappa [10-6/barI: 81.7009 84.1009 81.1009 

kl-,t2-factcrr I - I :  -0.800000 0.128500 

Tolerable liqbtnersfactor [l/(i3*h)l: 0.040040 
Actual Tiqhtoesrfactor [i/(i3*bl I : 0.140020 

: 1.319156 
Tolerable ttakrate io ltr pit hour 
Htasurrd Lcakratc in ltr p8r hour I 

~~ ~ ~~ 

$IS Oeiult: Tightnirrfactor out of liiit ! 

Coiient : -------- 

Artificial ttak Test: iesluo 

L r a h u n  00.1: ........ illiin = ..(&:? ltilb -> i , Y q -  ltr/h at Operating press, 

i,eat.run no.2: LJ.,E. i lh in  = .AtQl ltr/h =) -.2,dj. ltrlb at Operating pre68. . 

Liak.rua no.3: ...!.... illiin = .ZJT ltrlh :) ?,)If- ltrlh at Operating prerr. 

Calculated tightnerrfactor at Operating presrare 

1 \- 

Y2 5- 

- 2 ~ 2 -  ltr/b (1) 

. . . Ill - 1.341156 ltt/b = _ _ _ _ _ _ _ _  l t r / b  < 0.385503tr/h 

. .. Signature of Operator ---..--- Signature of Suptrriror 
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S T D - A P I I P E T R O  PUBL 3Lib-ENGL 1998 073i290 Ob13837 431 

R A I S A C 0 ii S 0 1 f gel. 010-710918-0 
Ingenieurgesellschaft ibh D-21509 Glinde Far. 040-710918-20 

Beil Zeugait 6 

IC) Kaosa Consult Ing,GibE - TCS - !Sf 

Date: 15.lov.1996 Tiie: 04:27:03 Operator : bcd 

Yoluie [ 13 1: 9,638 
ri lr  I - I: ' 11.863 
Operatiog-press, [ bar I: 10.000 

suo 10. I -' 1: 1 2 3 
Start 1 - 1: Oi:27:03 04:41:03 04:59:03 
Stop I - I: 04:29:03 04:43:03 05:01:03 
fest-Pressure [ bar I :  9.919 i . 0 6 0  9.889 
Prese.Gradieot [ bar/h 1: -2.8622 -0.9080 -2.!630 
I w a  [le-blbarl: 8 i .7009  8i .7009 81.1009 

kl-,k2-factorr [ - 1: -0.800000 0.128500 

Tolerable Tightnessfactor Il l  113th) I :  O.OiOOO0 
Actual lightnessfactor I 11 ( i 3 *  h I I : 0.264906 

?olerable teakrate in ltr per baur : 0.385503 
iieasured Icakrate i n  I t?  per baut : 2.553055 

+S lesult: ?ightnerrfactor oat of liiit ! 

Couent: -------- 

Artificial leak !est: yeslno 

LiaLrun 00.1: .!?.Ir illiin : l tr /h  :) LL)r- ltr/h at Opetatinq press. 

Ltat.run 0 0 . 1 :  .k>.o illiia = :*?:?[- ltr/h 5 )  z,-Ih_ ltr/b at Operating press. 
leak.run 00.3: .... Ctr !. s' .. iliiin : .&,TJ' ltr/h =) !!?$- ltrlh at Operating press. 

Calculated tiqbtoes6factor at Operating prtsssre 

_ _ _  ____ , i l l  - 2.553055 l t t /b  = _ _ _ _ _ _ _ _  Itr/h ( 0.385503tr/b 

,?_Ur_- Itt/h (11 

.. .-. - Signature of Operator ------_ Signature of Supemiror 
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S T D . A P I / P E T R O  PUBL 34b-ENGL 

ü A 1 S A C 0 li S U L I  
Ingenieurgesellrcbaft ibh D-21509 Glinde Far. 040-710918-20 

Beii hagait 6 Tel. 040-110918-0 

IC) iianra Consult Inp.Gibä - lCS - IST 

Date: 15.Ior,1996 liie: 15:58:03 Operator : hcd 

Voluia [ i3 1: 5,288 
rils [ - 1: 12,318 
Operating-press. [ bar I: 10.000 

Run lo. [ - 1: 1 2 3 
Start [ - 1: 15:58:01 16:12:03 16:28:03 
Stop [ - 1: 16:00:03 16:14:01 16:30:03 
Test-Prrrrurr 1 bar I: 10.422 4.213 10.359 
Presr.Cradient [ barlh 1: -0.5080 0.3185 -0.5625 
lappa [la-blbarl: 84.7009 84.7009 84.1009 

tl-,t2-faetorr [ - I :  -0.800000 0.080000 

Tolerable Tightnersfactor I I/ (13th) I : 0 . O i O O O O  
Actual Tigbtnessfactor [l/l13*bll: 0.074176 

Tolerable Leatrate in ltr per hont : 0.211524 
Hearured Lcakrate in ltr per hoar : 0.391311 

+Os Ieruit: Tightnerrfactor out of liiit ! 

Artificial Leak Test: leslno 

Laak.tun no.1: .. ..... . i l l i i n  = ___.. I t c h  =) _ _  .____ ltrlh at Operating presr. 

Leak.rnn n0.2: . .. .. . . . illiin : _ _ _ _ _ _ .  - ltrlh =) ------_- ltrlh at Operating prtrr. 

Lcak.run 10.3: ........ illiin = . _. - ltrlh =) __.._ ._ ltr/b at Opirating prasi.  

Calculated tigbtnctrfactor at Operating pressure ______ ltr/h (11 

(11 - 0.393311 ltrlh = ___.__._ ltrlh ( 0 . 2 1 1 5 2 W h  

_..-- .._ Signature of Operator _____ Signature of Supirriror 
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STD-API/PETRO PUBL 34b-ENGL L998 II 0732290 OLL3837 204 II 

r 
Tolerable Leattate in ltr per hour : 0.21152i 
Wearnrtd Leakrats i n  ltr per hour : -0.002281 

B A 1 S A C 0 ii S U 1 I 
Ingenieurgeseilschaf t i b h  D-21509 Glinde Fax. 040-710918-20 

IC) iiansa Consult 1ng.Gibii - ICs - IST 

Beii Zeugait 6 Iel. 040-110918-0 

* A 

Date: 15.11ov.1996 riii: 16:43:03 Operator : hcd 

Voluie I a3 1: 5.288 
rils I - 1: 12.368 
Operatinp-press. I bar I: 10.000 

Pun to. [ I: 1 2 3 
Start 1 - I: 16:43:03 16:57:03 17:12:03 
stop [ - I :  16:45:03 16:59:04 I7:1i:03 
lest-Pressure 1 bar I: 10.241 i .516  10.353 
Press-Gradient [ harlb 1: -0.4074 0.3267 -0.5330 
N v a  [le-6lbarJ: 84.7009 84,7009 8 i  ,7009 

tl-,tt-factors [ - 1: -0.800000 0.138200 

Artificial Leak reit: feslno 

Leak.tun no.1: .. .. .. , . illiin : ____..___. ltr/h :) -___--_ ltr/h at Operating prrsr, 

Leataran n3 .t: , . . . . . . , illiin : ltrlb :> ____ ltrlb a t  Operating press. 

Liat.run 00.3: ........ illiin : _ _  _ _ _  ltr/h :) .._______ ltr/b at Operating preis. 

