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REVIEW OF THE 2002 ZEI, INC. REPORT 

 
I. Introduction  
 
In January, 2002, Peoples Gas Light & Coke Company (PGL) awarded a contract to ZEI, 
Inc. to perform a second supplemental study to their original Engineering Report No. 48, 
entitled “Cast and Ductile Iron Pipe Replacement Study for Peoples Energy, Chicago, 
Illinois.”  The original report was issued in May, 1981.  The first supplemental study was 
performed in 1993 and issued in February, 1994.  The 2002 report is intended to 
integrate current data and update the considerations and findings of ZEI’s 1981 Report 
and ZEI’s 1993 Supplemental Report.  The 2002 ZEI study incorporated the following 
activities: 
 

1. Perform an analysis comparing actual annual main replacements and 
performance with annual replacements recommended and performance 
predicted in ZEI’s 1981 Report and ZEI’s 1993 Supplemental Report. 

 
2. Integrate the inventory and maintenance history of all PGL’s cast and ductile iron 

main through December, 2001. 
 

3. Evaluate pipe coupon sample weight-loss measurement data since the 1993 
Supplemental report.  Compare the new data with the previous report’s data. 

 
4. Identify and integrate economic and operational factors that have changed or that 

represent new and important considerations affecting the repair/replace 
decisions. 

 
5. Perform statistical analysis of past performance of main and extend the analyses 

to incorporate newly developed data and additional or revised decision 
parameters. 

 
6. Prepare and publish a supplemental report containing a discussion of ZEI’s 

methodology, data used, findings and replacement/installation guidelines, 
updating ZEI’s previous reports. 

 
A review committee was established for the purpose of working with ZEI on the study 
and to review the replacement strategy for PGL’s cast and ductile iron main.   Members 
of the committee are T. C. Ziegenfuss, W. S. Evans, W. E. Gratz, S. Fiorella, J. M. 
Baumgartner, V. R. Gaeto, and P. Morooka. 
 
 
II. Review Committee’s Analysis of the ZEI’s Assessment 
 
A. Status of the Cast/Ductile Iron System on January 1, 2002 
As of January 1, 2002, PGL had 2,187 miles of cast and ductile iron main remaining in 
its distribution system.   The size, kind and pressure makeup were as follows (figures are 
represented in miles of main): 
 

Size CILP CIMP DILP DIMP Total 
4” 14 0 0 0 14 
6” 1,255 57 168 30 1,510 
8” 55 4 20 7 86 
Lg.Diameter (>8”) 258 192 75 52 577 
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Total 1,582 253 263 89 2,187 
 
    
B. Main Replacement Activities 
ZEI reviewed PGL’s retirement activity from 1993 through 2001 and compared it to their 
previous recommendations.  During that period, ZEI found that Peoples retired an 
average of 45.87 miles of cast and ductile iron main per year, which is slightly above the 
recommended mileage of 45.76 miles from the 1993 report.  Additionally, ZEI notes that 
in the critical 4” and 6” categories, replacements exceeded the recommendations from 
the 1993 report. 
 
ZEI notes that Peoples monitors all main segments for high leak repair and break 
activities using an overall ranking system.   This system is viewed to be an effective tool 
in analyzing the condition of segment and giving priority to their replacement.   The 
review committee concurs that the Main Ranking System continues to provide significant 
benefit in choosing the segments that are the best candidates for replacement.  The 
main ranking system evaluates all of PGL’s main segments on a monthly basis, 
assigning point values for age, size, maintenance activity, breaks and cracks, etc.  A 
segment’s total points is an indicator of its status among the entire population.  Since the 
1993 report, PGL has replaced all of its segments that had rankings with a score greater 
than 6.0.  Currently PGL targets segments for replacement if they achieve a score 
greater than 6.0 in the Main Ranking System.   
 
