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Background
Recent Mississippi Water Crisis and Ongoing Issues 2022 ❑Nearly 50 days of an 

ongoing boil water 
advisory has become 
common

❑It is unknown when it 
will be resolved.

❑Replacing the water 
treatment facility& 
solving this crisis could 
cost billions of dollars.

❑More than a trillion 
dollars must be 
invested in water 
infrastructure by 2030. 



Source: Figure created by the author

Photo: ABC News – Breaking News

Operational failure of a water utility value stream in some of the US southern states 
during a deep-freeze event of a winter storm in February 2021 by Time Period 

Background: TX Water Crisis & Deep Freeze
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City Water Utilities

1 Systems offline

2 City Water pumps froze

3 Attempt to provide opening 

all water valves

8 Residential pipes burst

Wholesale Provider

4 Extended power outages

5 Refuel emergency generator fuel 

supplies, but Iced roads

6 Remaining Generator fuel wasted

7 Much water production offline



Ongoing Water Crisis Cities
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*NM -The fire-related 
debris and ash due to 
wildfire contaminated 
the reservoir.
*HI - Jet fuel leaked by 
the Navy water system.
*TX - water crisis from 
an ongoing drought and 
record-breaking heat. 
*MS - failing water 
treatment system from 
heavy rainfall and 
flooding
*MD - the bacteria was 
detected in the 
drinking water 
*MI - lead pollution in 
the water system



Infrastructure Investment & Jobs Act

Detailed proportion for each infrastructure based on Infrastructure Investment and Jobs Act (IIJA) 1.25T
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Bipartisan 
Infrastructure Law

Water 
infrastructures -

small percentage, 
6%

Constant and Major 
Water Crisis

Effective Long-term 
Financial 

Framework



Problem 

Statement & 

Needs

❖ Therefore, there is a need to conduct a cost-benefit 
assessment related to the capital investment costs that will 
help government make the efficiency of limited budgets and 
resources for constructing, improving, and rehabilitating 
water infrastructures using historical financial and economic 
data. 

❖Minimizing risks of ineffectual and wasteful water sector 
investment through rehabilitating and improving water 
infrastructures in a rational manner will lead to improving 
grades of the infrastructure report card and the resiliency of 
interrelated infrastructures and sectors.
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Objectives

Objective
❑Establish a long-term financial framework based on cost-benefit 
assessment and priorities:

❑Long-term financial framework including the deep uncertainties 
for decision-makers to understand the benefit from investing in 
assets for an optimal level versus the cost of doing nothing allowing 
the asset to run to failure will be developed using the benefit-cost 
assessment.

Major Objective 

Major Purpose

❑Major Purposes of this phase: are ​to conduct a benefit-cost 
assessment in terms of private, financial, economic, efficiency 
using nominal and real terms for maximizing the benefit from 
investing water sector and for reducing the vulnerability of 
water infrastructures. 
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Expected Outcomes

• In order to measure the benefit and cost of a strategy of maximizing the efficiency of limited 
budgets and resources, the study will conduct a benefit-cost assessment due to the investment 
costs for rehabilitating and improving water infrastructures using historical economic and 
financial data.

Benefit-Cost Assessment for a strategy 
of maximizing the efficiency

Long-term Financial Framework on 
water infrastructure

• The long-term financial framework including the deep uncertainties for decision-makers to 
understand the benefit from investing assets for an optimal level versus the cost of doing nothing 
allowing the asset to run to failure will be developed using the cost-benefit assessment. 

❖ To minimize the increasing challenges associated with the aging water infrastructure 
and to maximize the efficiency of water infrastructures, this research conducts a 
benefit-cost assessment related to the investment costs and develops a long-term 
financial framework for water infrastructure.
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Scope of Research
This research focuses on evaluating a proposed project (DPCR project) using a cost-benefit assessment 

to maximize the benefit of investing in water infrastructure for economic and financial feasibility and 

developing a long-term financial framework as a feasibility study. 

Del Puerto Canyon Reservoir (DPCR)

This water infrastructure project proposes to construct a reservoir on Del Puerto Creek in the Del 

Puerto Canyon which is in the eastern foothills of the Coast Range Mountains.

The purpose of the DPCR is to develop additional South of Delta water storage, utilizing the water after 

it is moved through the Delta, to maximize the management and efficient use of existing water supplies.

(I) It determines whether the project is efficient from a market perspective.
(II) Since it can be a large-scale infrastructure project that would be financed, built, and operated by the government, a 
build-operate-transfer contract point of view can be taken into consideration.
(III) It examines the proposed project from the financial perspective by netting the interests, taxes, and debt flows. 
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Method Used
A Process for Performing a Cost-benefit Assessment
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Key Parameters

	1	

Parameters 

development period 5 years 

benefit period 20 years 

Benefit_ growing annual rate 2.0% beginning in Y7 

Income tax rate  9.3% California state income tax 

Real SPC discount rate 11%  

Initial annual benefit $250,000,000  beginning at the end of year 6 

Initial operation and maintenance cost $80,000,000  from year 6 to end year 

Nominal interest rate_ Debt (proposed project)  8%  

Loan financing 85% (15% equity)  

Loan repayment period 15 years 

Inflation rate 3%  

Nominal SPC discount rate 14.33% <=*(1+r)=(1+r~)(1+i) 

* Real interest rate_ Debt (*r~=(1+r)/(1+i)-1): 4.85%  

* Interest during the development period is capitalized 
* r=(1+r~)*(1+i)-1 

* Under US tax law, depreciation and loan interest, but not loan principal payment, are tax deductible. 

