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How the
Mississippi water
crisis happened

ongoing boil water
advisory has become
common

. Qitis unknown when it
will be resolved.

Since July 29, 2022 ~ Ongoing =
Issues

* 150,000 Jackson city’s residents =~ R - AR . | :
S S i - - \UReplacing the water
* Main water treatment facility \“‘— A i S JEWRT ' ¢ P 5
was damaged after a high level a-m Ky T “ 5 treatment faC|I|ty&

of flooding

solving this crisis could
A result of years-long issues. cost billions of dollars
I :_%'4 R b e L -t 1 - -
o B e e ™ dMore than a trillion
i e dollars must be

TONAY ’ o
T Heue ey, . ol T & UM invested in water

infrastructure by 20804s

JAe Kson
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Background: TX Water Crisis & Deep Freeze
wa__Ba

50%
g
25%)|

m 1 2 3 Days of Deep Freeze ) 6 T Source: Figure created by the author IR Iﬁmnsmﬁﬁmocw&ﬂ%RETUWNS
City Water Utilities Wholesale Provider
1 Systems offline 4 Extended power outages {, Vk_;__*; -
2 City Water pumps froze 5 Refuel emergency generator fuel | -:N%ATERCIS e
3 Attempt to provide opening supplies, but Iced roads A SRR S ST
all water valves 6 Remaining Generator fuel wasted
8 Residential pipes burst / Much water production offline

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
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*NM -The fire-related

= .
BENTON HARBOR

WATER - debris and ash due to

m — | ;E::::?gran i wildfire contaminated
b 4""‘ i‘* the reservoir.
s | ({Z A’*‘“ . *Hi-Jet fuel leaked by
3 NE ””' T the Navy water system.
] v AN DE *TX - water crisis from
[ e S s -
M an ongoing drought and
oy record-breaking heat.
CEIETLTTEREE *MIS - failing water
S Ll treatment system from
heavy rainfall and

flooding

Rio Grande - *MD - the bacteria was
Valley, Texas s i
— :\:fks_on_: R (e detected in the
) ' ississippl & 7'y ' . .
' Honolulu, ‘ 2o drinking water
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Infrastructure Investment & Jobs Act

drinking water and wastewater
systems($748B)
6%

electric vehicle infrastructure,
including electric buses($25B)
2%

traditional infrastructure, including
highways, bridges, rail, airports and
waterways ($9598)
81%

Bipartisan

electric srid and clean-enerey | Cro2dband($4s8) : Infrastructure Investment and Jobs Act(IlJA) 1.25T
e T R Infrastructure Law
6%

at

m traditional infrastructure, including highways,

bridges, rail, airports and waterways (59598B) Wate r
m electric vehicle infrastructure, including electric | nfra St ru Ct ures -
huses(230) small percentage,
m drinking water and wastewater systems($74B) 6%

gt

electric grid and clean-energy programs($71B) CO N Sta nt an d M ajO r
Water Crisis

m broadband($45B) '

Effective Long-term
Financial

m veterans' housing($10B)

(Source: Figure created by the author(K.Im))

_based on Infrastructure Investm
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+* 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.

Problem
Statement &
Needs

** 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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Objective

based on cost-benefit
analysis and priorities

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 analysis

JEstablish a long-term financial framework based on cost-benefit

assessment and priorities:

dLong-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.

(dMajor 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 fro
investing water sector and for reducing the vulnerafility ¢
water infrastructures. e

T =
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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.

Benefit-Cost Assessment for a strategy

of maximizing the efficiency

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.

*»* 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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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.

Several scenarios associated with cost-benefit analysis in the decision-making process & IRR, NPV, and B/C

Del Puerto Canyon Reservoir

Geotechnical Data Report

Internal
Economic/Market Analysis

\\_ | Rate of
\ \_ _7|Return
\ N
N\ /Y Net
Prepared for: Prepared by: . - PN vy
Financial/Private Analysis with considering project financing X ¥ *| Present
A N D Value
N/ \
=S & Bannett Fleming /N
\[%OD ARD Excellence Delivered As Promised /"’ <\ \
&CURRAN X
\ , \:i" Beneﬁt
* Financial/Private Analysis for the cash flows after finance and taxes i C : Cost Rat/io

(1) It determines whether the project is efficient from a market perspective.

(1) 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 exammes the proposed prOJect from the financial perspectlve by netting the interests, taxes, and debt flows.
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: A systematic process of

evaluating the desirability

of a decision by weighing

its potential benefits and
costs

Benefits = Costs = Net Benefits

. It evaluates the cost versus the benefit of a project to
determine project feasibility as well as provide a decision-

making metric when weighing up multiple options

ﬂNDERGROUND CONSTRUCTION TECHNOLOGY ‘

A Process for Performing a Cost-benefit Assessment

STEP1.
Define the framework for the
analysis

STEPSG.
Calculate net present values,
IRR, and b/c ratio

STEP2.
(dentify and classify costs ang}
benefits

Cost-Benefit
y | Assessment

made by K.Im

STEPS.
Discount costs and
benefits to obtain present
values

STEPS.
Drawing a timeline for
expected costs
and revenue

STEPA4.
onetize costs and benefit
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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

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 ¢
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+n)=(1+r~)(1+i1)

* 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
ar. L eciation and loan interest, but not loan principal payment, are tax ded

TR 2 - =R = S

—

cti
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Assumptions of Stochastic Analysis-1

+* 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.