Calculated tightnessfactor at Operating pressure __ -___ ltr/h (1) 

_ _  ill - -0.002283 ltr/h _ _ _ _ _ _ _ _  ltr/h ( O.ZllSlitr/h 

-- - .-. Signatur8 of Operator ...._---_ Signature of Supervisor 
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STD*API/PETRO PUBL 3Lib-ENGL 1998 m 0732290 Ob138Li0 T2b W 

H A I 3 A C 0 I S 0 L T Tel. OiO-710918-0 
lngenieurgcsel l rchaf  t ibh  0-21509 Glinde Fax. 040-710918-20 

Beii Zeugart 6 

[ C i  ltansa Consult Ing.Gibü - TCS - TST 

Date: 15.lor.1996 Tire:  17:26:03 Operator : hcd 

Volure [ r3 I :  5.200 
ri lr  1 - 1: 12.368 
Operating-press.  [ bar 1: 10.000 

Pun i o .  I 1: 1 2 3 
S t a r t  
Stop 
Tes t-Presssr,  
P re r r  .Gradient 
I w a  

kl-, t t - f a c t o r s  

[ - I :  17:26:03 17:39:03 17:51:03 
I - 1: 17:28:03 17:41:03 17:56:03 
[ bar I :  1 0 . M  4 .456  10.301 
I b a t h  I: -0.4118 0.3485 -0.5161 
l e - U b a r l :  81.7009 84.7009 84.7009 

[ - 1: -0.800000 0.138200 

Tolerable  T igh tacs r f ac to t  [ I /  ( i 3 t h l  I : 0.040000 
Actual ? igh tnes r f ac to r  [1/(i3*b) 1 : 0,001953 

: 0.010329 
Tol t r ab lc  Ceakrate in l t r  per hour 
Hcarured Leakratc in l t r  per hour I 

I 1 

FS Beiul t :  f i g h t n t r r f a c t o r  is ok ! 

. .. - ...-.. - 

A r t i f i c i a l  Leak Te i t :  ytrlno 

Ltat.run no.1: .. ... . . . illiin : _. , ____ l t r l h  =) ______ l t t l h  a t  Operating p r t r c .  

Ltak.run no.2: ..... ... illiin : __-___. l t r l h  =) _-___ l t r / b  at Operating press .  

h a t . r i n  n0.3 : . . . , , . . . illiin : , _ _ _  - ,  ltr/b => _ _ _ _  I t r / h  at Operating presi. 

Calculated t i g h l a e r r f a c t o r  at Oparatinp p r e r r o r r  _._. ____ ltrlh (1)' 

...._._ (1) - 0.010329 l t r / h  : ____ l t r / h  ( 0.211524tr/h 

.- . .-. Signature  of Operator .__._.__ Signature  of Suporviror 
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STD.API/PETRO PUBL 39b-ENGL 1998 m 0732270 ObL38qL 9b2 II 

E A I S A C 0 I S U t T f e l .  040-110918-0 
Ingenieurgese l l schaf  t i b h  D-21509 Gl indi  lax. 040-710938-20 

Bein ZeDgart 6 

( C I  Eanba Consult 1ag.GibE - !CS - 192 

Date: 15.äov.1996 tire: 18:40:03 Operator : hcd 

Volur, [ 13 1: 5.286 
ri /s  I - I: 12.368 
Operating-press.  [ bar  1: 10.000 

lull lo .  I -' I :  1 2 3 
Start [ - 1: 18:10:03 18:54:03 19:09:03 
Stop 1 - I: 18:12:03 18:56:03 19:11:03 
Iert-Pressure [ bar  I:  10.195 i.315 10.223 
Pter r .Gradien t  I bar /b  I: -1.9010 -0.3328 -2.1412 
m P a  [ I W b a r ] :  84.1009 81.7009 81,1009 

k l - ,&fac tors  I - I: -0.800000 0.138200 

Tolerab le  IlpbtU6SSfaCtOr [ I /  1a3*bl1: 0.040000 
Actual t i g h t n e s s f a c t o r  I l l  h 3 * h ) ] :  0.189216 

: 1.000915 
i o l e r a b l e  l e a k r a t e  in l t r  per  hour 
Heasuted l e a k t a t e  in ltr per Aour 

$IS Petult: f iph tn#ss fac to r  out of h i t  ! 

Cciient : -------- 

A r t i f i c i a l  Leak t e s t :  yerlno 

LeaLrun n0.i: .?!.a>:. iliiin : O I ? ~  l t r / h  => !:-!-Y_ l t r / b  a t  Operating p res s .  

leak.run n0+2: .!.:!!.. alliin : -_021¿ l t r / h  =) _ ~ - C C l t r / h  at Operating p res s .  

Leat.tun 110.3: :I.!:?.. illrin .-Q?.')_& l t r lh  =) .~. .3/  . Itr /h at Optrating p r w .  - 
Calcula ted  t i g h t n e s s f a c t o r  a t  Opt ra t ing  pressure  -@, 6.2 . Itr/b ( I )  

_ _ _ _ _ _  11) - 1.000915 ltrlh = _ _ _ _ _ _ _ _  l t r l b  ( 0.211524tr/b 

S igna tu re  of Operator - - - . .._. . Signature  of Superv i ror  
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Yoluie [ I3 1: 
si/; I - I: 
Operating-presc.  [ bar I :  

Bun l o .  I -, I: 
S t a r t  I - 1: 
s t o p  I - 1: 
t e r t -P res su re  I bar 1: 
Prtrs .Gradient  I bar lb  I: 
lappa [ le-( /barI :  

tl-,tt-factors [ - I :  
t o l e r a b l e  Xightnestfactoi  
Actual Tightnessfactor  

