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ANALYSTIS AND MANAGEMENT OF A PIPELINE
SAFETY INFORMATION SYSTEM

EXECUTIVE SUMMARY

Introduction

The Office of Pipeline Safety (OPS) and the Office of University
Research of the Department of Transportation entered into a contract
(DOT-0S-30110) with the University of Oklahoma in April, 1973 to continue
operation of the existing OPS '"Automated Leak and Test Failure Reporting
System'" and to analyze data available from the system. The initial contract
period covered from April, 1973 through May, 1974 but this period was
extended through November, 1974 to allow for the analysis of an addit ional
year of data., Therefore, data was available for four years - 1970 through
1973,

The "Automated Leak and Test Failure Reporting System' is a data
base developed from the collection of information from pipeline operators
(both transmission and distribution operators) about the size and type
of their system and the leaks which occur on the system. The data system
actually consists of two components: (1) Individual Failure Reports -
which provide comprehensive data concerning the cause and nature of certain
"serious'" leaks, and (2) Annual Reports - summary data provided by each
operator on an annual basis that describe the size and characteristics of
his system (e.g., miles of pipe by type) and the nature of leaks repaired

during the year (e.g., number of corrosion caused leaks).

Objectives

The objectives to be achieved under this program of contract -

research were as follows:

1. Operation and maintenance of the existing OPS "Automated Leak
and Test Failure Reporting System," including the production
of periodic data summaries. | |

2. Statistical analysis of the data collected by OPS to draw
appropriate inferences concerning any aspect of pipeline
safety for which data had beemn reported.
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3. Analysis of the data system to identify any problems with the <;;>
data reporting forms and any data need not currently being met
by the existing system,
The first objective was accomplished by the University of Oklahoma
Office of Information Systems Program. The second objective was accomplished
by the University of Oklahoma School of Industrial Engineer ing. Objective
three was accomplished through the joint efforts of both groups in the
University. The majority of the report, which is summarized here, deals

with objectives two and three.

Results
OBJECTIVE 1.

The University of Oklahoma Office of Information Systems Program
provided the keypunch/keytape and verification services necessary to
enter data into the Automated Leak and Test Failure Reporting System as
data forms were received from OPS. Standard summary reports were
prepared.and delivered to OPS quarterly or annually as required by the
contract. A few examples of these summary reports are:

(a) Distribution Annual Report Delinquency List by State
(b) Comprehensive Annual Report by State

(c) Damages and Injuries Report by State

(d) 1Individual Leak Report - Major Item Report by Operator
(e} Corrosion Report by Operator and by State

etc. These reports are on file at OPS.

OBJECTIVES 2 AND 3:

The major effort of the research was aimed at a statistical analysis
of the data in order to identify both the utility and weaknesses in the
existing data system, The data system includes a large number of different
data elements, and therefore, it was necessary to organize the assessment
into a number of individual analyses centered around a particular parameter,
For example, the following lists a few of the types of analyses that were
performed:

(a) Individual Failure Reports - Analyses Related to Type of Material
(b) 1Individual Failure Reports - Analyses Related to Age of Pipeline 4;;>



(¢) 1Individual Failure Reports - Analyses of Leak Rates for Metallic
vs, Plastic Pipe

(d) Annual Reports - Analyses Related to Cause of Pipeline System
Leaks

(e) Analysis of Individual Operators' Safety Performance

A large number of statistically valid conclusions were drawn from this
detailed analysis, Some of the more important conclusions are listed below:

1. The individually reported leak rate (from all causes) generally
increases with the age of the system. However, in distribution mains the
leak rate for systems installed in the 1970's is significantly higher than
the leak rate for the previous two decades.

2. The individually reported leak rate caused by corrosion steadily
increases with the age of the system. 1In distribution systems, the greatest
effect of protection against corrosion is obtained by combining cathodic
protection with coating.

3. Outside force is the cause of the greatest percentage of
individually reported leaks, about 70 percent in distribution systems and
54 percent in transmission systems. Corrosion accounts for about 15 percent
of individually reported leaks. 1In contrast, when analyzing all repaired
leaks (from the annual reports), corrosion accounts for the majority of leaks,
45 percent in distribution systems and 77 percent in transmission systems,
Qutside force accounts for only 15 percent (distribution) and 3 percent
(transmission) of all repaired leaks. Therefore, while outside force leaks
are a relatively small portion of all repaired leaks, they tend to be the
serious ones (i.e., those requiring individual reports).

4. The individually reported leék'rate (leaks per mile of pipe) due
to third party damage in distribution systems generally increases with age;
however, for pipe installed in the 1970's, the third party damage leak rate
shows a sudden increase,

5. Metallic pipe materials in aggregate show a significantly lower
individually reported leak rate than do plastic pipe materials. Plastic
pipe systems were also found to have a higher equipment caused leak rate than
(a) steel and cast iron in distribution mains and (b) steel and copper in

distribution services.
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6. As noted above, more individual leak reports were filed on a per
unit basis for plastic pipe than for metallic pipe in distribution systems.
However, no statistically significant differences were found between plastic
and metallic pipe on the basis of injuries, deaths, or property damage,
primarily due to the wide variances which resulted from the limited amount of
data.

7. The individual report rate for those accidents involving fire,
explosion, death, or injury appears to be the best measure for evaluating
the safety performance of individual operators., Unfortunately, at the current
time this limits the analysis to only those operators with over 100,000
services, A procedure is presented for identifying operators that appear to
have safety problems so that further investigation and possible corrective

action may be undertaken,

Recommendations

The specific recommendations‘concerning the data system and data
analysis are:

1. The exclusion of distribution operators with less than 100,000
services from the requirement to submit an individual failure report
seriously limits the usefulness of the data system. Since the operators
are currently required to file an annual report, it seems unwise to
exclude them from the requirement to file individual failure reports.
Therefore, it is recommended that individual failure reports be required
of all pipeline operators who now file an annual report.

2. Significant problems of data accuracy exist for 1970 data,
and to a lesser extent in the data for 1971, 1972 and 1973. A more ex-
tensive data review and audit procedure is necessary if accurate data is to
be available for analysis. Therefore, it is recommended that a regular
program of auditing should be implemented, using a statistically valid
‘'sampling procedure for selecting operators for audit.

3. Other methods of collecting pipeline safety data -should be
explored, especially the following two methods:

| (a) Data should be collected for more pipeline accidents by

in-depth, multidisciplinary accident investigation teams

similar to the team staffed by the NTSB for investigating

-
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a few selected pipeline accidents.

(b) The use of the "critical incident technique' by pipeline
companies to collect data for use in improving pipeline
safety should be encouraged by OPS through a demonstration
program and a follow-up educational program in using the
technique,

4,  The individual failure report data should be utilized annually
to compare the safety performance of individual operators, as described in
Section 2.5.

5. Annual report data and the remaining individual report data
should be analyzed at least every two years in a format similar to the
one used for this report.

6. When approximately 7-10 years of data have been collected,
consideration should be given to using a time-trend type of analysis on
a yearly basis. It will be necessary to wait this period of time for most
of the usual time-trend analysis methods to be successfully applied.

7. The installation of a computer terminal in the Office of Pipeline
Safety for the purpose of performing data analyses does not appear to be
justified because of the relatively low level of anticipated use over the
entire year and because most of the analyses will require data for the entire
report year. Thus, it is recommended that the analyses to be performed on an
annual basis be completed each year as a batch-process operation,

8. The forms used for data collection were reviewed and it was found
that changes were needed. New forms were developed and reviewed with OPS

personnel,

Utilization of Results

The Office of Pipeline Safety will use the results of the data analysis
to evaluate the relationship of several parameters to pipeline safety. These
parameters include type of piﬁeline materials used, amount of corrosion of
pipeline materialé, etc. The Office of Pipeline Safety may then initiate
rulesmaking activities as a result of this data evaluation that are intended
to result in safer pipeline operations. The redesigned data forms will be of
significant help to OPS by improving the quality of the data reported by

pipeline operators and in turn the quality of future data analyses.
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1.1 BACKGROUND AND OBJECTIVES

The Office of Pipeline Safety (OPS) of the Department of Trans-
portation entered into a contract (DOT-0S-30110) with the University of
Oklahoma in April, 1973 to continue operation of the existing Automated
Leak and Test Failure Reporting System and to analyze data which was
already available in the system as well as data which would be reported
during the course of the contract. The initial contract period covered
from April, 1973 through May, 1974 but this period was extended through
November, 1974 to allow the analysis of more data as it became available.
This additional data was reported for the calendar year of 1973, and
was not available for analysis until July, 1974,

Initial data reporting for pipeline operators began in 1970 so
that data was available for the calendar years of 1970 through 1973.

The objectives to be achieved under this program of contract
research were as follows:

1. Operation and maintenance of the existing OPS Automated Leak
and Test Failure Reporting System, including the production of
periodic data summaries.

2. Statistical analysis of the data collected by OPS to draw
appropriate inferences concerning any aspect of pipeline safety
for which data had been reported.

3. Analysis of the data system to identify any problems with the
data reporting forms and any data need not currently beihg met
by the existing system. In addition, the utility of the data
currently being reported was to be evaluated in terms of
improving pipeline safety.

The first objective was accomplished by the University of Oklahoma

Office of Information Systems Program. The second objective was
accomplished by the University of Oklahoma School of Industrial Engineering.
Objective three was accomplished through the joint efforts of both groups

in the University.
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1.2 DATA COLLECTION FORMS

The original structure of the data system was based on the use of
four different forms as listed and briefly explained below. A copy of
each form and the related instructions for completion can be found in
Appendix A of this report.

1. Leak Report - Distribution System - DOT F7100.1 (1-70)

2. Leak or Test Failure Report - Transmission and Gathering

Systems - DOT F7100.2 (1-70)
3. Annual Report for Distribution System -~ DOT F7100.1-1 (10-70)
4, Annual Report for Gas Transmission and Gathering Systems -
DOT F7100.2-1

Individual reports of leaks or test failures are required for
leaks which are of "serious" nature (see 49 CFR, Part 191 for reporting
requirements). These reports contaiﬁ detailed information about the
circumstances surrounding the leak occurrence, Distribution‘operators
with fewer than 100,000 services are not required to file individual leak
reports.

Annual reports are filed by all pipeline operators and contain data
describing the size and nature of the operator's system, summary data about
leaks repaired, data about the inspection of the pipeline for leaks, and
other miscellaneous information. The annual report will be either for a
distribution system or a gas transmission and gathering system, or both,
as appropriate for the operator.

A number of changes have been proposed in the design of the
four data collection forms as a result of the data maintenance and
analysis activities performed during the course of completing this contract.
These suggested changes were developed in conjunction with OPS personnel
who also were aware of deficiencies in the design of the original data
collection forms. The proposed designs for the four data collection forms
have been reviewed by OPS personnel and rule-making activities will be
initiated in the future by OPS to utilize the new forms. Thus, the proposed
designs of the new data forms have not been presented in this contract
report because of the possible confusion which might arise in presenting the

new forms before official rule-making activities have been initiated.
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1.3 DATA PROCESSING, MAINTENANCE AND REPORTING ACTIVITIES

The University of Oklahoma Office of Information Systems Program
provided the keypunch/key tape and verification of services necessary to
enter data into the Automated Leak and Test Failure Reporting System as
data forms were received from OPS. Individual leak and test failure reports
were processed quarterly, and annual reports were processed as received
after the end of the prior reporting year.

The annual report was processed two times during the contract
period. 1In June, 1973, the 1972 Annual History File updating was
accomplished. In March, 1974, the 1973 annual reports from the operators
were processed, The summary reports that were prepared and delivered to
OPS were as follows:

1. Annual Edit List
Distribution Annual Report Delinquency List by State

Transmission Annual Report Delinquency List by State

0il/Products Annual Report Delinquency List by State

Distribution Commercial Inspection Delinquency List

Transmission Commercial Inspection Delinquency List

0il/Products Commercial Inspection Delinquency List

Comprehensive Annual Report by State

.

O 00 N o0 U~ W oN

Damages and Injuries Report by State

Individual leak reports were processed five times during this
contract period, Quarterly runs were completed in April, July, and
October of 1973, and again in January, 1974. A fifth run was also made
to update the 1973 Individual Leak Report History File. The summary
reports that were furnished to OPS for the individual leak reports were
as follows: _

1. Individual Leak Report Edit List
. Individual Leak Report - Major Item Report by Operator
. Comprehensive Report - QOperator Sequence
Comprehensive Report - State Sequence
. Major Item Report (Year to Date) by Operator and by State
Corrosion Report by Operator and by State

~N oy o WwWN

. Construction Defect and Material Failure Report by Operator and

by State
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8. Construction Defects by Manufacturer by Operator and by State
9. Month of Year versus Outside Forces Accident Report <;;>
10. Depth of Cover versus Outside Forces Accident Report by State
The name and address file was processed approximately once each
month and the required output from these runs were as follows:
1. Name and Address Validation Listing in Operator I1.D. Number
Sequence

Name and Address Validation Listing in State of Operation Sequence

. Selective Operator Name and Address Listing

Mailing Labels

L N~ L N

. Special Companies Listing (Distribution Companies over 100,000
Services)
6. Error Listing (Operator w/o Headquarters)
The inquiry program was run as requested by OPS professional
personnel to answer specific questions.
The library of updated master file tapes was maintained for all the
data collected since reporting was initiated in 1970. This master file
was used by the School of Industrial Engineering for the statistical analysis

of data which follows in the next chapter.
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1.4 FOREWARD

-

The remainder of this report contains a statistical analysis
of data, conclusions drawn from the data analysis and recommendations

concerning future reporting and analysis of data.
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CHAPTER 2,0

STATISTICAL ANALYSIS OF PIPELINE SAFETY DATA
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2.1 INTRODUCTION

2.1.1 Purpose of Data Analysis

Data has been collected by the Office of Pipeline Safety for four
years (1970 - 1973) since the initiation of reporting requirements for
pipeline operators. During these four years, there was not an overall
effort to statistically analyze the data available. As stated earlier in
this report, one of the contract objectives was to perform an analysis of
the data in order to determine what inferences could be drawn regarding the
important parameters related to pipeline safety, Since the forms used for
reporting data to the Office of Pipeline Safety include a relatively large
number of different data elements, it was necessary to structure the overall
analysis into a number of individual analyses centered around a particular
parameter, This structure of the analyses is discussed in Section 2.1.2,

Since there were only four years of data to analyze, it was recognized
that this would place a limitation on the type and number of statistical
infererices that could be drawn. However, it was also recognized that an
attempt to analyze the data available would be valuable in assessing the
adequacy of the current information system in order to institute needed
changes before too much more time has passed, Also, it was expected that
sufficient data did exist to indicate areas where the information would be

of value in improving pipeline safety.
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2,.1.2 Types of Analyses Performed

The different forms used for collecting data served as one of the
bases of analyzing the data. The data forms used by the Office of Pipeline
Safety for collecting data have been listed in Chapter 1.

It was noted in explaining the data forms in Chapter 1 that the
individual reports contain more detailed information about the circumstances
surrounding the leak occurrence than is available for leaks reported on the
annual report forms. However, the individual reports do not contain infor-
mation about the size of the pipeline system where the leak occurred or
other measures of exposure of the pipeline system to a leak occurrence,
which limits the analyses which can be done. Also, distribution operators
with fewer than 100,000 services are not required to file individual reports
for "serious" leaks, Since annual reports are filed by all pipeline
operators and contain data describing the size of the operator's system,
it was necessary in many instances to use data from the operator's annual
report to normalize data being analyzed from the individual report.

Data analyzed from the individual leak reports is presented first in
the following sections, followed by data analyzed from the annual reports.,

A special analysis of both annual and individual report forms was
completed for the purpose of comparing the safety records of individual
operators and this analysis ié presented in Section 2.5.

An analysis of test failure reports was attempted, but the absence
of any source of normalizing data prevented this analysis from being

completed.
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2.1.3 Statistical Methods of Analysis

Given the type of data available for analysis, the statistical procedures
appropriate for this application are either a test of hypothesis based on an
F-statistic, or a test of means based on one of a number of similar tests
available for this purpose. The choice of a particular test is predicated on
whether it is more important to control the Alpha or Beta risk level in per-
forming the analysis. One of the more widely used tests in this area is
called the Duncan Multiple Range Test. This test does an adequate job of
controlling the Alpha and Beta errors when analyzing the significant differences
between items within a group of items. The usual way of presenting data
analyzed with this test is as follows:

Assume a set of four mean values or averages are being compared for
the leak rates of mains constructed with four different materials. The mean
values are as follows:

Steel - 0.373 leaks/1,000 miles of main

Cast Iron - 1,280 leaks/1,000 miles of main

Plastic - 1,297 leaks/1,000 miles of main

Other - 1,050 leaks/1,000 miles of main
Using an Alpha error of 0,05, the analysis of the data can be presented as
follows:

Plastic Cast Iron Other Steel

1,297 1.280 1.050 0.373 a = 0.05

For an Alpha error of 0.01, the data analysis would be presented as
follows:
Plastic Cast Iron Other Steel
1.297 1.280 1.050 0.373 a= 0.01

A line drawn under any group of values indicates that these values do not
‘differ significantly at the Alpha risk level given, Thus, the Alpha error is
the probability that we have concluded that the mean values of the items in a
group are different, when in fact they have come from the same éet or population
of data. The Beta error is the probability that we state that the items in a
group are the same when in fact they are from different populations, given that

a statement is made about the magnitude of the difference between the populations.
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In practical terminology, the above analysis states that the leak
rate for steel pipe is significantly lower than for plastic or cast iron,
and that the probability of making an error in reaching this conclusion is
5 times out of 100. Thus, if we want to restrict our Alpha error to only
one in 100, then we cannot state that there is any difference in any of the
leak rates for the different materials.

The choice of an acceptable Alpha or Beta risk level must be based
on the economic or other consequences of the action taken as a result of
the data analysis, for instance the use of only steel pipe for mains.

It will be observed in the analyses which follow that two of the mean
values for a given parameter being analyzed are shown as being not statistically
different from one another, while two other means being analyzed for another
parameter may differ algebraically by the same amount, but will be shown as
statistically different from one another. Since this type of result is
often confusing to a non-statistician, a brief explanation is in order.

1f we examine the data for each year for a given parameter, such as
for the data shown in Table 2.2 which follows in the next section, it will
be seen that the leaks per 1,000 miles of steel mains have not varied more
than 20 percent from the overall mean in any year. On the other hand, the
yearly values for cast iron or plastic may vary more than 40 percent from the
overall mean in any year. Thus, the ability to statistically differentiate
between mean values being analyzed is a function of the variability of the
data comprising the mean values.

The other aspect of statistical inference which is pertinent to the
data analysis is the number of years of data available for analysis., 1In
general, the greater the number of years of data available, the greater the
ability to differentiate between the mean values for a given parameter. In
statistical terms, this would be called increasing the degrees of freedom
for the statistical analysis. Thus, the Office of Pipeline Safety will be
able to improve the capability of performing statistical analyses of the data

each year that more data becomes available,
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2.2 ANALYSIS OF INDIVIDUAL FAILURE REPORTS

Table 2.1 presents a listing of all data tables prepared in the
analysis of individual failure reports. This listing is presented for
reference to the sections that follow covering the various leak rate
parameters under discussion., The various types of analyses presented
encompass all of the parameters available for analysis on the individual
failure reports which were thought to have a relationship to leak rate and
pipeline safety.

Each of the following sections includes the analyses of the trans-
mission and distribution segments of the pipeline system for the particular
parameter that is being evaluated for its effect on leak rate and pipeline
safety,

The results of each analysis of data are presented as the individual
parameters are considered, followed by a summary statement of conclusions.
These conclusions are compared in Section 2.4 with those obtained from

the analysis of data submitted on the annual report forms.
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TABLE

2.1

Listing of Data Tables for All Analyses,
Prepared from Individual Failure Report Forms

(Forms DOT F 7100.1 and DOT F 7100.2)

1 2 3 4 5 6 7 8
Egi of Years of Part of Part which Cause of Measure of Analysis Parameter Part of Individual
Table Data System Leaked Leak Leaks/Safety Report where Data
Analyzed . Obtained
2.2 70- 73 Distribution Pipe All Leaks/Year/ Type of Material 5.a, 6.a
Mains types 1,000 mile.
of pipe
2.3 70- 73 Distribution | All Except All Leaks/Year/ Type of Material 5.a, 6.a
Mains Pipe types 1,000 miles
of Pipe
2.4 70- 73 Distribution Pipe All Leaks/Year/ Type of Material 5.a, 6.a
Services types 100,000
Services
2.5 70- 73 Distribution | A1l Except All Leaks/Year/ Type of Material 5.a, 6.a
Services Pipe types 100,000
Services
2.6 70- 73 Distribution Pipe All Leaks/Year/ Nominal Diameter 5.a, 8.a
Mains types 1,000 miles
of Pipe
2,7 70- 73 Distribution Pipe All Leaks/Year/ Nominal Diameter 5.a, 8.a
Services types 100,000
Services
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TABLE 2.1 Listing of Data Tables for All Analyses
Tables 8 thru 14
Continued
1 2 3 4 5 6 7 8
[Ne., of Years of Part of Part which Cause of Measure of Analysis Parameter Part of Individual
Tzble Data System Leaked Leak Leaks/Safety Report where Data
Analyzed Obtained
e
2.8 70-73 Transmission | Body of Pipe | All Leaks/Year/ Nominal Diameter 6.a, 8.a
) types 1,000 miles
of Pipe
2.9 70- 73 Distribution | All parts All Leaks/Year/ Region
Mains types 1,000 miles
of Pipe
2.10 70- 73 Distribution | All parts All Leaks/Year/ Region
Services types 100,000
Services
Z.,1% 79-73 Transmission- | A1l parts All Leaks/Year/ Region
types 1,000 miles
of Pipe
AN
2.12 70- 73 Distribution | All parts All Leaks/Year/ Decade of 5.b
Mains tvoes 1,000 miles Construction
of Pipe :
2.13 70-73 Distribution | 411 parts All Leaks/Year/ Decade of . 5.b
Services types 109,000 Construction
Services
2.14 70-73 Transmission | All parts All Leaks/Year/ Decade of 5.b
types 1,000 miles Construction
of Pipe
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TABLE 2.1 Listing of Data Tables for All Analyses
Tables 15 thru 24
Continued
1 2 3 4 5 6 7 : 8
No. of Years of Part of Part which Cause of Measure of Analysis Parameter Part of Individuall
Table Data System Leaked Leak Leaks/Safety Report where Data
Analyzed Obtained
2.15 70- 73 Distribution | All parts Corrosion | Leaks/Year/ Decade of
Mains . 1,000 miles Construction 5.b
of Pipe
2.16 70- 73 Distribution | All parts Corrosion | Leaks/Year/ Decade of 5.b
Services 100,000 Construction
Services
2.17 70- 73 Transmission | All parts Corrosion | Leaks/Year/ Decade of 5.b
1,000 miles Construction
of Pipe
2.18 70- 73 Distribution Pipe Corrosion | Leaks/Year/ Internal Corrosion vs, Part-A: l.e
Mains 1,000 miles External Corrosion
of Pipe
2,19 70- 73 Distribution Pipe Corrosion | Leaks/Year/ Internal Corrosion vs. Part-A: l.a
Services 100,000 External Corrosion
Services
2.20 70- 73 Transmission Pipe Corrosion | Leaks/Year Internal Corrosion vs. Part-A: 1.a
1,000 miles External Corrosion
of Pirpe
2.21 70- 73 Distribution Pipe Corrosion | Leaks/Year/ Cathodic vs. Nen-Cathodic 5.a,
Mains 1,000 miles Protection and Part-A: 2.a,
of Pipe Bare vs. Coated 4.a
2.22 70- 73 Transmission | All parts Corrosion Leaks/Year/ Cathodic vs. Non-Cathodic Part-A: 2.a,
1,000 miles Protection and 4.2
of Pipe Bare vs. Coated
2.23 70- 73 Distribution --- All types Percent of Part which Leaked 5.a
Mains Leaks
2,24 70- 73 Distribution --- All types Percent of Part which Leaked 5.a
Services ® Leaks
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TABLE 2.1 Listing of Data Tables for All Analyses
Tables 25 thru 33
Continued
1 2 - 3 4 5 6 7 8 ;
No. of Years of Part of Part which Cause of Measure of Analysis Parameter Part of Individualj
Table Data System Leaked Leak Leaks/Safety Report where Data
nalyzed : Obtained
2.25 70- 73 Transmission ~—— All types Percent of Origin of Leak or 6
Leaks Failure
2,26 70-'73 Distribution | All parts --- Percent of Cause of Leak and Decade 5.b
. Mains Leaks of Construction
2,27 70- 73 Distribution | All parts -—-- Percent of Cause of Leak and Decade 5.b
" Services Leaks of Construction
2.28 70- 73 Transmission | All parts --- Percent of Cause of Leak and Decade 5.b
Leaks of Construction
2,29 70- 73 Distribution | All parts - Percent of Cause of Leak and Decade Combination of
Mains and Leaks of Construction Tables 2.26 &
Services 2,27
2.30 70- 73 Distribution | All parts Third Leaks/Year/ Decade of Construction 5.b,
Mains Party 1,000 miles Part-B: 1.b
Damage of Pipe
2.31 70- 73 Distribution | All parts Third Leaks/Year/ Decade of Construction 5.b,
Services Party 100,000 Part-B: 1l.b
Damage Services ’
2,32 70- 73 Distribution | Pipe and All types | Leaks/Year/ Metallic vs. Plastic 5.a, 6.a
Mains Fitting 1,000 miles
' of Pipe
©2.33 70-73 Distribution | Pipe, Fitting | A1l types | Leaks/Year/ Metallic vs. Plastic 5.a, 6.a
Services and Tap 100,000
Connection Services
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TABLE 2.1 Listing of Data Tables for All Analyses
Tables 34 thru 39
Continued
1 2 3 4 S, 6 7 8
No. of Years of Part of Part which - Cause of Measure of Analysis Parameter Part of Individual
Table Data System Leaked Leak’ Leaks/Safety Report where Data
Analyzed Obtained
2.34 70- 73 Distribution | All parts Equipment-| Leaks/Year/ Material Type 6.a
Mains caused 1,000 miles Part B: l.a, 1.b
of pipe
2.35 70- 73 Distribution | All parts Equipment-| Leaks/Year/ Material Type 6.a
Services caused 100,000 Part-B: l.a, 1.b
Services
2.36 73 Distribution | All parts All types Distribution Metallic vs. Plastic 2.c, 6.a
Mains of Stoppage
Time
02,37 73 Distribution | All parts All types Distribution Metallic vs, Plastic 2,c, 6.a
Services of Stoppage
Time
2,38 70- 73 Distribution | All parts - All types [ No's of Re- Metallic vs. Plastic 6.a, 10.a,
Mains ports, Deaths, 10.b, 10.g
Injuries and
Prop. Damages
over $500.
‘(Basis: Pr.yr/
1,000 miles of
Pipe)
2.39 70- 73 Distribution | All parts All types | No's of Re- Metallic vs. Plastic 6.a, 10.a,
Services ports, Deaths, 10.b, 10.g
Injuries and
Prop. Damages
over $500.
(Basis: Pr.yr/
100,000
N Services)
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TABLE 2.1 Listing of Data Tables for All Analyses

Tables 40 thru 41
Continued
1 2 3 4 5 6 7 8
No. of Years of Parq of Part which Cause of Measure of Analysis Parameter Part of Individual
Table Data System Leaked Leak Leaks/Safety - Report where Data
Analyzed Obtained
/ .
2.40 70- 73 Distribution {All parts Outside Percent of Prior Notification, Part-B: l.a, 2.a,
; ins and Party Total Number Marking and Statute 2.b, 2.c
Services of Reports Requirement
Transmission
2.41 70- 72 } Distribution |All parts All types | Percent of Percent Ranges of Distr.: 2.4, 2.e
: and Total Number Maximum Allowable Trans.: 3.f, 3.g
Transmission of Reports Operating Pressure
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2.2.1 1Individual Failure Reports--Analyses Related to Type of Material

The analyses of leak rates which were performed as a function 6f
the type of material used in construction of the pipeline are presented
in this section.