The initial annual benefit level is normally distributed with The benefits increase each year has an unknown distribution
a mean of $250,000,000 and a standard deviation of and hence is assumed triangular with a minimum of -2%, a
$36,000,000.

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

Initial annual benefit
190.79 309.21

L
[N]

Benefit Increase Each Year
-$0.0082 $0.0398

=
o

o
®

Minimum -®
Maximum +a
M $250,000,000.00
Std Dev $36,000,000.00

Values x 10~-8
o
o

inimum  -$0.020000
nnnnnnnn 4$0.050000

o
ES

Mi
Mi
Mean $0.016667
Std Dev $0.014337

o
~

o
o

=3 o = o =] =3 o =
=3 = o <+ ©o @ =3 o
- & o ~ & al

160

340

Values in Millions ($)

-$0.03
$0.02
$0.01

0.00
$0.01
$0.02
$0.03
$0.04
$0.05
$0.06

@

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

=
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Values x 10"-8

~
o

—
n

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.

Initial maintenance cost
64,12 98.23

] 13 < o
© ~ @ @

100
110
120

Values in Millions ($)

<The Initial Year’s operation and maintenance
Cost - Pert Distribution>

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

development period is capitalized.

10~-7

Values x

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.

In Subsequent Years (from Y7 to Y25), the Maintenance Cost
1234 1.234

. Normal

Minimum
Maximum
Mean

o o o

w o wn

(=] o o
Values in Millions (%)

2.00
-1.50

1.00
1.00
1.50
2.00

<In Subsequent Years (from Y7 to Y25),
the Operation and Maintenance Cost>

UNDERGROUND CONSTRUCTION TECHNOLOGY
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Std Dev  $750,000.00

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%.

Nominal Interest Rate_Debt (proposed project)
4.77% 12.17%

W

Minimum 3%
Maximum 15%
Mean 8.333%
Std Dev  2.254%

-
+o0
$0.00

<The Nominal Loan Interest Rate>

s e ESRENG
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Shamma SEttic

MNPV of Economic/Market

=300 147 Statistic Value
. . 90.0% ! Minimum -¥ 56d,540,771.10
[Masimum #405,273,059.27
I) Economic/market analysis Masi 0527905977
Sitd. Dewiation F136,552,312.03
J | Variance 1.865E+01E
. . . o - i F | - Skewness 00157
1) Economic/market analysis - assessing the benefits and costs of the gls1  For EvaluiaaRp < Kurtasis 2 3642
. . . . . . . ' Medizr —$ 74,857 569,80
project at market prices without any consideration of financing or taxes Mods ~$54,625.445.30
. . . . . . . e N P -% 733,767.584.55
except that the interest during construction will be included in the capital $EES888° 58888 [ 5
o Ml Fight ¥ $146,537.267.70
charge to be applied in year 5. It is calculated the NPV and IRR. Values in Hilions (5) Fight P 3552
I} & BEd -4 |= J B8 L"j_,,_ K| © -] 8§
T ene e ation functon 4 3 rrulste xplore Report \" Pimce ata Ut Pretecerces amples Res v %m:_
: s NPV of Economic/Market

s e -300 147 Percentile Value
A . ¢ ° ' ’ e " . . u » : . a . 90.0% : 14 -$ 387,846.404.43
2 T ' 257 -§ 344,133.047.03
590 5 -$299,767,8584.55
- - 10 —§ 246,914,633 34
0.6 1 @RISK Trial Version 20 -$ 138,705,130.75
-::: NV of Economic ke 041 For Evaluatigh Purposes Only Eg; :??i;;:ggg:gg
— - v 0.2 4 75w ¥13,323.645.36
0016 of 13518 ‘ 0.0 T J— a0 $43,282,737.50
= S L B - i % 100,515,413.56
L Lot g 8 8 &8 2 = & 8 2 B #146,537.267.70
M.xnll‘_‘m 52 Va'UEE I-I'I Mi"iol‘l& {$} 3?5:‘{ $134,T?5,55308
o 334 $ 254,054,593.53

£ 2 et

NPV of Economic/Market il

Inputs Ranked by Effect on Output Mean Rark |Mame Lower Upper

—— ] 1 Initial annual benefic | -% 302,412 623 % 152,938,717
] z Initial maintenance co| -$ 135,938,030 -4+13,930,353

] 3 7! Benefits -§ 98,765,441 - 56,733,403

] o Input High 4 &1 Benefits -$97.215,310| -% 55,313,309

] Versmn u g 9! Benefits % 50,779,369) -% 53,083,736

1 Il 1nout Low 3 13! Benefits ~$57.425.314| 454,350,038

1 7 0 Benefits -%57,904,534| -%56.511.703

] g 111 Benefits -4 59,363.476 -$59.129 291

-] [ Basdine = 'E’ 798 5 15 | Benefits -$57.044,756 -% 58,271,259

A 0 |12 ! Benefis % 90,707,253| -% 62,096,467

= x H. g. A= ? E. W wa24as ! 25! Maintenance cost  -¥ 83,097,610 -% 62,255,850

-

14 | Mairtenance cost) - 85,810,662 -$53,757.324
151 Eieneflts —$ §6,555,655 -$ 60,325,591

ey i
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== NPV of Economic/Market