5.288 
32.368 
10.000 

1 2 3 
19:36:03 19:49:03 20:06:03 

10.253 4.250 10.172 
-1.6a4i -0.3157 -2.0196 
81.1009 84.7009 84.7009 

i9:38:03 i9:s i :oi  20:01:03 

-0.536800 0.138600 

Tolerable  Leatratt in ltr per boar : 0.211524 
Yeasured Lcakrat t  in ltr  per  bour : 0.51481S 

~~~ ~~ 

*Os iitrult: T igh tne r r f ac to r  out of liiit ! 

Coiitnt : -------- 
..  - __. ... .̂.... ................. -__. 

A r t i f i c i a l  Leak ttrt: ieslno 

t ea t . run  no.1: ,.?1,< i l l i i n  = Cy?>: l t r / h  =) !:??- l t r / h  at Operating p n s r .  

Icat.run no.2: .#...... 6 iiliin : 2 J k -  l t r / b  => -flLg_r- l t r l b  at Operating press. 

Ieak.run 00.3: ........ 4 3  illrin : ~ , 7 . 3  l t r l b  :) -!!?>- l t r l h  at Operating p r t s i .  

Calculated t i gh tnoss fac to r  a t  Operating pressurt _O.$j..- ltr/b 11) 

?:fY i l l  - 0.514616 l tr /h  : .%!I--- l t I / h  ( 0.211524tr/h 

. <  Sipoature  of Operator ----. -_ Signature  of Supervisor 
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STD.API/PETRO PUBL 3Lib-ENGL 1778 W 0732290 Ob138Li3 735  W 

8 A ii S A 
dngenieur!esellschaf t ibh  D-21509 Gliade Fax. 010-710918-20 

C 0 Y S U L T Bei i  t euga i t  6 ?e l .  040-710918-0 

IC1 Hansa Consult Iog.GihE - TCS - ?ST 

Date: 15.10v.1996 Tile:  21:00:03 Operator : bcd 

Yoliiic I 43 1: 
rils [ - 1: 
Operating-prcrr.  I bar I: 

lun l o ,  [ -' 1: 
S t a r t  I - 1: 
stop I - 1: 
Test-Pressure I bar I: 
Priss.Gradicnt [ barlh I: 
Ism fle-6/barJ: 

ki-,kZ-factors [ - 1: 

Tolerabie  r igh tness fac to r  
. Actual f rgh tness fac to r  

5.188 
12.368 
10 * 000 

1 2 3 
21:00:03 21:13:03 21:29:03 
21:02:03 tl:15:03 21:31:03 

9 ,970 4.187 10.117 
-3.3845 -1.2402 -3.4608 
84.7009 84.7009 84.7009 

fl/ii3*bI I: 0.040000 
fl/Ii3*hll: 0.230091 

l r o l e r a h l e  Leakrate in I t r  per hour : 0.211524 
Heasured t e a i r a t t  in ltr per hour : 1.216746 

@S l e r u l t :  i i gh tneos fac to r  ou t  of h i t  ! 

Corient:  
-----*-- 

. . . . . . - . . -. I _<. . _. 

A r t i f i c i a l  hat h r t :  y@s/no 

LeaLrua  10.1: .c;T:!I il/iin : . 4*$12 i t r / h  :) -j-:<-L l t r l b  a t  Operating press .  

Lcak.run no.2: .!.Y,.x i l l b i n  : ..oa8.t i tr /h  :) -jL:!? itrlh at  Operating press. 

L e a k m a  00.3: AL:!,. alliin : ..,.q,~yy ltrlb :) A.J8-  l t r l h  a t  Operating press. 

Calculated t i gh tne t s f ac to r  at  Operating pressure 

. 4 , ~ 2  11) - 1.210146 iti/b : .a,2&.. lti/b { 0.22152ittlh 

- 
_-?..-4& Itrih (1 I 

Signature  of Operator 
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STD.API/PETRO PUBL 3qb-ENGL 1778 0732290 Ob13844 b71 W 

ü A Y S A C 0 I S 0 1 T Tel. 040-710918-0 
Ingenieurgcsellscbaf t i b b  D-21509 Glinde Fax. 040-710918-20 

ü e i i  Zeugait  6 

IC1 Hansa Consult  Inp.Gibii - TCS - TST 

Date: 15.1ov.1996 The: 21:1i:03 Optrator  : hcd 

Voluic I if I: 5.288 
ri lr  I - 1: l2.1S8 
Operating-press,  I bar I: 10 I O 0 0  

I o n  io .  I -' 

S t a r t  I -  
s t o p  I -  
Test-Pressure 1 bar 
Preir .Gradient  [ bar/h 
I w a  . [le-Ubar 

1: 1 2 3 
I :  73:14:03 23:28:03 23:45:03 
I: 23:16:03 23:10:03 23:i1:03 
1: 9.917 4.185 10.010 
I :  -2.5203 -0.8868 -2.5913 
1: 84.7009 84.7009 8i.1009 

kl- ,k2-factors  ( - 1: -0.708600 0.1111600 

f o l e r a b l i  T igh tne r s fac to r  I1/1iPbIl: 0,040000 
Actual T igb tness fac to t  [l/(i1*hll : 0.166105 

Tolerablc  L e a h a t e  in ltr per hour : 0.211521 I i Measured L tak ra t e  i n  ltr per hour : o . a m i  

$S Oetul t :  Xightnessfactor out of liiit ! 

-. . .. - . .._... ._. .-.._..-. 

Artificial l eak  Tist: ~ , s / a o  

Leak.run no.1: .j.fi'... alliin : l t r / h  :) .+,O-g- l t r l h  at Operating p r e r r .  

Leak.run no.2: i l l i i n  : -,o$-J- l t r / h  => -p-J->- l t rb  at  Operating p r e s s .  

Leak.run 110.1: .?l.-x i l l i i n  : .U-.'!?. ltrlh =) 0.97. l t r l b  a t  Operating p res s .  

Calculatbd t i g h t n e t s f a c t o r  at Operating pressure 

I .$! . Ill - 0.878181 l t r / h  = -Li3- l t r / h  < 0.21152itilh 

l t r l b  (1) 

. _ _  Signa tu re  of Operator 
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STD.API/PETRO PUBL 34b-ENGL 1998 = 0732290 Ob138Y5 508 D 

n A I S A C 0 I 3 U L T !el. NO-710918-0 
Ingenieurgesellschaf t rbb D-21509 Glinde Fax. 040-710!1~-20 

E e i i  Zeugait 6 

i C i  Hansa Consult IPg.CibE - !CS - !S? 

D S D B S U L ! - P 1 0 l 0 C 0 1 - Section--1 
---__^_-_------___^_----------_------------_--- 
__I-_._---__-----_-_-_^------------------------ 

Date: 16.iiov.1996 !ire: 00:09:03 Optrator : bed 

Voluie [ 13 1: 
rilr I - 1: 
Operating-press. I bar 1: 

tun Io, I - I: 
Start [ - I: 
stop I - 1: 
fest-Pressnrc [ bar 1: 
Dress.Gradient I bar/h I: 
lappa (le-o/barI: 

kl-,kt-factors 1 - I:  
lolerable lightnestfactor 
Actual fightnessfactor 

5.m 
12.368 
10.000 

1 2 3 
00:09:01 00:23:01 00:18:03 
00:li:Ol 00:25:03 00:40:03 

9.855 I * 043 10.017 

81,7009 8i.1009 81.7009 
-3.2669 - m a  -1.466~ 

-0 .106600 0.138600 

[l/ ( i 3 * h  11: 0.040000 
[l /(d*b}]: 0.271717 

lolerable Leakrata in itr per hont : 0.211524 
Keasured leatratc in l tr  per hour : 1.436870 

Ips Derult: tightncrsfactor out of liiit ! 

Couent: -------- 

. -. .. . .- .. .. -- ...... __..___ 

Artificial Leak ! e s t :  yeslno 

teak.run no.1: .&E..$. alliin = .A:-x>- ltr/h =) -I:zj- ltrlh at Operating press. 

LeaLrun no.2: .... 4 3  :,.. 5- illria : -gJJ- ltr/h' =) &) ltrlb at Operating prcrr. 

hahn no.]: ,?c?T.s. il/rin : -4.23, ltt/h :) .+x-l-- ltrib at Operating prtss, 
Calculated tightnessfactor at Operating prMsurt 

+:4?.(1] - 1.436870 ltt/h = ltr/b ( 0.21152itrlh 

-:4.:>4 ltrlb (1) 

- .  .. Signature of Operator ~-r, fid-&errisor 
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E A I S A C 0 Y S U L ! !el. 040-710918-0 
InpenieurgeseilscbaIt ibb D-21509 Glinde Fax. 040-710918-20 

Beii Zeugait 6 

(Ci Hansa Conrult Ing.CibE - TCS - TS! 

Dats: 16.lov.1996 liie: 01:02:03 Operator : bed 

Y o l u i c  [ 13 1: 5.288 
rils I - I: 12.368 
Operating-press. [ bar 1: 10.000 

loa lo. I I: 1 2 3 

Itst-Pressure [ bar 1: 10.233 1.259 10 * 194 

Iwa [18-6lbarl: 8 1 . W  81.7009 8k.7009 

Start I - 1: 01:02:03 01:16:03 01:31:03 
stop [ - 1: 01:04:03 01:18:03 01:13:03 

Prerr.Graditnt [ barlb I :  -1.1836 -0.3079 -2.0866 

tl-,&I-factor8 I - 1: -0.708600 0.138600 

To1 erablb Ti pb taersf ac tor 1111iPbll: 0.040000 
Actual !ipbtnecsfactor [i/(iPh I I: 0 .la1316 

: 0.853213 
lolerable Leatratc in i t t  ptr hour 
Hersored Leatratc in ltt  per hour 

TOS Itrult: Tightnetsfactor out of limit ! 

Couent: -------- 

Artificial leak Test: reslno 

LeaLrun no.1: .!.f... il/iin :: -.?:6i ltrlb 1) .e-.& ltrlh at Operating press. 

Ltat.run no.3: !c:x. illiin = e.:!.) ltrlh => ..p%L L ltrlb at Oprrtting prtsr. 

Calculated tipbtnerrfactor at Operating pressure ltrlh (1)’ 

.:‘s 3111 - 0.853213 ltilb 1 _p, l t -  ltrlb t 0.21152ltr/h 

._.. . _ _ _  Signature of Operator I.J--:-~ h j b i s o r  
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II A ü S A 
Inpenieurgesellrcbaft i b h  D-21509 Glinde Far. t49-40-110918 20 

C 0 I S D L f Esin leugait 6 tel. t49-10-710918 0 

0.74485 
0.30389 
0,21418 
0.24684 
0.25543 
0.32i68 
0.29810 
0.32999 
0.06081 
0.02012 

I -0.03Ul 

iicasureient S t a r t  Date: 14.11.96 tiic: 04:li:OO 
Measarrieot Stop Date: 11.11.96 t i i e :  15:14:00 

I 31 11.11.96 07:lI:OO 
I 4 11.11.96 08:14:00 
I 5 I 11.11.96 09:ll:OO 

Voluie [ ill: 46.21091 . 
r i l r  [ -- 1: 12.36841 
kappa0 [O'-l/bar]: 04,70085 

. Teip-coef.erp.Fluid (lO.-6/'Cl: 900.00000 
hip-coef  .erp. Pipe 10'-6/'CI: 28.8iO 
Hodule of @last. Pipe [I/u21: 110000.000 
Contraction of Area I -- I: 0.250 

10.55537 25.00000 
10.49169 2S.00000 
10ai2i38 2S.00000 

I n i t i a l  Prtssure [bat]: io.877a1 
Final  Pressurn [bar]: 10.27205 
I n i t i a l  t e ipera ture  ['CI: 25.00000 
Final  Temperature ['CI: 25.00000 

1 61 li.11.96 10:14:00 I 10.35107 
I 11 14.11.96 11:14:00 I 10.28255 

14.11.96 13:ll:OO 10.26428 
I 101 1i.11.96 14:li:OO 10.27705 

1i.11.96 i2:11:00 I 10.26882 

Actual Leakrate ptr iiour [MI: -0.03441 
Actual Leakrate t o t a l  [ I lh] :  0.24716 I Tolerable I rakra tc  total [MI: 4.00000 

25.00000 
25.00000 
25.00000 
25.00000 
25.00000 

I I 

I Bour I Heasureient S t a r t  1 Presrurc Teip . ( sc l )  I I -- 1 

I 

i -- I I b a r 1  I I 'Cl  
Iappa Leakc./ iiour L e a h ,  t o t a l  

lO ' -Ubar l~  Ii/bl 1 I U h ]  

8 i  ,70085 
84.70085 
81.70085 
84.70085 
84.70085 
81.70085 

84.70085 
84.70085 
84.70085 

84. 7008s 

a4.70085 

0.74485 
0.50649 
0.414i5 
0.37092 
0.34711 
0.34327 
0.33668 
0.33583 
0.30115 
0.21585 
0.24726 
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Ingenieurgere l lochaft  ibh D-21509 Glinde Pax. +49-40-?10918 2 0  

Eour 
I -- 1 

0 
1 
2 
3 

Keasureient S t a r t  Date: 1 3 . 1 1 . 9 6  The: 02:52:00 
Heasureient Stop Date: 13 .11 .S6  T h e :  32:52:01 

Keasureient S t a r t  Pressure 

1 3 . 1 1 . 9 6  02:St:OR 10 .54303  
1 3 . 1 1 . 9 6  03 :52:00  9 . 6 4 2 4 0  
13 .11 .96  04:52:00 8 . 9 1 9 8 i  
1 3 . 1 1 . 9 6  0S:SZ:OO 8 .30517  

I -- I bar1 

Yoluie 1 131 
rils r -- I 
kappa0 [O'-S/ bar) 
!eip-coef . trp. fluid IlO'-6/'Cl 
te ip-coef  . erp .  Pipe 10'-6/'CI 
Hodule of slast.  Pipe [ii/uZI 
Contraction of Area [ -- I 

i I  1 3 . 1 1 . 9 6  06:52:00 
5 1  13 .11 .96  01:52:00 
6 1  1 3 . 1 1 . 9 6  08:SZ:OO 

9 , 6 3 7 5 9  

84 .70085  
: 400.00000 

28 .860  
: 210000.000 

0 . 2 5 0  

ii.as2911 

1 . 7 6 5 9 1  
7 .27629  
6.82617 

Initial Pressure [bar 1 : 11 IS629 
Final  Pressure [bar]: 5 .5113  
i n i t i a l  !eiperature ['CI: 25 .0000  
F i n a l  te iperature  ['CI: 25.0000 