Table 2.2 presents the analysis of the annual leak rates (all
causes) for distribution mains by material type. This data includes
only ieaks on the body of the pipe. For example, the data shows that in
1971 there were 1.51 leaks per 1,000 miles of cast iron mains. The
column labeled "other" includes all additional materials for which data
are collected, such as copper, ductile iron, and wrought irom for which
the amount of data available is insufficient for analysis as a separate
category. One should notice the large variability for the data in the "other"
column from one year to the next. The purpose of this analysis‘was to
determine--considering all causes--whether there are significant differences
in leak rates in the three major types of materials used and also between
these types of materials and those grouped in the "other' category.

The Duncan Multiple Range Test was used to determine whether there
were statistically significant differences in these four categories of
materials. The results of the test are presented at the bottom of
Table 2.2 for o = 0.05 and o = 0.01. At the o= 0.05 level, the test
indicates that the leak rate for steel is significantly less than for all
other materials. At the o = 0.0l level of significance, none of the
materials are found to be different in leak rate. Thus, for an g-level of
0.05, the material type used does affect the leak rate on mains. In some
of the following tables this effect will be analyzed in more detail by also
considering the cause of the leak.

Table 2.3 gives'a\simglér analysis to that in Table 2.2, but
Table 2.3 is for the leaks on fﬁé\parts of the system other than the pipe
in the distribution system. The pd;555e\pf this analysis is to determine
whether the leak rate of the parts is depeandent upon the material type,

The "other" material type includes ductile iron, copper, aluminum, etc.
\\\\\\\\\\\\ The result of the analysis using the Duncan Multiple Range Test
tS\SEEEE\Ef}?W the table. It indicates that the leak rate is much higher for

—

-
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TABLE 2.2

Leak Rate of Pipe by Material Type

Distribution Mains

Individual Failure Report Data

Measure: Leaks per year per 1,000 miles of pipe
Year Type of Material
1 2 3 4
STEEL CAST IRON PLASTIC OTHER

1970 0.33 0.99 0.91 0.94
1971 0.40 1.51 1.36 0.51
1972 0.37 1.29 1.52 1.38
1973 0.40 1.26 1.41 0.79
MEAN 0.37 1.26 1.30 0.90

Standard Error of Mean = 0,125

Degrees of Freedom = 12

Duncan Multiple Range Analysis
3 2 4 1 a= .05

\\

1.30 1.26 0.90 \\\9:37
3 2 4 1 o = ,01\
1.30 1.26 0.90 0.37 N
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TABLE 2.3

Leak Rate of Parts other than Pipe by Material Type

Distribution Mains

- Individual Failure Report Data

Measure: Leaks per year per 1,000 miles of pipe

Year Type of Material
1 2 3 4
STEEL CAST IRON  PLASTIC OTHER
1970 0.09 0.22 0.05 2.99
1971 0.07 0.23 0.0 1.94
1972 0.08 0.12 0.12 1.60
1973 ©0.09 0.14 0.10 1.40
MEAN 0.08 0.18 0.07 1.98
Standard Error of Mean = 0.178
Degrees of Freedom = 12

Duncan Multiple Range Analysis

4 2 1 3 o= .05
1.98 0.18 0,08 0.07

4 2 1 3 o = .01
1.98 0.18 0.08 0.07

-




the materials lumped together as '"other.'" For steel, cast iron and plastic,
no statistically significant differences are observed. Although the test
shows no differences among the leak rates for steél, cast iron and plastic,
it is noted that the number of reported leaks on which the leak rates are
based is small for the material types other than steel. This makes the
variance for this data relatively large and considerably weakens the power of
the statistical test, !

| Table 2.4 shows the leak rate data years (all causes) for distri-
bution sérvices by material type. The data include the leaks reported on
bod& of the pipe and were computed by using the ratio of the number of leaks
in the individual report over the number of services in the annual report.
The purpose of this analysis is to determine whether the material types make
any difference in leak rates in the pipe used for services. The table and
analysis are similar to Table 2.2, .

In the table the average leak rates for plastic and '"other" materials
are significantly (g = 0.05) higher than those for steel and copper. The
leak rate does not differ significantly for steel and copper pipe or for
plastic and "other'" pipe.

Table 2.5 presents the data for distribution services and is
similar to Table 2.4 in the analysis performed, except that Table 2.5
is for the leaks in the parts of the system other than the body of pipe.

It is also similar to Table 2.3 except that the analysis in Table 2.3 is

for mains. It is obvious from the data the leak rate for "other" materials

is significantly higher; no explanation for this large differential is
available, Because the leak rate for "other" materials is so large and the
variance is so large, the "other'" material is not included in the Duncan
Multiple Range Test, The Duncan Multiple Range Test is usedlto compare steel,
copper, and plastic, and it shows there is no statistically significant
difference.

Even though the analysis shows a significantly different leak rate
for "other" materialmtyges, one can suspect that the rate given in leaks
per service per year may;ﬁbt\Pe an appropriate measure. This is due to the
fact that the proportion of tiﬁé\a particular type of material is used for

parts other than the body of the pipe\is unknown.
.

N
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Distribution Services

TABLE 2.4

Leak Rate of Pipe by Material Type

Individual Failure Report Data

Measure: Leaks per year per 100,000 services
Year Type of Material
1 2 3 4
STEEL COPPER PLASTIC OTHER
1970 0.46 0.45 1.72 0.74
1971 0.45 0.53 1.87 2.87
1972 0.57 0.74 1.90 2.39
1973 0.46 0.61 1.88 0.57
MEAN 0.48 0.58 1.84 1.64
Standard Error of Mean = 0,293
Degrees of Freedom = 12
Duncan Multiple Range Analysis
3 4 2 1 o = .05
1.84 1.64 0.58 0.48
3 4 2 1 a = .01
1.84 1.64 0.58 0.48
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TABLE 2.5

Leak Rate of Parts other than Pipe by Material Type

Distribution Services
Individual Failure Report Data

Measure: Leaks per year per 100,000 services

Year , Type of Material
1 2 , 3 4

STEEL COPPER PLASTIC OTHER
1970 0.18 0.13 0.15 15,10
1971 0.32 0.35 0.59 25.80
1972 0.33 - 0.48 0.44 29.30
1973 0.24 0.39 0.25 9.25
MEAN 0.27 0.34 0.36 19.86

Note: Statistical Analysis for Steel, Copper and Plastic Only
Standard Error of Mean = 0.073

Degrees of Freedom =9

Duncan Multiple Range Analysis
for Steel, Copper and Plastic

3 .2 1 = .05
0.36 0.34 0.27
3 2 1 = .01
0.36 0.34 ©0.27
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2.2.2 1Individual Failure Reports--Analyses Related to Nominal Diameter of Pipeline

The analyses which were performed to examine the leak rate as a
function of nominal pipe diameter are presented in this section. |

Table 2.6 presents a breakdown of the mean annual leak rates of
distribution mains by size of the pipe. The leaks originate from the body
of pipe and are the result of all causes. The leak rates are obtained by
dividing the total number of leaks in one range of diameter by the cor-
responding number of miles of pipe of the same diameter range. The former
values are obtained from the individual reports and the latter values from
the annual report.

The range test shown beneath the table indicates that at the ¢ = 0.01
level, the pipes of large diameter (8 inches or greater) have significantly
higher leak rates than the pipes of a size smaller than 8 inches, At the
o = 0.05 level, the difference in leak rates of 8-inch pipe and of pipe
greater than 10 inches in diameter is also significant. Also, the pipe of
less than one inch diameter has a leak rate which is not significantly
d ifferent from the leak rate for 4 through 6-inch diameter pipe at the
o = 0.05 level. These results show that the large diameter mains (8 inches
or more) cause proportionately more leaks than the mains of intermediate
size when the leaks are counted strictly on a per-mile basis. Of course,
the larger diameter pipe has a greater surface area per mile which is subject
to corrosion leaks. However, the leak rate for pipe of less than one inch
diameter does not follow this expected pattern since the leak rate for this
category does not differ significantly at the o = 0.05 level from mains of
pipe 4 through 6 inches in diameter. '

Table 2.7 gives the individually reported leak rates on the body of
the pipe used in distribution services for four different ranges of diameter.
The table and analysis are similar to Table 2.6 except that Table 2.6
is for distribution mains. Using an g-level of 0.05, the leak rate for
pipe greater than two inches in diameter is significantly higher than for
pipe of size less than one-half inch, and pipe of less than one-half inch
has a significantly higher leak rate than pipe of size 0.5-2.0 inches in

diameter,
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TABLE 2.6

Leak Rate of Pipe by Nominal Diameter

Distribution Mains

Individual Failure Report Data

Measure:. Leaks per year per 1,000 miles of pipe

Nominal Diameter in Inches
1 2 3 4 6
YEAR 1E 1 1-2 2-4 4-6 8 GE 10
1970 0.58 0.33 0.52 0.52 0.83 1.10
1971 0.62 0.53 - 0.49 0.76 0.92 1.25
1972 0.80 0.43 0.48 0.69 1.31 1.47
1973 0.84 0.45 0.51 0.65 1.14 1.36
MEAN 0.71 0.43 0.50 0.65 1.05 1.29 -
Standard Error of Mean = 0,066
Degrees of Freedom = 18
Duncan Multiple Range Analysis
6 5 1 4 3 2 o = .05
1.29 1.05 0.71 0.65 0.50 - 0.43
6 5 1 4 3 2 a= .01
1.29 1.05 0.71 0.65 0.50 0.43
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TABLE 2.7

Leak Rate of Pipe by Nominal Diameter

Distribution Services

Individual Failure Report Data

Measure: Leaks pef year per 100,000 services

Nominal Diameter in Inches

1 2 3 4

Year 1E .5 .5-1 1-2 GT 2
1970 1.01 0.62 0.55 1.35
1971 1.81 0.55 0.49 3.47
1972 1.81  0.62 0.43 1.97
1973 1.46 0.59 0.49 2.62

’ MEAN 1.52 0.59 0.49 2.35

Standard Error of Mean = 0,246

12

]

Degrees of Freedom

Duncan Multiple Range Analysis

4 1 2 3 o = .05
2.35 1.52 0.59 0.49
4 1 2 3 o = .01
2.35 1.52 0.59 0.49
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Table 2.8 follows a similar‘analysis performed in Tables 2.6 and 2.7,
but the data is for the transmission system. A general pattern is
cvident in this data of a decreasing leak rate per 1,000 miles of trans-
mission line as the nomiﬁal diameter of the pipe increases.

Even at the ¢ = 0.01 confidence level, the pipe of diameter less than
two inches has a s;gnificantly higher leak rate than other sizes, At the
o = 0.05 level, no significant difference exists between pipe in any three
adjacent size ranges from 2-22 inches. Similarly, no significant difference
in leak rate exists for pipe 24 'inches or more in diameter. Perhaps the
lower leak rate for larger diameter pipe reflects the greater care which is
characteristic of the installation of large diameter lines as compared to

those of smaller diameters.
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TABLE 2.8

Leak Rate of Pipe by Nominal Diameter

Transmission Systems

Individual Failure Report Data

Measure: Leaks per year per 1,000 miles of pipe
Nominal Diameter in Inches f
1 2 3 4 5 6 7 8 9 10
Year 1E 2 2-4 4-6 8,10 12,14 16,18 20,22 24,26 28,30 GE 32 é
1970 2.74 1.19 1.68 1.28 1.18 1.11 0.62 0.72 0.34 0.21 ;
1971 3.38 1.76 1.73 1.43 1.18 1.15 1,47 0.20 0.24 0.33 é
1972 2.77 1.76 1.68 1.87 . 1.59 1.49 1.24 0.53 0.12 0.05 ?
1973 2.25 2.23 1.62 1.75 0.92 1.20 0.60 - 0.34 0.21 0.04 §
MEAN 2,78 1.73 1.68 1.58 1.22 1.24 0.98 0.45 0.23 0.16 E
Standard Error of Mean = 0.146
Degrees of Freedom = 30
Duncan Multiple Range Analysis
1 3 4 6 5 7 8 9 10 .05
2,78 1.68 1.58 1.24 1.22 0.98 0.45 0.23 0.16
1 3 4 6 5 7 8 9 10 .01
2.78 1.68 1.58 1.24 1.22 0.98 0.45 0.23 0.16
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2.2.% individual Failure Reports--Analyses Related to OPS Administrative Repion
within the U.S.A.

Comparisons of leak rate for pipeline systems in the five different
OPS administrative regions of the U.S.A. are presented in the following
section,

The data presented in Table 2.9 is the result of an analysis to
determine if a regional difference exists in reported individual leaks
for distribution mains., The entries in the table were obtained by dividing
the total number of leaks shown on the individual reports in one region,
by the miles of pipe of that region. A scale factor of 1,000 miles is
used as in the other tables.

The statistical test indicates that at ¢ = 0.0l confidence level,
the leak rate is significantly higher for Region 5 (Western states, including
Alaska) and significantly lower for Region é (Southeastern states). The
rates of reported leaks are not different in Regiéns 1, 3, and 4.

The reasons for the high leak rate in Region 5 are not known. But
for Region 2 the lower leak rate could possibly be explained by the fact
that a large number of smaller operators--as found in Region 2--are not
required to individually report leaks.,

Table 2.10, similar to Table 2.9, contains the leak rates for the
five regions, but for distribution services father than mains. The rates were
determined by dividing the total numBer of leaks reported in a region by the
number of services in that/region. A scale factor of 100,000 services is used
in this table.

The test shows that at the o = 0.05 level, the rate of reporting
individual lé;ks was significantly higher in Region 5, as was the case in
distribution mains, The leak rates of the other four regions do not differ
significantly.

The analysis given in Table 2.11 is the result of an analysis of
the regional difference in rate of reporting leaks in transmission systems ’
(not including gathering systems). °‘The values are in number of leaks per
vear per 1,000 miles of pipe. The highest leak rate is for Region 1 (North-
eastern states) which is significantly different from the other regions at the
o = 0.01 level. At the ¢ = 0.05 level, Regions 2, 4 and 5 are not significantly
different in leak rate, and Regions 3 and 4 are also not significantly

different in leak rate,
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TABLE 2.9

Leak Rate by Region

Distribution Mains

Individual Failure Report Data

Measure: Leaks per year per 1,000 miles of pipe
Region
Year 1 2 3 4 5
REG 1 REG 2 REG 3 REG 4 REG 5
1970 0.54 0.31 0.51 0.69 0.81
1971 0.83 0.34  0.55 0.69 1.04
1972 0.82 0.34 0.59 0,63 0.91
1973 0.55 0.40 0.66 0.66 1.17
MEAN 0.68  0.35  0.58  0.67  0.98
Standard Error of Mean = 0,053
Degrees of Freedom = 15
Duncan Multiple Range Analysis
5 1 4 3 2 o = .05
0.98 0.68 0.67 0.58 0.35
5 1 4 3 2 o = .01
0.98 0.68 . 0.67 0.58 0.35




TABLE 2.10

Leak Rate by Region

Distribution Services

Individual Failure Report Data

Measure: Leaks per year per 100,000 services
Region
Year 1 2 3 4 5
REG 1 REG 2 REG 3 REG & REG 5
1970 0.83 0.56 0.68 0.71 0.92
1971 0.91 1.11 1.05 0.48 1.50
1972 1.08 1.30 0.97 0.85 1.70
1973 0.86 1.34 0.94 0.98 1.69
MEAN 0.92 1.08 0.91 0.75 1.45
Standard Error of Mean = 0,132
Degrees of Freedom = 15
Duncan Multiple Range Analysis
5 2 1 3 4 o
1.45 1.08 0.92 0.91 0.75
5 2 1 3 4 o
1.45 1.08 0.92 0.91 0.75
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TABLE 2.11

Leak Rate by Region

Transmission Systems

Individual Failure Report Data

Measure: Leaks per year per 1,000 miles of pipe
Region
Year 1 2 3 4 5
REG 1 REG 2 REG 3 REG 4 REG 5
1970 2.52 1.73 1.06 1.16 1.14°
1971 2.46 1.89 1.32 1.26 1.77
1972 2.98 1.57 0.95 1.49 2.39
-1973 2,33 1.48 0.91 2.23 1.58
MEAN 2,57 1.67 1.06 1.53 1.72
Standard Error of Mean = 0.180
Degrees of Freedom = 15
Duncan Multiple Range Analysis
1 5 2 4 3
2.57 1.72 1.67 1.53 1.06
1 5 2 4 3
2.57 1.72 1.67 1.53 1.06
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2.2.4 Individual Failure Reports--Analyses Related to Age of Pipeline

The analyses performed to determine the influence of age of the
pipeline on the leak rate are presented in this section.

Table 2.12 presents the analysis for the effect of age of the pipe
on the leak rates in distribution mains. The age of pipe is represented
by the decade in which the pipe was constructed. The leak rate is calcu-
lated by dividing the number of reported leaks on the pipe system built in
each decade by the corresponding number of miles built in that decade, all
being taken from the annual report file, The pipe system whose construction
decade is unknown is not considered in this analysis, This omission of
pipe of unknown age probably would not change the general result very much,
i.e., increasing leak rate with age as shown in the average leak rates in
the table.

The Duncan Multiple Range Test shown with the table indicates
that, at o = 0.05 level, the pipe installed prior to 1940 had a significantly
higher leak rate than pipe installed in the decades since 1940; and the
decades of the 1930's, '40's, énd '70's, as a group, have higher leak rates
than the decades of the '50's and '60's., The apparently higher leak rate
forecasted from the data for the '70's might be viewed with concern.

Table 2.13 presents the data for the age of pipe versus the leak
rate for distribution services, The data were obtained in the same manner
as the data in Table 2,12, Except for the services constructed in the most
recent years, the leak rates appear to be higher for older pipe.

The Range test shows that the services constructed prior to 1930
have a leak ratg'significantiy higher than the rest of the decades and at
the ¢ = 0.05 leéel the decades of the 1930's, '40's, and '70's, as a group,
have higher leak rates than the '50's and '60'3. The apparently higher
leak rate in the decade of the '70's is cause for concern.

Table 2.14 shows the increasing leak rate with the'age of pipe in
transmission systems. The analysis is similar to those in Tables 2,12 and
2.13. The increase in leak rate with age is very drastic in the 1920's and
'30's. As in the distribution systems, the leak rate in the 1970's deviates

. from the general trend.

Statistically, the leak rates for pipe installed in both the 1920's
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and '30's are distinctly’different from those of the following decades at
the ¢ = 0.05 level. ‘Thus, proportionately more leaks requiring individual
reports occur in old pipe than in new pipe,

Again, although the result is statistically significant in this case,
theqdata does indicate that the 1970's decade pipe has a higher leak rate
than might be expected. This might be explained by the fact that new systems
require time to ''get the bugs out," i.e., to detect and repair problems
created in construction. If tnis is true, then possibly more tests should

be required of new installations,
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TABLE 2.12
Leak Rate by Decade of Construction
Distribution Mains
. Measure: Leaks per year per 1,000 miles of pipe

Individual Failure Report Data

1.63 1.46 1.20 1.19 0.64 0.33
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Decade of Construction
1 2 3 4 5 6
Year --=29 30-39 40-49 50-59 60-69 70-~--
1970 1.64 1.41 0.85  0.64  0.31 0.83
1971 1.51 1.36 1.22 0.71 0.37 1.62
1972 1.71 1.65 1.27 0.63 0.30 1.16
1973 1.66 - 1.42 1.48 0.57 0.34 1.15
MEAN 1.63 1.46 1.20 0.64 0.33 1.19
Standard Error of Mean = 0.092
Degrees of Freedom = 18
Duncan Multiple Range Analysis
{
1 2 3 6 4 5 o = 0.05
1.63 1.46 1.20 1.19 0.64 0.33
1 2 3 6 4 5 o = 0.01




TABLE 2.13
Leak Rate by Decade of Comstruction
Distribution Services

Measure: Leaks per year per 100,000 services

Individual Failure Report Data

Decade of Construction
1 2 3 4 5 6
Year ---29 30-39 40-49 50-59 60-69 70-~-
1970 2.23 0.83 0.97 0.54 0.80 1.01
1971 2.53 1.52 1.38 0.88 1.03 1.69
1972 2.43 1.93 0.96 1.23 1.16 1.98
1973 3.32 1.00 1.19 0.78 0.89 1.75.
MEAN 2.63 1.32 1.12 0.86 0.97 1.61
Standard Error of Mean = 0,183
Degrees of Freedom = 18
Duncan Multiple Range Analysis
1 6 2 3 5 4 o = 0.05
2.63 1.61 1.32 1.12 0.97 0.86
1 6 2 3 5 4 o= 0.01

2.63 1.61 1.32 1.12 -0.97 0.86
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TABLE 2.14
Leak Rate by Decade of Construction
Transmission Systems

Measure: Leaks per year per 1,000 miles of pipe

Individual Failure Report Data

Decade of Construction
1 2 3 5 4 5 6
Year --=29 30-39  40-49 50-59 60-69 70---
1970 9.92 2.14 1.14 0.83 0.547 1.81
- 1971 7.91 3.08 1.65 0.95 0.82 1.04
1972 9.41 3.24 1.81 0.94 0.71 1.01
1973 11.38 3.18 1.45 1.36 0.93 - 1.22
MEAN 9.65 2.91 1.51 1;02 | 0.75 1,27

Standard Error of Mean = 0.331
Degrees of Freedom = 18
Duncan Multiple Range Analysis
1 2 3 6 4 5 o = 0.05
9.65 2.91  1.51 1.27 1.02 0.75
1 2 3 6 4 5 a = 0.01

9.65 2.91 1.51 1.27 1.02 0.75




2.2.5 1Individual Failure Reports--Analyses Related to l.eak Rate as a TFunction of

Corrosion of Pipeline Materials

The analyses presented in this section are subdivided into three
areas, all related to leak rate as a function of pipeline corrosion.
The areas to be covered are:
(1) Leak rates due to corrosion as a function of age of pipeline;
(2) 1Lleak rates which are produced by external versus internal
‘corrosion of the pipeline;
© (3) Leak rates which result as a function of the type of corrosion

protection employed.

2.2,5.1 Leak Rates Due to Corrosion as a Function of Age of Pipeline

Table 2.15 gives: the corrosion-caused leak rate for distribution
mains broken down by the decade of construction. For example, in 1971
the individually reported leaks caused by corrosion on components con-
structed in the 1940's yields a leak rate of 0.34 leaks per 1,000 miles
of main, Notice that in 1970 there were no reported corrosion 1eaks for
systems constructed in 1970.