	2	

To conduct a benefit-cost assessment in terms of private, financial, economic, efficiency using nominal and 
real terms, if the key parameters are summarized in a table, those are as follows 
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Assumptions of Stochastic Analysis-1

The initial annual benefit level is normally distributed with

a mean of $250,000,000 and a standard deviation of

$36,000,000.

The benefits increase each year has an unknown distribution

and hence is assumed triangular with a minimum of -2%, a

most likely value of 2%, and a maximum of 5%.

<The Initial Annual Benefit Level>
<Benefit Increase Each Year>

❖ The assumptions of stochastic analysis used in this research have additional main project parameters 
as follows. 

❖ Stochastic analysis is used to model uncertainty in crucial project parameters in these analyses and to 
evaluate various risky projects. 
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Assumptions of Stochastic Analysis-2
The initial year’s operation and maintenance

cost has a Pert distribution with a minimum

of $55,000,000, a mode of $80,000,000, and a

maximum of $110,000,000.

In subsequent years (from Y7 to Y25), the

operation and maintenance cost is equal to

the previous year’s cost plus a normally

distributed random component with a mean

$0 and a standard deviation of $750,000.

The nominal loan interest rate is not known

with certainty, but one it has identified at the

beginning of the project, it is fixed for the life

of the project. It is assumed a Pert distribution

with a minimum of 3%, a mode of 8%, and a

maximum of 15%.

<The Initial Year’s operation and maintenance 

Cost - Pert Distribution>

<In Subsequent Years (from Y7 to Y25), 

the Operation and Maintenance Cost>
<The Nominal Loan Interest Rate>

❑ Under United States tax law, depreciation and loan interest, but not loan principal payment, are tax-deductible, and the interest during the

development period is capitalized.
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I) Economic/market analysis

I) Economic/market analysis - assessing the benefits and costs of the 
project at market prices without any consideration of financing or taxes 
except that the interest during construction will be included in the capital 
charge to be applied in year 5.  It is calculated the NPV and IRR.
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Cumulative Distribution Function of Net Present 

Value of Economic/Market Analysis

Histogram of Net Present Value of Economic/Market 

Analysis

15



II) Financial/private analysis -
(considering project financing) 

II) Financial/private analysis - (considering project financing) assessing the benefits 
and costs to the Special Purpose Corporation (SPC). It is assumed the SPC makes a 
loan for 85% of the total investment with the 15% equity paid at the end of year 5, 
repayable at an 8% interest rate. It is assumed that the loan balance at the end of 
year five, which includes capitalized interest, less equity paid is serviced through 
equal installments over a fifteen-year repayment period. 
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Cumulative Distribution Function of Net Present 

Value of Financial/Private Analysis considering 

project financing

Histogram Net Present Value of Financial/Private 

Analysis considering project financing 
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III) Financial/private analysis - (for the 
cash flows after finance and taxes)

III) Financial/private analysis - (for the cash flows after finance and taxes) calculating the 
NPV and IRR for the cash flows after finance and taxes. The total capital investment can 
be depreciated under US tax law over a period of 15 years, starting in year 6 using the 
straight-line method. Salvage value is zero. Under US tax law, depreciation and loan 
interest (but not loan principal payment) are tax-deductible. It is assumed the interest 
capitalized in capital investment is not tax-deductible. 
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Cumulative Distribution Function of Net Present 

Value of Financial/Private Analysis for the cash 

flows after finance and taxes 

Histogram Net Present Value of Financial/Private 

Analysis for the cash flows after finance and taxes  
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Conclusion
A vital planning tool for establishing economic and financial feasibility & A feasibility study for developing a long-term 

financial framework

Long-term Financial Framework on water infrastructure, including the deep uncertainties 
for decision-makers

Benefit-Cost Assessment for a strategy of maximizing the efficiency for rehabilitating and 
improving water infrastructures

Research Plan

Major Objective
analyzes several methodologies according to different points of view and conducts the benefit-

cost analysis in terms of private, financial, economic, and efficiency using nominal and real terms. 

Contribuiton

• The cost-benefit assessment of several scenarios for reducing the water crisis and 

rehabilitating and improving water infrastructures - develop a long-term financial framework 

and improve redevelopment decisions for maximizing the benefit of investing in water 

infrastructures.

• It can lead to minimize the associated risks of the water sector and the damages from the water 

crisis, improving the resiliency of the water sector infrastructures, and decreasing the 

vulnerability of the water service. 

20



Financial Framework that Maximizes Benefit of 

Water-Infrastructure Investment

KwangHyuk Im 
Ph.D. candidate

E-mail: im21@purdue.edu

Purdue University

Division of Construction 

Engineering and Management

550 Stadium Mall Drive

West Lafayette, IN 47907-2051

mailto:im21@purdue.edu

	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21