Minimum -$564,840,771.10
Maximum $405,279,059.27

Mean -$73,487,969.39
Std Dev  $136,552,312.03
Values 5000

Net Present

NPV of Economic/Market
-300 147
5.0%
1.0 1 —
0.9 A
0.8
0.7
0.6
s @RISK Trial Version
o' For Evaluatigh Purposes Only
4
0.3
0.2 1
0.1 1
0.0 Sy } : : : . : : |
% 2 ¥ * CIValue:in Millions (s)—‘ - - - -
Cumulative Distribution Function of
Value of Economic/Market Analysis
NPV of Economic/Market
-300 147
5.0% 90.0%
3.5+
3.0 4
2.5

g
=)

Values x 107-9
-
wv

1.0

0.5

0.0

. NPV of Economic/Market

Minimum -$564,840,771.10
Maximum $405,279,059.27

Mean -$73,487,969.39
Std Dev $136,552,312.03
Values 5000

o o o o o o o o o o o o
< =] =] =3 =1 =] = b= =] =3 =]
o el - [ o - - I @ - mn

Values in Millions {$)

Histogram. of Net Present Value of Economic/Market

Nominal Term
Economic/Martket Analysis

Year Benefits Costs Total costs Net benefits
Maintenance costs Loan halance Debt payment

1 [:) [:) $200,000,000 o o 50

2 o o $479,980,000 o o 50

3 o o $762,127,645 o o s0

4 o] o] 51,063,330,301 1] 0 50

5 o] o] £1,405,081,512 $1,405,081,512 $1,405,081,512 (51,405,081,512)

B $250,000,000 $80,000,000 o o 580,000,000 $170,000,000

7 5254,166,667 $80,000,000 o o 580,000,000 5174,166,667

8  5258,402,778 $80,000,000 o ] $80,000,000 $178,402,778

9 $262,709,491 $80,000,000 o 0 $80,000,000 $182,709,401

10 $267,087,982 $80,000,000 o o $80,000,000 $187,087,982

11 $271,539,449 $80,000,000 o o $80,000,000 $191,539,449

12 $276,065,106 $80,000,000 o o $80,000,000 $196,065,106

13 5280,666,191 $80,000,000 o 1] 580,000,000 5200,666,191

14 5285,343,961 $80,000,000 o 1] 580,000,000 5205,343,961

15 5290,099,694 $80,000,000 o o 580,000,000 5210,099,694

16 5294,934,689 $80,000,000 o o 580,000,000 5214,934,689

17 5299,850,267 $80,000,000 o o 580,000,000 5219,850,267

18 $304,847,771 $80,000,000 o ] $80,000,000 $224,847,771

19 $3009,928567 $80,000,000 o o $80,000,000 $220,028,567

20 $315,004,044 $80,000,000 o o $80,000,000 $235,004,044

21 $320,345611 $80,000,000 o o $80,000,000 $240,345,611

22 5325684704 $80,000,000 o o 580,000,000 5245,684,704

23 5331,112,783 $80,000,000 o 1] 580,000,000 5251,112,783

24 5336,631,329 $80,000,000 o o 580,000,000 5256,631,329

25 5342,241,851 $80,000,000 o o 580,000,000 5262,241,851

Real Term
Economic/Martket Analysis
Year Benefits Costs Total costs Met benefits
Maintenance costs Loan balance Debt payment

1 o o 5194,174,757 o o s0
2 o o 5452,427,184 o o s0
3 o o 697,454,757 o o s0
4 o o $944,755,200 o o s0
5 o 0 51,212,035,655 51,212,035,655 5$1,212,035,655 (51,212,035,655)
6 5209,371,064 566,998,741 0 o $66,998,741 5142,372,324
7 $206,660,759 $65,047,321 0 o $65,047,321 5141,613,438
8 $203,985,539 $63,152,739 0 o $63,152,739 $140,832,800
] $201,344,049 $61,313,330 0 o $61,313,330 $140,031,611
10 $108,738,542 $50,527,513 0 o $50,527,513 $139,211,029
11 $196,165,875 $57,793,702 [} o $57,793,702 $138,372,173
1z $193,626,511 556,110,390 o o 556,110,390 $137,516,121
13 $191,120,019 554,476,107 o o 554,476,107 $136,643,912
14 5188,645,973 552,889,424 o o $52,889,424 $135,756,549
15 $186,203,954 £51,348,956 o o £51,348,956 134,854,999
16 5183,793,547 549,853,355 o o $49,853,355 $133,940,192
17 5181,414,343 548,401,316 0 o 548,401,316 5133,013,027
18 $179,065,937 546,991,569 0 o 546,991,569 5132,074,368
19 $176,747,831 545,622,882 0 o 545,622,882 5131,125,049
20 $174,459 932 544,294 060 0 o $44,294 060 $130,165,872
21 $172,201,551 543,003,042 0 o $43,003,942 $129,197,609
22 $169,072,405 $41,751,400 0 o $41,751,400 $128,221,005
23 $167,772,115 $40,535,340 [} o $40,535,340 $127,236,775
kL $165,600,308 539,354,699 o o 539,354,699 $126,245,609
25 $163,456,614 538,208,446 o o 538,208,446 $125,248,169