Table 2.15 is different from Table 2.12 in that Table 2,12 is for
leaks of all causes, while Table 2.15 is only for corrosion-caused leaks.
An inspection of the data‘indicates an increasing leak rate for older
pipe, which confirms the notion that older pipe is more likely to be
corroded and thus will leak more often than pipe constructed in the latter
decades. Notice that the pipe of "unknown" age which leaks is not in-
cluded in the tabulation. Omission of this data can significantly bias all
of the test results presented here,.especially since the "unknown' category
tends to be older pipe for which records of instailation date are not
available. For this reason; in the future it will be necessary to attempt
to classify as littleof the data as possible in the "unknown' category, moving
it into one of the age categories shown:

The Duncan Multiple Range Test was utilized to statistically analyze
this data. A glance at the data indicates a general trend of increasing
leak rate with age, and indeed the test verifies this result. At the

o = 0.05 level, the corrosion-caused leak rate for pipelines constructed
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TABLE 2.15
Corrosion Leak Rate by Decade of Construction

Distribution Mains

-Measure: Leaks per year per 1,000 miles of pipe

Individual Failure Report Data

Decade of Construction
1 2 3 4 5 6
Year ---29 30-39 40-49 50-59 60-69 70---
1970 0.32 0.30 ~ 0.24 0.13 0.04 0.0
1971 0.21 0.45 0.34 0.11 0.05 0.05
1972 0.27 0.37 0.37 0.12 0.03 0.04
1973 0.35 0.37 0.38 0.13 0.04 0.01
MEAN 0.29 0.37 0.33 0.12 0.04 0.02
Standard Error of Mean = 0.023
Degrees of Freedom = 18
Duncan Multiple Range Analysis
2 3 1 4 5 6 o= 0.05
0.37 0.33 0.29 0.12 0.04 0.02
2 3 1 4 5 6 a= 0.01
0.37

0.33 0.29 0.12 0.04 0.02
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in the 1950's is significantly lower than for pipelines constructed prior

to this time,but higher than for those constructed after this time. 1In ‘;;;
addition, at the ¢ = 0.05 level, the decade of the 1920's has a significantly

lower leak rate than the decade of the '30's, but not lower than the decade

of the '40's. At the ¢ = 0.01 level, no significant differences exist

among the leak rates of the decades prior to 1950.

In summary, the corrosion-caused leaks do héve a higher probability
of occurrence in older systems.

Table 2.16 gives a similar analysis of corrosion leaks for distri-
bution services as Table 2,15 does for mains. The leak rate in this table
again generally follows the expected pattern. .

The ranges shown at the ¢ = 0.05 level essentially verify the
expectation that old pipe causes proportionately more corrosion leaks in
distribution services,

Table 2.17 shows the increasing corrosion leak rate with the age of
the pipe in transmission systems (excluding gathering). The table is
similar to Tables 2,15 and 2.16,

The statistical test (g = 0.05) indicates that the leak rate does
significantly increase with age excepf in the decades of the 1940's, '50's,
ahd '60's where the differences in the observed values are not significant.
The difference between the 1930's and '40's is insignificant at the o = 0.05

level.

2.2.5.2 Leak Rates Due to Internal versus External Corrosion of

Pipeline

. Tables 2.18, 2.19, and 2.20 show the comparison, in leak rate,
between the internal and the external corrosion in mains, services, and
transmission'lines, respectively. This data is obtained from the individual
leak reports. In each of the three tables, external corrosion shows a
much higher leak rate than internal corrosion.

The significance of the difference was analyzed for each of the three
tables, using the Student's '"t'"-test of hypothesis. 1In each of the three
tests, the difference was found to be significant at the g = 0.01 level.

In summary, for mains, services, and transmission, the internal
corrosion leak rate is significantly lower than the external corrosion leak

rate,
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TABLE 2.16

Corrosion Leak Rate by Decade of Construction

Distribution Services

Measure: Leaks per year per 100,000 services
Individual Failure Report Data
Decade of Construction
1 2 3 4 5 6
Year -=-29 30-39  40-49 50-59  60-69 70---
1970 0.45 0.35 0.13 0.10 0.04 0.06
1971 0.39 0.66 0.39 0.09 0.04 0.08
1972 0.36 0.48 0.22 0.24 0.07 0.03
1973 0.36 0.36 0.26 0.15 0.11 0.04
MEAN 0.39 0.46 0.25 0.14 0.06 0.05
Standard Error of Mean = 0.041
Degrees of Freedom = 18
Duncan Multiple Range Analysis
2 1 3 4 5 6 0.05
0.46 0.39 0.25 0.14 0.06 0.05
2 1 3 4 5 6 0.01
0.46 0.39 0.25 0.14 0.06 0.05

2-35




TABLE 2,17
Corrosion Leak Rate by Decade of Construction
Transmission Systems

Measure: Leaks per year per 1,000 miles of pipe

Individual Failure Report Data

o
Decade of Construction

1 2 3 4 5 6
Year --=29 30-39  40-49 50-59  60-69 70=-=~
1970 ' 1.34 0.71 0.32 0.06 0.04’ 0.14
1971 0.93 0.58 0.41 0.10 1.01 0.0
1972 1,18 ~ 0.81 0.41 0.17 0.14 0.0
1973 1.55 0.88 0.10 0.22 0.05 0.0
MEAN 1.25 0.74 0.31 0.14 0.08 0.03

0.070

i

Standard Error of Mean

]

Degrees of Freedom 18

Duncan Multiple Range Analysis
1 2 3 4 5 6 o = 0,05
1.25 0.74 0.31 0.14 0.08 0.03

1 2 3 4 5 6 o= 0.01
1.25 0.74 0.31 0.14 0.08 0.03
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TABLE 2,18
Internal vs. External Corrosion in Distribution Mains

Measure: Leaks per year per 1,000 miles of pipe
Individual Failure Report Data

Year Internal External

1970 0.000 0.105

1971 0.003 0.102

1972 ‘ 0.002 0.107

1973 0.002 0.115
TABLE 2.19

Internal vs. External Corrosion in Distribution Services
Measure: Leaks per year per 100,000 services

Individual Failure Report Data

Year Internal External

1970 0.006 0.102

1971 0.003 0.136

1972 0.003 . 0.140

1973 0.003 0.135
TABLE 2.20

Internal vs. External Corrosion in Transmission Systems:
Measure: Leaks per year per 1,000 miles of pipe
Individual Failure Report Data

Year Internal External
1970 0.012 0.167
1971  0.031 0.157
1972 0.039 0.216
1973 0.055 0.168
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2.2.5.3 Leak Rates for Pipelines as a Function of the Type of

Corrosion Protection Employed

Table 2.21 gives the leak rates due to corrosion in distribution
mains for the various combinations of protective methods. The data are
from the individual reports. Without any statistical analysis, it appears
obvious that pipelines that are both coated and cathodically protected
offer substantially lower corrosion leak rates than any of the other three
categories. In addition, it appears that there is no appreciable difference
in the ieak rates among the other three categories.

| In order to test this observation statistically, a two way analysis -
of variance was performed on the data in Table 2.21. This statistical
analysis showed that (1) the leak rates of the coated pipe were signifi-
cantly lower than those of the bare pipe, and (2) the interaction between
the coating and the cathodic protection was significant. The latter result
verifies the effectiveness of the coating when combined with cathodic pro-
tection in the prevention of corrosion., The above conclusions were drawn
at ¢ = 0.01 confidence level,

In summary, the analysis séys that cathodic protection by itself
has no significant effect; coating pipe does have a significant effect,
but the greatest effect is obtained by comﬁining cathodic protection with
coating.

Table 2.22 gives the rates of leaks caused by corrosion in transmission
lines classified into two separate factors., One factor is the coating of
the pipelines and the other the cathodical protection. The reason for not
giving combined effects of the two factors is that the miles of pipelines
which are not both coated and cathodically protected account for only about
20 percent of all pipelines. Thus, the leak rates based on these mileage
figures were subject to considerable experimental errors, ‘

The separate one-way analysis of variance performed on the two sets
of data showed that both the coating and the cathodic protection had
significant effects on the leak rate of the corrosion-caused leaks. These
conclusions should be interpreted with care since the lower leak rates for
the coated or cathodically protected pipelines may well be the result of the

interaction between the two protective methods,
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TABLE 2,21
Effect of Coating and Cathodic Protection on Corrosion Leaks
Distribution Mains

Measure: Leaks per year per 1,000 miles of pipe
Individual Failure Report Data

Year | Cathodic Protection
Yes No
1970 0.03 0.12
1971 0.02 ‘ 0.15
Coated
1972 0.03 0.15
1973 0.02 0.37
1970 0.41 0.14
Bare 1971 0.13 0.14
1972 0.23 0.13
1973 0.56 0.24

2-39




TABLE 2.22

Effect of Coating and Cathodic Protection on Corrosion Leaks

Year

1970
1971
1972
1973

Transmission Systems

Measure: Leaks per year per 1,000 miles of pipe

Individual Failure Report Data

COATING CATHODIC PROTECTION
Coated Bare Yes No
0.11 0.64 0.11 0.74
0.11 0.53 0.09 0.71
0.18 0.77 0.17 0.79
0.16 0.65 0.19 0.63
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2,2.6 Individual Failure Reports--Analyses of Parts of Pipeline System Where
Leak Occurred

The analyses which were performed to determine the relative fre-
quencies of leaks as a function of the part of the pipeline where the leak
occurred are presented in this section.

Table 2.23 is a breakdown of leaks reported individually by the
part which leaked in distribution mains. The table shows that leaks on pipe
account for between 76 percent and 83 percent of total reported leaks.
Because the leak data on the parts which leaked--other than pipe--are sparse,
the variance is quite large. Note that this data cannot be put on a leak
"rate" basis because of the lack of normalizing data; that is, no information
is available on the relative numbers of each part. The conclusions that
can be drawn about such percentage data are severely limited. For example,
the fact that valves account for about three percent of the leaks and fitting
seven percent, does not imply that a fitting is more likely to leak than a
valve. This would depend on the relative number of valves and fittings.

Table 2.24 gives the percentage of leaks by parts in distribution
services, and is similar to Table 2.23 except that Table 2.23 was for dis-
tribution mains. It shows that in distribution services, leaks on pipe
account for over 50 perceﬁt of the reported leaks, and fittings account for
over 18 percent. Again, any conclusions that can be drawn from this data are
limited,

Table 2.25 gives a percentage breakdown of individually reported leaks
by origin for transmission lines, gathering lines, and transmission lines of
the distribution system. In the transmission lines, about 54 percent of the
leaks originated on the body of the pipe, 13 percent of the leaks originated
in a fitting, and each of the other parts produced a small percentage of the
total number of leaks. In both the gathering lines and the transmission
lines of the distribution system, thé body of the pipe was the origin of
the highest percentage of leaks, witﬁ the fittings being the second highest
percentage of leaks. However, for gathéring lines,vthe percentage of leaks
originating on the body of the pipe ranged from 45 percent to 82 percent

over the four years, and the percentage of leaks originating on the fittings
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Individual Failure Report Data

TABLE 2.23

Distribution Mains

Part which Leaked as Percentage of Total Leaks

Part Which Leaked

; Year Pipe Valve Fitting Drip Regulator 00n§§§tion Other
i 1970 | 76.2 3.4 7.9 1.5 0.0 5.2 5.8

;

1971 | 834 3.5 6.0 0.5 0.0 2.0 4.6

| 1972 83.0 1.40 9.4 0.9 0.9 2.1 2.3

i 1973 82.8 2.5 8.0 0.5 2.4 1.8 2.0
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TABLE 2,24

Part which Leaked as Percentage of Total Leaks

Distribution Services

Individual Failure Report Data

Part Which Leaked
- Tap ;
Year Pipe Valve Fitting Drip Regulator Connection i Other
1970 63.4 4.6 20.2 0.0 1.5 6.9 3.4 ¢ 100%
1971 | 50.6 5.2 23.4 0.0 2.60 5.2 D 13,0 o9y
1972 52.0 4.3 21,2 0.0 5,70 43 ( 12.5 . 10CY
1973 S4.4 3.1 18.7 0.2 7.5 4.2 1.9 100%
| |
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TABLE 2,25
Individual Failure Report Data

. Part which Leaked as Percentage of Total Leaks

Transmigsion/Gathering Systems

Origin of Leak

Body Longi- Tap
of Girth | tudinal | Other Com-~ Scraper| Connec- Gas
System Year Pipe Weld Weld Welds pressor | Valve Trap tion | Fitting Cooler Other
1970 52.0 4,9 4.9 1.2 0.6 2,2 0.3 8.1 14.3 0.0 11.5
1971 47.0 7.6 7.9 0.6 0.3 2.5 0.0 5.9 16.0 0.6 11.6
Trans-
mission 1972 59.1 5.7 6.7 0.0 0.8 2.7 0.5 3.5 11.0 0.0 10.0
1973 58.6 7.2 5.6 0.7 0.7 1.6 0.2 4,9 12,1 0.0 8.4
1970 71.4 7.1 0.0 0.0 0.0 0.0 0.0 0.0 14.3 0.0 7.2
Gather - 1971 45.4 13.6 0.0 4,6 0.0 9.1 0.0 0.0 18.2 0.0 .1
ing 1972 81.8 0.0 0.0 0.0 9.1 0.0 0.0 0.0 0.0 0.0 9.1
1973 57.1 0.0 0.0 0.0 0.0 14.3 0.0 14.3 0.0 0.0 14.3
Trans- 1970 62.5 0.0 0.0 0.0 0.0 12.5 0.0 0.0 12,5 0.0 12,5
mission
line of 1971 41.6 0.0 4,2 0.0 0.0 4.2 0.0 0.0 25.0 0.0 25.0
Distribu-
tion Sys- | 1972 60.9 4.4 0.0 4.3 0.0 0.0 0.0 8.7 13.0 0.0 8.7
tem
1973 [- 56.3 6.2 3.1 0.0 0.0 0.0 0.0 0.0 34.4 0.0 0.0

100%
100%
100%
100%
100%
100%
100%
100%
1007%
100%
100%
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ranged from zero percent to 18 percent., On the transmission line of the
distribution system, the percentage of leaks originating on the body of
the pipe ranged from 42 percent to 63 percent and the percentage originating
on the fittings ranged from 13 percent to 34 percent,

Again, the fact that the data are expressed in percentages limits
the conclusions that can be drawn, To say that in 1971 the girth weld
(where 7.6 percent of leaks on the transmission line originated) and the
longitudinal weld (where 7.9 percent of leaks on the transmission line
originated) were equally likely to leak, is incorrect. One would have to
consider the relative number of welds in each category. Also, there was a
small number of total reports, causing a high variance in the percentage
data. For example, in the year 1970, for transmission lines of distribution
systems, only four categories were reported as the origins of leaks,

In summary, for these three major divisions of the transmission
system, at least half of the leaks originate on the body of the pipe, about
15 percent of the leaks originate on the fitting, and a small percentage of

leaks originate on each of the other parts,
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2.2.7 Individual Failure Reports--Analyses of Leak Rates Produced by Various Causes

The analyses of leak rate as a function of all of the various causes
reported to have produced the leak are reported in this section. G;;>
Table 2,26 gives a breakdown of leaks for distribution mains by
cause for each decade of construction and an overall totai for the years
1970-1973. These figures are based on data from the individual reports
of thosa corresponding years. Overall, about 65 percent of all leaks are
caused by outside force, while corrosion accounts for about 17 percent
of the leaks, and about 12 percent are attributed to material failure. For
pipe installed during a specific decade, such as in the 1960's, outside
force accounted for about 78 percent (from 72.8 percent to 82.6 percent)
of the leaks; corrosion, about 12 percent (from 9.5 percent to 13.9 percent)
of leaké; and material failure, about 5 percent (from 3.2 percent to 6.3
percent) of all leaks.
N Although the observation can be made that the percentage of leaks
due to outside force during almost all decades decreases steadily with age,
the fact that the data are expressed in percéntages severely limits any
statistical analysis. First of all, the leak rate (not percentage) for
pipe in each age category should be referred to before*concluding that a leak
due to outside force is more likely to occur in a new, rather than an
old, pipe. Also, the corrosion leak rate is known to increase with age;
hence, corrosion accounts for a higher percentage of leaks installed before
1950. Since, in a given decade, the percentage must add up to'100, a rise
in the percentage of leaks due to corrosion because of an increasing corrosion
leak rate, will necessitate a decrease in the percentage of leaks due to all
other causes, Hence, the decrease in percentage of leaks due to outside
force with age could have been caused by the increasing corrosion leak rate,
In summary, outside force accounts for the majority of leaks (about
65 percent) in the individual reports. Corrosion accounts for about 17
percent of the leaks, and material failure accounts fof about 12 percent.
Construction defect and all other causes account for a very small percentage
of the leaks,
Table 2.27 gives a breakdown of the percentage of leaks by cause

for decade of construction and an overall total for service distributions

o
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TABLE 2.26
Percentage of Leaks by Cause and by Decade of Construction

Distribution Mains
Individual Failure Report Data

Decade of Construction

Cause Year Unknown -=-29 30-39 40-49 50-59 60-69 70-- Total
1970 18.0 21.4 21.2 28.6 20.0 11.9 0.0 18.6
" 1971 9.1 16.2 33.3 28.0 15.1 13.9 0.0 15.9
Corrosion -
1972 6.7 21.3 22.7 28.9 19.0 9.5 0.0 15.7
1973 10.0 30.2 26.3 25.8 23.7 12.2 1.3 17.7
1970 68.0 62.5 69.7 71.4 61.4 77.9 78.6 68.4
1971 63.6 44 .6 b4, 5 56.0 59.1 79.8 80.4 61.8
Qutside -
Force 1972 77.8 52.0 59.1 61.5 64.3 82.5 87.9 68.6
1973 66.0 52.3 42.1 53.2 56.6 72.8 86.0 63.3
1970 0.0 0.0 0.0 0.0 1.3 3.4 0.0 .9
Construc- | 1971 0.0 4.1 0.0 0.0 3.2 0.0 3.9 1.9
tion ’
Defect 1972 2.2 0.0 0.0 0.0 2.4 3.2 3.5 1.7
1973 4.0 1.6 5.3 1.6 5.3 2.7 3.8 3.4
1 1970 8.0 16.1 3.0 0.0 16.0 3.4 0.0 8.7
) 1971 27.3 31.1 22.2 12.0 20.4 6.3 5.9 17.5
Material
Failure |, 495 L. b 22.7 15.9 9.6 13.1 3.2 5.2 11.2
1973 14.0 11.1 18.4 14.5 9.2 5.5 5.1 10.2

(Table continued on following page)
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TABLE 2.26 continued

Percentage of Leaks by Cause and by Decade of Construction

Distribution Mains

Decade of Construction

Cause Year Unknown -=29 30-39 40-49 50-59 60-69 70-~ Total
1970 6.0 0.0 6.1 0.0 1.3 3.4 21.4 3.4
1971 0.0 4.0 0.0 4.0 2.2 0.0 9.8 2.9
Other
1972 8.9 4.0 2.3 0.0 1.2 1.6 3.4 2.8
1973 6.0 4.8 7.9 4.9 5.2 6.8 3.8 5.4
Total 100% 1007 100% 100% 100% 100% 100% 100%
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TABLE 2.27

Percentage of Leaks by Cause and Decade of Construction

Distribution Services
Individual Failure Report Data

Decade of Construction

Cause Year Unknown -=29 30-39 40-49 50-59 60-69 70-- Total
1970 13.8 38.1 41.7 12.9 19.0 5.1 0.0 14,2

corrosion 1971 16.4 13.1 43.5 27.9 10.5 3.8 0.0 12.8
1972 11.6 25.0 25,0 23.3 19.1 5.7 1.3 12.1

1973 A 32.1 35.7 21.6 19.2 12.4 2.4 12.7

, 1970 74,1 57.1 33.3 83.9 66.7 89.9 88.2 76.5

outside 1971 72,6 . | 52.2 47.8 67.4 77.6 81.7 77.5 73.3
Force - 1972 71.0 60.0 67.8 70.1 73.4 78.9 88.0 75.8
1973 79.1 53.6 64.3 64.9 61.6 76.2 82.3 72.7

1970 0.0 0.0 0.0 0.0 2.4 0.0 0.0 0.4

Construction 1971 1.4 0.0 4.4 0.0 2.6 2.9 5.0 2.4
Defect 1972 0.0 0.0 0.0 0.0 0.0 0.8 4.0 0.9
1973 0.0 0.0 0.0 2.7 2.7 2.1 2.4 1.7

1970 3.5 0.0 16.7 0.0 0.0 2.5 0.0 2.4

Material 1971 2.7 21.7 0.0 4.7 1.4 5.8 10.0 5.2
Failure 1972 2.9 10.0 3.6 3.3 4.3 7.3 2.7 4.8
1973 7.7 7.2 0.0 2.7 4.2 5.2 3.5 4.9

1970 8.6 4.8 8.3 3.2 11.9 2.5 11.8 6.5

other 1971 6.9 13.0 4.3 0.0 7.9 5.8 7.5 6.3
1972 14.5 5.0 3.6 3.3 3.2 7.3 4.0 6.4

1973 8.8 7.1 0.0 8.1 12.3 4.1 9.4 8.0

Total 100% 1007, 100% 1007, 1007, 1007, 100% 100%




based on data from the individual reports. Overall, outside force accounts
for about 75 percent of the leaks, and corrosion accounts for about 13
percent of the leaks, In the case of pipe installed in the 1940's corrosion
accounts for about 21 percent of the leaks (12.9 percent to 27.9 percent)
and outside force accounts for about 72 percent of the leaks (64.9 percent
to 83.9 percent). §

Again, the fact that the data in the table are expressed in per-
centages limits the type of conclusions that can be drawn. The conclusion
that the percentage of leaks due to outside force decreases with age may
have been influenced by the corrosion leak rate's increasing with age.
Hence, in older pipe the higher leak rate due to corrosion means a higher
percentage of leaks caused by corrosion. Since, for any given year and a
particular decade of construction, the sum of the percentages of leaks by
the various causes must equal 100, a higher percentage of corrosion leaks
means a lower percentage of leaks due to all other causes. Thus, leak
rates (not percentages) must be examined before any conclusions concerning
trends in causes of leaks can be made.

In summary, for service distributions, outside force accounts for
75 percent of all leaks; corrosion, 13 percent of all leaks; material

-failure, about 4 percent of all leaks; construction-defects, about 1 percent
of all leaks; and all other causes account for only about 7 percent of all
leaks.

Table 2.28 gives a breakdown of percentage of leaks by cause for
decade of construction and an overall total for transmission systems, based
on data from the individual reports. Overall, outside force accounts for
about 54 peréent of the leaks. About 19 percent of the leaks are due to
material failure, and another 15 percent of the leaks are due to corrosion.
However, a given decade of construction may have a different breakdown of
percentages. TFor example, for pipe installed in the 1950's, outside force
accounts for about 42 percent of the leaks (from 35.5 percent to 45.5
percent) while material failure accounts for about 30 percent of the leaks
(from 23.7 percent to 36.4 percent) and leaks due to corrosion comprise
about 13 percent (from 7.6 percent to 18.4 percent) of all leaks.

Conclusions that can be drawn from the table are limited. For

instance, the percentages of leaks due to outside force for the 1950's are

2-50

-

-



16-2

TABLE 2.28

Percentage of Leaks by Cause and Decade of Construction

Individual Failure Report Data

Transmission Systems

Decade of Construction

Cause Year Unknown --29 30-39 40-49 50-59 60-69 70-~ Total
1970 12.7 15.1 35.1 29.0 7.6 7.3 0.0 15.3

Corrosion 1971 2.3 16.4 19.2 25.0 10.5 11.6 0.0 13.6
1972 0.0 22,2 25.0 22.6 18.4 20.7 0.0 17.8

1973 9.0 18.5 27.8 7.1 16.5 5.5 0.0 13.3

1970 57.8 62.2 51.4 48.4 45,4 53.7 66.7 53.9

_ Qutside 1971 63.6 63.6 63.5 54,2 35.5 49.3 11.1 52.1
Force 1972 | 75.5 66.7 51.8 39.6 44,7 46.5 | 37.5 52.8
1973 73.0 60.0 53.7 52.4 44,7 60.3 60.0 56,9

1970 7.0 1.9 8.1 6.5 6.1 12.2 11.1 6.8

Construction | 1971 2.3 3.6 5.8 0.0 15.8 1.5 11.1 5.7
Defect 1972 0.0 3.2 3.6 5.7 9.2 3.5 0.0 4.3
1973 4.5 3.1 3.7 2.4 | 7.8 4.1 4.0 4.7

1970 16.9 15.1 0.0 16.1 36.4 12.2 0.0 17.5

Material 1971 15.9 5.5 9.6 18.7 34,2 27.5 55.6 21.0
Failure 1972 6.1 3.2 10,7 28.3 23.7 22.4 25.0 . | 16.5
1973 9.0 16.9 11.1 28.6 '26.2 27.4 28.0 20,7

1970 5.6 5.7 5.4 0.0 4.5 14.6 | 22.2 6.5

other 1971 15.9 10.9 1.9 2.1 4.0 10.1 22,2 7.6
1972 18.4 4.7 8.9 3.8 4.0 6.9 37.5 8.6

1973 4.5 1.5 3.7 9.5 4.8 2.7 8.0 b4ob

Total 100% 100% 100% 100% 100% 100%  100% 100%




lower than for other decades., It would then be an imﬁroper interpretation
of the data to conclude that leaks due to outside forces are less likely to
occur in pipes installed in the 1950's than for pipes installed in other
decades, This limitation should be kept in mind when analyzing the per-
centage breakdown of cases of leaks for pipe installed in the 1970's, since
in some cases there are dramatic variations in the data from one year's
report to the next., In particular, the fact that no corrosion leaks were
reported for pipe installed in the 1970's means that, for any given year,
the sum of the percentages of leaks by all non-corrosion causes for pipe
installed in the 1970's would be 100 percent. Hence, these other causes
would ha&e-higher percentage values,

In summary, for transmission pipelines, 54 percent of the leaks
are due to outside force, 19 percent are due to material failure, 15 percent
are due to corrosion, about 5 percent of the leaks are accounted for by
construction defects, and "other“ causes account for 7 percent of all leaks.

Table 2.29 combines Table 2,26 (mains) and Table 2,27 (services) to
give an overallianalysis of distribution systems with a breakdown of leaks
by cause in each decade of construction. The purpose of this combined |
analysis is to allow a direct comparison between the data based on individ-
ual reports (Table 2,29) and the data based on annual reports (Table 2.47),
These two tables have comparable formats,

The percentages in Table 2,29 are not drastically different from the
values in Tables 2.26 and 2.27, Therefore, we can say that Table 2,29 is
similar to both Tables 2.26 and 2.27.