ZEI’s findings support Peoples’ overall main selection process.  In addition to the Main 
Ranking System identifying the best candidates for replacement, ZEI recognizes that 
Peoples needs to manage its main replacement program based on a number of 
parameters.  These parameters include public improvement projects, the need to take 
advantage of system and cost benefits associated with converting the entire system to 
medium pressure, and the need to continually assess the system in order to avoid 
creating isolated areas with a large number of customers.  
 
The review committee concurs with ZEI’s observation that Peoples’ main replacement 
selection process needs to consider multiple factors in balancing the needs of its 
constituents and that the process continues to be an effective and efficient means of 
retiring cast/ductile iron main.   
 
 
C. Breaks and Cracks Analysis  
ZEI reviewed main breaks and cracks data on cast and ductile iron mains.   Given the 
continual aging process of the cast and ductile iron pipe, a consistent rise in both the 
annual number of breaks and cracks and the break and crack rate per mile of main 
should be anticipated.  An active plan for retirement of the cast and ductile iron 
population can serve to mitigate the rise in these statistics.    
 
Peoples’ data indicates that the number of breaks and cracks was reduced significantly 
from 1993 to 2001 (see table below).  This may be an indication that PGL’s selection of 
main to be retired has effectively reduced the number of cracks and breaks.  
Additionally, ZEI notes that a sharp reduction in cracks occurred after 1997-98.  This 
time frame correlates with PGL’s change from external sealant to anaerobic sealant in 
1997-98.  The new practice does not require excavation under the main.  Thus, the new 
method eliminates excessive stress on the pipe at the joint caused by excavation 
underneath it.  Consequently, it reduces the potential for cracks.  The number of cracks 
in 1998 was 210, which was reduced to 80 in 2001. 
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Peoples Cast and Ductile Iron Main Break and Crack Activity 
(Number of Breaks and Cracks, All Soil Types) 

 1993 1994 1995 1996 1997 1998 1999 2000 2001 Total 
Breaks 229 348 264 273 262 221 236 196 146 2,175 
Cracks 147 166 180 180 232 210 164 116 80 1,475 
Total 376 514 444 453 494 431 400 312 226 3,650 

 
In addition to the total number of breaks and cracks, ZEI also examined the break and 
crack rate per mile of cast and ductile iron main.  ZEI found that the break and crack 
rates on cast and ductile iron mains have been relatively constant over time.  ZEI 
concludes that this indicates that PGL’s retirement strategy has maintained good control 
of breaks and cracks (see table below).  The minor variations in the break and crack 
rates and the ability to make selections for retirements based on the previously stated 
criteria supports a conclusion that PGL’s main retirement selection process has been 
effective in controlling breaks and cracks.   
 

 
Peoples Cast and Ductile Iron Main Break and 

Crack Rates  - All Sizes 
 

 
Year 

Inventory 
Miles 

No. of Breaks & 
Cracks 

Break & Crack 
Rate (No./Mile) 

1993 2,530.85 376 0.15 

1994 2,483.64 514 0.21 

1995 2,430.40 444 0.18 

1996 2,368.13 453 0.19 

1997 2,325.51 494 0.21 

1998 2,298.97 431 0.19 

1999 2,269.58 400 0.18 

2000 2,232.71 312 0.14 

2001 2,186.87 226 0.10 

Mean   0.17 

 
 
The review committee concurs with ZEI’s findings that the number of breaks and cracks 
has significantly reduced in recent years.  The committee notes that the volume of 
breaks and cracks should naturally be expected to reduce as the entire population of 
main continues to decline annually.  However, this should not necessarily affect the rate 
of breaks and cracks per mile of main.  A rise in the rate per mile of main should be 
expected due to the continual aging of the population.  The committee feels that Peoples 
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is effectively holding this rate constant by targeting and eliminating segments likely to 
produce the most breaks and cracks via the main ranking system.   
 
Finally, the review committee also recognizes that the change to anaerobic sealant is a 
significant process change.  However, the committee also notes that several recent 
winters have been warmer than normal.  Given these considerations, in order to validate 
any conclusion, the data may need to be measured over a longer period, which includes 
some harsher winters with greater frost depth.    
 