UNDERGROUND CONST

R
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<-Debt payment paid early in ¥5

<-Debt payment paid early in ¥5

NPV ($71,413,805)
IRR 13%
B/C ratio 0927531419
NPV (571,413,805)
IRR. 9%
B/C ratio 0.927531419

| Orlando, FL
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Shwmnmaan Shakintins

MNPV of Financial/Private considering project...

° ° ° . 2 458 Statistic Yalua
II) Financial/private analysis o S
° . ° ° ° Masimum $685,1537.636.85
(considering project financing) Mear $ 230,985,354, 75
Sitd. Deviation F136,902,152.13
. . . . . . . . . . . Variance 1.87T4E+016
Il) Financial/private analysis - (considering project financing) assessing the benefits Skewness 0.0222
. . . Kurtosis Z2.95d6
and costs to the Special Purpose Corporation (SPC). It is assumed the SPC makes a Median $229,366.056.35
loan for 85% of the total investment with the 15% equity paid at the end of year 5, Hode s
repayable at an 8% interest rate. It is assumed that the loan balance at the end of A & = = 8 R 3 & &R E?;fo S
. . . T . . ey . . Values in Millions (%) : S
year five, which includes capitalized interest, less equity paid is serviced through Right P 3521
equal installments over a fifteen-year repayment period. e
M EEd 4| 88 B E G — e MNPV of Financial/Private considering project...
SR | Do Ciost: A1 Tor Seitar Coion Ak o Wit | s :3 Siendstions 1 emclate | Eopiort Togo O TR s e r 2 459 Percentile Walue
‘‘‘‘‘ 14 -3 53.852,458.08
] 251 ~$ 41,623,876.689
P . ‘ u SN o | e 0.8 1 5% $1,717.913.30
» 1 : - 102 56,730,408 11
. 0.6 1 @RISK TrialVersion 200 $116,217.521.73
7 0.4 4 For Evaluation/Purposes Only 230 $133.433.252. 32
@ - — e ] S0 ¥ 223,9658,055.535
oy e e 0.2 4 / 7o 321,267 ,062.54
- 0.0 ] - 805 $345,073,402 61
:: e 2 & = = = I ITI i1 |E $ 408,293 435.27
| omawiterm 2 8 2 = &8 B 2 B & Rl |¥\m # 458, 560,556.47
o [ . s ——— Values in Millions ($) 57.5 #4397, 764 22765
5 a8 $554,537.296.78
“ - Lhanepa i Do
© NPV of FinandiafPrivate considering project financing NPV of Financial/Private considering project... =
< —t v Inputs Ranked by Effect on Output Mean Rank | Mame Lower Upper
s n 1 Initial annual benefit #1,665,786) $4539,763.531
) 2 Initial maintenance ca|  $ 170,422,510 & 284,351,155
- -'m_ ‘ 3 |7!Benefis $200,413,256 $ 251,855,723
o Sematng 0 R 5 el 4 101 Benefits $203,450,055| $244,627 463
. ) \ ‘ 5 | &/Benefits $214,771193) $249,399.425
2 1ol e ] 201 Benefitz F213,203,5379 ) $244,347,829)
™ IO 7 | 9/Bensiits $217,346,334 | $ 248,471,368
- ,2 BeE G ; 3 IR IEEE & 12 1 Berefits $209,554,926| $239,553.002
7 ) & ) E 3 17 I Maintenance cost) $ 215,466,427 ¢ 245,203,045
’ ® 4 (ViAo @ ] (2] coe = : 0 |21 Benefits $ 213,380,665 4243360132
- 1 1! Benefits ¥ 217,222 615 245,044 437
12 14!Benefis $ 216,541,476 $242,276.035

17 ! Benefitz ¥ 223,052,161
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Nominal Term
Financial/Private analysisiconsidering project financing)

