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LIFE CYCLE COST ANALYSIS FOR DECISION MAKING IN COLLECTION 

SYSTEM REHABILITATION   
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1Bevin A. Beaudet, P.E., LLC, 316 Plymouth Rd., West Palm Beach, FL 33405; email: 
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1.  ABSTRACT 

 

 Life Cycle Cost analysis (LCC) is a tool allowing utility owners to make sound project 

decisions, considering both capital and operating costs over a long-term analysis period.  Capital 

projects prioritized by rigorous LCC analyses facilitate strongly supportable business case 

decisions.  More often performed for projects such as treatment plants or pumping stations, 

rarely is LCC used to make decisions on collection system rehabilitation.  This is unfortunate 

because rehabilitation projects are consuming a greater percentage of utilities’ capital budgets.  

This paper presents a detailed description of the LCC methodology as it pertains to collection 

system rehabilitation decisions.  A simple spreadsheet-based case study is presented for 

collection system rehabilitation of lateral liners using Cured In Place Plastic (CIPP) lining.  

During the presentation many often overlooked variables influencing life cycle rehabilitation 

costs will be identified and methods to incorporate them into the LCC will be described.  These 

include not only initial capital and long-term operating costs, but also a broad range of other 

evidence including job site tests, published reports, manufacturer product data as well as 

historical local experience.  The broader the range of evidence incorporated into the analysis, the 

more accurate is the LCC and corresponding business case.  

 

2. INTRODUCTION 

 

The American Society of Civil Engineers has assigned a D+ to the condition of U.S. wastewater 

infrastructure. In the U.S., there are over 800,000 miles of public sewers and 500,000 miles of 

private lateral sewers connecting private property to public sewer lines (1). Each of these 

conveyance systems is susceptible to structural failure, blockages, and overflows. The EPA 

estimates that $271 billion is needed for wastewater infrastructure over the next 25 years. Of that 

amount, $51 billion is needed for conveyance system repair (2). Clearly, this expenditure, 

however financed, will ultimately be passed on to rate payers / utility customers.  Maximizing 

the benefit of every dollar spent on collection system repair and rehabilitation should be the goal 
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of every utility decision maker. Too often, only initial investment (least cost) is the main priority 

in the process of capital planning for collection system rehabilitation.     

 

Fortunately, there is an analytical tool, Life Cycle Cost analysis (LCC), which provides the 

decision maker a tool to determine the cost of rehabilitation alternatives based on the full life 

cycle (service life) of each alternative.  LCC takes into consideration operation and maintenance 

costs, performance and service life of each alternative, and other considerations.  LCC is such an 

important tool in maximizing cost effectiveness that the Water Resources Reform and 

Development Act of 2014 (WRRDA) amended the Clean Water Act to include section 

602(b)(13) mandating LCC for federally funded projects.   

 

3. WHAT IS LCC? 

 

ASTM International defines LCC analysis in its Standard F1675 – 13, Standard Practice for Life-

Cycle Cost Analysis of Plastic Pipe Used for Culverts, Storm Sewers and Other Buried Conduits 

(3) as: 

 

Section 1.2: The LCC technique measures the present value of all relevant costs to install, 

operate and maintain alternative drainage systems such as engineering, construction, 

maintenance, rehabilitation, or replacement over a specified period of time.  

Section 1.3: The decision maker, using the results of the LCC analysis, can then identify 

the alternative(s) with the lowest estimated total cost based on the present value of all costs.  

 

For the LCC to be as useful as possible, it should follow the procedures detailed in F1675.  After 

carefully defining independent, mutually exclusive alternatives that satisfy the same functional 

requirements and provide the same benefit, the following data should be compiled: 

 

• Initial installed cost 

• Material service life 

• Operating costs 

• Maintenance costs 

• Rehabilitation cost 

• Replacement cost 

• Terminal value (commonly called salvage or estimated value of an asset in the future)  

 

In compiling these costs, F1675 recommends that use of job site reports, published reports, 

manufacturer product data, and local experience with the alternatives to be considered. The broader 

the range of information assessed by the LCC analysis the more accurate the analysis will be. 

 

4. EXAMPLE LCC ANALYSIS  

 

A common method of trenchless rehabilitation of gravity sewer pipes is CIPP lining.  CIPP 

lining provides a structurally sound pipe-within-a pipe that significantly reduces infiltration from 

the old, deteriorated mainline pipe. However, lining only the mainline pipe is not a complete 

solution.   
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The laterals (pipes from residences and other buildings that drain into the mainline) also need to 

be lined as leaking laterals can contribute from 25-75% of the total I&I depending on 

environmental conditions.  Figure – 1 depicts a typical lateral after lining and sealing. 