 
D. Pipe Coupon Analysis 
ZEI’s analysis of the pipe coupon data provided by PGL was found to have only a slight 
change in corrosion rate from the last study.  Accordingly, ZEI developed new corrosion 
rates based on the entire database of coupons from the 1993 and 2002 studies.  The 
review committee concurs that this is a logical conclusion and that the larger database of 
information developed over a longer period of time yields a more accurate 
representation of the entire environment.  Based on this data, ZEI calculated small 
diameter critical failure ages based on vintage of pipe.  Critical failure age is a 
calculation of the life expectancy of the pipe.  The calculation uses frost depths and 
corrosion rates to establish an expected age range.  Increasing the frost depth 
decreases the life expectancy.  ZEI used a 3.0’ frost depth to establish the shortest 
critical failure age and a 1.0’ frost depth to establish the longest critical failure age. 

 

Summary of Small Diameter Mean Critical Failure Age and Range 

Main Size 
(Inches) 

 

Mean Critical Failure Age 
(Years) 

 

Critical Failure Age 
Range 
(Years) 

4 94 67-121 

6 (Pre-1933) 179 160-198 

6 (Post-1933) 96 67-124 

8 (Pre-1933) 205 194-216 

8 (Post-1933) 165 147-183 
 
 
 
 
ZEI notes that the apparent incongruity of the newer pipe having a shorter critical age 
period is due to the difference in span length between supports.  The pre-1933 
segments are 12 feet long, whereas the post-1933 segments are generally 16 feet long.  
The longer spans on the newer pipes have a lower load-carrying capacity than the older 
pipes under the same corrosion weight-loss conditions.  Consequently, these segments 
have an earlier critical failure age.  ZEI’s report states that most of the small diameter 
main will reach its mean critical age by the year 2050.  Break and crack activity should 
be expected to increase thereafter if the main is not replaced.  
 
ZEI concluded in its 1993 report that critical failure ages for large diameter pipe do not 
need to be monitored.  Large diameter cast iron main sizes are considered to have 
significantly longer life expectancies than small diameter main because of their thicker 
walls and greater resistance to bending under load.  As an example, mean critical age 
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failures for 12” and 24” large diameter mains are indicated in the table below.  It is clear 
that these calculations extend far beyond any currently contemplated replacement 
scenario.  
 

 

 

Sample Large Diameter Mean Critical Failure Age and Range 
 Mean Critical Failure Age (Years) 

Size (Inches) Pre-1933 Post-1933 

12 267 213 

24 380 325 

 
 
ZEI notes that PGL is converting its system to medium pressure.  Emphasis should be 
placed on the replacement of small diameter main.  Retirement of the larger diameter 
main occurs more as a result of lack of need for the main or in response to public 
improvement projects rather than because it has reached its critical failure point. 
 
Finally, the report states that ductile iron main does not fail by breaking and cracking like 
cast iron but more often it fails due to pitting of corrosion clusters that cause pinholes in 
the wall.  ZEI did not calculate the critical ages of ductile iron main, noting that PGL 
monitors these segments in its main ranking system and replaces them when failures 
warrant it.  
 
The review committee concurs with ZEI’s critical age failure calculations and projections. 
The committee believes that acceptable replacement levels can be achieved before 
critical age presents significant maintenance issues.  
 
 
E. Leak Repair Activities 
 
ZEI studied leak repair activities on the cast/ductile iron system.  For purposes of this 
study, leak repair activity was defined as any maintenance activity associated with 
repairing a leak.  Thus, each joint repair is counted as a single leak repair activity.  Since 
PGL typically will repair more than one joint to clear a leak, data represented in the ZEI 
report does not have a correlation with PGL’s leak repair counts for pending leaks or 
repairs.   
 