The four-year averages of various causes under "Total" are approxi-
mately 15.0 percent for corrosion, about 70 percent for outside force, 1.6
percent for construction defects, 8.2 pércent for material failures, and 5

percent for other causes,
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TABLE 2,29

Percentage of Leaks by Cause and Decade of Construction

Distribution Mains and Services
Individual Failure Report Data
Decade of Construction

Cause Year Unknown --29 30-39 40-49 50-59 60-69 70-- Total
1970 15.7 26.0 26.6 21,2 19,7 8.0 0.0 | 16.7
Corrosion 1971 14.2 15.5 37.3 28.0 13,0 8.2 0.0 14.4
1972 9.6 22,1 23.6 26,8 19.1 7.0 0.7 13.8
1973 6.4 30.8 28.8 24,2 21,5 12.3 1.8 15.2
1970 71.3 61.0 60.0 77.3 63,2 84.8 83.8 72.0
Outside 1971 69.8 46.3 45,7 61.3 67.5 80.9 79.1 67.3
Force - 1972 73.7 53,7 62.5 64.6 69.1 80.1 88.0 72.3
1973 74.5 52,7 48.1 57.6 59.1 74.9 84.1 67.9
1970 0.0 0.0 0.0 0.0 1.7 1.4 0.0 0.7
Construction| 1971 0.9 3.1 1.7 0.0 3.0 1.6 A 2.1
Defect 1972 0.9 0.0 0.0 0.0 1.1 1.6 3.8 1.3
1973 1.4 1.1 3.8 2.0 4.0 2.3 3.1 2.5
1970 5.6 11.7 6.7 0.0 10.3 2.9 0.0 5.8
Material 1971 10.4 28.9 13.6 8.6 11.8 6.0 7.7 11.7
Fatlure 1972 3.5 20.0 1.1 7.3 8.4 5.9 3.8 7.9
1973 9.9 9.9 13.5 10.1 6.7 5.3 4.3 7.7
1970 7.4 1.3 6.7 1.5 5.1 2.9 16.2 4.8
other 1971 4.7 6.2 1.7 2.1 4.7 3.3 8.8 4.5
1972 12.3 4.2 2.8 1.3 2.3 5.4 3.7 4.7
1973 7.8 5.5 5.8 6.1 8.7 5.2 | 6.7 6.7
Total 100% 1007 100% 100% 100% 1007, 100% 100%




2,2,8 Individual Fajlure Reports--Analyses of Leak Rate due to Third Party Damage

versus_Age of Pipeline

The analyses of leak rate due to third party damage versus age of .
the pipeline are presented in this section.

Table 2.30 gives leak rates caused by third party damage on distri-
bution mains, broken down by the decade of construction. For example,
during 1972, for mains constructed in the 1950's, there were 0,27 indi-
vidually reported leaks per 1,000 miles of main caused by third party
damage. The purpose of this table is to examine whether there is some
correlation between the age of the pipe and the third pérty damage leak
rate,

Again, the Duncan Multiple Range Test proved useful in determining
whether age has a significant effect. The data shows a general increase
in the leak rate with age, except for the 1970's. Indeed, at the o = 0.05
level, the test shows that, as a group, the systems installed in the 1950's
~and '60's have significantly lower leak rates than those constructed in the
1920's, '30's, '40's, and '70's.

\ There are several possible explanations for this sudden increase
inlleak rate in the 1970's. It may be that recently installed mains tend
to be in new construction areas and densely populated areas, and are more
likely, therefore, to be damaged by outside force. Another explanation
might be that recently installed mains are more often made of plastic
material which appears to be more susceptible to damage by outside force,
The higher leak rates for the 1920's, '30's, and '40's might be explained by
the fact that the older the line, the more likely it is to be poorly marked
and/or unmapped.

In éummary, there is some relationship between the age of the pipe )
and the third party damage leak rate.

Table 2.31 gives the third party damage leak rates on distribution
services broken down by the decade of constructibn. The purpose of the
data, like the data in Table 2,30, is to fiﬁd how the age of the s&stem
is related to the occurrence of third party damage.

In this system, the leak rates of the pipe constructed during 1930
are higher than those during 1970 but there is no statistically significant
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difference at the o = 0.05 level. However, the test confirms that the

'30's and '70'a' leak rates are higher than those of the other decades.
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TABLE 2,30

Leak Rate Due to Third Party Damage by Decade of Construction

Distribution Mains

Individual Failure Report Data

Measure: Leaks per year per 1,000 miles of pipe

Decade of Construction
1 2 3 4 5 6
Year ---29 30-39 40-49 50-59 60-69 70---
1970 0.68 0.73 | 0.46 0.32 ~  0.22 0.51
1971 0.36 - 0.45 0.49 0.31 0.25 0.84
1972 0.60 0.56 0.49 0.27 0.17 0.68
1973 0.64 0.34 0.55 0.22 0.19 0.66
MEAN | 0.57 0.52 0.50 0.28 0.21 0.67

Standard Error of Mean = 0,054

Degrees of Freedom = 18

Duncan Multiple Range Analysis

6 1 2 3 4 5 o= .05
0.67 . 0.57 0.52 0.50 0.28 0.21
6 1 2 3 4 5 o= .01
0.67 0.57 0.52 0.50 0.28 0.21
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TABLE 2,31

Leak Rate Due to Third Party Damage by Decade of Conmstruction

Distribution Services

Individual Failure Report Data

Measure: Leaks per year per 100,000 services
Decade of Construction
1 2 3 4 5 6
Year | -=-29 30-39  40-49  50-59  60-69  70---
1970 1.06 0.14 0.69 0.26 0.49 0.73
1971 0.86 0.46 -~ 0,58 0.43 6.35 0.59
1972 0.79 0,83 0.35 0.44 0.36 0.87
1973 0.95 0.36 0.39 0.27 0.27 0.82
MEAN 0.91 0.45 0.50 0.35 0.37 0.75
Standard Error of Mean = 0,080
Degrees of Freedom = 18
Duncan Multiple Range Analysis
1 6 3 2 5 4 o= .05
0.91 0.75 0.50 0.45 0.37 0.35
1 6 3 2 5 4 a= .01
0.91 0.75 0.50 0.45 0.37 0.35
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2.2,9 1Individual Failure Reports--Analyses of Leak Rates for Metallic versus

Plastic Pipe

This section presents four different areas of analyses as related
to the overall comparison of leak rate and safety for metallic versus

plastic pipe. These four areas of leak rate analyses are as follows:

1. Overall leak rates for metallic versus plastic pipe

2. Equipment-caused (usually excavation) leak rates for metallic
-versus plastic pipe |

3. Time required to stop the flow of gas after a leak in metallic
versus plastic pipe

4, 1Injuries, deaths, and property damage over $500 for leaks in

metallic versus plastic pipe

2.2.9.1 Comparison of Overall Leak Rates for Metallic versus
Plastic Pipe

Table 2.32 gives a leak rate comparison for metallic and plastic
pipe in distribution mains. The leak data comes for the individual report
and the mileage figures for metallic and plastic pipe come from the annual
report. A similar comparison is done for fittings even though the unit
of leak rate (leaks per 1,000 miles of pipe per year) may not be appropriate
for parts other than pipe itself,

Metallic materials consist of steel, cast iron, ductile iron,
wrought iron and copper. It is obvious in the table that the metallic
type has a lower leak rate than the plastic type in the leaks on pipe.
‘For fittings, little can be said about the comparison because the reported
numbers are so small,

For a statistical test, a simple test of two méans from normal dis-
tributions ("t'-test) was used, The test showed that a significant dif-
ference exists in the leak rates of metallic and plastic pipe at thé
o= 0.05 level. It is noted that, although the metallic materials in
aggregate give significantly lower leak rates than the plastic material,
this does not necessarily mean that any particular metallic pipe (copper

pipe, for example) yields lower leak rates than the plastic.
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TABLE 2.32

Comparison in Leak Rate Between Metallic and Plastic Systems

Distribution Mains

Individual Failure Report Data

Measure: Leaks per 1,000 miles of pipe
Year Part _ No. and Rate Metallic Plastic
No. Leaks 230 19
Pipe Leak Rate 0.421 0.91
1970 '
No. Leaks 21 1
Fitting Leak Rate 0.038 0.05
Pipe No. Leaks 324 38
Leak Rate 0.537 1.36
1971
No. Leaks 23 0
Fitting Leak Rate 0.038 0.0
Pipe No. Leaks 304 50
. P Leak Rate 0.493 1,52
1972
No. Leaks 31 4
Fitting Leak Rate 0.050 0.12
Pipe No, Leaks 313 58
P Leak Rate 0,501 1.41
1973
No. Leaks 28 3
Fitting Leak Rate 0.045 0.07
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Table 2.33 shows the leak rates for metallic and plastic pipes and
fittings in distribution services. As with distribution meins, plastic
pipe shows higher leak rates than metallic pipe, The existence of a sig-
nifiéant difference was indicated by the '"t-test" performed on this data.
For fittings, there doe; not appear to be any significant difference in
leak rates and because of the small number of reported leaks, a statistical’

test was not performed.

2.2.9.2 Comparison of Equipment-Caused Leak Rates for Metallic

versus Plastic Pipe

Table 2,34 compares the equipment-caused (usually excavation)
leak rates (leaks per 1,000 miles of pipe per year) for three material
types used for distribution mains. The leak data is based on reported
leaks caused by equipment operated by the company operator or by an
outside party. The data associated with several metals--such as copper,
wrought iron, and ductile iron--were so sparse that it was ignored in
this analysis,

The table shows that the plastic parts had more leaks on a per
1,000 mile basis in all three years. On the other hand, steel and cast
iron do not show any appreciable difference in their leak rates, The
Duncan Multiple Range Test supports this observation. It shows, at both
the ¢ = 0.05 and oy = 0.01 levels, that there is a significant difference
in leak rates between plastic and metals (steel and cast iron). But,
steel and cast iron do not differ significantly from each other.

In summary, plastic systems appear to be more susceptible to equip-
ment-caused damage than metallic systems,

Table 2.35 is similar to Table 2.34, but is for distribution
services, For this table, the data for cast iron, wrought iron, and ductile
iron were ignored because of its sparseness,

As was also observed in Table 2.34, plastic systems have higher
leak rates from equipment-caused damage. The Range test verifies this at
both ¢y levels, Also, based on the available data, one cannot detect any
difference in leak rates between steel and copper. |

In conclusion, plastic systems have a higher equipment-caused

leak rate than metallic systems,
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TAELE 2.33

Comparison in Leak Rate Between Metallic and Plastic Systems

Distribution Services

Individual Failure Report Data

Measure: Leaks per 100,000 services
! ? i
Year Part No. and Rate Metallic Plastic E
§
Pive No. Leaks 141 23 ;
P Leak Rate 0.458 1.72
1970 -
No. Leaks 39 1
Fitting Leak Rate 0.127 0.08
No. Leaks 160 35
Pipe Leak Rate 0.475 1.87
1971
No., Leaks 71 7
Fitting Leak Rate 0.211 0.37
Pipe No. Leaks 183 43
P Leak Rate 0.609 1.90
1972 .
No. Leaks 80 5
F .
itting Leak Rate 0.266 0.22
No. Leaks - 170 60
Pipe Leak Rate 0.479 1.88
1973
No. Leaks 59 4
Fitting Leak Rate 0.166 0.13
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TABLE 2.34

Equipment-Caused Leaks by Material Type:
Distribution Mains

Individual Failure Report Data

Measure: Leaks per year per 1,000 miles of pipe

Material :
i 2 3 é
Year Steel Plastic Cast iron
1970 0.27 0.86 0.29
) 1971 0.28 0.96 0.25
1972 0.25 1.36 0.22
1973 0.26 1.07 0.30 l
MEAN 0.26 1.06 . 0.26 %
Standard Error of Mean = 0,063
Degrees of Freedom =9

Duncan Multiple Range Analysis

2 3 1 a= .05
1.06 0.26 0.26
2 3 1 o= .01
1.06 0.26 0.26
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TABLE 2.35

Equipment-Caused Leaks by Material Type

Distribution Services

Individual Failure Report Data

Measure: Leaks per year per 100,000 services

Material
1 2 3

Year Steel Plastic Copper
o 1970 0.38 1.27 . 0.27

1971 ) 0.34 0.91 0.22

1972 ‘ 0.39 1.50 0.35

1973 0.28 1.19 0.26

MEAN 0.35 1.22" 0.27

Standard Error of Mean = 0,073

Degrees of Freedom

= 9

Duncan Multiple Range Analysis

" 1.22

1,22

1 3
0.35  0.27
1 3
0.35  0.27
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2.2.9,3 Comparison of Time to Stop a Leak in Metallic versus

Plastic Pipe

Table 2,36 gives the distribution of stoppage times for metallic
and plastic distribution mains, Stoppage time is defined, in this analysis,
as the time from the detection of a leak until it is stopped.

In this table, the stoppage times come from the 1973 individual
reports, The distrib&tions in 1970, 1971, and 1972 reports are not sig-
nificantly different from the distribution in 1973 reports, and therefore,
examining 1973 data alone serves our purpose.

The table gives both percentage of total leaks for each time
interval and its cumulative value, for both plastic and metallic, Comparing
the two materials indicates that plastic system leaks are, in most cases,
stopped more quickly than metallic systems, For plastic systems, 77
percent of all leaks are stopped in less than two hours, and all but a
small percentage are stopped in less than four hours. In metallic systems,
only about 47 percent of the leaks are stopped in less than two hours, and
about 77 percent of the. leaks are stopped in less than five hours. Approxi-
mately 6 percent of the leaks are not stopped for over twelve hours from
the time of being reported. The mean and standard deviation of the metallic
system leaks are relatively large. This is because a few of the leaks had
very long stoppage times,

In summary, one can conclude that leaks in plastic mains are generally
shut off quicker,

Table 2.37 gives an analysis similar to Table 2.36 on stoppage times
of metallic and plastic pipe systems in distribution services. When this
table is compared to Table 2.36, it is found that less time is taken to
stop the leaks in services than the leaks in mains. This is true for both
material types, '

A comparison of the times for plastic and metallic systems indicates
that leaks in plastic systems are stopped faster than leaks in metallic
systems, as was the case in distribution mains. Almost 84 percent of the
plastic system leaks were stopped within 2 hours. For metallic systems,
approximately 74 percent of the leaks were stopped in 2 hours, and 3.6 percent
of the leaks were not repaired for over 8 hours.

In summary, plastic systems in distribution services compare favorably

to metallic systems in terms of leak stoppage time.
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TABLE 2.36

Analysis of Times to Stop Leaks

Distribution Mains

Individual Failure Report Data

Stoppage Time Metallic Plastic
Range (Hours) % Total % Cumulative % Total % Cumulative
Less than 1 20.1 20.1 38.7 38.7
1-2 27;1 47,2 32.3 71.0
2 -3 15.7 62.9 16.1 87.1
3-4 10.8 73.7 6.5 93.6
4 -5 5.1 78.8 1.6 95.2
5-6 4.1 82.9 (Over 5)- 100.0%
4.8%
6 -7 4.1 87.0
7-8 2.4 89.4
8 -9 1.6 91.0
9 - 10 0.8 91.8
10 - 11 1.1 92.9
11 - 12 1.4 94,3
Over 12 5.7% 100.0%
Metallic Plastic
Number of Leaks 369 62

Mean Time
Standard Deviation

4,64 hrs. 1.
11.8 hrs. 1,

56 hrs.
37 hrs.
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TABLE 2.37

Analysis of Times to Stop Leaks

Distribution Services

Individual Failure Report Data

Stoppage Time Metallic Plast?c
Range (Hours) % Total % Cumulative % Total 1'% Cumulative
Less than 1 47.1 47.1 55.9 55.9
1 -2 27.2 74.3 27.9 83.8
2 -3 11.0 85.3 8.8 92.6
3 -4 2.6 87.9 (Over 3)- 100.0%
7.47
4 -5 4.8 92.7
5-6 1.5 94.2
6 -7 1.1 95.3
7-8 1.1 96.4
Over 8 3.6% 100.0%
Metallic Plastic
Number ;f Leaks 272 68
Mean Time 1.87 hrs, | 1.11 hrs.
Standard Deviation 3.15 hrs. | 0.96 hrs.
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2.2.9,4 Comparison of Individual Failure Reports, Injuries, Deaths,

and Property Damage Over $500 for Metallic versus Plastic Pipe

Q.') Table 2.38 compares metallic and plastic pipe in distribution mains
on the basis of four measures: (1) number of reported leaks, (2) number
of injuries, (3) number of deaths, and (4) number of incidences involving
property damage over $500. Each of these measures is normalized to a '
common base, per 1,000 miles of pipe per year,

In examining the number of reported leaks, it appears clear that
plastic systems in mains always have a greater number of leaks on a rate
basis than do metallic systems. A statistical test of means ("t"-test)
verifies this observation at the o = 0.05 level. Based on the data that
are available now, plastic systems generally appear to have a higher rate
of reported leaks than metallic systems,

The other three measures involving injuries, deaths, and property
damage have a wide variation compared to the average values, so that no
differences between metallic and plastic can be seen.

The analysis in Table 2,39 concerns distribution services, but
otherwise, it is similar to that in Table 2.38. Here the four measures
are normalized to a base of per 100,000 services. As in Table 2.38, the
measures involving injuries, deaths, and property damage have such a large
variance in relation to their means that no differences between metallic and
plastic can be seen.

In examining the individually reported leak rate (or number of
reports per 100,000 services per year), it appears that plastic systems
have a higher leak rate, and indeed a statistical test of means indicates a
significant difference at the ¢ = 0.05 level.

Thus, in terms of the number of leaks reported individually on a

pér unit basis, plastic systems cause more problems than metallic systems.
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TABLE 2.38

Comparison of Individual Reports, Injuries, Deaths,
and Operator's Property Damage Over $500
Metallic vs, Plastic Materials

Distribution Mains

Measure: Number reported per 1,000 miles of pipe

Classification Year Metallic Plastic
1970 0.53 0.96

Individual - 1971 0.63 1.36
Reports 1972 0.59 1.64
1973 0.59 1.51

, 1970 0.14 0.19
Injuries 1971 0.26 0.29
1972 0.20 0.24

1973 0.25 0.63

1970 0.01 0.0

1971 0.03 . 0.0

Deaths 1972 0.01 0.0
1973 0.03 0.05

Property 1970 0.10 0.05
Damage 1971 0.11 0.11
Over 1972 . 0.15 0.15
$500 1973 0.20 0.41
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TABLE 2.39

Comparison of Individual Reports, Injuries, Deaths,
and Operator's Property Damage Over $500
Metallic vs, Plastic Materials

Distribution Services

Measure: Number reported per 100,000 services

Classification Year Metallic Plastic
1970 0.67 1.87
Individual 1971 0.84 2,45
Reports 1972 1.06 2.34
1973 0.80 2.13
1970 - 0.16 0.23
1971 0.26 0.69
Injuries 1972 0.39 0.13
1973 . 0.22 0.50
1970 0.01 0.0
1971 0.02 0.0
Deaths 1972 0.06 0.0
1973 0.01 0.09
Incidents 1970 0.02 0.15
Involving 1971 0.03 0.11
Property 1972 0.05 0.0
Damage 1973 0.06 0.13
Over $500
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2.2,10 Individual Fajlure Reports--Analysis of the Circumstances Under Which Leaks
Were Caused by Equipment Operated by an Qutside Party

Table 2.40 shows the tabulation of the information concerning the ‘;;}
circumstances under which leaks were caused by equipment operated by an
outside party. The data are taken from Part B, Item 2, of the individual
leak reports,

The first column--"Prior Notification'--indicates whether the
operator received prior notification from the equipment operator that the
area would be excavated. The second column--"Mgrking"--shows whether the
pipeline was marked or identified. The third célumn--?Statute Requirement' --
asks whether the outside patty was required by statute or ordinance to
determine the location of the pipelines.

The entries in each column are given in percentage of the total
number of leaks for that column. For example, the percentage of the leaks
blamed on an outside party in mains in 1970, which correspond to '"Yes"
in all three classifications, is 10.4, or 16 of a total of 154 reported
(Case 1), That is, 16 individually reported outside party leaks occurred
on mains in 1970 when the outside party gave prior notification, the line
was marked, and there was a statute in effect requiring the outside party
to locate the line before excavation could begin. On the other hand,

27.3 percent (or 42) of the total leaks in mains correspond to "No' in

all three classifications (Case 8). And, in 1970, 7.1 percent of the leaks
.occurred where there was prior notification but no marking or statute
requirement (Case 4),

What one would like to determine from this table is the effect
these three factors, working together or independently, have on outside
party leak rates. Unfortunately, such an analysis cannot be done because
the data cannot be "normalized." To illustrate, consider the data for
1973 mains. We know that 12,7 percent occurred with all three factors
working (Case 1), and 28.2 percent occurred when none of the three factors
were working (Case 8). However, we do not know how many excavations took
place in these categories when no damage occurred., For example, suppose
there were 10 times as mahy excavations by qutside parties under Case 8

conditions as compared to Case 1 conditions. 1f this were true, it would
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TABLE 2,40

Three-Way Classification of Leaks Resulting from the Damage by Outside Party

Measure: Percentage of Leaks
Individual Failure Report Data System
Prior Statute Mains Services Transmission
Case Notification Marking Requirement 70 71 72 73 70 71 72 73 70 71 72 73
1 Yes Yes Yes 10.4 9.7 7.7 12.7 18,5 15.7 10.6 8.8 1.9 0.9 2.3 0.6
2 Yes Yes No 29.3 25.8 24,3 31.5 15.4 15.0 18.4 19,2 14.8 8.5 10,2 10.3
3 Yes No Yes 1.3 0.0 .6 1.1 1.5 1,6 0.7 4.0 .9 0.0 0.0 0.0
4 Yes No No 7.1 3.4 3.0 3.5 4.6 8.7 4.3 7.2 1.9 0.9 0.0 0.0
5 No Yes Yes 1.9 1.1 2.4 2,8 2.3 1.6 2,1 0.0 3.7 2.6 5.5 7.1
6 No Yes No 13.0 13.1 18.9 13.8 9.2 10.2 13.5 8.0 59.3 73.5 65.6 64,5
7 No No Yes 9.7 5,7 7.1 6.6 8,5 18,1 11.3 10.4 0.0 0.0 3.1 0.6
8 No No No 27.3 41,2 36.0 28.2 40,0 29.1 39.1 42.4 17,5 13.6 13.3 16.8
1007 1007 100% 100% 1007 1007 100% 1007 1007 1007 100% 100%
) Total Reported 154 175 169 181 130 127 141 125 108 117 128 155




indicate that proportionately fewer leaks occurred under Case 8 conditions

than Case 1 conditions. Thus, for such data to be useful in determining
the effect of these factors, one would need to know something about the ‘;;D
number of incidences of '"no leak" under each of the conditions, Unfortunately,

such data is not currently available and might be difficult to collect in

the future,
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2.2.11 1Individual Failure Reports--Analysis of Lecks as a Function of the Estimated
Percentage of Maximum Allowable Pressure at Point and Time of Leak

c_ ) Incident

Table 2.41 shows the relative percentages of the different estimated

pressure levels at the point and time of the leak incident as a percentage
of maximum allowable operating pressure for the distribution and the trans-
mission systems., The tabulation is based on the four yvears of individual .
leak reports. The purpose of thié tabulation is to find the percentage
of the incidents where the pressure level at the point and time of the leak,
exceeded the maximum allowable level.

In distribution system leaks, the estimated pressure is shown to
have exceeded the maximum pressure by less than 10 percent in 13.9 percent
of the incidents. In transmission leaks, the figure is 2.4 percent. 1In
only a very small number of incidents did the estimated pressure exceed

the maximum by more than 10 percent.
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TABLE 2.41

Analysis of the Estimated Pressure at Point and Time of Incident
as Percent of Maximum Allowable Operating Pressure
1970-1973 Leak Reports

Number of reports providing data on pressure levels:

Distribution = 3,223
Transmission = 1,590

Individual Failure Report Forms

[

] umber of i s
Ratio of Estimated Pressure Percent of Total Number of Report

to Maximum--in Percent , Distribution Leaks Transmission Leaks
0 - 20% | 4.0% 2.3%
20 - 40 4.3 6.9
40 - 60 25.1 14.3
60 - 80 23.6 33.4
80 - 100 \ 18.4 39.9
100 - 110 13.9 2.4
Over 110% 0.7 0.8
100% 100%

Average Values of Estimated-Incident/Maximum Allowable:

Distribution = 63.7%
Transmission = 71.5%
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2.3 ANALYSIS OF ANNUAL REPORTS

Table 2,42 presents a listing of all data tables prepared in the
analysig of annual reports filed by pipeline operators., This listing is
presented for reference to the sections that follow covering the various
types of analyses which were performed, using annual report data. 1In
many cases the analyses have a parallel to those performed for individual
failure report data, as presented earlier in Section 2.2,

- Each of the following sections includes the analyses of the trans-
mission and distribution segments of the pipeline system for the particular
parameter that is being evaluated for its effect on leak rate and pipeline
safety. y

The results of each analysis of data are presented as the individual
parameters are considered, followed by a summary statement of conclusions.
These conclusions are compared in Section 2.4 with those obtained from

the analysis of data submitted on the individual failure report forms.
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Listing of Data Tables for All Analyses,

TABLE 2.42

Prepared from Annual Report Forms

(Forms DOT F 7100.1 -1 and DOT F 7100.2-1)

1 2 3 4 5 6 7 8
No. of Years of Part of Part Which Cause of Measure Analysis Parameter Part of Annual
Table Data System Leaked Leak of Leaks Report where Data
Analyzed Obtained
2.43 70-73 Distribution Pipe All Leakg/Year/ Decade of Part D: NR*
Mains Types 1,000 miles Construction
of Pipe
2.44 70-73 Distribution Pipe All Leaks/Year/ Decade of Part E: NR
Services Types 100,000 Construction
Services
2,45 70-73 Transmission | Body of All Leaks/Year/ Decade of Part D: NR
Pipe Types 1,000 miles Construction
of Pipe
2.46 70-73 Transmission Welds All Leaks/Year/ Decade of Part D: NR
Types 1,000 miles Construction : N
of Pipe
2.47 70-73 Gathering Body of All Leaks/Year/ Decade of Part E: NR
Pipe Types 1,000 miles Construction
of Pipe ’
2.48 70-73 Distribution | All Parts --- Percent of Cause of Leak and Part F: R** & NR
Mains and Total Leaks Decade of
Services Cons truction

* "NR" stands for the non-feported leaks.