 

 
Figure – 1 Typical CIPP-Lined Lateral Showing Seals at Mainline Pipe and Within the 

Lined Lateral 

 

 

CIPP methods are also commonly used to line the laterals, which must be sealed tightly to both 

the mainline and the upper portion of the old lateral.  The main difference between the various 

CIPP lateral lining methods is the type of seal used.  There are two generic type of seals:  seals 

which use a hydrophilic paste or adhesive and seals which use pre-engineered, molded rubber 

hydrophilic gaskets.  The only type of seal with specific standards are the rubber seals:  ASTM 

F2561 (4) and ASTM F3240 (5).   

 

In order to demonstrate an LCC analysis, a theoretical example is shown below.  This example 

compares a “Do Nothing” alternative with two different CIPP lateral lining alternatives.  The 

example analysis is conducted over a 50-year period, which is the projected service life of a 

CIPP lined mainline pipe. The three alternatives are: 

 

1. “Do Nothing” and leaving in service an old, leaking lateral and controlling the 

resultant leakage by scheduled maintenance activities including inspection, cleaning 

and grouting.  Grouting is a short-term maintenance activity where a resin or other 

sealing material is injected into a leaking lateral to minimize leakage   

2. CIPP lining using hydrophilic adhesive or paste-based seals   

3. CIPP lining using pre-engineered, molded Neoprene rubber gaskets in compliance 

with ASTM F3240  

 

Costs considered in the example analysis include initial installation and periodic replacement 

costs (if applicable), and two specific annual recurrent costs:  conveyance and treatment of 

leakage flow volumes; and periodic maintenance by CCTV inspection, cleaning and grouting (if 

applicable) of the lateral.   
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5.       COST ASSUMPTIONS USED IN THE ANALYSIS 

 

• Leakage – the volume of leakage from a failed lateral was estimated using data from the 

paper given at the April 2014 NASTT No-Dig Conference: Rehabilitation of the Coral 

Gables Wastewater Collection System (6).  In this paper the measured flow within a 

basin after the mainline pipe and laterals were fully lined by CIPP was reduced from 65 

to 13 gpm.  This indicates that 80% of the unlined flow resulted from I&I, assuming a 

generally accepted sewerage flow of 220 gpd from an equivalent residential connection.  

Fifty (50) percent of the I&I was assumed to come from the unrehabilitated mainline and 

50% from the laterals, again a generally accepted figure.  The cost of conveyance and 

treatment in 2018 dollars was assumed to be $2.50 per 1000 gallons.  

 

• CCTV Inspection and Grouting – These costs were obtained from the authors’ personal 

experience and that of several other utilities and contractors.  The per lateral costs were 

based on the number of laterals that can be serviced by a single crew in one shift and the 

costs of labor and equipment for that shift.   

 

• Initial Installation Costs – These costs were obtained from 2018 competitive bids for 

each type of lateral, without the installation of cleanouts.   These bids were for lining 3-

feet into the lateral connection from the sewer main. 

 

6. DATA USED TO DETERMINE MATERIAL SERVICE LIFE 

 

As previously reported, F1675 allows use of job site reports, published reports, manufacturer 

product data and local experience for each of the alternatives to be considered.  This analysis 

makes use of such data to develop the assumptions on leakage, operating costs, and service life 

contained in the example LCC analysis.  Review of the data in the spreadsheets shows that the 

leakage in the Do Nothing alternative can be mitigated for a number of years by inspection, 

cleaning and grouting, a practice conducted by many utilities.  Such mitigation rarely results in 

eliminating leakage, only reducing it for a number of years until the process must be repeated to 

be of any value.  It is also assumed that old, crumbling laterals can deteriorate to a stage that 

eventually grouting will have little to no effect.  The example spreadsheets assumes that after 25 

years, grouting will reach that stage, so no further leakage mitigation is assigned.   

 

There are a number of reports and technical studies, which show limitations in material service 

life of the CIPP lining using the hydrophilic, adhesive or paste seals alternative.  Recent tests 

conducted by an independent laboratory (7) (8) summarize the amount of expansion when 

submerged of both a commonly used paste seal (Adeka P-201A) compared to an ASTM F3240 

compliant, molded neoprene rubber seal.  Figure-2 demonstrates the results of this test.  The 

hydrophilic paste seal expands to approximately 100% of its original volume, while the ASTM 

F3240 seal expands to approximately 800%.   
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Figure – 2 Submersion/Expansion Test Results    

 

 

 

Even in a best case, when the installers faithfully adhere to the controlled cool-down process which 

keeps the paste-based lateral CIPP liner full wrap barrel  tight to the host's wall surface, there 

remains to be considered the issue of dimensional shrinkage from long-term creep. Creep is 

defined as the movement of the host pipe away from the liner due to external perpendicular forces, 

particularly the hydrodynamic head of surrounding groundwater. The gap formed after analyzing 

a standard barrel wrap under just 5.0 feet of groundwater after 8 years exceeds .012 inches, and 

that is equivalent to what has been proposed to be the maximum swelling capability of the caulk. 