~~~~ 

1 .10157  
0.82684 
0 ,66336  
0.56376 
0 , 4 9 5 6 2  
0.14951 
0 .41321  
0 ,38594  
0.3g933 
0.42180 

~~ ~ ~ 

Actual Leatrate per lour [llbl: 0 .42180  
Actual Leatrate t o t a l  [llbl: 0 .56403  

4 .00000  I t o l u a b l e  leakrate  t o t a l  [ l /h] :  

~ ~ - 

1 .10157  
0.95301 
0.85111 
0 , 7 7 6 1 0  
0.71875 
0 . 6 7 2 7 2  
0.63484 
0.60313 
0.58010 
0 , 5 1 i 0 3  

e i p .  ( s e l )  
['CI 

25.00000 
tS.00000 
25.Q0000 
25.00000 
25.00000 
25.00000 
25 .ooooo 
25.00000 
25.00000 
25.00000 

L e a h . /  Eeurlleakr. total1 
[llbl I Illbl I 

~~ ~ 

84 .70085  1 
84.10085 I 
84.70085 

84.10085 

8 4 . 7  0085 
84 .lo085 
8 4 . 7 0 0 8 5  
84.70085 

Coi icnt  : -------- 
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I n g c n i s u r ~ e r e l l r c h a f  t ibh D-21509 Glinde Far.  t49-40-710918 20 

Etii Zeugait  6 

Eout 
[ -- 1 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 

i i sa rure ien t  Start Date: 16.11.96 fire: 02:lO:OO 
L a s u r e i e n t  Stop Date: 16.11.96 f i n e :  15:lO:Ol 

~ 

i i earure ieo t  Start  

16.11.96 02:lO:OO 
16.11.96 03:lO:OO 
16.11,96 04:lO:OO 
16.11.96 05:lO:OO 
16.11.96 06:lO:OO 
16.11.16 01:lO:OO 
16.11.96 01:lO:OO 
16.11.96 09:lO:OO 
16.11.91 1O:lO:OO 
16.11.96 1i:iO;OO 
16.11.96 12:lO:OO 
16.11.96 13:lO:OO 

-- 1 

16.11.96 14:io:oa 

Yoluie l a31 
tils 1 -- I 
tappa0 ( 0 - 4 1  bar  1 
fe ip-co t  f . e r p  . Iiuid IlOa-6l ' CI 
feip-coef mp. Pipe 10̂ -6/'C] 
Nodule of @last. Pip6 [IluZ] 
Contrac t ion  of Area [ -- I 

Prtrsnrc 
(bar] ' 

9.41633 
9.11383 
8.97416 
8.84312 
8.73390 
8,03981 
8.55400 
8 . 4 7 4 3 i  

8.28591 
8.17843 
8.09015 
8.02398 

a . m i  

9.63719 
11.86298 
81.70085 

: 9OD.OODOO 
28.860 

: 210000.000 
0.250 

~~ 

Xeip. bel) 
['CI 

25.00000 
25.00000 
25.00000 
25.00000 
25.00000 
25.00000 
25.00000 
25.00000 

25.00000 
25.00000 
25.00000 
25.00000 

25.ooooo 

I n i t i a l  Pressure  I b a r l :  10.63681 
Fina l  Presrurc [bar]: 8.02398 
initial Te ipc ra tu re  ['CI: 25.00000 
F i n a l  f c i p e r a t u r c  ['CI : 25 .OOOOO 