Year Benefits Costs Total costs Net benefits
NPV of Financial/Private considering project financing Maintenance costs Principal paid Interestpaid  loanbslance  Debt paid Equity paid
2 459 1 [ [ 0 0 $200,000000 0 0 50 50
S0% 2 0 0 0 0 $466,000000 0 0 50 50
1.0 1 3 0 0 0 0 $703,280,000 0 0 50 50
a 0 [ 0 0 $009,542,400 0 0 30 50
0.9 1 5 0 0 0 0 $919,950923 0 $162,345869 $162,345,869  (3162,345,859)
0.8 & 250,000,000 $80,000,000 $33,881,705 $73,595 794 5886,078,218 $107,478,499 0 $187,478,499 $62,521,501
7 §254166667 580,000,000 $36,592,242 $70,886,257  $849,485976 $107,475,499 0 §187,478499 566,688,167
0.7 i o P ial priass 8 §258,402778  $B0,000,000 $39519,621 $67958,878  $809,966,355 $107,475,499 0 5187478499  $70824.279
= considering project 9 5262,709491  $80,000,000 $42,681,191 $64797,308  $767,285164 $107,478,499 0 $187478499 75,230,992
0.6 1 : - financing 10 $267,087.982 580,000,000 546,095,686 561,382,813  5721,189.478 5107,478,499 0 5187478499 579,609,483
Sl @RISK TrialVersion Minmum  -5264,576,136.81 11 $271539.449  §80,000,000 $49,783,341 57,605,158  $671,406,137 $107,478,499 0 §187,478489  $84,060,949
For Evaluation Purposes Only Maximum $685,137,636.85 12 $276065106 580,000,000 $53,766,008 $53712,491  $617,540,129 $107,475,499 0 §187478499  $88,586,607
0.4 4 Mean $230,885,394.76 13 $280,666191 580,000,000 $58,067,289 549411210  $559,572,840 $107,478,499 0 $187478499 93,187,692
Sed Dev $136,902,152.19 14 5285343961 580,000,000 562,712,672 544,765,827 5496,860,168 5107,478,499 0 5187478499  597.865462
0.3 1 Valies 3000 15 $200,009694 580,000,000 $67,729,686 $30748,813  $429,130,482 $107,475,499 0 §187,478499  $102,621,195
=N 16 $294934689 580,000,000 $73,148,061 $34330439  $355982422 $107,478,499 0 $18747849%  $107,456,189
17 $299,850267 580,000,000 578,999,305 528478594 5276382516 5107,478,499 0 5187478499  §112,371768
0.1 18 $304,847771 580,000,000 $85,319,898 $22,158,601  $191,662,619 $107,475,499 0 5187478498  $117,369,272
| [ 19 $309,928567 80,000,000 $92,145,490 $15,333,009 $99,517,129 $107,475,499 0 $187478499  $122450,068 NPV $232,320719
0.0 T 7 T T T T T T ) 20 $315094044 580,000,000 $99517,129 $7.961,370 50 $107,478,499 0 $187478499  $127615544 1RR 45%|<-Debt paid from ¥6 to Y20
§ § § =l § : § § E § § 21 5320,345,611 580,000,000 0 0 50 50 0 580,000,000  $240,345611 B/C ratio 1340790858
; : : 22 $325684704 580,000,000 0 0 50 50 0 $80000000  $245,684,704
Values in Millions ($) 23 $331,112,783 $80,000,000 0 0 $0 50 0 480,000,000  $251,112,783
. . . . . 24 $336631329 580,000,000 0 0 50 50 0 $80000000  $256,531,329
Cumulative Distribution Function of Net Present I sunaess sw000 0 0 50 50 o swoome saeaesst
Value of Financial/Private Analysis considering
project financing
Financial /Private analysisiconsidering project financing)
o 4 " 3 N 3 y N Year Benefits Costs Total costs Net benefits
va Of Flnanaal/pnvate conSIde”ng proJECt flnanc'ng Maintenance costs Principal paid  Interest paid Loan balance Debt paid Equity paid
2 459 1 ) ) 0 ) $104,174,757 ) ) 50 50
50% 2 0 0 0 0 5439249694 0 0 0 $0
3.5 1 3 ° 0 0 0 5643,500,826 ° ° 50 50
4 0 0 0 0 $808,116,642 0 0 0 s0
3.0 5 0 0 0 0 5793565511 0 5140040973 5$140,040973  (5140,040,973)
6 5208371064 $66,098741  $28375395 561636156  5742,076558 $00,011,551 0 $157,010,292 $52,360,773
7 5206,660,759 65,047,321 529,752,841  §57,637,014  5690,709,836 587,389,855 0 5152,437,176 554,223 583
2.5 NV of Financial/Private 8 5203985539 $63,152739  $31,197,154  $53647,366  5639,394920 $84,844,520 0 $147,997,258 $55,088,280
Py 3 considering project 9 5201,344,949 $61,313,339  $32,711579  $49.661,741  5588,060,188 582,373,320 0 5143,686,659 557,658,291
<204 @RISK TTHial Version financing 10 5198738542 $50527513  $34,209519  $45674578  $536,632,702 579,974,007 0 $139,501,610 $59,236,932
5, ! L i) ersio Minimum $261,576,136.81 11 $196,165,875 $57,793,702 $35,064,545  $41,680,210 $485 038,079 $77,644755 0 $135,438457 $60,727,418
) For Evaluation Pu 35,0nly ::a)amum $685,137,636.85 12 5193626511 $56,110390  $37,710396  $37671,860 5433200360 575,383,257 0 5131,493,647 $62,132,864
2t ean $230,8685,394.76 13 $191,120,019 $54,475,107 $39,540,998  $33,646,630 $381,041,875 $73,187,628 0 5127,663,735 $63,456,284
> ::dh:\ 5135'902'155263: 14 $188,645973 $52,880,424  $41,460,464  §$29,505,485  $328,483104 71,055,950 0 $123,945374 $64,700,599
1.0 4 15 5186208954 $51,348956  $43,473,108  $25513251 5275442527 568,986,359 0 $120,335315 565,868,640
16 5183,793,547 $40,853,355  $45583,453  $21,393504 5221836476 566,977,047 0 $116,830,403 466,063,145
b5 17 5181414343 $48401316  $47,795242  $17,230018 5167578978 565,026,260 0 5113427575 567,986,767
18 5179,065,937 $46,991,560 550,116,448 513015843 5112581589 563,132,201 0 5110,123,859 568,842,077
19 5176747931 $45622,882  $52,540285 58744201 556,753,228 561,293,486 0  $106,916,368 $69,831,563 NPV $232,320,719
0.0 20 5174450932 544204060  $55100221 54,408,018 s0 559,508,239 0  5103,802,299 570,657,633 IRR 40%| <-Debt paid from V6 to ¥20
= 2 = 2 = ] 2 = 2 = 2 21 $172,201551 $43,003,942 0 0 $0 $0 0  $43,003942  $129,197,509 B/C ratio 1.340790858
@ &2 o - o ok h w e ™~ 22 $169.972,405 541,751,400 0 0 50 50 0 S$41,751,400  $128221,005
Values in Millions ($) 23 5167,772,115 $40,535,340 0 0 50 s0 0 540535340 5127236775
24 5165,600,308 539,354,699 0 0 s0 50 0 539354689 5126245509
H 0 0 50 50 0 $38208445 5125248169