The table below gives indication that joint repair activities significantly rose in the period 
from 1993 through 1997 and then significantly fell from 1997 through 2001.  Although not 
specifically addressed by ZEI, in the opinion of the review committee, there are two 
significant factors that influence these figures.  First, weather affects the number of leaks 
received from year to year, thus forcing the company to vary its resources from year-to-
year on maintenance activities. Second, a change in the leak survey procedure occurred 
in the 1993 – 2000 period.  The change significantly lowered the sensitivity setting from 
50 parts per million to 2 parts per million on the flame ionization instruments used to 
detect gas leaks.  
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Peoples Cast and Ductile Iron Joint Repair Rates 
All Sizes 

 
 

 
Year 

Inventory 
(Miles) 

No. Of 
Joint Repairs

Leak Rate 
Joint Repair 

1993 2,530.85 7,439 2.94 
1994 2,483.64 7,984 3.21 
1995 2,430.40 9,526 3.92 
1996 2,368.13 13,243 5.59 
1997 2,325.51 17,570 7.56 
1998 2,298.97 14,719 6.40 
1999 2,269.58 10,943 4.82 
2000 2,232.71 6,582 2.95 
2001 2,186.87 6,433 2.94 

Mean   4.48 
 
ZEI analyzed leak repair activity according to age categories of pipe (vintage).  The 
results are summarized below. 

 
Average Leak Repair Activity Rates by Vintage   

  (Number of Leak Activities per Mile of Main) 

Vintage All Sizes 
Pre-1900 8.9 

1900-1910 7.2 

1911-1920 8.5 

1921-1930 2.7 

Pre-19331 6.7 

 

1933-1954 .7 

1955 & Later 1.2 

All 4.4 
 
 
1 Pre-1933 summarizes all years prior to 1933 
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ZEI concludes that the level of main leak repair activities is primarily driven by the pre-
1933 cast iron main having bell-and-spigot joints, which display significantly higher leak 
repair activities than post-1933 main.  Post-1933 main is primarily comprised of 
mechanical couplings with gasket seals, which have a higher integrity than earlier 
vintages of bell-and-spigot joints. 
 
The review committee concludes from this data that, where practical, it is in the 
economic best interest of PGL to eliminate the pre-1933 main due to its significantly 
higher leak repair activity.  Pre-1933 main has approximately seven leak repairs for 
every single leak repair on post-1933 main.  Replacing segments of main that are likely 
to consume significant maintenance dollars allows the organization to avoids that 
maintenance expense.  However, this generalization should not override the use of the 
main ranking system in evaluating the best candidates for replacement. 
 
 
III. Economic Evaluation of Three Retirement Plans 
 
ZEI studied three different replacement periods with completion by the years 2040, 2050 
and 2060.  ZEI determined that all three plans would accomplish replacement of the 
targeted main safely.  Plan C is the longest period and has the lowest total present value 
while plan A is the shortest period but has the greatest present value.  The three ZEI 
plans are summarized by mileage and cost of cast and ductile iron replacement main as 
follows: 
 

 Completion   Annual Replacement  Net Present 
Plan         Date    Miles   Value (1) (2) 

   A     2040    57.55   $775  
   B     2050    45.56   $697 
    C     2060    37.70   $642 
 
 Notes:  (1) Annual Loaded Main Cost and Net Present Value are in  
                    Millions and in 2002 dollars. 
 

(2) The Net Present Value calculation also includes the estimated 
Impact of maintenance costs. 

 
ZEI recommended Plan B be implemented to complete replacement by the year 2050.  
This plan, while having a greater net present value than the longer-range plan C, has 
less uncertainty in terms of future breakage rates, maintenance costs, and projected 
installation costs. ZEI adds that since the total net present value difference between Plan 
B and Plan C is small, Plan C could be selected as an acceptable choice.   However, 
ZEI qualifies that its calculations for Plan C have a greater economic and safety 
uncertainty due to the longer time frame to completely retire the system. 
 