*% VR

stands for the reported leaks.
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TABLE 2.42 Listing of Data Tables for All Analyses,
Prepared from Annual Report Forms
Cont inued
1 2 3 4 5 6 7 8
-
No. of Years of Part of Part Which Cauge of Measure Aralysis Parameter Part of Annual
Table Data System Leaked Leak of Leaks Report where Data
Analyzed ) L Obtained
2.49 70-73 Transmission All Parts --- Percent of Cause of Leak and Part F: R & NR
and Total Leaks| Year of
Gathering Construction
2,50 70-73 Distribution - All Percent of Part which Leaked Part D: NR
Mains types Leaks and Decade of
Construction
r..- . - s e
2.51 70-73 Distribution - All Percent of Part which Lealed Part E: NR
Services Types Leaks and Decade of
; Coustruction
L. e e b i .
2.52 70-73 Transmission - All Peivcent of Part which Leaksad Part D: NR
: types Leaks and Decade of
I Construction |




2.3.1 Annual Report--Analyses Related to Age of Pipeline System

The analyses of leaks and leak rates for various parts of the
pipeline system as a function of age of the system are presented in this
section,

The purpose of Table 2.43 is to present an analysis of the leaks
for distribution mains as a function of the age of the pipe. These
leaks were shown on the annual reports for which an individual report
was not filed.. Analysis of the "non-reported" leaks is important because
they account for more than 99 percent of the total leaks reported on the
annual report. It was observed in Table 2.12 that the leak rate of the
individually reported leaks increases as the pipe becomes older. The
same result is seen in this table.

The range test shows that,‘at the v = 0.05 level, the leak rates
of pipelines constructed before 1940 are higher than the leak rates for
pipelines constructed in the 1940's, and this leak rate in turn is higher
than for pipelines constructed in the '50's, '60's and '70's. This pattern
of leak rates can partially be explained by the increase in leaks resulting
from corrosion in older pipe, with only the leak rate for the '70's not
fitting this pattern.

The leaks on pipe of unknown decade of construction are about
25-to-30 percent of the total leaks. However, for statistical analysis
of age effect, they are ignored in this table., When such a large portion
of data must be ignored in an analysis, it could seriously bias any
meaningful statistical analysis., For example, if "unknown' tends to be
old pipe, then actual leak rates for old pipe would be much higher than
this analysis would show.

Table 2.44 presents an analysis of the non-reﬁorted leaks broken
down by the decade of construction for distribution services in the same
format that Table 2,43 presents for mains,

3 Again using the oy = 0,05 level of significance, it can be seen that
the leak rate of services constructed in the 1930's is significantly higher
than the other decades. The leak rates for services constructed before 1930
and the decade of the '40's do not differ significantly from each other.
Likewise, fhe leak rates of the 1940's, '50's, and '70's do not differ

significantly from each other. However, if we group the services constructed
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TABLE 2.43

Leak Rate on Pipe by Decade of Construction

Distribution Mains

Annual Report Data

Measure: Leaks per year per 1,000 miles of pipe

Decade of Construction
1 2 3 4 5 6
Year --=29 30-39 40-49 50-59 60-69 70-~~
1970 468.9 472.1 362.4 184.0 136.5 314.4
1971 929.1 724.7 474.8 219.8 71.2 151.5
1972 727.0 629.1 472.2 206.8 60.0 111.0
1973 810.9 755.7 500.8 218.8 64,2 120,0
MEAN 734.0 645.4 452.1 207 .4 83.0 174.2

Standard Error of Mean = 53.5

Degrees of Freedom = 18

Duncan Multiple Range Analysis

1 2 3. 4 6 5 o= 0.05
734.0 645.4 452.1 207.4 174.2 83.0

1 2 3 4 6 5 @ = 0.01
734.0  645.4  452.1  207.4  174.2  83.0 |
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TABLE 2.44

Leak Rate on Pipe by Decade of Construction

Distribution Services
Annual Report Data

Measure: Leaks per year per 100,000 services

Decade of Construction
1 2 3 4 5 6
Year --=29 30-39 40-49 50-59 60-69 70-~-
1970 556.1 680.4% 419.3 260.6 229.1 478.3
1971 848.0 1179.9  789.9 457.8  260.3 519.6
1972 972.2  1234.4 851.9 580.0 269.1 400.6
1973 997.9 1414.4 909.9 521.4 309.8 460.3
‘MEAN 843.6 1127.3 742.8 455.0 267.1 464.7
Standard Error of Mean = 93.9
Degrees of Freedom = 18
Duncan Multiple Range Analysis
2 1 3 6 4 5 o = 0.05
1127.3 843.6 742.8 464.7 455.0 267.1
2 1 3 6 4 5 a= 0,01
1127.3 843.6 742.8 464,7 455,0 267.1
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in the 1920's, '30's, and '40's together (calling it "older" pipe)

and group the services constructed in the 1950's, '60's, and '70's together
(calling'it "newer" pipe), then the leak rates for older pipe are significantly
higher than for newer pipe.

Even though the observed differences in leak rates seem quite
large, the lack of more statistically significant differences can be
attributed to the large year-to-year variance in the data for some decades,
This variance is caused primarily by the large differences in leak rates
reported for the year of 1970 as compared to the three subsequent years.

Here again, leaks in services of unknown construction cate, account
for a large portion of the data--from 25-to-37 percent in Qarious years.

Table 2.45 gives the breakdown of leak rate on the body of the
pipe by decade of construction in transmission systems (excluding gathering).
The average leak rates for piﬁelines constructed in the 1920's and the '30's
appear much higher than the leak rates of pipelines constructed in the
subsequent decades,

The range test for an o = 0.05 significance level shows that pipe-
lines constructed in the 1920's and the '30's have significantly higher leak
rates than pipelines constructed in other decades, and that they are also
different from each other. No significant differences exist in leak rate
among the decades after 1940, 4

The analysis in Table 2.46 is presented to show whether the age of
the pipe is related to the leaks originating from welds on the pipe in
transmission systems, The range test shows that pipelines constructed in
the '30's have a significantly higher leak rate on welds than pipelines
constructed after 1940. The leak rate on welds for pipelines constructed
in the '20's and '30's do not differ significantly.

Table 2.47 is similar to Table 2.45 except that the gathering system
is considered instead of the transmission system, All of the non-reported
leaks considered”in this table originate from the body of the pipe. The
average leak rate of pipelines constructed in each decade is found to increase
as the pipeline gets older, except for the pipelines constructed in the
1970's, which have a higher than expected leak rate.

While the average leak rates do generally increase with age, the

Duncan Multiple Range Test indicates that at the g = 0.05 confidence
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level, pipe constructed prior to 1930 has a significantly higher leak rate
than the other decades. The leak rates for the 1930's, '40's and '70's

are not significantly different, and neither are the leak rates for the
1940's through the '70's as a group. This lack of statistical significance
between the leak rates for each decade, even when there is an apparent
trend in the data, is due to the large variance in the data for each of the
four reporting years, For example, notice that for pipelines constructed

in the 1970's, the leak rates vary from 485.9 to 14.4.
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TABLE 2.45
Leak Rate on Body of Pipe by Decade of Construction

Transmission Systems
Measure: Leaks per year per 1,000 miles of pipe

Annual Report Data

Decade of Construction
1 2 3 4 5 6
Year --=29 30-39 40-49 50-59 60-69 70---
1970 511.7 139.0 39.4 10.3 15.0 73.5
1971 364.0 126.7 54,6 15.2 10.4 62.9
1972 477.4 117.8  68.2 11.2 5.7 8.4
1973 478.6 127.7 45.9 14.6 5.9 7.9
MEAN 457.9 127.8 52.0 12.8 9.3 38.2

Standard Error of Mean = 15.3
Degrees of Freedom = 18
Duncan Multiple Range Analysis
1 2 3 6 4 5 o= 0.05

457.9 127.8 52.0 38.2 12.8 9.3

1 2 3 6 4 5 o
457.9 127.8 ~52.0  38.2 12.8 9.3

it

0.01
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TABLE 2.46

Leak Rate on Welds by Decade of Construction

Transmission Systems

Measure: Leaks per year per 1,000 miles of pipe
Annuai Report Data
Decade of Construction
1 2 3 4 5 6
Year --=29 30-39  40-49 50-59 60~69 70=--
1970 4.2 8.1 4.9 1.9 2.6 4.0
1971 2.6 7.2 3.3 1.5 1.9 4,1
1972 6.1 3.3 3.5 1.9 1.7 2.3
1973 4.1 5.3 2.4 1.4 1.1 3.2
MEAN 4.3 6.0 3.5 1.7 1.8 3.4
Standard Error of Mean = 0.61
Degrees of Freedom = 18
Duncan Multiple Range Analysis
2 1 3 6 5 4 a = 0.05
6.0 4.3 3.5 3.4 1.8 1.7
2 1 3 6 5 4 a= 0.01
6.0 4.3 3.5 3.4 1.8 1.7
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TABLE 2,47

Leak Rate on Body of Pipe by Decade of Construction

Gathering Systems

Measure: Leaks per year per 1,000 miles of pipe

Annual Report Data

Decade of Construction

1 2 3 4 5 6
Year ---29 30-39  40-49 50-59  60-69 70---
1970 598.3 219.1 251.0 62.0 128.5 485.9
1971 509.4 177.0 149.7 83.4 33.4 311.7
1972 774.0 464.6 238.4 120.9 28.1 71.9
1973 597.4 366.6 285.3 114.4 43.4 14.4
MEAN 619.8 306.8 231.1 95.2 58.4 221.0
Standard Error of Mean = 59,2
Degrees of Freedom = 18
Duncan Multiple Range Analysis
1 2 3 6 4 5 @ = 0.05
619.8 306.8 231.1 221.0 95.2 58.4
1 2 3 6 4 5 a = 0.01
619.8 306.8 231.1 221.0 95.2 58.4
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2.3.2 Annual Report--Analyses Related to Cause of Pipeiine System Leaks

The analyses of the causes of leaks reported for the distribution,
transmission, and gathering portions of pipeline system operations,
are presented in this section,

Table 2.48 classifies the leaks in distribution systems by cause
for each decade of construction of the pipe. The data comes from Part F of
the annual report for distribution systems. The numbers in each column
indicate the relative frequency of leaks for four major causes of leaks,
with the remaining data shown as ''other'" causes. For exampie, in the
systems constructed in the 1960's, the leaks are caused by corrosion about
28 percent of the time, by outside forces about 23 percent of the time,
and by construction defects and material failures about 10 percent and 14
percent of the time, respectively.

The annual report form does not separate mains and services in
Part F, and mains are measured in miles, and services in number of services,.
For this reason only "percentages" can be calculated, not leak 'rates.,"
Thus, little can be said, in explicit terms, of the relative ranking among
the decades.

Table 2.49 shows an analysis of the repaired leaks in transmission/
gathering systems by cause for each time interval in which a pipe system
was installed. Notice the difference in the size of time interval between
Tables 2,48 and 2,49,

The data shows that corrosion is the most important cause of non-
reported leaks in transmission pipelines, accounting for approximately
77 percent of the total leaks. The next most important cause of leaks
is material failure which accounts for about 10 percent of total leaks.
Leaks produced by outside forces are only 3 percent of total leaks. The
comparison of this data with the corresponding data in the individual
reports is a point of interest, and is taken up in the discussion found in
Section 2.4 of this chapter. The same limitations in data analysis
occur as with Table 2.48 in that no statistical tests can be performed

on such percentage data.
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TABLE 2.48

Classification of Leaks by Cause for Each Decade of Construction

Distribution Systems
Annual Report Data

C

Decade of Construction

Year Unknown- ~-=29 30+39 -40~49 50-59 60-69 70-- Total
1970 44,1 49.8 64.6 62.9 84,0 31.8 35.5 46.8
1971 40,9 46.8 65.5 58.8 48.5 27.6 18.3 43.4
Corrosion .
1972 41,2 49,2 65.3 64.3 54.3 26.7 20.5 45,2
1973 44,8 51.2 65.4 64.3 54,1 27.2 10.7 45.4
1970 15.9 7.2 5.8 7.2 11.9 23.9 23.3 14.5
Outside 1971 15.0 9.7 7.2 8.4 11.8 23.6 37.0 15.2
Force .
1972 14.2 6.2 7.0 7.2 9.3 19.2 37.9 13.2
1973 13.8 6.3 8.3 7.2 9.5 19.1 41,1 13.9
1970 3.1 1.2 1.4 2.5 4.4 8.3 10.1 4.3
Construc- | 1971 6.4 1.6 2.1 3.4 5.5 8.2 9.5 5.3
tion }
Defect 1972 4.2 1.8 3.1 4.4 6.5 12.4 10.8 5.9
1973 6.1 1.8 3.4 4,2 6.3 11.6 10.2 6.2
1970 10.2 10.5 7.2 8.3 9.9 12.4 12.0 10.3
Material 1971 9.6 11.1 7.0 8.6 10.8 12.8 8.8 10.2
Failure
1972 8.8 9.8 7.5 7.1 9.4 14,8 8.7 9.7
1973 9.7 10.1 7.8 7.8 9.8 15.6 10.5 10.5

(Table continued on following page)
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TABLE 2.48 Continued

Classification of Leaks by Cause for Each Decade of Construction

Distribution Systems:

Decade of Construction

Year Unknown --29 30-39 40-49 50-59 60-69 70-- Total

1970 26.7 31.3 21.0 19.1 19.8 23.6 19.1 24,1

1971 28.1 30.8 18.2 20.8 23.4 27.8 26.4 25.9
Other . .

1972 31.6 33.0 17.1 17.0 20.5 26.9 22.1 26.0

1973 25.6 30.6 15.1 16.5 20.3 26.5 27.5 24.0
Total 100% 100% 100% 100% 100% 100% 100% 100%




TABLE 2,49
Clessification of Leaks by Cause for Each Decade of Construction

Transmission/Gathering Systems -

68-2

Annual Report Data
Decade of Construction

Year Unknown --59 60-64 65-67 68-69 70-- Total
1970 76.4 80.0 50.9 65.3 84.4 76.6 78.4
1971 65.7 80.2 56.2 58,4 65.3 78.7 73.7
Corrosion - 1972 79.4 81.6 56.9 56.3 28.6 58.8 78.8
1973 80.5 80.1 62.4 59.5 42.6 39.2 78.1
1970 2.5 1.6 12.1 9.2 4.4 5.9 2.6
Outside 1971 1.6 3.2 10.0 1.1 10.7 8.0 3.4
Force 1972 2.9 1.8 8.9 7.8 17.1 10.2 2.8
1973 2,7 2.2 16.8 12.6 11.8 13.3 3.2
B 1970 0.7 1.4 12.2 8.6 3.9 | 2.9 1.7
Construction 1971 0.7 2.0 10.8 10.5 6.2 2.1 2.0
Defect 1972 0.9 2.1 9.6 8.4 17.4 | 10.2 2.6
1973 0.6 1.3 5.4 8.5 9.1 16.9 1.8
i 1970 0.2 10. 1 17.1 11.8 | 3.9 | 8.0 7.6
Material 1971 19.4 10.3 10.6 13.8 12.3 5.8 13.4
Failure 1972 7.6 8.4 15.7 11.4 10. 1 11.8 8.6
1973 12.7 7.2 7.5 6.2 133 | 119 8.6
1970 18.2 6.9 7.7 51 | 3.4 | 6.6 9.7
1971 12.6 4.3 12.4 6.2 5.5 5.4 7.5
Other 1972 9.2 6.1 8.9 16.1 26.8 9.0 7.2
1973 3.5 9.2 7.9 13.3 232 18.7 8.3
Total 1007, 100%, 1007, 100%  100%  100% 100%,




7
2.3.3 4nnual Report--Analyses of Part of Pipeline System Where Leaks Occurred

The analyses of the part of the pipeline system which failed and
produced a leak are presented in this section,

Table 2.50 gives a breakdown of leaks for distribution mains by
the part which failed for each decade of construction and an overall total.
For example, the overall total shows that about 71 percent of all leaks are
or. the pipe itself, while about 1l perceat of the leaks occur on fittings.
dowever, looking only at systems installed in the 194CG's, about 80 peréent
(from 79.0 to 84,3 percent) of the leaks are on the pipe.and only 8 percent
(from 5.8 to 9.9 percent) occur on the fitrings., Although it is not
indicated in this table, the column labeled "unknown" accounts for 24
percent of the data reported. That is, 24 percent of the repaired leaks
are made on pipeline components that are of unknown age. ‘

Because this data is expressed as perceantages rather than as leak
rates, the conclusions that can be drawn are quite limited., For example,
the percentage of leaks on valves decreases with age, but this does not
say that new valves are more likely to leak than old ones. To say some-
thing about this would require one to know the number of valves in each
age category and to normalize ﬁhe data; however, this information is not
available, 1In fact, notice that each column must add up to 100 percent.
Thus, if in a given decade the percentage of leaks in one part increases,
then the percentage of leaks in all the remaining parts would have to
decrease,

Similarly, the data indicates that, overall, valves account for
about 6 percent of the repaired leaks, and fittings account for about
11 percent. One cannot conclude from this that the probability of a
fitting's leaking is twice that for a valve., To make a statement of this
nature, one would need to know the relative number of valves and fittings
that are in the system.

In summary, this table shows that the pipe itself accounts for
a great majority of the leaks (approximately 71 percent), that fittings
account for approximately 11 percent, and valves account for about 6 percent.
0f the remainder of the parts, each accounts for a very small percentage

of all repaired leaks.,
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TABLE 2.50

Classification of Leaks by Part Which Leaked for Each Decade of Construction
Distribution Mains

Annual Report Data

Decade of Construction

16-C

Part Repaired Year Unknown -=-29 30-39 40-49 50-59 , 60-69 70-- Total
1970 85.4 82.6 78.6 84.3 83.0 81,0 70.2 73.9
Pipe 1971 83.5 85.9 78.6 79.8 77.8 65.4 62.5 72.3
1972 74.1 72.9 77.7 79.0 73.1 61.0 70.4 70.3
1973 72.4 70.2 75.3 75.6 69.3 54.3 66.6 66.6
1970 " 2.8 1.7 3.5 3.6 5.5 5.7 8.6 4.8
Valve 1971 3.4 1.5 3.7 4.5 7.1 11.6 | 11.0 5.3
1972 5.6 1.9 4.0 5.8 11.3 15.9 9.2 6.4
1973 5.4 2.5 5.9 7.3 14.2 20.6 10.1 8.8
1970 4.8 7.8 9.0 5.8 6.5 7.2 10.5 9.0
Fitting 1971 6.2 6.0 9.6 9.0 9.1 12.6 12.4 11.4
1972 10.6 10.2 10.4 8.4 9.0 12.6 9.9 11.4
1973 9.9 13.3 10.3 9.9 9.6 14.4 12.4 11.9
1970 1.1 1.7 1.6 1.1 0.8 0.9 0.9 1.2
1971 1.1 1.3 1.3 1.3 1.2 1.6 1.1 1.2
Drip 1972 1.1 1.5 1.4 1.0 1.1 1.3 0.9 1.2
1973 1.2 1.4 1.4 1.7 1.5 1.7 1.3 1.4
1970 0.9 0.2 0.6 0.5 0.8 1.1 2.5 0.7
| 1971 0.7 0.1 0.3 0.3 0.6 1.3 2.1 0.5
Regulator 1972 0.6 0.1 0.2 0.3 0.5 1.6 1.7 0.5
1973 0.6 0.1 0.2 0.3 0.6 1.5 1.5 0.5

(Table continued on next page)
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TABLE 2.50 continued

Classification of Leaks by Part Which Leaked for Each Decade of Construction

A

Distribution Mains

Decade of Construction

Unknown

Part Repaired | Year —-29 | 30-39 | 40-49 | 50-59 | 60-69 | 70-- Total
1970 0.8 1.1 2.2 2.0 1.8 2.0 2.8 1.4
Tap 1971 1.2 0.7 1.3 1.6 1.6 3.8 5.7 1.6
Connection 1972 1.2 0.8 1.0 1.4 1.8 3.1 3.0 1.4
1973 1.5 1.0 1.1 1.5 1.6 2.8 3.9 1.5
1970 4.2 4.9 4.5 2.7 1.6 2.1 4.5 9.0
1971 3.9 4.5 5.2 3.5 2.6 3.7 5.2 7.7
Other 1972 6.8 12.6 5.4 4.1 3.2 4.5. | 4.9 8.8
1973 9.0 11.5 5.8 3.7 3.2 4.7 4.2 9.3
Total 100% 100% 100%  100% 1007, 1007 100% 1007,




Table 2.51 is the summary of leaks for distribution services,
showing the relative magnitude of leaks for each part within each decade
of comnstruction, The table is similar *to Table 2.50 which is for dis-
tribution mains. The column under "total" shows that, on the average,
the percentages comprising the total leaks in the annual report are
approximately 56 percent for pipe, 20 percent for fittings, 8 pefcent for
valves, 4 percent for regulators, and 3 percent for tap connections. |

One can state from this data that the probability of a leak on
the 1970's decade pipe coming from a valve is about 8 percent, while
the probability of a leak on the '30's decade pipe coming from a valve
is only about 5 percent. However, one must be very careful in under-
standing this statement: It does not say that a 1970'5 valve is more
likely to leak than a 1930's valve.

In summary, because the data are in percentages, the data have
limited value in analyzing the leak rates of the pipe components. Only
limited conclusions can be drawn in this table, as was discussed in more
detail in Table 2,50,

Table 2.52 gives a breakdown of leaks in the transmission systems
by parts for each decade of construction, The leaks in the gathering
systems are not included in the table. A discussion of the limited use-
fulness of this type of data is given in Tables 2.50 and 2.51. The data
provide the freqﬁency of leaks on a particular part, relative to the fre-
quencies of leaks on the rest of the parts within each decade.