~ 

l a p p a  
[lO^-b/bar] 

84.70085 
8l.7flDBS 
84.70085 
84.70085 

84.70085 
84,70085 
84.70085 
84.10085 

1 81,70081 
I 84.70085 
I ai.10085 
I 84.70085 

8 ~ 7 o o a 5  

Actua l  Lea t ra ta  pet  Roar [llh]: 0.06074 
Actual t e a t r a t r  total [ l /h ] :  0.18667 
f o l r r a b l e  t c a k r a t e  t o t a l  Illbl: 4.00000 

~ 

Ceatr./ Bout Ctakr. t o t a ;  
[ l / h l  [ U b i  

1.31821 1.31821 
0.25011 0.14089 
0.15540 0.51546 
0.12068 0.12772 

0.08638 0.31310 
0.01878 0.27915 
0.07313 0.25290 
0.09229 0.23471 
0.08071 0.21912 
0.09867 0.20801 
0.08105 o . m o  
0.06074 0.18667 

0.10027 o . 3 ~ 1  
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0.22151 
0.17356 
0.11840 

0.12125 
0.11569 
0.10706 
0.09915 

0.1309~1 

E A I S A C 0 ii S U 1 X 
Inqenieurqesellschaft ibb D-21509 Giinde lax. ti9-(0-710918 20 

Beil Zeugait 6 101, tI9-IO-710918 0 

Hearureient Start Date: 15.11 .96  rime: 05:39:00 
iieasureient Stop Date: 15.11.96 lire: 15:39:00 

YDlUIC I 13): 5.28811 
rilc ( -- J: 12.368i2  
kappa0 IO'-6/bar I : 8 i  ,70085 
Xerp-coef . exp. Plaid [10--6/ 'CI : 900.00000 
Teip-coef .exp, Pipe 10'-6/'C]: 28.860 
nodule of eiast. Pipe [!Uu2]: 21O000.000 
Contraction of Area I -- I: 0.250 

Initial Pressure [bar]: 10.96803 
final Pressure Ibarl: 7.99096 
initial Yeiperature ['CI: 25.00000 
Final Teipsraturt ['CI: 25.00000 

Actual leakrate per lour [ l /h] :  0.09139 
Actual leakrate total ( I lb l : .  0.152P7 
tolerable Leahate total [llbl: 4.00000 

~~ 

lour i leasurerent Statt Pressure ~eip.irei) iappa 
I - - ) !  [ - - I  1 Ibarl 1 ['CI lilV-6ibarl 

1 -  I 

01 15.11.96 05:39:00 I 
11 15.11.16 06:39:00 
21  15.11.96 07:39:00 
31 15.11.96 08:39:00 I 
4 1  15.11.96 09 :39 :00  
5 1  15.11.96 10:33:00 
61 15.11.96 11:39:00 I 
7 J  15.11.96 32:39:00 1 
8 1  15.11.96 13:39:00 

I 

~ 

25.00000 
25.00000 
25.00000 
25.00000 
25.00000 
25 .OOOOO 
25.00000 I 
2s .ooooo 
25.00000 
25.00000 

~~ 

84 .?0085 
84 . l o085  
8 4 . W  

84.70081 
84.?0085 
14.tO085 

85.70085 
I 4  .ma5 

B I ,  toea i 

~ 7 0 0 a s  

lllhl 

0 .w3 
0.28036 
0 .2 i i88  
0.21834 
0.2OO33 
0.18681 
0.11643 
0.16759 
0,15993 
0,15297 
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DUNEGAN TESTING AND INSPECTION 
A PHYSICAL ACOUSTICS CORPORATION 

Acoustic Emission Inspection Report 

on 

BURIED PIPE LEAK DETECTION 

at 

f o r  

AMERICAN PETROLEUM INSTITUTE 
Washington, DC. 

DTI Job NO: FT97-802A 
Test Date: November, '1996 
Test Method: Leak Detection 

Test Operators: Sam Ternowchek 

Data Analysis: Sam Ternowchek 

Tom Gandy 

Final Approval: 7- - 
Ronnie K. Miller, Ph.D., Executive Director 
Engineering Services and Inspection 

For further information concerning this r epor t ,  contact: 

Physical Acoustics Corporation 
P.O. Box 3135 

Princeton, NJ 08543 
1-609-844-0800 
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INTRODUCTION 

Acoustic Emissions are stress waves generated by the rapid 
release of energy within a material. Classic sources of AE 
are defect related deformations such as cracks and plastic 
deformation. A typical application of AE utilizes a stimulus 
such as mechanical loading to cause localized yielding. This 
yielding produces stress waves which radiate out into the 
material or structure. At some point a piezoelectric crystal 
detects the mechanical energy and converts it into an 
electrical signal. This pulse can be amplified, filtered and 
characterized in terms of features associated with the 
original source mechanism. 

AE testing is routinely applied in evaluating structural 
integrity f o r  used equipment as well as new equipment. 
Typical problems detected with AE include, active cracks, 
corrosion and the effect of corrosion, ernbrittlernent, pitting 
and gouges. In welds, AE can detect lack of fusion, 
undercuts, inclusions, porosity and lack of penetration. 

In addition to structural integrity, AE has been shown to be 
a very useful tool in detecting and locating leaks in piping, 
vessels and other components. When leakage occurs through an 
orifice, turbulent flow occurs. This turbulence creates high 
frequency pressure waves which can be detected by the AE 
sensors. There are also burst emissions which can be 
associated with structural degradation or pressure variations 
which enhance the ability of AE to detect the occurrence of 
leakage. These burst emissions are used to determine the 
location of leak or structural degradation. 
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I. BACKGROUND 

Acoustic Emission (AE) has been used for many years, in 
different forms, to detect and locate leaks in pressurized 
systems. It has been used as a research tool, a continuous 
monitor and a field testing tool.  The technique is based on 
the principle that leaks in liquid filled, buried pipelines, 
emit acoustic waves in the sonic and ultrasonic frequency 
ranges. These acoustic waves can be detected by a 
piezoelectric sensor placed in contact with the piping. The 
signals are then amplified and "processed" to produce a 
measurement which can be used as an indication of the presence 
of leakage and, with more than one sensor or measurement, 
where the location of the leak is. 

The leak mechanism and artifacts of the leakage generate the 
acoustic waves. These sources include but are not limited to: 

A) Turbulent Flow is the passage of the medium through a 
complicated path in the pipe wall. It produces high 
accelerations, which are turbulent in nature. This 
turbulence generates an acoustic signal which is the 
primary source of the signal. 

B) Cavitation results when gas bubbles and/or various 
voids in the liquid adjacent to the leak site nucleate, 
expand and collapse in the liquid generating AE signals. 
Cavitation produces a burst signal which can be very high 
in amplitude. It is very useful for locating the leak. 

C) Particle Blocking - Particle trapped in the pipe fluid 
can momentarily block the leak orifice. This in turn 
causes a build up of pressure which is suddenly released 
when the blockage is cleared. The resulting "water 
hammer" produces high amplitude, high energy, AE signals 
that can be detected, measured and located. 

D) Soil Movement - When escaping fluid affects the 
material around the pipe, this movement can impact the 
outer diameter and generate an AE signal. While this is 
a leak artifact mechanism, it can produce high amplitude 
signals and help in the detection/location. 