The gap over 50-years is approximately 0.050 inches (a U.S. quarter is 0.07 inches thick), and this 

distance is well beyond the capabilities of the "squashed paste" at its thickest assuming that it still 

possesses the ability to grow 100% volumetrically.  Figure – 3 demonstrates the effect of creep on 

the long-term performance of both sealing alternatives.  This figure is derived from calculations 

using published material data and Thépot’s creep analysis (9) (10). 
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Figure – 3 Effects of Creep on CIPP Sealing Mechanisms  

 

 

 

7.   LCC METHOD OF CALCULATION 

 

As previously discussed, Life Cycle Costs are overall costs spent by the owner during the entire 

life cycle of the project.  The costs are incurred during the investment phase (installation), the 

operating phase, and the end-of-life phase.  The alternative with the lowest net present value 

(NPV) over the analysis period is then considered the most cost-effective.  To consider both the 

time value of money using the discount rate and the effect of annual inflation, future costs are 

adjusted for inflation prior to discounting. 

 

Equation [1] is the standard equation for determining inflated costs: 

 

𝐼𝑛𝑓𝑙𝐶 = 𝐶 ∗ (1 + 𝑖𝑟)𝑡                                                                      [1]                                                                                                

 

where:  InflC = the cost after inflation at time = t 

  C = initial cost at time t = 0 

  t = time in years  

  ir = annual inflation rate 

 

The next step is to discount all inflated annual costs to present costs and then add these 

discounted costs together to derive a single NPV result for each alternative.  In order to calculate 

the NPV a discount rate is necessary.  This discount rate represents the time value of money and 

is normally set to the utility’s long-term cost of borrowing. 
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Equation [2] is the equation used for determining NPV (11): 

 

𝑁𝑃𝑉 =  ∑
𝐶𝑡

(1+𝑑𝑟)𝑡
𝑇
𝑡=0                     [2]                                                                                                                                                                                                        

 

where:  NPV = the net present value of the stream of costs considered over the analysis period 

   𝐶𝑡 = all relevant costs during year t 

   dr = the discount rate expressed as a percentage 

   t = the time in years (t=0……T) (years) 

   T = the selected analysis period    

 

An Annual Inflation Rate of 2.25% and a Discount Rate of 5.00% have been assumed for the 

example given below,  The analysis period has been defined to be 50 years, the generally 

accepted service life for CIPP mainline lining.  Salvage (Terminal) values have been defined 

based on straight-line depreciation.  For instance, if an asset with a useful life of 20 years were 

only 10 years into its service life at the end of the analysis period, then 50% of its installation 

cost would be credited at the end of the analysis period   

 

8.  RESULTS 

 

Tables – 1, 2 and 3 are spreadsheets which use the above equations to calculate the NPV of each 

alternative.   

 

The NPV results for each of the three alternatives are: 

 

1. Do Nothing Alternative - $9494.85 

2. CIPP lining using hydrophilic adhesive or paste-based seals - $6185.37 

3. CIPP lining using pre-engineered, molded rubber gaskets, ASTM F3240 compliant -  

$3192.42 
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Figure 4 Cumulative Annual Costs (Uninflated) 

 
9.  CONCLUSIONS 

 

The results of the example analysis demonstrate the value of the LCC analysis to a utility 

considering alternatives for rehabilitation of laterals in a collection system.  In this example, the 

higher initial cost alternative is shown to be the most cost effective long-term alternative to the 

utility and its customers.  Not only is the 50-year NPV much less, but according to Figure – 4, 

the cumulative annual costs of the ASTM F3240 compliant alternative are achieved and begin to 

benefit the utility in year 15 following installation.  Further, since the ASTM F3240 alternative 

has lower annual costs, its economic advantage is much less sensitive to inflation.   

 

The same method of LCC analysis, described in this paper, can be used to compare alternatives 

for other collection system projects, including conveyance system projects such as pumping 

stations.  Treatment plant projects can also be analyzed for NPV using this method as long as the 

alternatives analyzed provide the same project benefits and that time-related variable costs can 

be reasonably estimated.   

 

Perhaps one of the most important benefits of LCC to a utility decision maker is the solid 

documentation of a business case for the most cost effective alternative.  Utility managers are 

under tremendous pressure to stretch capital budgets as much as possible, given all the pressing 

needs for infrastructure rehabilitation throughout the utility.  An LCC analysis can be used to 

insure decision makers that they are making the best decision for their customers in the long-

term.   
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