It is seen in the column under '"total" that the overall percentages
of contributions to the total number of leaks are approximately 73 percent
by body of pipe, 12 percent by fittings, 3 percent by welds, 3 percent
by valves, and 1 percent by tap connections, Thus the leaks on the body

of pipe are by far the most important cause,
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TABLE 2.51

Classification of Leaks by Part Which lLeaked for Each Decade of Construction
Distribution Services
Annual Report Data

Decade of Construction

Part Repaired Year Unknown --29 30-39 40-49 50-59 60-69 70-- Total
1970 80.3 86.7 75.4 76.2 67.9 61.2 50.9 61.9
1971 71.2 83.1 73.6 71.0 67.8 55.2 53.2 59.5
Pipe 1972 56.0 80.6 | 67.9 | 64.3 | s6.9 43.7 | 46.9 52.0
1973 56.0 80.6 65.2 64.4 55.9 43,7 48.5 52.2
1970 4.6 2.6 4.4 5.3 6.8 7.9 9.6 7.6
Valve 1971 7.0 3.4 5.1 6.7 7.8 9.5 8.1 8.4
1972 9.7 3.8 5.4 7.1 8.0 11.1 7.1 7.8
1973 9.7 3.9 5.6 6.2 8.6 10.6 8.1 8.0
1970 7.2 5.9 11.4 10.7 15.1 15.5 20.0 14.7
. 1971 10.2 7.2 11.9 11.9 12.8 17.5 19.4 17.1
Fitting 1972 16.9 8.8 17.6 18.9 22.4 27.2 25.7 22.7
1973 16.1 9.6 18.7 17.9 22.6 30.3 23.7 24.5
1970 0.2 0.2 0.2 0.2 0.2 0.2 0.3 0.2
Drip 1971 0.4 0.3 0.5 0.2 0.2 0.4 0.2 0.3
1972 0.3 0.2 0.1 0.1 0.2 0.2 0.3 0.2
1973 0.3 0.2 0.2 0.2 0.1 0.2 0.2 0.2
1970 1.6 0.9 2.0 1.8 3.2 4,2 8.1 3.9
Tap' 1971 3.3 0.9 2.1 2.7 3.5 5.1 6.3 3.7
Connection 1972 4.6 0.4 1.7 2.6 3.8 4.5 5.9 3.5
1973 4,7 " 0.5 2.7 3.2 3.8 3.5 7.5 3.8

O

(Table continued on Following Page)
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TABLE 2.51 continued

Classification of Leaks by Part Which Leaked for’Each Decade of Construction

Distribution Services

Decade of Construction

Part Repéired Year Unknown -=29 30-39 40-49 50-59 60-69 70-- Total
1970 2.6 2.1 4.5 3.3 4.0 5.8 | 4.1 3.9

Tap 1971 2.9 2.1 2.9 3.4 3.5 5.3 6.0 3.4
Connection 1972 3.5 1.4 2.4 2.6 2.8 4.1 3.8 2.8
1973 2.9 1.9 2.9 2.8 3.0 3.6 4.0 2.8

1970 3.5 1.6 2.1 2.5 2.8 5.2 7.0 7.8

other 1971 5.0 3.0 3.9 4.1 4.4 7.0 6.8 7.6
1972 9.0 4.8 4.9 bt 5.9 9,2 10.3 11.0

1973 10.3 3.3 4.7 5.4 6.0 8.1 8.0 8.5

“Total 100% 100% 100% 100% 100% 100%  100% 100%
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TABLE 2.52

Classification of Leaks by Part Which Leaked for Each Decade of Construction
Transmission Systems
Annual Report Data
' Decade of Construction

96-2

Part Repaired Year _ Unknown -<29 30-39 40-49 50-59 60-69 70-- Total
1970 74.0 84.6 83.4 72.8 64,0 67.7 79.4 72.8
g?dy 1971 82.8 83.1 81.9 84.1 76.8 69.2 82.8 75.0
Pipe 1972 85.9 84.6 82.0 90.0 | 65.4 47.5 55.5 70.3
1973 88.9 85.3 84.5 | 85.9 73.8 59.0 41.9 | 75.4°
1970 1.0 0.4 2.7 6.5 6.3 6.7 2.5 2.1
Girth 1971 0.3 0.5 2.8 3.7 4.2 6.8 2.9 2.0
Weld 1972 0.9 0.7 1.6 2.3 7.2 7.8 8.1 1.9
1973 0.3 0.6 3.0 3.0 3.8 6.8 10.1 1.7
1970 0.2 0.0 1.7 1.7 5.1 3.3 1.8 1.1
songltudinal 1971 0.1 0.1 1.5 1.1 2.6 3.1 1.7 1.0
1972 0.1 0.2 0.6 1.8 3.1 5.0 3.0 0.9
1973 0.0 0.1 0.4 0.8 3.1 2.0 2.1 0.5
1970 0.1 0.3 0.4 0.8 0.7 1.6 0.0 0.4
Other 1971 0.1 0.1 0.4 0.2 0.9 3.0 0.9 0.9
giiéd 1972 0.1 0.2 0.1 0.5 0.9 1.5 1.2 0.3
1973 0.1 0.1 0.1 0.6 | 0.3 | 1.8 4.8 0.3
1970 0.2 0.0 0.0 0.5 2.4 1.6 0.2 0.4
Compressor 1971 1.6 0.1 0.0 0.3 0.2 1.4 0.1 0.5
1972 0.0 0.1 | 0.0 0.2 0.9 4.6 2.7 0.9
1973 0.0 0.2 0.1 0.6 1.3 1.5 4.8 0.4
1970 4.1 0.5 0.4 1.5 3.1 4.3 4.8 1.9
1971 2.5 0.2 0.6 0.7 4.3 3.8 2.5 2.2
valve 1972 2.0 1.2 2.1 1.4 5.0 8.3 6.0 8.0
1973 2.1 1.2 0.7 1.8 3.9 5.1 | 4.8 1.7

O (Table continued on following page) - O
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TABLE 2.52 continued

Classification of Leaks by Part Which Leaked for Each Decade of Coustruction

Transmission Systems

Decade of Construction

Part Repaired Year Unknown -~29 30-39 40-49 50-59 60-69 70-- Total
1970 0.0 0.0 0.0 0.0 0.0 0.1 0.0 0.0
Scraper 1971 0.0 0.0 0.0 0.0 0.0 0.2 0.0 0.0
Trap 1972 0.0 0.0 0.0 0.1 0.0 0.0 0.0 0.0
1973 0.0 0.0 0.0 0.0 0.0 0.0 0.2 0.0
1970 2.6 1.5 0.9 1.6 4.l 4.1 2.1 1.9
Tap 1971 2.3 0.7 1.3 0.9 1.9 0.9 0.8 1.4
Connection 1972 2.0 0.2 0.7 0.4 1.4 3.9 3.6 0.9
1973 1.2 0.5 0.6 1.0 2.0 1.0 2.4 0.8
1970 11.5 9.3 4.7 3.7 5.2 7.0 4.6 12.6
Fitting 1971 7.0 11.0 8.3 6.8 5.8 7.5 6.4 13.0
1972 6.9 8.6 6.6 2.2 10.7 8.0 12.8 11.5
1973 5.6 9.2 5.0 3.9 5.7 17.0 | 23.0 12.3
1970 0.0 0.0 0.0 0.3 0.2 0.1 | 0.4 0.1
Gas Cooler 1971 0.2 0.0 0.0 0.0 0.1 0.7 0.0 0.1
1972 0.0 0.0 0.0 0.1 0.3 0.1 0.0 0.0
1973 0.0 0.0 0.0 0.1 0.3 0.3 0.2 0.1
1970 6.3 3.4 5.8 10.6 8.6 3.5 4.2 6.7
other 1971 3.1 4.2 3.2 2.2 3.2 3.4 1.9 3.9
1972 2.1 4.2 6.3 0.0 5.1 3.3 7.1 5.3
1973 1.8 2.8 5.6 2.3 5.8 5.5 5.7 6.8
Total 1007, 1007, 1007, 1007, 1007 1007 100% 1007,




2.4 COMPARISON OF CONCLUSIONS FROM INDIVIDUAL
AND ANNUAL REPORTS

This section consists of comparisons of the conclusions drawn from
the analyses of "reported" leak data (individual reports) with analyses
of "non-reported" leak data (annual reports).

The number of comparisons that can be made is limited by the fact
that of the 50 tables (excluding Tables 2,1 and 2,42) presented in the
previous section, only ten (Tables 2.43 through 2.52) ahalyze non-
reported leak data obtained from the annual reports; of these ten tables,
_only eight contain data that can be directly compared with data from the
individual reports. The reason‘for this relatively small number of
direct comparisons is that the individual reports contain much more
detailed information about leaks, the same leveil of detail not being
available from the annual reports. Of course, much of the information
in the annual reports is mileage data that is used as a normalizing factor

for leak data from the individual reports.
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2.4.1 ILeak Rates by Age

2.4.1.1 Distribution Mains (Table 2,12 vs, 2.43)

Leak rate data for distribution mains (all causes) as a function
of the decade of construction are presented in Tables 2,12 and 2,43,

The differences in these two tables are: (1) Table 2.12 presents data
for individually reported leaks, whereas Table 2,43 presents data for
all non-reported leaks (from the annual report form); and (2) Table 2.12
~ includes leaks on all parts of the pipeline, but Table 2.43 includes
only leaks on the body of the pipe.

Comparing these two tables, it can be seen that both analyses
confirm the general notion ;hat‘the total leak rate increases with age
of the system. The chief difference between the tables is in the relative
rankir ; of the leak rate for the 1970's., 1In Table 2.43, the leak rates
~ for the 1950's, '60's, and '70's are significantly lower than for the
other decades; but, in Table 2.12, the '70's leak rate is significantly
higher than that for the '50's and '60's, Hence, pipeline installed in
the 1970's shows a significantly higher rate of serious leaks (the type
requiring individual reports) than pipelines installed during the '50's
and '60's, However, there is no significant difference among the leak

rates of non-reported leaks in the 1950's, '60's, and '70's.

2.4.1,2 Distribution Services (Tables 2.13 vs. 2.44)

These tables contain data similar to that found in Tables 2.12
and 2.43 except that the data is for distribution "services'" rather th.
"mains.” Again, the differences are: (1) Table 2.13 presents data
for individually reported leaks while Table 2.44 presents data for all
non-reported leaks; and (2) Table 2.13 includes data for leaks on all
parts of the system, while Table 2.44 presents only data for leaks on
the pody of the pipe.

Comparisons between these tables yield conclusions similar to
those drawn in the comparison of Tables 2.12 and 2.43. Both generally
show a trend of increasing leak rates with age of the system. Also, in
Table 2.44, the leak rate for the 1950's, '60's, and '70's is significantly

lower than those for other decades, but in Table 2.13, the only significant
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conclusion 1is that the leak rate for the 1920's is significantly higher

than that for the other decades. As was the case for distribution mains
previously, it appears that there is a general trend of increasing leak ‘;;}
rates with age, except the 1970's pipe has a significantly higher rate for
individually reported leaks.

2,4,1,3 Transmission Systems (Tables 2,14 vs, 2.45)

These two tables present data similar to the previous sets of
tables (2,12, 2,13, 2,43, and 2.44) except in this case, the leak rates
as a function of pipe age are analyzed for transmission systems. The
basic differences in Tables 2.14 and 2.45 are: (1) Table 2.14 presents
data for all individually reported leaks whereas Table 2,45 presents
data for all non-reported leaks; and (2) Table 2,14 includes leaks on
all parts of the system, But Table 2,45 includes only leaks on the body
of the pipe,

Once more, the tables indicate that the leak rates increase with
age of :the system, In this comparison, the two statistical analyses
yield identical results: namely, that the leak rate for the 1920's is
significantly higher than all others, and the 1930's leak rate is higher
than the 1940's, '50's, '60's, and '70's. The leak rates for the latter

four decades do not significantly differ from each other,
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2.4.2 YLeak Rates by Cause

2,4,2,1 Distribution Systems (Tables 2,29 vs. 2.43)

Tables 2,29 and 2.48 both present a percentage of leaks, by cause,
for each decade of construction for distribution mains and services.
However, Table 2,29 concerns only individually reported leaks, and Table
2.48 includes all leaks (reported and non-reported) from the annual report,
In the annual report the number of reported leaks, as compared to the
number of non-reported leaks, is smali. Therefore, Table 2.48 gives a good
approximation of the non-reported leaks for purposes of comparison with
reported leaks in Table 2.29.

In making the comparison, the age breakdown is of minor importance,
and conclusions will be drawn from the overail percentages by cause. In
comparing the two tables, there are two major differences: (1) corrosion
leaks account for approximately 45 percent of all leaks in Table 2,48 but
for only about 15 percent of the leaks in Table 2.29; and (2) outside force
accounts for only 14 percent of the leaks in Table 2.48, but in Table 2.29,
approximately 70 percent of the leaks are caused by outside force., Hence,
the comparison indicates that leaks caused by outside force generally tend
to be the "dangerous" ones, in that they require individual reports.
Corrosion-caused leaks develop gradually and accumulation of escaped gas
is slow, if it happens at all, Leaks caused by outside force usually
involve a rupture of the pipe and are more frequently followed by explosion,
This indicates that if one wished to use leak data in the annual reparts as
a basis of some safety measure, it would require the use of some weighting
factors in order to make. the annual report data comparable to the data in
the individual reports,

One way of doi;g this is to divide the percents in Table 2.29
by the corresponding percents in Table 2.48 and use the resulting quotients
as tﬁe weights, Such weights are calculated below:

Percentages of Total Leaks

Cause Individual Annual Weighting Factor
Corrosion 15.0% 45,27 0.33
Qutside force 69.9 14.2 4,92
Construction defect ‘ 1.7 5.4 . 0.31
Material failure 8.3 _ 10.2 0.81
Other 5.2 25.0 0.21




From the weights assigned to corrosion and outside force, we can see that
one outside force leak is equivalent to approximately 15 (4.92/0.33)

corrosion-caused leaks in terms of potential danger.

2.4,2.2 Transmission Systems (Tables 2,28 vs. 2.49)"

Tables 2.28 and 2.49 each present percentages of leaks by cause,
broken down by decade of construction for transmission systems. Table 2.28
includes data for individuaily reported leaks, whiie Table 2.49 includes
data for both reported and non-reported ieaks frou the annual report.
Note that the age breakdowns for the tables are different.

The comparisons that can be made are very similar to the comparisons
made for Tables 2,29 and 2.48. 1In the annual reports (Table 2.49),
corrosion accounts for about 77 percent of the leaks, and outside force
accounts for about 3,0 percent, whereas Table 2.28 indicates that corrosion
accounts for only about 15 percent  of the leaks and outside force, for
almost 54 percent. Hence, the same conclusion about outside force causing
the more serious leaks, can be made.

Applying the weighting factors to the data in the annual reports
as a safety measure, we get the following calculations:

Percentages of Total Leaks

Cause Individual Annual Weighting Factor
Corrosion 15.0% 77.3% 0.19
Outside force 53.9 3.0 18.0
Construction defect 5.4 2.0 2.7
Material failure 18.9 9.6 2.2

Other 6.8 8.2 0.83

From the weights assigned to corrosion and outside force, we see that in
the transmission system, one outside force leak is equivalent to approxi-

mately 95 (18,0/0.19) corrosion leaks in terms of potential danger.
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2.4.3 Lleak Rate by Part

2.4,3.1 Distribution Mains (Table 2.23 vs. 2.50)

Tables 2.23 and 2.50 give the percentage breakdown of leaks by
the part which leaked, for distribution mains, Table 2.23 is for
individual reports, while Table 2,50 is for noh-reported leaks from the
annual report form, Table 2,50 also gives a further breakdown by. age.

In comparing the two tables, their results are quite similar. The
primary differences are: (1) Pipes account for about 71 percent of the
leaks in the annual report (Table 2;50), but the percentage is a little
higher (from 76-to-83 percent of the leaks) in the individual reports; and
(2) the "other" category accounts for almost 9 percent of the leaks in
Table 2.50, while it accounts for 2.0 to 5.8 percent of the leaks in
Table 2.23. However, both tables yield the same conclusion: namely,
that almost 75 percent of the leaks originate on the pipe with approxi-
mately 10 percent of the leaks originating on the fitting.

2,4,3,2 Distribution Services (Table 2.24 vs, 2.51)

The comparison between Tables 2.24 and 2.51 is very similar to the
previous comparison, except that these tables are for distribution services.
Again, the differences between the tables are: (1) Table 2,24 presents
data from the individual leak reports, while Table 2.51 presents data from
non-reported leaks; and (2) Table 2,51 gives a further percentage breakdown
by age.

In the comparison of the "total" category of Table 2.24 with Table
2.51, there is considerable similarity in the data. In both cases the
pipe accounts for over half of theVFotal leaks, and the fittings account

for the second greatest percentage of leaks.

2.4.3.3 Transmission Syétems (Table 2,25 vs. 2.52)

These tables give leak percentages by part which failed for trans-
mission systems. Table 2.25 presents this data from the individual leak

reports, while Table 2.52 presents data for non-reported leaks, Also;
Table 2,52 gives a further percentage breakdown by age. Table 2.25
contains information for not only the transmission lines, but also gather-

ing systems and transmission lines that are part of a distribution system.




Hence, the comparison is made between the first four lines of Table 2.25 and
the "total" column of Table 2.52.
In comparing the tables, we note (as we did in the comparisons ‘;;}
between Tables 2.23 and 2.50, and Tables 2,24 and 2.51) that the pipe and
the fittings are tbe origins of the largest and second largest number of
leaks, respectively. However, there are several differences: (1) The
body of the pipe accounts for about 74 percent of the non-reported leaks
(annual report), but it accounts for only 47-to-50 percent of the indi-
vidiually reported leaks; and (2) tap connections account for 1-to-2
percent of non-reported leaks, but they account for 3.5-to-8.1 percent of

individually reported leaks.
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2,5 ANALYSIS OF INDIVIDUAL OPERATORS

Qlﬂ> The purpose of the analysis in this section is to determine measures
and to develop statistical procedures which can be used to evaluate and
compare the performance of individual operators. Using the data submitted
in the annual and individual leak reports, the goal is to identify those
operators whose performance indicates a possibie safety problem so that
further investigation and possible corrective action may be undertaken.

This section is organized into two major parts. TFirst, a description
will be given of alternative measures which might be used to assess the
safety performance of individual operators, and a specific measure is
reconmended. Secondly, using the recommended measure, a procedure is
explained for analyzing individual operators and "flagging" those that
appear to have potential safety problems as compared to average operators.

Most of the specific analyses referred to in this section were based
on the distribution system data, but the general procedures should apply

equally to transmission operators.

2-105




2.5.1 Measures of Safety

2.5.1.1 Death and Injury Rate @

One of the initial measures of an operator's safety performance
examined was the death and injury rate resulting from accidents involving
the operator's system, The death and injury rate is determined by dividing
the total of deaths and injuries as reported on the annual report by the
number of miles of pipe in the operator's system. The total miies of pipe
is determined by adding miles of mains to miles of services, using a con-
version factor of 50.5 feet per service, as has been described in several
other places in the report,

One 6bvious reason for choosing death and injury rate is that it is
a direct measure of safety, i.e., safety means the prevention of human and/or
property damage. To demonstrate that death and injury can indeed be used
to assess safety, an analysis was ?erformed to show tﬁere is a correlation
between death and injury rate and operator size, a result that seems correct
on an intuitive basis. This data is presented in Table 2.53. 1t can be
observed that the mean value of deaths and injuries per 1,000 miles of
pipeline is inversely related to the size of the system (as measured by the
number of services of the operator). From this analysis, it might be
concluded that the smaller operators should receive more attention from
OPS enforcement personnel than large operators, since they generally have
a higher death and injury rate. However, if the data is viewed from
another perspective, then the opposite conclusion may be drawn. It can
be seen that the 83 operators with over 100,000 services (representing
only 9 percent of all gas distribution operators) account for 68 percent of
total injuries and deaths. On the other hand, the 341 operators with less
than 1,000 services (representing 38 percent of all operators) only
accounted for 2.7 percent of the injuries and deaths. It might therefore
be predicted that efforts to improve the safety performance of the operators
with over 100,000 services would have a gréater impact in reducing deaths
and injuries than effort spent working with the large number of smaller
operators., In summary, the data in Table 2.53 shows that death and injury
rate measures can be useful when assessing the safety of groups of operators.

On the other hand, there are several disadvantages with attempting

to use death and injury rate to assess individual operators. To explain,
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TABLE 2.53

Injuries and Deaths for Different Operator Sizes
Distribution Systems
\

Class by Number of Services

less than 1,000 to 10,000 to Over Total or
1,000 10,000 100,000 100,000 Overall
No. of Operators 341 343 119 83 886
1970 13,300 v 39,700 133,200 . 788,500 974,700
No. of Miles* 1971 8,800 41,600 134,800 764,400 949,600
1972 8,500 46,700 151,800 751,100 958,200
No. of Injuries 1970 | ° 11 51 46 260 368
or Deaths 1971 12 34 133 295 474
1972 12 48 70 321 451
Injuries and 1970 0.83 1.28 0.35 0.33 0.38
Death per 1971 1.36 0.82 0.99 0.39 0.50
1,000 Miles 1972 1.41 1.03 0.46 0.43 0.47
Mean Value 1970-1972 | 1.20 1.04 0.60 0.38 0.45

*Miles of mains plus number of services .converted into equivalent miles by 50.5 ft/service.
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suppose two operators of simiiar size each nave an accident, witn one
accident resulting in a single injury or death and the other accident
resulting in seven injuries or deaths, 1In this instance, based on death ‘;;}
and injury rate, one operator would appear seven times worse than the
other, Or, an operator who is obviously unsafe by most standards may be
fortunate enough not to be the cause of any serious accidents during a
particular year, while on the other hand, a safe operator may have an
outside party cause an accident that kilis or injures several people.
In statistical terms we can say that the random occurrence of deaths and
injuries has an irregular distribution, i.e., incidences involving deaths
and injuries generally occur infrequently, but when they do, they can easily
involve anywhere from one to ten injuries, This causes the death and injury
rate for operators to either be zero (no deaths or injuries) or relatively
large (one, five or ten deaths or injuries).

To illustrate this point an analysis of the death and injury rate for
distribution operators was performed to obtain some indication of the range
of this measure for individual operators in different size groups. This
data is presented in Table 2.54. To explain the data in Table 2.54, consider
the operators with less than 1,000 services (columm 1). For each operator,
the deagi and injury rate for each of three years (1970~1972) was cal-
culated and then the range of this rate determined by subtracting ‘the
smallest rate from the largest rate., The percentage frequency distribution
of these 341 ranges is then given in column 1. The data says that 97.95 percent
of the operators with less than 1,000 services had a range of zero, which
in all likelihood means that their death and injury rate was zero for all
three years, One operator (.29 percent of 341 operators) had a range of
between 1.0-1.2 deaths and injuries per mile, which in all likelihood
means that for two years this operator had zero deaths and injuries, and
in one year had a death and injury rate of 1.0-1.2 per mile. Note that
the units are different on each column, e.g., column 4 for operators over
100,000 services is based on deaths and injuries per 1,000 miles.

The irregularity of the death and injury rate data is easily observed
in Table 2,54, especially for the smaller operators. The death and injury
rates are quite high for a small percentage of the operators with less than

10,000 services, while most operators in this size range had no injuries or
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TABLE 2.54

Frequency Distributions of the Three Year Range

of Death and Injury Rate for Each Operator

Class by Number of Services

less than | 1,000 to | 10,000 to | Over
1,000 10,000 . 100,000 100,000
No. of Operators 341 343 119 83
Rate Basis per 1 per 10 perl100 per 1,000
mile miles miles miles
Interval ‘Percent Frequency of Range
0.0 97.95 87.17 57.14 13.25
0.0 - 0.2 1.47 9.33 25.21 18.07
0.2 - 0.4~ 0.29 1.46 10.92 15.66
0.4 - 0.6 +0 0.87 1.68 15.66
0.6 - 0.8 0 0.29 1.68 9.64
0.8 - 1.0 0 0.29 0.84 3.61
1.0 - 1.2 0.29 0.29 0.84 9.64
1.2 - 1.4 0 0.84 0
1.4 - 1.6 0.29 3.61
1.6 - 1.8 1.21
1.8 - 2.0 2.41
2.0 - 4.0 2.41
over 4.0 . . o o ‘ 4.81
Average Range 0.00492 0.0297 0.122 0.831
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deaths during the three year period.

Another way to see this general problem is shown by the data in
Table 2.55. This table lists distribution system operators who filed(at
least one individual report during 1972; that is, this listing is for
operators who appeared on the individual report file. For each operator,

Table 2.55 lists the following information for 1972:1

Column No. Total of Column
1. Name of Company (left blank in this report to

preserve confidentiality of individual
operator reports)

2. Operator Number
3. Total Wumber of Individual Reports
4, Total Number of Deaths (from the individual leak
reports)
5. Total Number of Injuries (from the individual leak
reports)
6. Total Property Damage to the Operator (dollars)
7. Number of Individual Reports per 1,000 Miles of Pipe
8. Number of Deaths per 1,000 Miles of Pipe
9. Number of Injuries per 1,000 Miles of Pipe
10. Property Damage (dollars) per 1,000 Miles of Pipe
11. 1972 Repaired Leaks (annual report) per Mile of Pipe
12, 1972 Outside Force Leaks (annual report) per Mile of
Pipe

In order to explain the data, notice that during 1972, Operator 4
filed 18 individual leak reports, reporting one death, 16 injuries, and
$6,789 in property damage; and, based on all leaks from the annual report
form, tiae company had a total leak rate of 0.59 leaks per mile and an
outside force leak rate of 0.1l1 leaks per mile. Notice that by adding
deaths and injuries together, the number of deaths and injuries ranges from
zero for some operators to 23 for one operator.

Even though one can think of death or injury rate as a direct measure
of an operator's safety performance, as previously discussed--and as Table
2,55 indicates--the data is too irregular for the limited data sample
available to be utilized in ranking or comparing individual operators

during any year,

1Following the analysis procedure used elsewhere in this report, a
distribution operator's total number of miles of pipe was obtained by
converting the number of services to miles, using the conversion factor of
50.5 feet per service and adding this mileage to the miles of mains.
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Table 2.55 Comparison of Distribution Operators Who Filed Leak Reports During 1972

1 2 3 4 5 6 7 8 9 10 - 11 12
NAME OF COMDANY ID NO REPORYTS OEATHS INJe PROPs DAMe REPORT  ODEATH INJURY PROP, DAM. LEAK RATE
RATE RATE RATE RATE TOTAL OUT. PFDRe
meeccceeee(PER 1000 MILES)==—=ccccce w~e(PER MILE)~~-
{(Left blank in this report to 1 29 o [} 2088, 3,699 0eO 0e0 26600 18360 01847
preserve confidentiality of Data) 2 20 0 2 6950 3.293 0.0 0.227 789.3  0.5845  .2562
3 A7 ] 1 2750 06989 0.0 0.058 159,9 0.8976 L1328
4 18 1 16 6789 0977 0034 0.868 36843 05860 1086
S 3 ] 3 200 0.400 0,0 0,400 26.7 0e5824 «100S
6 12 o Y 600 1.945 040 0.648 97.2 003371 «0726
7 16 1 7 131 1873 04117 . 06819 15.3 2.36%4 1810
8 1 [ o 100 0247 040 0.0 24.7 0.4365 L0743
9 s [} 0 [} 14350 0.0 0.0 0,0 0.2829 L0324
z 10 1 [ 0 150 0e317 040 040 47.5 1.0883 L0640
:: 11 2 o 1 1200 0.712 0.0 04356 a27,2 0s3072 L0827
12 7 1 2 5505 1.207 0;112 04345 949,1 11968 «0210
13 7 [ 2 6250 14397 0.0 04399 . 12aT.6 02799 L1082
14 a o o 82 0.752 040 0.0 15.8 0.50456 0759
15 16 o 2 46360 0.656 040 0.094 2172,.3 0.6949 L0593
! 16 9 0 2 2453 04990 0.0 0.220 269.7 1.432) 20479
17 3 0 c 525 0e541 0.0 0.0 94,7 0.7386 0458
18 1 ) 2 o 0e384 0,0 0.767 " 0a0 0e1335  ,0828
A 19 26 0 22 4010 3,428 0,0 2901 $28,8 ' 26115 <0314
20 4 o 1 3905 16372 0.0 04343 1339,.0 0eT167 « 0096
21 51 o 7 2114 2.085 040 0.286 8544 004970 . 'aA2
22 . ) o 1 o 0,959  0e0 0.160 040 0.4592 +0530
; 23 3 4} 1 12% Ostlda 00 0.048 6.0  0e.7244 L0184
24 7 0 1 1010 14264 040 0.181 182, 4 0.B8875 L0282
25 14 0 a 33440 166209 Qe 0 0.220 367171 049447 » 0859
26 a 0 2 a7s 0.824 0.0 0.212 S0.4 1.4230 ° ¢ 0667
27 16 o} 5 a07Q 1.20% 0e0 0593 534 ¢ 7 048335 +0906
28 2 0 3 270 Ce 5139 Ce0 0us59 54,0 147663 20310




Table 2,55 (Continued)

1 2 3 4 5 6 7 8 9 10 11 12
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2,5,1.2 1Individual Failure Report Rate

Another measure examined for use in comparing individual operators
was based on the individual report rate--determined by taking the total
number of reports filed by an operator during a year and dividing by his
total system mileage. This appears to be a reasonable measure since
individual reports are filed only for "serious" leaks, as defined in
49 CFR, Part 19i. in practice, a variety of slightly different measures
based on individual reports can be used:

“(a) total individual report rate

or (b) report rate based only on reports involving fire, explosion,
death or injury

or (c) report rate based only on reports involving deaths or injuries
etc. -

Notice that (c¢) eliminates the irregular character of the death
and injury rate measure discussed previously, i.e,, in this measure two
accidents are counted equally even though one may cause one death or injury
and the other cause five deaths or injuries,

Of course, the disadvantage of this measure is that it can only be
used to evaluate operators with more than 100,000 services, since smaller

operators are currently not required to file individual reports.