These above mechanisms produce smooth continuous signals, 
modulated continuous signals and transient (burst type) 
signals. The signal detection and processing needs to take 
into account all three in order to be effective in detecting 
and locating leaks in buried pipelines. The signal processing 
used most often in leak detection for field applications 
include the following: 
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A)  Measurement of RMS, energy rate or average signal 
level - these techniques are somewhat straight forward 
and are typically used in battery powered instruments for 
leak detection. 

B) Spectral Analysis - a somewhat simple technique used 
primarily f o r  leak detection. It has been most useful 
for detecting leakage in high background noise 
environments. 

C) Crossplots such as counts/amplitude - Another 
technique which has proven useful when detecting leakage 
in high background noise environments. It compares one 
signal characteristic vs another to identify multiple 
sources. 

D) Amplitude difference methods - This technique relies 
on the fact that attenuation of the leak signals decrease 
as the distance between the measurement point and the 
leak source decreases. Thus, as you get closer to the 
leak, the measured signal level increases. By using the 
ratio of the change in distance to the change in signal 
amplitude, an estimate of the leak location is made. 

'E) Time difference measurement - When the same signal can 
be measured between two different points on the pipeline, 
the location of the signal source (leakage) can be 
calculated based on the time difference of propagation 
between the two points. This technique is the most often 
used leak location technique. When used properly it can 
provide a very accurate measurement of source location. 

The above are the most often used methods for detecting and 
locating a leak source. They are utilized in the field as 
well as laboratory applications and have been the basis of 
most of the leak detection work performed to date. There are, 
however, other digital, signal processing techniques which are 
beginning to find there way into use. These include: cross 
correlation function analysis; coherence function analysis; 
and cross correlation using coherence to select frequency 
range. 

These digital techniques offer additional capabilities in 
detecting low level leakage and/or leakage in the presence of 
high structure noise. They are, at this point, somewhat 
difficult and time consuming to utilize in the field today. 
There is an on-going project sponsored by SERDP (EPA, DOD & 
DOE) through the Emission Reduction Research Center of the New 
Jersey Institute of Technology, to evaluate all types of AE 
leak detection and location techniques including digital 
signal processing. They will provide a comprehensive report 
including recommendations and guidelines sometime in 1997. 
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The last aspect of AE leak detection and location is the 
factors which affect the detectability of a leak. Basically 
these are: the magnitudes of the signal generated by the 
leakage; the attenuation of the signal between the leak source 
and the sensor; and the background noise on the structure 
being tested. These factors affect whether or not a leak 
signal can be detected/located and at what distance away this 
detection/location can be made. 

A) Leak Signal - The signal generated by the leakage is 
affected by several factors. It is directly proportional 
to the differential pressure and leak orifice size and 
indirectly proportional to the viscosity of the fluid as 
well as the length of the leak path. The compressibility 
of the fluid, fluid density and fluid turbulence, also 
effect the signal magnitude. 

B) Attenuation - This is the rate at which the signal 
decreases as it propagates further away from the source. 
The rate of attenuation is affected by material type and 
shape, fluid and back fill. While attenuation takes 
place in the pipe material at a certain rate, there can 
be a second signal which propagates through the fluid in 
the pipe which would have a different, and usually lower, 
attenuation rate. 

C) Background noise - This is a llnoisell effect sometimes 
produced by other operating equipment in contact with the 
pipeline. Typically, this would be pumps or compressors. 
Their effect decreases as the distance from the source 
increases. 

The three above factors determine whether or not a leak may 
generate AE, what magnitude of signal is generated and how 
detectable and locatable the leak may be. Together with leak 
artifacts (e.g. soil movement), they form the basis of the 
Acoustic Emission leak detection/location technique. 

Acoustic Emission offers a number of benefits in detecting and 
locating leaks. It is a fast technique which can often detect 
and locate a leak in a complex system within a matter of 
hours. Large sections of piping can be tested quickly. A 
single test crew can test two miles of pipeline a day. It is 
a sensitive technique. As noted earlier, the detectability is 
effected by several factors, however, with good planning, a 
sensitive test can be performed. It offers the advantage of 
leak location, with a high degree of accuracy, in addition to 
leak detection. It is an inexpensive technique. The cost per 
day for a test crew is very low compared to other techniques. 
There are no special Set-ups or variations of operating 
conditions required. In most cases, the AE technique is 
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applied with normal process materials and pressure. The 
testing is accomplished when most convenient for the operator 
of the pipeline. The -'technique is not effected by changes 
in environmental conditions. The testing is a function of 
only the piping and it's contents. Last, but not least, the 
AE test is not effected by the volume of the line being 
tested. It's sensitivity is the same whether 100 feet or 10 
miles of pipeline are being tested. There is no need to 
compensate sensitivity f o r  volume variation. AE also has the 
ability to indicate other problems in the piping system. In 
the API test, a problem in the Cathodic Protection system was 
detected. 

11. WORX STATEMENT 

Physical Acoustics Corporation/Dunegan Testing and Inspection 
was contracted by the American Petroleum Institute (API) to 
perform Acoustic Emission leak detection and location on a 
buried pipeline at the The line is 
part of a hydrant system supplying jet fuel to the aircraft 
terminals. The purpose of the testing was to allow the API 
task group to observe the capabilities of AE leak detection 
and location capabilities and comment on it's results. 
PAC/DTI provided all necessary equipment and man power to 
perform the above. The testing was performed on several 
sections of the line, one of which was known to have a large 
leak. Additional measurements were made with controlled, out 
of ground leaks, to evaluate sensitivity and minimum 
detectable levels. 

2.1 Pipeline Description 

Five (5) sections of the hydrant system were identified 
as test segments by A P I .  They are shown in Figure 1 and 
labeled Lines 1 to 5. 

Line 1 is approximately 3500 feet long, 10 inches in 
diameter and has a volume of 14,300 gallons. 

Line 2 is approximately 600 feet long of 10 inch line and 
300 feet of 6 inch line. It's volume is approximately 
2900 gallons. It includes laterals to eight (8) 
hydrants. 

Line 3 is 400 feet of 10 inch line containing 1630 
gallons of fuel. 

Line 4 is approximately 800 feet of 10 inch line and 300 
feet of 6 inch line. It's capacity is 3700 gallons and 
contains eight (8) laterals to hydrants. 
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Line 5 ' s  total length and capacity are not known at this 
time. The section is referred to as the U.S. Pier. It 
contains a 10 inch line looping the terminal as well as 
20 laterals to hydrants. 

The pipeline is operated between 50 and 150 PSI of 
pressure, depending on the source. Most testing was 
performed at 150 PSI, except for Line 4, which was tested 
at 50 PSI. 

The pipe is buried approximately three (3) feet from the 
surface. Backfill around the pipe is sand. It is then 
covered with approximately two (2) feet of limestone. 
Six (6) inches of sand is placed on top of the lime stone 
which is then covered with six (6) inches of macadam. 

The access to the piping system is either through the 
hydrants, valve pits or high/low points. These are all 
shown in Figure 1. 

2.2 Pressure System and Leak Source 

The pipeline was previously prepared for testing by other 
contractors. It had been filled with jet fuel in all 
test legs. Access to the piping at valve pit four (4) 
and HP3 had been installed to allow for pressurization 
and leak simulation. The test sections were pressurized 
using either a manual pump (sections 2 f 3), a fuel 
delivery truck (section 4), or the hydrant system pumps 
(section 5). Sections 2,3 L 5 were tested at 150 PSI and 
section 4 was tested at 50 PSI. 

Above ground leak simulation was installed at high point 
3. Leak simulation was accomplished in two ways. The 
first was a micrometer controlled needle valve which was 
used for low leak rates. The second consisted of a 
section of three (3) inch pipe which had been drilled and 
taped to accept plugs with high precision, machined 
holes. These were clean cut, circular holes drilled into 
a diaphragm. The plugs were used to change leak rates. 

