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In this Presentation

• Introduce the problem
• Explain methodology 
• Results

• Wareham Fire District



170 mi
92% CI, DI



Lifecycle Costs

• As time goes by, things deteriorate
• Reactive maintenance is costly
• You can’t expect to be financially sustainable based only on past 

performance without knowing what’s going to happen in the future



Reactive Maintenance

Pros
• You only spend when “needed”
• Low initial costs 

Cons
• Shorter equipment life 
• Expensive: Indirect costs, time
• No budget control



To be pro-active…

• What is the service life of Wareham’s water mains?
• What are our forecasted future expenditures?

Numerical 
Model



Data requirements

Water Mains 
Model

Hydraulic 
Model

What’s going to 
happen in the 
future

How is the 
system today?

Field Data

GIS

Model 
Parameters

Criticality



What’s the model going to do?

Water Mains 
Model

1- Deteriorate

2- Select what to do

3- Prioritize
Risk

Decision 
model



Past Efforts: Risk Analysis

• Age

• Material

• Hydraulic Model

• WO data

Levels of 

Service

Risk
Investment

Likelihood of 

failure
Criticality

X

• Health & safety impacts to customers 

• Economic impacts to the community

• Revenue and financial losses

• Negative public relations (traffic, land 

use)



Prioritization

Prioritize

High Consequence ----------------------------------Low Consequence
Priority 1 2 3 4 5 6 7 8 9 10

Total 1,353,548$    229,907$      3,406,859$  14,073,077$  9,418,163$     37,187,217$   16,603,389$  8,115,041$     -$               -$               
Accum 1,353,548$    1,583,454$   4,990,313$  19,063,390$  28,481,553$   65,668,770$   82,272,159$  90,387,200$   90,387,200$  90,387,200$  

In CIP Yes Yes Yes Partial No No No No No No

Budget: $10 M

from the decision model Changes “actions” from the 
decision model to “Do 
Nothing”



Decision Model

Select what to do

Do Nothing

•OK
•Not enough 

budget

Structural 
Lining

•AC
•Corrosion

Replace with 
DI

•AC, DI, CI
•Corrosion, 

tuberculation

Replace with 
Larger DI

•AC, DI, CI
•Fire Flow



Deterioration



uncertainty

Deterioration

the process of becoming 
progressively worse

a gradual decline, as 
in quality, 
serviceability, or vigor.

time

Condition? Capacity? Strength? 



Soil pH



Soil Corrosivity



Deterioration: Failure Modes

Corrosion

s



Corrosion: In Situ Testing



Field Testing Results – In Situ Testing

• AC Pipe



Field Testing Results – In Situ Testing

• Iron Pipe



When to Consider Replacing Pipe – Field Results

Estimated Minimum Pipe 
Thickness Before Break –12 inch 
pipe à Bending stress controls
Stress Required 

Thickness, in.
Ductile Iron
Int. Press. Hoop Stress 0.05

Bending 0.19
Cast Iron
Int. Press. Hoop Stress 0.08

Bending (20 ft span) 0.51
Bending (15 ft span) 0.30
Bending (10 ft span) 0.13

Specimen
Manufacture 

Thickness
Minimum Bending 

Thickness
% of Original 

Thickness

Ductile – Class 52 0.37 inch 0.19 inch 51% (49% corroded)

Cast Iron – 15 ft Span 0.65 inch 0.30 inch 46% (53% corroded)

50%



Model Inputs

FM: Corrosion FM: Turberculation Fire Flow Adequacy
% Corrosion > than C value < than Capacity Score < than

50% 50 5

Deterioration Model (Corrosion)

Class Type Min Likely Max Min Likely Max
AC-6 0.455 0.555 0.685 0.120 0.163 0.270
AC-8 0.555 0.760 0.810 0.120 0.163 0.270

AC-10 0.830 0.927 1.060 0.120 0.163 0.270
AC-12 0.960 1.090 1.190 0.120 0.163 0.270
AC-16 1.230 1.334 1.485 0.120 0.163 0.270
AC-20 1.640 1.728 1.820 0.120 0.163 0.270
AC-24 1.980 2.068 2.160 0.120 0.163 0.270
AC-30 1.560 1.645 1.900 0.120 0.163 0.270
SCI-6 0.440 0.453 0.480 0.021 0.053 0.298
SCI-8 0.429 0.532 0.652 0.021 0.053 0.298

SCI-10 0.500 0.530 0.609 0.021 0.053 0.298
SCI-12 0.540 0.653 0.737 0.021 0.053 0.298
PCI-6 0.385 0.430 0.550 0.025 0.053 0.249
PCI-8 0.484 0.540 0.691 0.025 0.053 0.249

PCI-10 0.496 0.579 0.725 0.025 0.053 0.249
PCI-12 0.474 0.644 0.795 0.025 0.053 0.249

DI-6 0.250 0.270 0.310 0.027 0.071 0.480
DI-8 0.250 0.330 0.388 0.027 0.071 0.480

DI-10 0.260 0.290 0.350 0.027 0.071 0.480
DI-12 0.280 0.370 0.403 0.027 0.071 0.480
DI-16 0.340 0.360 0.400 0.027 0.071 0.480
DI-20 0.380 0.393 0.420 0.027 0.071 0.480
DI-24 0.430 0.433 0.440 0.027 0.071 0.480

Thickness (in) Deterioration Rates (mm/yr)Unit Costs
Material Diameter Replace with DI Replace with DI+ Structural Lining

Metal 6 150.00$               150.00$                200.00$             
Metal 8 150.00$               180.00$                200.00$             
Metal 10 180.00$               190.00$                200.00$             
Metal 12 190.00$               225.00$                200.00$             
Metal 16 225.00$               260.00$                250.00$             
Metal 20 260.00$               280.00$                250.00$             
Metal 24 280.00$               320.00$                250.00$             

AC 6 180.00$               180.00$                250.00$             
AC 8 180.00$               216.00$                250.00$             
AC 10 216.00$               228.00$                250.00$             
AC 12 228.00$               270.00$                250.00$             
AC 16 270.00$               312.00$                300.00$             
AC 20 312.00$               336.00$                300.00$             
AC 24 336.00$               400.00$                300.00$             



The Model



The Monte-Carlo…



Estimated Service Life

5.0% 90.0% 5.0%
55.33 58.49
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Minimum 53.6578
Maximum 61.0015
Mean 56.8403
Std Dev 0.9824
Values 2000

Min=   53.65
Max=   61.00
Mean= 56.84

How long does it take 
to lose 50% of the 
thickness?



Scenario 1: Budget = $0
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Minimum 76.7571%
Maximum 82.2368%
Mean 79.8931%
Std Dev 0.7446%
Values 2000

Min=    76.7%
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Scenario 2: “1.5M /year  starting in 2025”
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Mean 52.3790%
Std Dev 0.6972%
Values 2000
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Key Findings

• The corrosion rates derived from the Echologic’s data result 
in estimated service life values shorter than what’s been 
traditionally accounted for.

• Soil corrosivity in Wareham could be a concern.
• More corrosivity data should be collected for a

more accurate assessment.
• Other failure modes should also be considered.
• This analysis indicates that at least  $1.5M

per year is needed to maintain the system
overtime.
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