2.5.1.3 Repaired Leak Rate

Another of the "indirect" measures of safety examined on an
indi;idual operator basis was the total repaired leak rate, as calculated
from each operator's annual report, In this analysis, the annual leak
rates for 1970, '71, and '72 were determined for each operator, and
operators were then ranked according to their average over these three
years, Transmission and distribution operators were treated separately;
also, the rankings were done separately for each region.2 An examination
of this printout indicated that there were several deficiencies in the
data, For example, in Region 2 there were 95 operators whose average
leak rate was zero, either because they had submitted no information or
reporged no leaks whatsoever. On the other hand, one operator's data

indicated an average leak rate of 26.67 leaks per mile. Such obvious

2 Lo
This computer listing was submitted to OPS as part of Monthly
Report No, 7, November 1, 1973, and should be labeled as Qutput 7.1.

-
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errors in the data would make any ranking of operators highly misleading.
However, even if the data were completely accurate, the major problem
with trying to use repaired leak rate as a measure of safety is that a high
leak rate might not indicate that an operator is unsafe; and, in fact, there
could be an inverse relationship., Some ''safe' operators may have good
record keeping systems and also may be regularly searching for and repair-
ing all leaks, regardless of how small, and, therefore, will show a rela-~

tively high repaired leak rate,

2.5.1.4 OQutside Force Leak Rate

According to Tables 2.28 and 2,29, the individually reported leaks
caused by outside force account fbf approximately 70 percent and 52
percent of all individually reported leaks in distribution and transmission
systems, respectively, (See also the discussion in Section 2.4.2) If,
indeed, the individually reported leaks are the "serious" ones, then it
follows that outside force leak rates are of major concern. An analysis of
the data indicated that in distribution systems over the period from 1970
through 1972, 44 percent of the deaths and injuries were the result of
outside force leaks, while the next highést contributors were material
failures and construction defects, totaling 22 percent,

However, ‘there are obvious problems in trying to use outside force
leak rate to evaluate safety. 1In the first place, in many instances an
operator has no control over the occurrence of an outside force accident,
since--although the line may be marked and outside parties required to
notify the operator before digging--outside parties may, nevertheless,
ignore these warnings and accidents may occur. Also, the occurrence of
outside force leaks is highly dependent on the environment; for instance,
such leaks are generally more likely to occur in heavily than in sparsely
populated areas since factors are involved in densely populated areas over
which the operator does not have full control., In addition, although leaks
represent a potential danger, the actual danger is highly dependent upon
how the operator responds to the accident; two operators may have the same
outside force leak rate and yet one may be much safer in his response to

repairing the leak than the other,
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2.5.1.5 Conclusions Concerning Measures of Safety

A number of potentiai measures of safety performance for individual
operators have been examined, and all were found to be lacking in some
respect, However, it appears that the best measure available is one based
on individual report rate. TIts disadvantage is that operators with fewer
than 100,000 services are not required to file individual reports. (As
discussed in the section on Recommendations, it is suggested that this
exclus&on be eliminated.) The particular measure used for the analysis in
the following section is '"individual report rate involving fires, explosions,
deaths, or injuries," These incidents seem to be the most serious ones, and
an analysis showed that 80 percent of all individually reported leaks fall

into this category.
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2.5.2 Procedure for Identifying "Potentially Unsafe'" Operators

In this section we first give the basic statistical theory under-
lying the recommended procedure, and then show the results of applying
the procedure to distribution operators with over 100,000 services for
the years 1971-1973. The data for 1970 was not used in the analysis
because it does not seem to be as reliable as the succeeding years' data.
Throughout this section, the terms '"'leaks" or’”reports” will mean

individual reports involving fires, explosions, deaths, or injuries.

2.5.2,1 Development of the Procedure

The probability of a serious leak oécurring on a given length
of pipeline for an "average'" operator can be estimated by dividing the
total number of serious leaks reported for all operators by the total
miles of pipeline of these operators' distribution systems., An analysis
of individual operator performance can then be accomplished by predicting
the expected number of serious leaks for the operator based on his total
system mileage and then comparing this with the operator's actual number
of serious leaks. The calculation of this probability is based on the
binomial distribution. In general terms, this distribution has two
parameters: (1) the probability of an event occurring, called "p", and
(2) the number of trials over which this expected event may occur, called
"n'", For this application, the value of p is the average nuﬁber of
serious leaks per mile and n is the number of miles of pipe for a
given operator.

The use of this type of analysis then results in a comparison of
the expected versus actual number of serious 1eaks and a statement
of the probability of a given number of seriousﬂleaks occurring in
relation to the expected numbér. The probabilities are very cumbersome
to compute for this analysis by using the‘binomial distribution directly,
so a good approximation based‘on either the normal or roisson distributions
was used as appropriate for each case. | ‘

It was necessary in perfofming the analyéis to choose a probability

level for separating the "potentially unsafe" operators from the remainder
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of the group. Tf the probability of an actual number of scrious leaks in
relation to the expected number of serious leaks was less than 0.05 or » 4;;}

times in 100, then this operator was declared a '"potentially unsafe'"

operator,

2.5.2.2 Results of the Procedure

An analysis of all 82 operators having more than 100,000 services
was performed for the years of 1971-1973, and operators were flagged that
appeared "potentially unsafe'" in any one of the three years. Table 2.56
presents a listing of these 12 operators with the actual versus expected
number of serious leaks.

To explain the table, in 1971 operator 1 reported 25 serious
leaks. However, based on his mileage and the average leaks per mile on
the entire system, the expected number of leaks for operator 1 was only
5.3. Using the binomial distribution (or actually the Poisson as an
approximation to the binomial), it was determined that the probability of
having 25 leaks when the expected value was only 5.3 has a probability of
occurring that is less than 0.05, Therefore, in 1971 operator 1 is
identified as being 'potentially unsafe.” This operator would then be
assessed in more detail to detefmine whether any further action is required
on the part of OPS. X

It can be seen that two operators had such a large number of
serious leaks in only one given year (Operators 10 and 11) that they also
appear in the "potentially unsafe' category when the cumulative data is
.analyzed for the entire three-year period. It is also noteworthy that
eight operators were identified as '"potentially unsafe'" in two or more of

the three years., This result tends to indicate that it is possible to use

- this approach to identify operators who should be the target of OPS

enforcement efforts. Viewed from another perspective, this approach would

provide a high probability that the operators targeted for additional
enforcement in any given year would be those operators whose séfety records
were poor over two or more years and should produce a maximum payoff for

the enforcement effort expended.
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TABLE 2.56

Listing of Distribution Operators Who Reported a Higher Than Expected

Incidence of Fires, Explosions, Injuries or Deaths for Period 1971-73

Operator Reported (R) Versus Expected (E) Number of Leaks
Identification

Number Rjr Egr | Ryz Bep | Ryz Eyz JRoy93 Bypig3| 1971 | 1972 | 1973 [1971-1973
180 25 5.3 | 24 | 5.7 | 28 5.5 77 16.5 x! X X X
594 34 5.8 | 20 6.3 | 26 6.4 80 18.5 X X X X
1640 8 3.8 4 | 4.4 5 4.3 17 12.5 X

1800 10 5.9 | 16 6.2 | 14 5.9 40  |717.9 X X X
2704 33 5.2 | 23 | 5.5 | 19 5.2 75 15.9 X X X X

11680 20 | 18.3 | 30 |19.7 | 32 | 19.2 82 57.2 X X X

12408 19 | 13.4 | 32 |14.2 | 26 | 13.8 77 41.4 X X X

13780 5 3.2 7 3.4 7 3.4 19 9.9 X X X

18532 4 9.7 | 21 9.9 | 12 | 10.2 37 29.8 X

18536 0 2.8 6 | 3.1 | 16 3.2 22 9.1 X X

21350 7 2.1 4 | 2.3 2 2.2 13 6.6 X X

22182 28 7.1 | 24 7.6 7 7.3 59 22.0 X X X

(i) An (X) indicates this operator reported a number of '"serious" leaks for this year greaterrthan would be

expected only 5 times in 100 for an '"average' operator.

(2) An (X) indicates this operator reported a cumulative number of '"serious' leaks greater than would be
expected only 5 times in 100 for an "average' operator during this period.




CHAPTER 3.0

CONCLUSIONS AND RECOMMENDATIONS
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’ 3.1 TINTRODUCTION

This chapter contains a number of specific conclusions drawn from the
analysis of pipeline safety data, followed by additional conclusions of a
more general nature regarding the adequacy of the data system, Recommendations
are then presented for improving the pipeline safety data system, followed by
recommendations dealing with other approaches for improving pipeline safety.
The statistical analyses of data presented earlier in this report
often included the results for two g-risk levels for purposes of comparison.
In the following sections the specific statements of conclusions are based
on an -risk level of 0.05, since this appears to be the most acceptable

level for this analysis.
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3.2 CONCLUSIONS DRAWN FROM STATISTICAL ANALYSIS OF
INDIVIDUAL LEAK REPORTS

In Section 2.2 of this report an extensive analysis of the data

from individually reported leaks was presented. This data covered both

distribution systems (usually subdivided into mains and services) and

transmission systems. The following list summarizes the major conclusions

drawn from this analysis.

1.

Type of Material: (See Section 2.2.1)

For leaks on the body of the pipe, steel (and in certain casés
other metals like copper, ductile iron, and wrought iron) shows

a lower leak rate than the other materials used for pipeline
construction. (Note: The type of material effect is also
analyzed in the section on metallic vs. plastic pipe.)

Nominal Diameter: (See Section 2.2.2)

In distribution mains and services, the larger diameters of pipe
show a higher leak rate than pipe of smaller and intermediate
diameters, 1In transmission systems there is an opposite trend,
with the smallest diameters of pipe showing a higher leak rate,
while pipe having the greatest diameters show the lowest leak
rate,

Region: (See Section 2,2,3)

In distribution mains and services, Region 5 shows a significantly
higher leak rate than the other regions. However, for transmission
systems, Region 1 shows a significantly higher leak rate than the
other regions, and the remaining four regions do not differ
significantly,

Age: (See Section 2.2.4)

Considering all types of leaks on all parts of the system, this
analysis showed a generally increasing leak rate with the age

of the system. The significantly higher leak rates are found in
the older systems, particularly those installed before 1929.
"However, in distribution mains the leak rate for systems installed
in the 1970's is significantly higher than the leak rate for the

previous two decades.



Corrosion: (See Section 2.2.5)

Several analyses were made on the relation of corrosion to the
leak rate in pipeline: (1) The corrosion leak rate showed o
steady increase with the age of the system. 7The highest corrosion
leak rates invariably were found in systems installed before 1939.
(2) In both distribution and transmission systems, the external
corrosion leak rate was shown to be definitely higher than the
internal corrosion leak rate. (3) In distribution systems,

the greatest effect of protection against corrosion is obtained
by combining cathodic protection with coating. Although not
tested statistically, the combination of the two methods provides
the best protection to the transmission systems also.

Parts Which Leaked: (See Section 2.2.6)

In both distribution and transmission systems, the majority of
individually reported leaks originate on,the body of pipe. A
smaller percentage, about 10 to 20 percent, of all leaks
originate on the fittings., The percentage of leaks originating
on the other parts of the pipe is small,

Cause: (See Section 2.2.7)

Considering all distribution systems and transmission systems,
outside force is the cause of the greatest percentage of indi-
vidually reported leaks, about 70 percent in distribution

systems and 54 percent in transmission systems. Corrosion-
caused leaks are the second highest percentage (about 15 percent)
in distribution systems., In transmission systems, material
failure accounts for about 19 percent of all leaks and corrosion
slightly less, with about 15 percent, |

Third Party. Damage versus Age: (See Section 2,2.8)

‘The leak rate due to third party damage in distribution systems

generally increases with age; however, for pipe installed in the
1970's, the third party damage 'leak rate shows a sudden increase.
Pipe installed during the decades of the 1950's and the 1960's
shows the lowest leak rates. '

Metallic versus Plastic Pipei' .(See Section 272.9)

a. Overall Leak Rates -

Metallic pipe materials in appregate show a significantly




10.

11.

Tower fealk vate than the materials used for plastic pipe
in distvibution systems.

b. lquipment-Caused lLeak Rates
Plastic pipe systems were found to have higher equipment-
caused leak rates than: (a) the steel and the cast
iron pipe in distribution mains and (b) the steel and
copper pipe 1in distribution services.

c. Stoppage Time after a Leak is Detected
Based on the 1973 leak reports, it was concluded that it
took less time to stop the leaks in plastic pipe than in
metallic pipe. This is true for both distribution mains and
services,

d. Injuries, Deaths and Property Damage Resulting from Leaks
More leak reports were filed on a per unit basis for plastic
pipe than for metallic pipe in distribution systems. No
significant differences were found between plastic and
metallic pipe on the basis of injuries, deaths, or property
damage, primarily due to the wide variances which resulted
from the limited amount of data.

Qutside Party-Caused‘Leaks: (See Section 2,2.10)

The leaks produced by outside parties were analyzed by calculating

the percentage of leaks that occurred under each combination of

three conditions: (1) "prior notification", (2) "marking",

and (3) "statute requirement." For example, in distribution

mains the largest percentage of leaks (about 28 percent) occur

when there has been prior notification, there is a marking and
there is no statute requirement, However, no conclusions could
be drawn from the data about how these factors affect safety
because of the lack of normalizing or exposure data.

Estimated Pressure at Time of Incident: (See Section 2.2.11)

The pressure levels at the point and time of the 'incident show

that 14,6 percent of the leaks in distribution systems occurred

while the pressure exceeded the maximum allowable pressiure. In
transmission systems, only 3.2 percent of the individually

reported leaks exceeded the maximum allowable pressure.

-
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3.3 CONCLUSIONS DRAWN FROM THE STATISTICAI ANALYS1S

OF ANNUAL REPORTS

This section summarizes the major conclusions drawn from the analysis
of data from the annual reports, as presented in Section 2.3.

1.

Age : (See Section 2,3.1)

The repaired leak rate generally increases with the age of the
pipe. This is true for both distribution and transmission
systems, In distribution systems the leak rate of the pipe
constructed before 1950 was significantly higher than the leak
rate of the systems constructed after 1950. 1In transmission
systems, the leak rate was higher for the systems constructed
before 1940, No significant differences were shown for the
pipelines constructed since 1940, It was also shown in the
analyses of the transmission systemsthat the welds on the

pipe laid before 1930 had higher leak rates. 1In gathering
systems, only the systems constructed before 1930 showed
significantly higher leak rates on pipe.

Cause : (See Section 2.3.2)

The majority of repaired leaks are caused by corrosion. These
corrosion leaks account for approximately 45 percent of the
leaks in distribution systems and 77 percent in transmission
systems, When the leaks are classified by the age of the system
as well as by the cause, it was again found that corrosion is
the major cause in every decade of construction.

Parts Which Leaked: (See Section 2,3.3)

The body of the pipe accounts for 65-75 percent of the repaired
leaks in distributibn mains and transmission systems, while it
accounts for approximately 56 percent in distribution services,
The analysis of the data presented in Section 2.3.3 is quite

limited because of the lack of normalizing factors.




3.4 CONCLUSIONS CONCERNING INDIVIDUAL OPERATOR ANALYSIS
-

From the analyses of individual operators presented in Section 2.5,

the following conclusions have been drawn:

1. The individual report rate for those accidents involving fire,
explosion, death, or injury appears to be the best measure for
evaluating the safety performaﬁce of individual operators,
Unfortunately, at the current time this limits the aﬁalysis to
only those operators with over 100,000 services. A procedure
is presented for identifying operators that appear to have safety
problems so that further investigation and possible corrective
action may be undertaken.

2, Death and injury rate alone are not sufficiently stable indicators
of safety performance to be used exclusively for evaluating

individual operators.,



3.5 RECOMMENDATIONS

w 3.5.1 The Data System

1. The exclusion of distribution operators with less than 100;000

services from the requirement to submit an individual failure report
seriously limits the usefulness of the data system. Since the operators
are currently required to file an annual report, it seems unwise to
exclude them from the requirement to file individual failure reports,
Therefore, it is recommended that individual failure reports be required of
all pipeline operators who now file an annual report.

2. Significant problems of data accuracy exist for 1970 data, and to
a lesser extent in the data for 1971, 1972 and 1973. A more extensive data
review and audit procedure is necessary if accurate data is to be available
for analysis, Therefore, it is recommended that a regular program of
auditing should be implemented, using a statistically valid sampling
procedure for selecting operators for audit.

3. Other methods of collecting pipeline safety data should be
explored, especially the following two methods:

(a) Data should be collected for more pipeline accidents by in-
depth, multidisciplinary accident investigation teams similar
to the team staffed by the NTSB for investigating a few
selected pipeline accidents,

(b) The use of the "critical incident technique" by pipeline
companies to collect data for use in improving pipeline
séfety should be encouraged by OPS through a demonstration
program and a follow-up educational program in using the

technique.




3.5.2 Periodic Data Analysis and Report Generation

1. the individual failure reporc data shouild bhe atilized annuaily
to compare the safety performance of individual operators, as described in
Section 2.5. |

2. Annual report data and the remaining individual report data
should be analyzed at least every two years iﬁ a format similar to the
one used for this report.

3. When approximately 7-10 years of data have been collected,
consideration should be given to using a time-trend type of analysis on
a yearly basis, It will be necessary to wait this period of time for most
of the usual time-trend analysis methods to be successfully applied.

4, The installation of a computer terminal in the Office of Pipeline
Safety for the purpose of performing data analyses does not appear to be
justified because of the relatively low level of anticipated use over the
entire year and because most of the analyses will require data for the
entire report year. Thus, it is recommended that the analyses to be
performed on an annual basis be completed each year as a batch-process

operation.
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APPENDIX A
Contents:

Leak (Failure) Report - Distribution System Form
Leak (Failure) Report - Distribution System Form (Reverse Side)

Leak or Test Failure Report - Transmission and Gathering
Systems Form

Leak or Test Failure Report - Transmission and Gathering
Systems Form (Reverse Side)

Instructions for Completing Form DOT-F-7100.1-1 "Annual
Report for Calendar Year 19 Distribution System"

Annual Report for Calendar Year 19 Distribution
System Form ;

Annual Report for Calendar Year 19 Distribution
System Form (Reverse Side)

Instructions for Completing Form DOT-F-7100.2-1 "Annual
Report for Calendar Year 19 Gas Transmission and

Gathering Systems"

Annual Report for Calendar Year 19 Gas Transmission
and Gathering Systems Form

Annual Report for Calendar Year 19 Gas Transmission
and Gathering Systems Form (Reverse Side)

a-0

a-1

a-3

a-4

a-7

a-9
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Form Approved: Budget Dufedu (vU. U~

D raRTan1al GOf TRA SR

LEAK RLPORT LT oUitON SYuilMm

REPOME DATE

CORROSION
PART A

DAMAGE 8Y OUTSIE

PORCES —PART-D FAILURE —PART.C

CONSTRUCTION DEFECT O MATERIAL

INSTRUCTIONS: Complete this side of this form for each invident regardions of cause.
Check appropriate box for specific caure of leak of failure and complete the pertinent partis) on the reverse side.

OTHER (Deuribe 1aidens 1n Jeiasl im writing und
Witanh te this ferm where purts ure mei upplicuble. §

O

If material o answee an applicable question iy not avarlable this should be stated Only such portions of the furm as apply to
the particular leak are to be comploted. In all parts ot the form which are not apphicable, the letters "NA™ should be inserted
s0 that every item is completed. [f additional instructon is needed 1o complete this torm, the operator may telephone the Department
of Transportation, Othce of Pipeliae Mooy, Area Code 202,962 0000, Mandas thenugh Frabay 8 30 A M. 0 5:00 P.M. Favern Time.

1.

GENERAL

OPERATOR INFORMATION

:

NAME OFf QPERATOR

NUMBEP & STREET

CITY & COUNTY

b.

STATE & 2P CODE

9. TYPE OF REPAIR

Pipe
(1) O Weld over steeve (4) O Replace pipe (Lengih)
(2) O3 Parch-welded
3) O Clamp
Component

(1) OJ Repiaced

(2) O Reconditioned

[ _ feer
(%) [3 Other repair or disposition

{ Soecify)
() O Other (3pecapr) _

REPOKTING OFFICIAL'S TELEPONE NUBER 1 [ funde Area € ode )

LOCATION AND TimE OF LEAK OR FAILURE

10. PERSONAL INJURY OR PROPERTY DAMAGE RESULTING FROM ESCAPE
OF Gas

Number of empioyee(s) _

Fatalities

[N

. Naminat Dismeter (Inches) H. Nominal wall thickness
(Inches)
Specifcation and. grade d. Grade

2. (L - SR
o HUMBER & STREET (2) Suflering iost-time injurics
b. Number of non-employee(s)
(1) Fatalies . .
CITY & COUNTY (2} Injured and requiring medical treatment other than
on-site Brse aid
STATE & 2# CODE Yes No
¢. Rupture occurred. ... ... ... ... ... my 0 O
b. TIME OF DETECTION < HOURS & mIUUTES BETWEEN Ttk OF DETEC d. Gas ignited. . ... ... ma @ d
1) oarte 1) mouR TION & Timg ESCAPE OF GAS WaS STOPPED e. Explosion occurred. ...... ... ........ m 3 o a
f Incident induced any secondary
d. ESTIMATED PRESSURE AT POINT AND |, MAKIMUM ALLOWABLE OPERANNG explosions or fires. ... ma 0
’;:EI(O.';,ITET_T,, - ::;\’151:),",,_______ o g. Estimated value of operatcr's propenty damage $ —
3. METHOD OF LEAK OR FAILURE DETECTION V1, ENVIRONMENTAL DESCRIPTION
a. Method: (13 I Routine Maintenance survey 2. Predominant type of 2tea
(2) O Outside pany (1) O Commercial  (4) O Rural
b. Reported by: (4y O Police () O Induscrial (33 O Unknown
(1) O Operator persoanel ¢(s) O3 Public (3) O Residental (6) O Other ( Specifs)
(2) OJ Agency causing damage (6) O Orher (Specify, b. Predominant above-ground structure adjacent to leak
(3) O Custumer Multi-stoey Single-srory
4 PART OF SYSTEM WHERE LEAK OR FAILLRE OCCURRED (1) Commercial « 0 40
s. O Maia ¢. O Other (Specify) (2) Induserial «0 +0
b. D) Service {3) Residential « s O
3. PART OF SYSTEM WHICH LEAKED OR FAILED {4) Ocher (Specify) -0 50
2 Part c. Approximate distance to nearest above ground )
) O pipe  (4) O Drip 7y O Ocber (Specify; structure ( Within | mile of leak) feet
2y Qvatve (5 O Regulator d. Did other underground facility (ies) contribute
(3) O Fiing (6) O Tap connection w0 occurrence of leak in any manner? O ves ONo
b. Date inststied e. If so, what was effect of existence of other facility (ies)?
6. MATERIAL WHICH LEAKED OR FAILED
o Macerial f. Was other urility (ies) imperiled by
(1) O sceet () O Copper  (7) O Other (Spesify) the leak? . mOve @O
(2) O Plastic  (5) O Ductible iron 8. Distance of other facility (ies) or utility (ies) from leak
(3) O Case iron (6) (3 Wroughe iron or failure location
b. Was the material that leaked ot faiicd the same material Other fcility (ies) contriburing to Orther utility fies) impaired
as adjoining pipe o ¢ @ (1) 3 Yes (2) ONo e F. (1) O Other gas (8) O Fe.
(1f " No," descrsbe material m the adjoining component or parts) — — F.(2) O Telephone < O Fe.
Fe. (3 O Electric 10y O Fe.
) e Fe (4) OO Sewers (Storm) a1y O F
¢. Is a meaallurgical analysis planned? e Fe. (3) O Sewers (Osber) (12) 0 F
(1) O Yes (2) O No e Fr. (6) (] Water an 0 F
7. ORIGIN OF LEAK OR FAILURE e —Fe. (7) O Other (Specify) (14) 0 ___Fe.
s. [0 Base material fracture e. O Corrosion R S — -t - ——e e
b. O Longitudinal weld . O Oher (Speiify) . h. Location of leak or failure Below other paved
c. [J Girth weld ~(13 O Within building (5) O area (Specify)
d. O Other field weld () [J Above ground  (6) O Below walkway
8 PIPE DESCRIPTION (B here upplicuble) «3) O Below ground (1) O Below road ~-»-

(¢) O Below water
Depth of cover—.. .. _inches
Soi} information at pipe depth (1) O soil

o [0 Paved 8 O Median or

unpaved
(2) O Rock

(3) Estimated s0il temperature at point of leak

12, ADDIWIONAL DESCRIFTION OF IMCIDENT OF FOR CONTINUATION OF EXPLANATICHN OF ITEMS ABOVE

NAME AND TITLE OF REPORTING DFFICIAL

Form DOTF 710Dy 1170

a~1




PART-—A CCRACSION

1 GENERAL CORROSION INFORMATION

... Locstion b. Description c. Cause
(1) [ Tnternal corcovion (1y [J Pirting (1) O Galvanic (3) O Stray (urrent
) 13 External corrusion (2) 2 General (2) Bactetial (4) O Other tSpecsfy) R —
—— - e e —_————

2 PILE COATING INFORMANON

o Coating c. Method of apphcanon d. Materiag
(1) 13 tare ) (0 [ M e (1) L Coat ar () T Thiafilm coarings
(2) O Coated (2) O Yard coated (2) [J Asphalt (6) L3 Other (Speiify) e
(3) O Wrapped (3) O Field coared (v O wax L o
b. Year 1 1itied B} () 0 Gokenw, e4) 11 Prtabricated film
—} >C'AAU:.k‘OF',\.‘A"NG 'AM‘U' T : - ST T T T T

& AOmE PROTECTION

I

1. O Dumage e 52 Ocher 1 3peairv) Lo es d. Type MEAR LEAX
b. (1 Defecuve materal RN ok 0O Ne (11 [ impressed
c. O Dufective application | c. Year started l ¢2) O Galvanc
A D Deciorinon ' (3) T3 Orher 7 Speais) -
o som RtsLvay T T © T o T e 1 L A - ST
Lt sl sosntiviy mesuaresient an the aree of the lean oLast prpe tasor! potental neasurement st ovarest points on
[ .. _ ivhmem; . cach vde ot the leak L anithy and L freity
b. Datr uf measarement c. Distance from leak (fees)

b. Distances from leak to each meas- ;o Date of measurement
urement purnt |
Cpeers aad o tteer)

DAMAGE BY OUTSIDE FORCES

i
I
!