ogram Net Present Value of Financial/Private 23__simsseels  §3820646
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AT S A
NPV of Financial/Private for the cash flows a...

Ill) Financial/private analysis - (for the 2 13 Sl de
. Mirimum -§227,713,043.57
cash flows after finance and taxes) _ Matmm STRINEE
=an " . .
¢ 2.5 DRISK I v i Std. Dewiation #124,547 35230
1) Financial/private analysis - (for the cash flows after finance and taxes) calculatingthe | =2¢] ““C[ S mum" i:u Er-iot?nw Varianoe 1SS
NPV and IRR for the cash flows after finance and taxes. The total capital investment can 210 funasts e
. . . . . 0.5 1 S
be depreciated under US tax law over a period of 15 years, starting in year 6 using the 00 Mode $lE2STBEE.TS
H H . . . ’ = = (=] = = = = = = = = et - ka k -
straight-line method. Salvage value is zero. Under US tax law, depreciation and loan 2 8 S S 8 8 2 8 2 82 [P %
N . . . . . Pp— Right = ¥412.610.064.23
interest (but not loan principal payment) are tax-deductible. It is assumed the interest Values in Millions ($) FichiP 35,
capitalized in capital investment is not tax-deductible.
I o . ) - . - ) . i Flanraniiias
i} EEEd 4 &£ 88 KY o~ K| G -| B8 8 NPV of Financial/Private for the cash flows a...
) gribation Outpest F&t  Time Series Comelation tode | Settin z‘ SRR ploct g | Optre Doa T T Fdoence Dramples Resource > 3 413 Percentile Yalue
1 -+ 79,339,175.55
2.5 -%d41,555.013.580
L == = -§ 2,238,731.587
= . : ] 0 #47,639.065.52
: : 0.6 1 @RISK Trial Version 200 $59,204,540.53
. . 0.4 4 For Evaluatiop’ Purposes Only £97% ¥ 113.633.4 75.30
o o ] 503 % 203,255, 170.13
st 0.2 4 / 75 $258,223,332.20
s 0.0 T y B0 #303,657.5058.13
T e 2 & & = o I I I I |eow 4 366,609,166.00
- e A oA = = A B ¥ & = R~/ [ $412,810,054.29
Values in Millons (£) 7.5% $448,109,435.83
333 4394 ,081,513.25
...... - ot el i =

NPV of Financial/Private for the cash flows a...
Inputs Ranked by Effect on Output Mean Rank |Mame Lower Upper

SRR BEUREERNEBRYSIRATONNAGR

-

NPV of Finandial/ "VI\,‘A!!‘ for the cash flows after h:\:y]fh and taxes I 1 Initial anrual benefit 43973519 #411.959.610

al Trre— ) z Initial maintenance co. % 146,375,685| #252.472.863

‘ '] : 3 &/ Benefits 133,705,227 #227,543,332

5 "1 =D, - 4 3/ Benefit= $185.437.223 $227.687.515

. = Av aP— ] @RISK | | Version M fnput High 5 71 Benefits 133,703,969 $213,334,503

= e I @RISK Trial Version _ { For Evaluatiorgruipases Only I Input Low B 11! Benefits $155,107,866) $221323.775
— o For Evaluation Purposes Only o mems i v 7 |21/Maintenance cost. $130,218,707 $220,058,169
: ur - L ] E : g 10/ Benefits $133.157.721 % 217,566,875

Ress | 750t 3000 T - 5204601604 57 | a 14 | Berefits $196.,961,280) % 214,703,151