2.3 Acoustic Emission Equipment 

The following AE equipment was used: 

a) Physical Acoustics Corporation Model 5120, a two 
channel portable acoustic emission leak monitor. 
This is a battery operated two channel instrument 
designed f o r  leak detection. It offers several 
unique features which make it very useful in this 
particular application. One is a front panel 
control which allows the operator to tune the 
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system to a given frequency for processing. This 
helps to eliminate unwanted signals from a source 
outside the bandwidth of interest. It also allows 
the operator to maximize the sensitivity, to a 
given sensor by lltuninglt in to that sensors 
resonant frequency. Another unique feature is the 
X-Y recorder output which provides for hard copy on 
a recorder or data logger. This output can also be 
used as a signal level measurement output to 
compliment the built in signal meter. This unit 
provides an audio output which is used in 
conjunction with a headset. The operator can 
lthearlt the signals being detected. by the sensor. 
This is a very useful tool when differentiating 
leak signals verses other sources. 

b) PAC Model Locan 420D is a four (4) channel, 
general purpose Acoustic Emission detection and 
location system. It is the most popular 
laboratory, multi-channel system in use today. 
This system provides the ability to detect, 
characterize and store every signal which is 
detected by each sensor in use. It also provides 
the location algorithm through which the source 
(leak) location is determined. In addition to 
providing all the AE data logging and location 
software, this system, with it's built in 486 
computer, is used for post data Processing and 
report preparation. 

c) PAC Model A3 Sensor - these are low frequency 
sensors used for both leak detection and location. 
They are placed in contact with the piping and 
signals are coupled to the sensor from the piping 
using an ultrasonic coupling medium. 

d) PAC Model 1220A Preamplifier. This is a high 
gain voltage preamplifier used to increase the 
signal levels detected by the sensor before being 
processed by the Locan. 

111. TEST METHOD 

The test method involves a s i x  (6) step process. 

1) The sensor or waveguide with sensor is coupled to the 
outside wall. In the case of the hydrant system, the sensor 
was attached just below the flange at the end of the hydrant. 
This allows for a quick and simple measuring point which was 
consistent from site to site. Prior to attaching the sensor 
with a magnetic attachment, the surface was cleaned of dirt 
and contaminants. 
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2) The sensor is coupled to the instrument and a calibration 
is performed. Calibration is usually performed on some area 
near the piping that is subject to normal background noise but 
is not within the range of a suspected leak. 

3) The line is then statically tested. Pressure, either 
hydrostatic or pneumatic, is applied to the piping. The 
pressure level is increased to a magnitude that would insure 
the required leak rate sensitivity is achieved for the given 
sensor spacing and soil loading. When testing on-line, under 
normal operating conditions, this step is not required. 

4) Once the pressure is applied, measurements are made at 
specific internals along the piping. The intervals will vary 
depending on leak rate sensitivity, soil loading and 
accessibility. In the case of this hydrant system, 
measurements were initially made at the hydrants. If better 
sensitivity would have been required, additional measurements 
would have been made at shorter intervals, on the order of 50 
feet . 
5) After several readings have been taken, the results are 
reviewed. The readings are compared to each other as well as 
the background noise. When a leak site is approached, a 5-10% 
increase in signal level is usually observed. 

6) When it is determined a leak occurs between two intervals, 
one of two methods is used to locate the position of the leak. 
The first is the Signal Difference method, the second is the 
Time Difference method. Both have been discussed earlier. In 
this particular case, the Time Difference method was used, 

IV . TEST RESULTS 

The following are the results of each test segment and the 
corresponding data. Any additional comments are also included. 

A) Line 2 

This line was tested on Monday, November 18, 1996. The 
line was pressurized to 150 PSI using a manual pump. 
After pressure was achieved, the gauge was monitored for 
a short period of time to insure no gross leakage was 
occurring. The following.data was recorded at the eight 
(8) hydrants and pit locations. 
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LOCATION 

High Point 4 
Hydrant 21 
Hydrant 2 2 
Hydrant 2 3 
Hydrant 2 4 
Hydrant 25 
Hydrant 2 6 
Hydrant 2 7 
Hydrant 2 8 
Valve Pit 5 

$998 0732270  Ob138b5 3TL 

BACKGROUND S I G N A L  

.36 volts 

.35 volts 

.35 volts 

.35 volts 

.34 volts 

.34 volts 

.34 volts 

.34 volts 

.34 volts 

.34 volts 

O N - P I P E  S I G N A L  

.36 volts 

.35 volts 

.34 volts 

.34 volts 

.34 volts 

.34 volts 

.34 volts 

.34 volts 

.34 volts 

.34 volts 

No significant changes were observed between the "On-Pipeff 
measurement and the "Background Signal" measurement. There 
were no indications of leakage in any of the data taken on 
this segment. The AE test indicates this line was tight. 
Total test time was approximately one hour. 

B) Line 4 - This line was tested on Tuesday, November 19, 
1996. The line was pressurized to 50 PSI from a delivery 
truck which would increase and decrease the pressure in 
the line just prior to each measurement. 

LOCATION 

Hydrant 3 6 
Hydrant 3 5 
Hydrant 3 4 
Hydrant 33 
Hydrant 3 2 
Hydrant 3 1 
Hydrant 3 0 
Hydrant 29 
High Point 5 

BACKGROUND S I G N A L  O N - P I P E  S I G N A L  

.34 volts .35 volts 

.33 volts .35 volts 

.33 volts .34 volts 

.33 volts .34 volts 

.33 volts .38 volts 

.34 volts .34 volts 

.33 volts .39-49 volts 

.33 volts .12 0-1.9 volts 

.33 volts .34 volts 

The first increase in signal level occurred at hydrant 32. 
The measurement at hydrant 29 was by far the highest. Hydrant 
30 was the second highest. Using the Amplitude Difference 
technique would indicate the leakage is between hydrants 29 
and 30, a distance of approximately 50 feet. To determine 
more precisely the leak location, the Time Difference 
technique was used. This involved mounting sensors at 
hydrants 29 and 30 and connecting them to the Model Locan 
4200. Sensitivity checks were performed prior to the start of 
data acquisition. The results of the unfiltered data are 
shown in Figure 2. Clearly, it can be seen that the source of 
the signal is in the region of sensor 1 (hydrant 29). 
However, there is a great deal of "splatterm1 which occurs 
because of high data rates, reflections and other mechanisms. 
To minimize this, the data is filtered using parameter filters 
which eliminate many of these extraneous sources. The results 
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are shown in Figure 3. Here it can be clearly seen where the 
acoustic source of the signal is located. This result is 
based on an estimated distance between sensors of 50 feet. At 
this time, it is uncertain as to what this actual spacing is. 
Figure's 4 thru 7 are additional graphs which are used in 
evaluating the data to determine the source mechanism. The 
total test time for this line was four (4) hours, including 
location analysis. 

C) Line 3 was tested on Wednesday, November 20, 1996. This 
section was used to evaluate the detectability of 

. different leak rates at two different distances. The 
test used calibrated leak sources out of ground. Prior 
to starting the simulated test, the line was measured at 
the three test points. Valve Pit 4, high point 3 (leak 
site) and valve Pit 3. These reading are shown below. 
Also, as part of this test, we decided to evaluate 
sensitivities at different frequencies. Two measurements 
were made at NF (normal frequency setting) and LF (a low 
frequency setting approximately 40% of the NF setting). 
This would allow us to observe whether there was any 
impediment to the normal test frequency being used. The 
following are the pre-test measurements. 