PART—B

—
!
|

TV PRIAARY CAUSL OF LEAK

2 2

b
<

Demage by equipment operated by or tor operator d. O Other (Specisy)

. (0 Damage by equipment cperated by outnidv par -
. 3 Camage by earth movement

— e e e — -
2 LOCATING INFORMATION FOR EXCAVATING AND BLASTING INCIDENTS

. Was the pipeline marked or idenuhed? (1) O ves (2y O No

a. When leak resulted from damage by outvide paery’s I'n
equipment. did the operatar get prior nutthcation that | (x) If “Yes," what type of marking or identification was nsed
the equipment would be uted in the arcs! I (0 advise outside party of location of pipeline
1) 2 Yes I (3) Date {(4) Time . I u. T Permanent markers r._D Excavation
2y 1 No : I i 5. 00 Muap furnished 7 3 On sue vbservation
[ ¢ Does statute or ordinance require the outside party l «. T Temporary saakes g U Otver (Specyy:
to detcrmine the jocation ol pipelines 4 O Pret o _
u)ﬂ\'c: t2y J No
ra. DAmAGE b7 EARTH wOvEmENT 4. L Subsidence T Led de U her (Speaty T

b. O Earchquake 4. 3 Washout

f. Was the eatth mosement caused by direct or ndirect action by othees? (1) O Yes (2 O No (If "Yes.” explain bhelou )

PART—C CONSTRUCTION DEFECT OR MATERIAL FAILURE

S |
| PRIMARY CAUSE OF LEAK

1. O Construction defect v O Material failure

2. e CLASS ({f wpplicable )

a. Seeel (:) O Submerged- | 5. Plasoe “c. Cast lron
I - [ .
(11 O Searnless arc welded , (1) & Thermopiotue (27 O Thermasetting (1) {J Cenrrfugally.
§2) 5 Flecinc e (47 O Butt weldat | Reintorced ((1)rr2)) : vast
siytance - e-lay o O Yes b {J No | 2 G pPie
welded g f:mml-pl . Lo it cust

4 O Ocher pipe material (Voecfy )

3 INITIAL TEST DATA

Was thes ety strength proofed o leak tosted ac the tme ot invalianon?
o L ves b ONo 1 Not known
M Yo' was test medium:
(v O A
21 3 Gas ($) Dare of test, JLo) Mimraum rest ) Vame held e (R) Frtimaied ivsi
. pressure gy L test Pressure (Hour: J 1 pressure at poiiat of
(3 17 Water : , leak (purey
(4) T Other tSpearfy) o oo - !
i

SURSEHULAT TLET DATA

-

. — . = .
Have thore deen aer strength proof or deak test made? a0 LI Y s b L0 Noo el Not knowa
T Ves, Was tedr medum:

-
it L A

aiated test !
st prreseone (iipue ) | pressute at pome of !

Vet jpssg)

WD) Gas i(',, Dirte o tose S0 Maneam e (7 T beld ar &)

Cu T




Form Approved: Budget Buresu No. va-niw.

- | DI P ARTMENT OF TRANGPORIATION HPOAT DATE
LEAK OR TEST FAILURE REPORT—TRANSMISSION & GATHCRING SYSTEMS
0O wax O resr ranure 2eron
REPORT 1 new comsrrucTION O EXSTNG PACRITY (Specify reasom for tast) R

IHNSTRUCTIONS: Complew this side of this form for esch iacident regardiess o[ cause.

Check sppropnse box for specific cause of lesk or failure and complete the pertinent part(s) oo the reverse side. g oves (Describe incidens in desasl i
O CORROSION o DAMAGE BY OUTIION a CONSTRUCTION DEPECT OR MATERIAL writrng and atiach to this form

PART —A PORCES —PART 8 PALURE —PART —C where parts arv ot applicabls.)

If material to answer an applicable question is not available this should be stated. Only such portions of the form as apply to
the particular leak are to be completed. In all parts of the forin which sre not spplicable, the letters “NA” should be inserted
30 that every item is completed. If additional instruction 13 neded (0 complete thus form, the operator may telephone the De-
partment of Transportation, Office of Pipeline Safety, Area Ce ¢ 202, 96-26000, Monday through Friday, 8:30 AM o 3:00 PM
Eastern Time.

GENERAL
1. OPERATOR INFORMATION 10. PERSONAL INJURY OR PROPERTY DAMAGE RESULTING FROM ESCAPE
NAME OF OPERATOR OF GAS
a. Number of employee(s)
NUMMER & STREET (1) Fatadivies . _.__.
. (2) Suffering lost-time injuries
CTY & COUNTY b. Number of non-employee(s)
(l) P ealiti
STATE & DP OO {2) Injured and requiring medical treatment other

than on-site fiese aid

REPORTING OFFICIAa S TELEPMCNE NUMMR | (mifude Arva Code ) No
- c. Rupture occurred. ... ....... 1y a (2) 3
7. LEAK WITH RUPTURE > d. Gas ignited. . mag @0
s. Shear fracture (fees) b. Cleavage fracture ( feet} e. Explosion occurred . . . iy 3 2y 4

f

Incident induced say m O (2y O
¥ explosions or fires

c. Has a mmacture toughness test been made on the ma- . ,
terial thae failed? g. Estimated value of operator’s properry damage $____

M OYe @ ONo ENVIRONMENTAL DESCUPTION

d. Is & metallurgical anaivsis pianned? (1) J Yes (2) O No
3. LOCATION AND TIME OF LEAK OR FAILLRE 2. Predominaot type of ares
a. Number & Screet (1) Ar time of construction - (2) At time of incident
« O Commercial a O Zommescial
City & County 5 O Induserial b O Industrial
¢ O Residential ' ¢ O Residential
State & ZIP Code b. Mile Post |c.Survey Scation No. « 0 Rural 4 O Rural
l ¢ O Undeveloped ¢ [ Undeveloped
d. Time of Detection €. HOURS & MINUTES BETWEEN THmE OF DETEC- / 0O Unknown / O other (Specify)
(1) Date T Hour]  MON AND NME £SCAPE OF GAS WaS STOPPED ¢ O Other (Specify)

T Estimated pressure st point and,g. Maximum allowable operating

time of incident ¥ pressure b. Predominant above.grouad structure adjacent to leak
[ Mult-story Singie-story
(PSIG) (PSIG) (1) Commercial & O s O
(2) ladustrisl s O s O
4. LEAK OR FAILURE OCCURRED ON (3) Resideatial a [ =]
2. O Transmission system te. O Gathering system (4) None O
b. (O Transmission line of distribution system (3) Other (Specify) « [ 4 0
5. PART OF SYSTEM WHICH LEAKED OR FAILED ‘
s Part (4) 3 Regulator station ¢. Approximate distance to neafest above-ground structure
(1) O Pipeline (3) O Merer station (Within 1 msle of leak). . ... ................... feet

(2) O Compressor siation  (6) [J Other (Specify) d. Did other underground facility(ies) contribute to

(3) O Dehydration plant _— occurrence of leak in any manner? (1) (J Yes (2) O No
b. Date installed

6. ORIGIN OF LEAX OR FAILURE

e. If so, what was effect on existence of other facility(ies)?

» 3 Body of pipe IS O scraper unp f Was other utility (ies) imperiled by
b. O Girth weld h. O Tap connection the leak? (M OYes (1) ONeo
«. O Longitudinal weld i O Ficing (Type) 8. Distance of other facility(ies) or utiliry:(ies) from leak or

d. [J Other field weld i. O Gas cooler failure location

e. (0 Compressor k. O Other (Specify) — — - Orher Gcility (#3) contributing o Otber utitiry (ies) Imparred
£ 0 vake fo 1) 0 Othergas (B0 _Fe
7. MATERIAL WHICH LEAKED OR FAILED e _FL () D T:lephonc 9) D e Fr.
s. O Steel b O Plastic . (J Other (Specify)_ — R 0O Electric a0 e
e B (4) O Sewers (Siormj(11) O_ _ k
[ 8 _PIPE DESCRIPTION e _FL (3) O Sewens (Other) (12) O _Fe.
a. Nominal dmecer (Inhes) b. n:.mb:‘;.' wall thickness R U Water (13) O . __Fu
Fe. (7) O Other (Specify) (14) O __Fu

c. Pipe specification d. Grade

h. Location of lesk or failure
(1) O Within building (3) 5 Below walkway
(2) O Above ground (o) C Below road-e ¢ U Paved

9. TYPE OF REPAIR
s. Pipe
(1) O Weid over-sieeve (4) O Replace pipe (lemgih) . __.

(1) O Patch-welded’ feet (3) O Below ground 5 (2 Meduan oc unpaved.
3) =) Clamp (3) O Other repair or disposition (4} O Below water (7} a Belo"v. other paved ares
(P ) oo (Specify)

b. Companent (i) Depth of cover .. .. . . . —_ inchas
(v O Replaced (3) O Other (Spessfy) - — - —— .. (i) Soil information st pipe depth (1) (O Soil {2) [J Rock
(2) {1 Reconduioned FRE— e (%) Estumated soil temperature st point of leak . _°F

12. ADDIT]ONAL CESCRIFTICN OF INCIOENT Of FOR COMTLIVATION OF EXPLANATION OF ITENS ABCY/E

NAML AR THLE OF RLOOURTING OFTICIAL WCNA TR OF RTINS DFRCIAL

- —_—
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PART—A CORROSION

1. GENERAL CORROSION INFORMATION

a. Location b. Description c. Cause .
{1) O Internal corrosian (1) O Pining (1} O Gaivanic ¢3) O Seray (uerent
(2) [ External corrosian (2) O General ¢2) O Bacterial (4) [J Other (Specify} S
2. PIPE COATING INFORMATION
s. Coating ¢. Method of spplicetion | d. Material
(1) O Bare (1) O Milt coared (1) O Coal tar (3) O Thin-filn coatings
(2) O Coated (2) O Yard coated 2y O Asphalc (6) (O Other 7 pecify) —
(» 0 Wrapped (3) O Ficld coated (3) O Wax
b. Yeur installed (4) 0 Unknown (4) O Prefabricated flm
3. CAUSE OF COATING FAILURE 4. CATHODIC PROTECTION 5. pH OF S0l
a. 3 Damage e. (O Other (Specify) 2 O Yes d. Type HEAR LEaK
b. O Defective material — b. O Ne iy O Impressed (3) Other (Specify)
c. O Defective appheation ¢. Year started b2 D Galvanic ——
d. O Decomposition - !
6. SOIL RESISTIVITY 7. PIPE-TO-SOR POTENTIAL
a. Last soil resistivity measurement in the area of he lesk a. Last pipe-to-seil potential messurement at nearest points
(ohm-cm) on each side of the leak (Volis) and (Valuy
b. Date of measurement c. Distance from leak (Feety b. Divtances from leak to each ] ¢. Date of mcasarement
measurement point
___ (Feet) and { Feet) !

PART—B DAMAGE BY CUTSIDE FORCES

1. PRIMARY CAUSE OF LEAK

a. (0 Damage by equipment operated by or for operator ¢. [J Damage by earth movement
b. [ Damage by cquipment operated by outside party d. O Other (Spefy)

2 (OCATING INFORMATION FQR EXCAVATING AND BLASTING INCIDENTS
a. When leak resulted from damage by outside parn’s | b. Was the pipeline marked or identified? (1) Oves (2 O No
equipment, did the operator get prior notification

e o . L be N (1) If “Yes,” what type of marking ar identification was used
at the equipment wou used in the sres’

to advise outside party of location of pipeline?

1) n Yes | (3) Date (4) Time a O Permanent markers ¢ O Excavation
(2) (O No s O Map furnished / O On.site observation
¢. Does statute or ordinance require che outside party ¢ O Temporary stakes ¢ O Other (Specify)
to determine the location of pipelines 4 O paine
(1) O Yes (2) O No | . °
Y i id - o
3. DAMAGE BY EARTH MOVEMENT 4. {J Subsidence «. O Landslide e O Other (Specify)
b. (3 Earthguaks 4. C Washour |

f. Was the earth movement caused by direct or indirect action of others? (1) O ves (2) O No (lf Yes, expluin

PART—C CONSTRUCTION DEFECT OR MATERIAL FAILURE

1. PRIMARY ~ :USE OF LEAK s {J Construction defect b O Macerial failure
2. DESCRIPMION OF MPE
s. Manufacturer ‘ b. Where was pipe manufactured c. Year manufactured ..
(1O Expanded (2) Nonexpanded

d. Method of transportation

(1) O Truck  (2) O Rait  (3) O ship  (4) O Ocher (Specify) ___ ’_ (5) O Unknown

J. PIPE CLASS
a. Steel b. Plastic ¢. Cast Iron d. Other pipe material
(1) O Sexmless (4) O Bust welded | (1) [ Thermoplastic | (1) (3 Centrifugaily|  (Specify)
(2) O Eleceric-resistance (2) O Thermosetting cast
®» 0 ;:;l:::gd.m ) O Purascelsp | Reinforced ((1) or 12))| (2) O i can -
welded e OYes 8.0 No

4. CONSTRUCTION TYPE AT TIME OF LEAK OR FAILURE
AS DEFINED IN UsAs 831.8-1968cooe:. [Ja O Oc Oo

5. INITIAL TEST DATA

Was the line strengeh proof tested ot the time of installation?
o . 0OYes b0 No ¢ O Not known
If "Yes,” what was test medium

(1) O Aie (6) O Orher rSpecify)| (3) Dace of test (6) Minimum test | (7) Time held at cest 1(8) Estimated test
2) O G pressure (fiig) pressure (Hours) pressure at point
3) O Water !of leak (psig)

} |

4. SUBSEQUENT TEST DATA 1
Have there been later sirength procf tests made? o [J Yes b (O me ¢ 7] Not knowa

1f "Yes,” Was test medium:

(1) B air  (4) O Other (Specify) | (3) Date of rens

1{6) Minimum test '(7) Time held at test ;(8) Estimaced test
(2) 0 G [

pressure (pieg )} {pressure (MHours) |pressuce at point of

(3) O Water ,le-k (psig)

| |
| | i |

1N8 OFPICL  te7o DF=2ss-RIY
Aza-19)
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DECEMBER 1972

DEPARTMENT OF TRANSFORTATION
Office of Pipeline Safety
Washington, D.C. 20590

INSTRUCTIONS FOR COMPLETING FORM DOT-F-7100,1-1
"ANNUAL REPORT FOR CALENDAR YEAR 19 ,
DISTRIBUTION SYSTEM'"

NOTE: These instructions supersede all previous.instructions.
General Instructions: Each operator of a gathering system in a nonrural area, of a,

transmission syste:, Or of a distributica svstem i3 required to file an annual
teport. Section 192.3, 49 CFR defines the following:

1. "Distribution line" means a pipeline other than a gathering or
transcission line.

* 2. "Gathering line" means a pipeline chat transports gas from a current
production facility to a transmission line or main.

* 3, "Transmission line" means a pipeline other than a gathering line that -

a. Trensports gas from a gathering line or storage facility to a
distribution center or storage facility;

b. Operates at a hoop stress of 20 percent or more of SMYS: or
c. Transports gas within a storage field.

The reportiag requirements are contained in Part 191 of Title 49 of the Code of
Federal Regulations "Transportation of Natural and Other Gas by Pipeline: Reports
of Leaks.” Each operator of a aistribution systen, excepr, peiroieum gas systems
which serve less than 100 customers frowm a single scurce, must submit an annual
report Form DOT-F-7100.1-1 for the preceding calendar year not later than
February 15. If an operator has more than onc type of system, he must file an
appropriate report for each type.

The annual ceport must be submitted to the Director, Office of Pipeline Safety,
Department of Transportatiocn, Washington, D.C. 20590. If the regulations of a
State agencv require submission of duplicate coples of the annual report through
that agency, the operator should comply with that requirement. 1In doing so, the
operator should give the State agency sufficient time to submit the report to the
Office of Filneline Safety by February 15.

The annual ‘eporting period 1s on a calendar basis, beginning January 1 and ending
on December 3i of each year.

Fach indepenlent subsidiary operatien must report separstely. The address of the
operator shiuld be that address where inforuation regarding this report can be
obtained.

Section 191.5 sets forth the regulation concerning telephonic nctice of certain
lcaks., The new telephone number for reporiing these leaks, as amended April 16, 1971,
is area ccde 702 426-0700. Disregard the telephone number on Form DOT-F-7100.1-1.

If yuu have an uestions concerning this reporc, please write or call the O0ffice of
you yq s

Pipeline S:ciaty, Department of Tramsportation, Washimgton, D.C. 20590, telephone
number 202 426-2082.

? 4
*1f the operator determinss that he has facilities that fall under either of these
definition:, he should reier to tie iustructions for completing Fora DOT-F-7100.2~1
for gathering and transmission iines.

a-5
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CEEeRERT A TR s

ANNUAL REPORT FOR CALENGAR YEAR 19

h]
]
|
DISTRIBUTION SYSTEM '

When data are readsby avadable, such dats should be reported. Cusr=ne vear reparting should be aotual data. Whea back data are
not obtasable without & Major ¢lart (@ FeCunsruct poer years, cstmates may be reported aod so noted. A brict cxplaaation ot
the proceduces waaod o dersng estimates sboult be attached, Fach op cnor shat) subist separate reports tor cach of his corpotate |

subvidianies that tranvparn gas 1 addionsl snvicucton s aceded o cmplete this torm, the aperator may telephone the Departmienc
of Transportauun, Olice of Pipeline Salety, Acea Code 202 9626000, Monday through Foday, 8:30 a.m. 1o 5:00 p.m. Easwen Time.
PARTY A.-OPERATOR IPF FORMATION
NAME Of OPERAIOR NUMBER & SThER( 1[ REPORTING DFFICIALS
| ) TELEPHONE NUMBER
i tinclude Area Code)
CITY & COUNTY 1 STATE & ZiP CODE i
1
1 1
1 SPRID T
‘ | OFS USE ONLY
7 T T
! ! i i ! ' ! Vo H
. L i 190 194G 1 1950 : 1950 . 7117070 4
iem | UNKNOWN | HOR vk v kv ey b yeey 0 V/3VOF G SYSTEm
' . 101930 vele | ives 1 ivse . ivep | REPORT. i TOTAl
i : ; ; {IMG VEAR
i ¢ ! MiLks OF i
P ooe b omaiNs N
5% £ Comtue e e e - — - -
ZEF i nonDae [ NUMIR OF ) X , ;
Ara F . SERVICES ! ! ! ! H
R I —
s —
FEE A ) MiEs OF . ;
SwZ Coated ! ) : : ; i
e~ N MAINS ' .
RS T Paeny :
, e« Coating T T T - . :
. i NUMBER OF : : ; . !
Date . H :
SE2vicis - . ; . ;
: Cootea MILES OF . :
i MAINS ! . . :
Pioe by '3 . :
ol Proteat..n
o . HNUMBER OF . . v
v o 3cE - SERAVICES ' : i
- uos ; : . : :
x - i T T :
v : : ! ;
& z¢s sore b musNor ! i ; ; ;
za o 00 oy MAINS i : i .
3 —
;"”""""" | MUmMELR OF : , . : ; H
;oo | seavices H : ! i !
| i :
{ . i i i H
i L3 H ; | . H
, . ; i
| o=~ | Pt :
- : i '
el NR ' ! H '
it i ! i i i V
oo - ! i .
, L = I} ' .
& oz VALVE
a 3 iNR
2:, Le : * : ; 1
6 2335 KNG : - +
a0 ~o ' t N i
ol a = o
S s [ ! i :
Q! =3 L : . :
e ool iome r T T
Tez: iNR | ! i
Cissx b i
3Tt et :
[ o e | | ;
© 3 -3 L REGUATOR : +
: 35 , {
- i
Te AR ! ;
L g a3 TAP COMNETTION +
= T NR ! ;
! | LRy § ! . '
: OmER :
f ! tng ) ' t i
i 1 :
. i §
; i i
i o= T
|« !
- :
i ; :
i : i d
2 k T
13 1 ! |
ezl
- S 5
-
i a4
s 3EC
<o T
o gl -
RN
0 S e —
pe E :
| ;§ | RECN ATOR - '
|z 1
|- T i
S A
H [ 3 o - s
H i oey Tas CONNITTION ——
SR = SN + -
o | T =
i : t oTHER + —
) i ] i i !
| LORMOSION : | | !
0% o [ - - " : -1 '
32 3 DamASE BY CUTSIDE | ! i H H :
Su 8 | tOKE ' ; H H H :
W Ex i I H S I
[ I . i ! ] '
B 0% p 0 CONINUCTION Orredi i I i ! { : H
< az : \ ; : : ; ! i i
a! lr > U AU AU " —— i
[y i { H i t H H 1 §
- MATERIAL FALURE i i { H H . !
H - ) i ; ! ; . | { !
HIE -2 : . ¢ : H :
4 RS ; : I § T ; *
Vo | Other ! ! ; | i i
P | otre [ ; ! : ! i !
v A e ! i i
S Poacois  ntoan, v o cold apphied cochay of muiper P Pise miont aay type af hod or cold opphed (ool ng or wicDee ]
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DECEMBER 1972

DEPARTMENT OF TRANSPORTATICN
Office of Pipeline Safety
Washington, D.C. 20590

INSTRUCTIONS FOR COMPLETING FORM DOT-F-7100.2-1
"ANNUAL REPORT FOR CALENDAR YEAR 19 » GAS
- TRANSMISSION & GATHERING SYSTiMs

NOTE: These instructions supersede all previous instructions.
General Instructions: Each operator of a gatheriug system {n a nouvural area, of

a transmission systew, or of a distribution system is required to flie an annual
repor:. Secction 192.3, &9 CIR defines the following:

1. "Cathering line" means a pipeline that transports gas from a current
production fac{lity to a transmission line cr main;

2. "Transmission line" means a pipeline other than a gathering line,
that -

a, Transports gas from a gathering line or storage facility to a
distribution center or storage facility;

b. Operates at a hoop stress of 20 percent or more of SMYS; or
c. Transports gas within a storage field.

*3, "Distribution line" means a pipeline other than a gathering or
transmission line,

The reporting requirements are contained in Part 191 of Title 49 of the Code of
Federal Regulations "Transportation of Natural and Other Gas by Pipeline: Reports
ol iLeaxs.”" Edach operator of a noasural gathering system or of a transzlissicn
system must submit an annual report Form DOT-F-7100.2-1 for the preceding calendar
year not later than February 15,  If an operator has more than one type of system,
he must file an appropriate report for each type.

The annual report must be submitted to the Director, Office of Pipeline Safety,
Department of Transportation, Washington, D.C. 20590. 1If the regulaticns of a
State agency require submission of duplicate copies of the annual report through
that agency, the orerator should comply with that requirement. -In doing so, the
operator ashould give the State agency sufficient time to submit the report to the
Office of Pipeline Sufety by February 15.

The annual reporting period is on 8 calendar basis, beginning Jjanuary 1 and ending
on December 31 of each year.

Each independent subsidiary operation must report separately. The address of the
operator should be that address where information regarding the teport can be
obtained.

Section 191.5 sets forth the regulation concerning telepnhonic notice of certaln
leaks. The new telephone number for reporting these leaks, as amended April 16,
1971, 1is area code 202 426-0700. Dieregard the telephoie number on Forzm DOT-F-~7i03.2-1.

1f you have any questions concerning thie report, please write cr call the Cffice
of Pipeline Safety, Department of Transportation, Washington, D.C. 20550, teiephoue
number 202 426~2082,

A1f the operato: determines that he has facilities t*at fall upder this definition,
he should reter to the instructions for completing Form DOT-7-7100.1i-1 {or
distribution lines.

lesry



.

Porm Approved OMB No. 04-R3606

DEPARTMENT OF IRANSIOFTANCM 4
ANNUAL REPORT FOR CAUENDAR YEAR 319 _
GAS TRANSMISSION & GATHERING SYSTEMS
When data are readily avarlable, such data should be reported. Current year reporting should be scrual data. When back dats are
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