Over the long terms of the ZEI plans, inflation would cause actual dollar expenditures for 
replacement to be much higher than the constant 2002 dollars shown above.  The ZEI 
plans only reflect costs for installation of mains.  Costs of related investment, such as 
service pipe and meter and regulator installations necessary for conversion, will require 
a considerable additional investment. 
 
The review committee concurs with the ZEI recommendation to replace all cast and 
ductile iron main by the year 2050, with one exception.  The review committee notes that 
large diameter main has an expected life that is significantly longer than the smaller 
diameter main.  This longer life far outlasts any of the replacement scenarios.  
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Additionally, large diameter medium pressure main represents the backbone of PGL’s 
supply to the low-pressure mains.  Thus, the large diameter medium pressure main likely 
will be the last main to be replaced and will not be retired solely because it is no longer 
needed for supply.  Large diameter medium pressure main currently represents 
approximately 244 miles of PGL’s cast and ductile iron inventory.  Given its significantly 
longer life span, the review committee does not see a need to target this main for 
replacement by 2050. 
 
IV. Reportable Incident Risk Assessment 
 
ZEI performed a risk assessment on Peoples’ cast/ductile iron system.  In the report ZEI 
notes that Peoples has not had an incident attributable to a cast/ductile iron main failure 
that resulted in a fatality.  ZEI used data from the Office of Pipeline Safety that indicates 
approximately 1.3 fatalities occurs in every 100 reportable incidents.  Noting that not all 
reportable incidents are related to cast iron, ZEI assesses the portion of risk attributable 
to PGL’s operation of a cast and ductile iron main system as only 0.16% of the total 
acceptable risk of operating a gas distribution system. 
 
The review committee concurs with ZEI’s calculations and conclusions regarding the risk 
associated with operating a cast/ductile iron system. 
 
V. Recommended Replacement Strategy 
 
The Review’s Committee’s recommended criteria for selection of mains for replacement 
include: 
1. Retire cast and ductile iron main based on break and leak repair history and the 

GMIS main segment ranking system criteria.  The main ranking system has proven 
to be an effective tool in identifying segments, which are the best candidates for 
replacement.  Elimination of the highest ranked segments in recent years has led to 
a current practice of replacing segments once they reach a score of 6.0 in the main 
ranking system.  Small diameter cast iron main either operating at medium pressure 
or where in close proximity to existing medium pressure main should get the greatest 
priority.  These segments facilitate reduced size of main and upgrade to medium 
pressure during replacement. 

 
2. Replace mains, which are in direct conflict with a public improvement project, such 

as a sewer project. In this scenario relocation of facilities is mandatory. 
 
3. Evaluate public improvement projects such as street resurfacing, street 

reconstruction, or sewer project, where the Company’s facilities are not in direct 
conflict.  Such a review is appropriate for two reasons.  First, governmental bodies 
strongly discourage public utilities from performing maintenance activities requiring 
digging in streets for several years after streets have been resurfaced.  Second, 
while sewer projects may not necessitate main replacement, local construction 
practices dictate that service pipes be cut out and replaced during a sewer project, 
and it is often cost effective to replace the main feeding those service pipes at the 
time of the sewer project.  The criteria utilized to determine main replacement in this 
situation as follows: 

 
 Condition of the main (main ranking > 3) 
 Proximity of the main to medium pressure supply 
 For low pressure mains, impact of MP replacement on LP supply continuity  
 Cost of replacement  
 Past maintenance type and frequency 
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 Diameter 
 Joint type 
 Pressure  
 Age 
 Available resources 
 Timeline of the public improvement project 

 
 
