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INTRODUCTION 

The early stages of planning or conducting hazardous waste remediation 
projects generally involve considerable uncertainty in many factors. Most 
of these factors will eventually have an impact on the overall cost of the 
project, which may result in large cost overruns. While attempts can be 
made to estimate the potential range of cost outcomes, it is difficult given 
the complexity of many projects. The economic risk assessment methodology 
presented in this paper quantifies risks and uncertain factors into dollar 
amounts, thus providing a range for the financial liability associated with 
the project. It also allows selection of the optimum remediation technique 
and remediation path for each technique based upon expected cost, risk 
aversion criteria, taxation implications, and net present value costs. 
Economic risk assessment techniques have been used for more than 20 years 
for evaluation of large petroleum exploration and development projects to 
quantify risks and uncertainties in determination of expected cost and 
profi tabi Ii ty outcomes. Data from actual case studies and hypothetical 
examples are presented to illustrate the methodology and its potential 
benefits. 

An economic risk assessment can be used for a number of purposes. It can be 
used to provide a realistic range of expected cost outcomes to the owners or 
prinicipal responsible parties (PRP's) for the site. This allows for 
informed financial planning and decision making, while also averting the 
potential of large cost overruns at a later date in the project. The 
assessment also allows concerned parties to identify areas that may prove of 
greater liability than originally anticipated as the project progresses. It 
may also aid in the selection of options or approaches which will minimize 
some of the potential liability or uncertainty. 

With an expected cost and net present value cost outcome at hand based upon 
probability analysis, settlements can be negotiated at an early stage with 
minor liable parties in order to simplify project management. For example, 
at one industrial waste contamination site presently in the early stages of 
remediation planning, the major responsible parties want to settle as soon 
as possible with more than 300 minor responsible parties in oreer to 
simplify project management. However, cost estimates for the re!'ledi ation 
project range from below $40 million to close to $300 million. An economic 
risk assessment is being conducted to determine the mean cost estimate to be 
used for settlement negotiations. 

There appears to be an increasing trend to have contractors negotiate a 
fixed price for their site remediation work, as compared to commonly used 
"cost plus" contracts. A fixed price passes much of the project risk onto 
the contractor. To quantify risks and uncertainties for their bids, 
contractors could use economic rJ sk assessment techni ques. Of a simi lar 
nature, major oil companies have used these techniques for at least 20 years 
to quantify risks and uncertainties in developing fixed bids for offshore 
petroleum leases. To minimize the time and cost involved in the assessment, 
it may be necessary to include only a few major risk or uncertainty items. 

An economic risk assessment could also be used by the site owners Or PRP's 
when evaluating fixed price bids from contractors for the remediation work. 
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The assessmer.t will provide a probability distrlbution curve for the range 
of remediation costs wMich can be expected. A bid falling near the low cost 
end of the distribution indicates that the contractor will absorb a lot of 
risk unless he is unexpectedly efficient. In deciding whether to accept the 
low cost bid, the financial strength of the contractor to absorb this risk 
can be evaluated. If the contractor's financial strength is inadequate, he 
may fail to complete the work, or attempt to cut corners in order to save 
costs. 

ME'l'IlODOLOGY 

Each of the steps composing a full ecor.omic risk assessment is detailed 
under their respective subheadings below. In general the approach requires 
review of all avai lable li terature pertaining to the site and conducting 
in-depth interviews with engineers and other responsible parties to define 
all potential project paths and cost component ranges. Decision trees are 
deslgned for each remediation scenario and probabilities assigned to all 
potentlal paths. Monte Carlo si~ulations are performed within the ranges of 
all sigr.i t i cant cost ar.d volm',e components. Total cost and net present 
value cost di stributions are calculated for each path. The results are 
weighted ir. tfie dec:s:or. tree5 to define both the expected project outcome 
and the distribution curve of potential outco~es. The optimum project path 
is selected based on cost ana risk aversion criteria. 