LOCATION BACKGROUND SIGNAL 

Valve Pit 4 NF - .34 volts 
Ll? - .19 volts 

High Point 3 NF - .34 volts 
(leak site) LF - .24 volts 
Valve Pit NF - .35 volts 

LF - .19 volts 

ON-PIPE SIGNAL 

.34 volts 

.19-. 21 volts 

.53 volts 

. 4  -1.2 volts 

.36 volts 

. 20  volts 

The above readings increased at HP 3 due to a slight leak 
through a fitting at the top of the access pipe. This was 
retreaded and tightened and the test was re-done.. It 
decreased to the same as the background, indicating the leak 
was repaired. 

Next, a leak rate of .4 gal/hour at 150 PSI was created and 
the data recorded. Following are those values: 

LEAK RATE LOCATION BACKGROUND SIGNAL O N - P I P E  
SIGNAL 

.36 to .5 volts .38 gal/hr Valve Pit 4 NF - .35 volts 
LF - -19 volts .20-.41 volts 

LF - . 20  volts .21-.24 volts 

(leak site) LF - .19 volts 1.1-2.3 volts 

. 40  gal/hr Valve Pit 3 NF - .39 volts .40 - 044 volts 

.38 gal/hr High Point 3 NF - .35 volts .6- .8 volts 
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The readings at VP4 still give good indications of a leak. 
The readings at VP3 do not show as significant a change as 
VP4. There are two reasons for this, which will be discussed 
later. Next, a larger simulated leak was placed in the system 
and the values for this leak rate were recorded. 

LEAK RATE LOCATION BACKGROUND SIGNAL O N - P I P E  

1.6 gal/hr Valve Pit 4 NF - . 4 6  volts 
SIGNAL 

.48 - , 5 1  volts -~ 
LF - .19 volts .19 volts 

LF - .19 volts 019 volts 
1 . 8  gal/hr Valve Pit 3 NF - . 4 6  volts . 46  - .48  volts 

1.5 gal/hr High Point 3 NF - .52 volts .7-.0 volts 
(leak site) LF - .24  volts 3 .9 -4 .6  volts 

Again, a larger change in signal level occurred at VP4 for 
th i s  leak rate. Overall, the change was not as large as the 
smaller rate. The reason for this is discussed in the 
conclusions section. Total test time for  the above was 
approximately two (2) hours. 

D) Line 5 - This line was tested on Wednesday, November 20, 
1996. The line was not originally going to be evaluated, 
but since the previous testing was completed quickly, it 
was decided that time would allow for testing of this 
line also. The line was pressurized to 150 PSI and 
isolated from aircraft use. The following is the 
recorded data on this line: 

LOCATION BACKGROUND SIGNAL ON-PIPE SIGNAL 

Hydrant 2 0 
Hydrant 19 
Hydrant 18 

Hydrant 17 
Hydrant 16 
Hydrant 15 
Hydrant 14 
Hydrant 13 
Hydrant 12 
Hydrant 11 
Hydrant 10 
Hydrant 9 
Hydrant 8 
Hydrant 7 
Hydrant 6 
Hydrant 5 
Hydrant 4 
Hydrant 3 
Hydrant 2 
Hydrant 1 

. 46  volts 

.48 volts 

. 46  volts 

. 46  volts 

.47 volts 

. 4 6  volts 

.47 volts 
047 volts 
.47 volts 
.47  volts 
. 46  volts 
.46  volts 
.47 volts 
.48 volts 
.47 volts 
.47  volts 

.48 volts 

. 48  volts 

.52 volts 

.4a  volts 

. 44  volts 

. 48  volts 

.53-1.0 Volts 

. 4 6  without 

. 4 6  volts 

. 48  volts 

. 4 6  volts 

.47 volts 

.47  volts 

.47  volts 

. 47  volts 

. 4 6  volts 

. 4 6  volts 

.47  volts 

. 4 6  volts 

. 4 6  volts 

. 47  volts 

. 4 5  volts 

. 4 5  volts 

. 4 6  volts 

.47 volts 
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The above indicates no leakage was occurring in this loop. A 
high reading was recorded at hydrant 18. When this reading 
was made, the type of signal detected was not consistent with 
a leak signal. Monitoring the signal with the headset 
confirmed this. In an attempt to identify the noise source, 
the Cathodic Protection rectifiers were de-energized. This 
eliminated the signal. To confirm, the rectifiers were re- 
energized and the signal returned. No further investigation 
was made to deternine exactly what was occurring, only that 
the CP system was causing a continuous, high level signal on 
the pipe. It is unclear as to what or how this is occurring 
butthe signal is definitely CP related. The time to perform 
this test was approximately two (2) hours. 

V. CONCLUSIONS 

The tests on the hydrant system were very effective in 
demonstrating the capabilities of acoustic emission leak 
detection and location. The following comments and 
conclusions are drawn from this work: 

a) On the long straight section of line 3, small leak rates 
(.4 gal/hr) were detected at distances of 150 to 200 
feet. While this may be approaching the upper limit in 
terms of sensitivity, this level was detected. The 
section of pipe with the 45 degree bend did affect 
sensitivity. 

b) Bends and other geometrical changes can reduce the 
spacing internal of the AE test. This is one of the 
reasons the signals at valve pit 4 and 3 were of 
different levels. The second reason was, the distances 
were not exactly the same, hence additional attenuation 
occurred on the longer leg. 

Back pressure and/or flow restrictions against the leak, 
are important when detecting and locating leaks. The 
out-of-ground simulations performed here, even though 
detectable, would have produced larger signals had there 
been flow restriction. Tiiis can be seen in the data for 
the .40 gal/hr. and 1.75 gal/hr. leak rates. The lower 
leak rate was more of a pulsing/dripping leak where as 
the higher leak rate was a steady stream. For these two 
conditions, the signal change at valve pit 4 was between 
2% and 42% for the low leak rate but only 4% for the 
larger leak rate. The un-impeded flow did not produce as 
much fluctuation in turbulence as the lower leak rate. 
Had this occurred in a buried pipe the higher leak rate 
would have experienced larger turbulence, hence higher 
signal levels. 
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d) Leak artifacts (e.g. soil movement) are important in 
enhancing leak detectability and location capability. 
The out of ground simulations were performed without the 
art if act. 

e) The AE testing was fast and the locations results 
accurate. Locations within a foot of the actual leak are 
routinely produced. 

The AE test offers additional capabilities in evaluating 
pipeline conditions. In the testing of Line 5, an 
abnormality with the cathodic protection system was 
detected. Other tests have given an indication of active 
corrosion. 

f) 

VI SUMMARY 

This test has shown the AE technique to be a quick, reliable 
and sensitive testing method for detecting and locating leaks 
in buried pipeline. At a distance of 150 feet, a . 4  gal./hr. 
leak was detected. While this test did not have all the 
benefits of a llrealll leak, it was still detectable. The leak 
location capability was also demonstrated in the test on Line 
4. While one AE technique localized the leak site to a 50 
foot length of piping, the second AE technique produced a leak 
location that was defined to 1 foot of the actual distance 
from the sensor position at the end of the hydrant. This 
helped reduce the amount of excavation required to repair the 
pipe. The signals detected were repeatable. Both line 4 and 
line 3 were pressurized and depressurized several times. The 
signals detected were similar and repeatable. 

And last, but not least, the test was fast. This can be seen 
from line 5. A 20 hydrant system was tested in two hours. 
This testing was accomplished while aircraft were entering and 
departing the area. At only one hydrant was the testing 
schedule adjusted to accommodate aircraft movement. 
Otherwise, there were no affects from the environment created 
by aircraft movement or engine operation, This is very 
important since the test was performed without affecting 
airport operations. 

While this test may not have taken into account some of the 
nuances of testing long (several miles) sections of buried 
piping, it did present other unique aspects which still 
allowed for a effective eveluation of the technique employed. 
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