‘ ;::mmm o J,-/ A : Tl 10 T Maintenance costs # 163,254,337 215,084,257

- 5w : “$ ¢ F 8 % % &t 8 @ F"RESRSRSRSE 1 [131Benefits $191,722,772| 215,590,357
- e = R E Vahues in Millions {$) 12 11! Maintenance costs #134,140,131|  # 215,267,513
Z analysis - =1 P vao - = 13 8! Maintenance costs $135,237,4933| 216,251,086
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Nominal Term
Financial/Private analysis(for the cash flows after finance and taxes)

" " . 3 Year Benefits Costs Total costs Depreciation Taxable income Total taxes Net benefits
NPV of Financial/Private for the cash flows after finance and taxes MaintensncecostsPrincipal paid____interestpaid___Losn bolance __Debtpoid Fauty paid
-2 413 1 0 0 0 0 $200,000,000 0 0 0 0 50 0 50|
0% 0% 2 0 0 ° 0 5466,000,000 0 ° s0 0 0 s0 0
1.0 1 — 3 0 0 ° 0 5703,280,000 0 ° 50 0 0 50 50
4 0 0 0 0 5909,542,400 0 0 50 0 50 50 50
0.9 1 5 0 0 [ 0 5919959923 0 $162,345869 $162,345,869 0 50 50 [$5162,345,869)
0.8 1 6 $250,000,000 $80,000,000 £33,881,705 73,596,794 $886,078,218 $107,478,499 0 5187478499 561,968,214 $34 434,992 $3202,456 559,319,047
7 $254,166,667 $50,000,000 $36,592,242 $70,886,257 $849,485,976 $107,478,499 0 5187478499 $61,968,214 $41,312,195 $3,842,034 $62,845,133
0.7 NPV of Financial/Private for 8 $258402,778 $0,000,000 $39,519,621 567,958,878 $809,966,355 $107,478,499 0 5187478499 $61,968,214 $48,475,686 54,508,239 $66,416,040)
= the cash flows after finance 9 5262,709491 $80,000,000 542,681,191 564,797,308 5767,285,164 $107,478,499 0 5187478408 561,968,214 §55,943,968 55,202,789 §70,028,202
0.6 1 = X and taxes 10 5267,087,982 $80,000,000 546,095,686 561,382,813 $721,189,478 $107,478,499 0 5187478499 561,968,214 563,736,955 $5,927,537 573,681,946
0.5 @RISK Tr!a‘ VEI'SIOn m 11 5271539449 $80,000,000 $49,783,341 $57,695,158 $671,406,137 $107,478,499 0 $187,478,499 $61,968214 $71,876,076 $6,684,475 $77,376,474,
Faor Evaluation’ Purposes Only Maximum $619,020,096.16 12 5276065106 $80,000,000 £53,766,008 $53,712,491 $617,640,129 $107,478,499 0 5187478499 $61,968,214 $80,384,401 $7,475,749 $81,110,858
0.4 4 Mean $204,601,604.87 13 $280,666,191 $0,000,000 $58,067,289 $49,411210 $559,572,840 $107,478,499 0 5187478499 $61,968,214 $89,285,767 $8,303,669 $84,884,023
Sed Dev $124,547,952.30 14 §285343,961 $80,000,000 $62,712,672 544,765,827 $496,860,168 $107 478,499 0 5187478499 561,068,214 $98,609,920 59,170,723 $88,694,739
0.3 Vakes 5000 15 5290,099,694 580,000,000 567,729,686 539,748,813 5429,130,482 5107,478,499 0 5187478499 561,968,214 5108382666 510,079,588 592,541,607
16 5204334689 $80,000,000 £73,148,061 $34,330,439 $355,082,422 $107,478,499 0 5187478499 561,968,214 $118636036 511,033,151 595,423,038
021 17 5299,850,267 $80,000,000 £78,999,905 528478594 $276,982,516 $107,478,499 0 5187478499 $61,968,214 §129,403,459  $12034522  $100,337,246
0.1 18 5304847771 $0,000,000 $85,319,898 522,158,601 $191,662,619 $107,478,499 0 5187478499 $61,968,214 $140,720956  $13087,049  $104,282,223
y 19 5309,928,567 $80,000,000 592,145,450 515,333,009 599,517,129 $107,478,499 0 5187478408 561,968,214 5152,627,344 514194383 5108255725 NPV 5206,173,183
0.0 . : ' + : ! ' : ) 20 5315094044 580,000,000 599,517,129 57,961,370 0 5107,478,499 0 5187478899 561,968,214 5165164450 515360295  5112,55,250 IRR 42%]
2 = S = = = S = S 2 S 21 $320,345611 $80,000,000 [ 0 50 50 o $80,000,000 0 $240345611 522352182 $217,993.469 8/C ratio 1340790858
g £ e e o & e 5 s b 22 $325684,704 $80,000,000 [} 0 50 0 [} $80,000,000 0 $245584704  $22,848,678  $222,836,027
Values in Millions ($) 23 $331,112,783 $80,000,000 Q 0 50 0 0 $80,000,000 0 $251,112783  §233534B9  §227,759,294
24 5336531329 $80,000,000 0 0 0 50 0 580,000,000 0 5256631320 523866714  5231,764,616
Cumu Iative Dlstri bution Functlon Of Net Present 35 5342241851 580,000,000 0 0 50 50 0 580,000,000 0 5261241851 524388492 5237853359
Value of Financial/Private Analysis for the cash
flows after finance and taxes
Financial/Private analysis(for the cash flows after finance and taxes)