4. Take advantage of significant system improvements and cost benefits when 

replacing cast and ductile iron main through conversion to smaller diameter medium 
pressure main.  The long-term goal of the company is to operate a system comprised 
entirely of medium pressure.  Medium pressure mains significantly improve the gas 
distribution system performance while at the same time offer economic benefits 
associated with installing smaller diameter main.  In choosing system improvement 
work the following priority is recommended:  

 
a. Target larger specific replacement areas.  Elimination of entire low-

pressure areas including the retirement of district regulator stations allows 
PGL to gain efficiencies from its work force by working in concentrated 
areas.  The long-term effect of this practice optimizes PGL’s work force 
by eliminating maintenance activities in a particular area and 
concentrating replacement efforts in a continually declining geographic 
area.  

   
b. As a general practice, maximize the replacement of pre-1933 six-inch and 

smaller main in order to attain the greatest reduction in future 
maintenance costs.  Because of the significant difference in leak repair 
activities, six-inch cast and ductile iron low-pressure mechanical joint 
mains installed in 1933 and later years should be monitored and 
replacement deferred, when feasible.  This practice should not override 
the assessment of the main ranking system.  

 
c. Continue monitoring maintenance of 8” and larger diameter low pressure 

cast and ductile iron mains and defer replacement, when feasible, until 
they can be replaced with smaller diameter medium pressure mains, or 
retired without replacement.   

 
5. Assess system issues associated with low-pressure main retirement to ensure that 

areas do not become isolated and supplied by only one feed.  Replacement of these 
areas reduces the risks (large customer outage) associated with loss of supply from 
that single feed.  

 
6. Continually assess the system to eliminate mains no longer needed for circulation or 

supply. 
 
VI. Review Committee’s Recommendation/Conclusion 
 
Any of the three plans assessed by ZEI will accomplish replacement of the targeted 
main safely.  Therefore, both ZEI and the review committee considered other factors 
before making a determination as to which replacement plan would be most appropriate.  
ZEI made comparisons of the net present value of each of the plans.  ZEI also 
considered the uncertainties of being able to control future maintenance and installation 
costs over longer periods.  As a result of its analysis, ZEI recommended that 
replacement Plan B (year 2050) be adopted.  Plan B calls for the replacement of 45.56 
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miles per year.  In recommending Plan B, ZEI also allows that Plan C (year 2060) is an 
acceptable choice.  Plan C calls for replacement of 37.7 miles per year.  If Plan C were 
to be chosen, ZEI indicates that there is greater uncertainty surrounding the financial 
and risk calculations. 
 
The review committee proposes that a logical conclusion for PGL is to target all small 
diameter mains (8” and less) for replacement by the year 2050.  Currently this 
represents 1,610 miles of cast and ductile iron main.  PGL will need to average the 
retirement of 33.5 miles of small diameter main per year over the course of 48 years to 
accomplish this task.  As a result of that activity, PGL will replace/retire all of its large 
diameter low-pressure main since it will no longer be required for supply to the small 
diameter mains. This represents an additional 333 miles (average 6.9 miles per year) of 
large diameter main.  Total retirements need to average 40.4 miles per year.  It should 
be noted that because the large diameter low pressure main will achieve greater than 
average retirement levels in the later years, greater than average amounts of small 
diameter main needs to be retired in the earlier years in order to accomplish the total 
objective.  Additionally, new medium pressure feeder mains will be required to build a 
new system.  These mains will be required far in advance of the retirement of the 
associated large diameter low pressure main.  PGL will need to install more than 40.4 
miles of main per year in the earlier years to achieve the targeted retirement mileage. 
 
By the year 2050, PGL’s system will only have large diameter cast iron medium pressure 
main.  This main would still have a significant amount of projected life left.  To the extent 
it still exists, PGL could embark on a program to eliminate it, if desired.  PGL should 
endeavor wherever possible to avoid public improvement conflicts and replacement of 
this main until it is necessary.  This practice will preserve more capital funds for 
replacement of the more critical smaller diameter mains. 
 
In closing, the review committee recommends studies be conducted approximately every 
ten years in order to continually evaluate and update PGL’s comprehensive cast and 
ductile iron main replacement program.  Future studies can incorporate additional 
maintenance and breakage data, as well as future cost data, technology changes and 
regulatory requirements. 
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