” g 5 Year Benefits Costs Total costs Depreciation  Taxable income  Total taxes Net benefits
NPV of Financial/Private for the cash flows after finance and taxes Maintensnce costs Principal paid _Interest paid __Loan balsnce Dbt paid Equity paid
-2 413 1 0 0 0 0 $194,174,757 0 i} S0 i} i} 0 50|
5.0% 90.0% 2 0 0 0 0 5439249694 0 0 50 0 0 0 50
3.5 3 0 0 0 0 5643500826 0 0 50 0 0 0 50
a4 0 0 0 0 5808116642 0 0 50 0 0 0 50
5 0 0 0 0 5793565511 0 $140,040,973 5140,040,973 0 0 0 ($140,040,973)
5 5209371084 $66,998,741  $28,375395  $61636156 5742076558 $50,011,551 0 $157,010,292 $51,897,404 528,838,764  $2,682,005 $49,678,768
7 5206660759 $65,047,321 520,752,841 557,637,014  5650,709,836 587,389,855 0 5152,437,176 550,385,820  5$33590,595  §3,123.925 551,099,658
IOV, of EsaaincialfPrivate foe 8 5203985539 $63,152,735  $31,197,154  $53,647,365  5639,394920 584,844,520 0 5147997258 $48918,280 538267154 53558845 52,429,435
- the cath flows afoer fivance 9 5201344949 $61,313,338  $32,711579  $49661741 5588060188 $82,373,320 0 $143,686,659 $47,493,476  542,876393  $3.987,505  $53,670,786
¢ and taxes 10 5198738542 §59,527,513  $34,299519  §45674,578 5536632702 $79,974,097 0 5139501610 545,110,171  547,426280 54,410,644  §$54,826,238
=1 Minmum  -£227,713,043.57 11 5196,165875 $57,793,702  $35964,545  $41680,210 5485038079 $77,644,755 0 5135438457 544,767,156  551,924807  $4,829,007  §55,898,411
E Maximum £619,020,096.16 12 5193626511 $56,110,390  $37,710,396  $37,672,860 5433200360 $75,383,257 0 5131,493,647 $43,463,258 556380002  $5243,340  §56,889,524
S Mean $204,601,604.87 13 5191120018 $54,476,107  $35,540,898  $33646630 5381041875 $73,187,628 0 $127,663,735 $42,197,338 560799944  $5654,385  §57,801,389
3 Std Dev $124,547,952.30 14 5188645973 552,880,424 541,460,464 529595485 5328483104 71,055,950 0 5123945374 540,968,290 565192774 56,062,928 558637671
Values 5000 15 5186203954 §51,348956  $43473,108  $25513,251 5275442527 568,986,359 0 5120335315 $39,775,038 569,566,709 56,469,704  §$59,398,936
16 5183793547 $49,853,355  $45583,453  $21,393,504 52218364765 $66,977,047 0 $116,830,403 $38,616542 573830055  $6,875485 560,087,650
17 5181414343 548,401,316 547,796,242 517230018 5167578578 565,026,260 0 5113,427,575 $37,491,789 578291221 57,281,084 560,705,684
18 5179,065937 546,991,565  $50,116,448  $13015843  5112,581589 $63,132,291 0 5110,123,859 $36,399,795 582,658,731  $7,687,262 561,254,316
19 5176747931 $45622,882  $52,549,285 $8,744,201 56,753,228 61,293,486 0 5106916368 $35,339,607 587,041,242  $8094,835  $61,736727 NPV $206,173,183
20 5174459932 $44,294,060  $55100,221 54,408,018 50 $59,508,238 0 103,802,299 $34,310,298 591447557  $8504,623  $62,153,010 IRR 38%
s s 2 o 2 o e o 2 2 2 21 5172,201551 543,003,942 0 0 50 50 0 543,003,942 0 5129197603 $12,015378  5117,182,231 B/C ratio 1340790858
o o - =1 o L - 0 ° ~ 22 5169,972,405 541,751,400 0 0 s0 50 0 541,751,400 0 5128221005 511924553  §$116,296,451
Values in Millions ($) 23 5167772115 40,535,340 0 0 50 0 0 540535340 0 $127,236775 $11,833,020  $115,403,755
24 5165600308 539,354,699 0 0 50 50 0 539,354,699 0 5126245609 $11,740,842  $114,504,767
- 25 5163456614 538,208,446 0 i 50 50 0 538,208,446 0 5125248169 511,648,080  5113,600,089
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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
Research Plan for decision-makers

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

analyzes several methodologies according to different points of view and conducts the henefit-
Major Objective cost analysis in terms of private, financial, economic, and efficiency using nominal and real terms.

- The cost-henefit 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 henefit of investing in water

Contribuiton infrastructures.
« Itcanlead to minimize the associated risks of the water sector and the damages ftom the w ate

I:I’ISIS |mllrmnng the resiliency of the water sector infrastructures, and decreasing th
f lllﬂ water service. "
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