Specifically, an economic ris)< assessment consists of four key components: 

o Financial Calculations consisting of cash flow and net present value 
(NPV) analysis to compare remediation paths in total cost and 
dlscounted value 0: money terms. 

o Sensitivity Analysis to ide~t:fy the relative effect different factors 
have on the overall project cost. 

0 A Decision Tree is developed for each major remediation method Or 
scenario proposed. Each tree should portray realistic project 
schedules and probabi Ii tj es for each significant event or cost 
component occurring. 

o Distribution and ProbaniC.lty Ar.alysis is used to generate probabilHy 
distributions for total. cost and NPV cost for each remediation 
scenario. The computer calculates total cost and NPV cost hundreds of 
times, using the Monte Carlo Simulation technique to select from 
distribution curves for most factors involved in each remediation 
option. 

The data for the assessment is obtained through reviewing available 
11 terature, and conducting in-depth interviews wi th engi neers and other 
responsible parties involved, to define all potential project paths and item 
cost ranges. Much of the data obtained is of a subjective nature. As each 
of the above four components is refined, the results are entered into the 
others in order to further refine those and to deterrni ne where addi ti onal 
emphas:s for the study should be directed. Each of the four key components 
is described below. 
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Financial Calculations 

Cash flow and NPV calculations are used to determine the relative cost for 
the most likeIy path(s) for each proposed remediation method Or scenario. 
Initially these are calculated from original engineering cost estimates. 
Later they are refined using most likely estimates from distribution ranges 
defined for major items. 

The cash flow analysi.s shows the client the expected allocations of money 
over time, both on a before and after tax basis. From this a total cost for 
each path is easily calculated. 

The NPV analysis has the advantage over total cost estimates of taking into 
account the time value of money for the PRP's. Changes in project 
scheduling can have a significant effect on NPV cost estimates. Careful 
selection of the discount rate to be used can be important since it can 
determine the relative economics of engineering and management decisions. 

Sensitivity Analysis 

The purpose of a sensitivity analysis is to identlfy the specific factors 
subject to risk or uncertainty which have most effect on total project cost 
orNPV cost. The identified factors warrant close management attention 
and/or additional review. Potential highly sensitive factors inclUde: 

Changes in regulations or their interpretation 
Permitting delays 
Extent of contamination 
Cleanup levels 
Number and depth of wells to be drilled 
Weather related delays and rainfall effects on hazardous liquid volumes 
Labor costs 
ProximIty of contaminants to a property boundary, the public and/or 

public facilities 

The sensitivity analysis is performed by changing values for indiVidual 
items Or categories of items, and re-estimating the total cost or NPV cost. 
A number of methods of sensitivity analysis can be employed. One method is 
to have the computer change categories of items by increments. Then graphs 
can be generated comparing the sensitivity of the NPV cost of the project 
scenario to the incremental changes. As individual items are changed, the 
sensitivity of the project scenario to those individual items can be 
evaluated. 

To determine the upper and lower limi ts of the total project cost and NPV 
cost for each remediation scenario, the set of "extreme" values (maximum and 
minimum) for all significant components are used. This provides an estimate 
of the maximum and minimum potential cost for each remediation option. 
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Decision Tree Analysis 

A decision tree is constructed for each major remediation method or scenario 
proposed. It is designed to portray realistic project schedules and 
probabilities for each potential path or branch. The total cost, NPV cost, 
and probability is calculated for each major path and compared in order to 
identify the most economic and most probable paths. 

The NPV cost estimate for each branch is multiplied by the probability of 
occurrence to provide a weighted NPV. The weighted NPV costs are then 
totalled, resulting in the expected NPV cost estimate for each major 
remediation scenario. This process highlights the most economic path for 
which to strive. However, it more importantly shows the path which has the 
greatest probability of occurrence. 

An expected NPV cost for the entire project can also be calculated by 
combining the results from the individual scenario decision trees. This 
requires the assignment of probabilties to the occurrence of each 
remediation alternati ve. These probabi Ii ties are then used to weight the 
expected NPV cost estimates, which are then totalled. 

The probabilities assigned are usually by necessity subjective in nature. 
However, this detracts little from the benefit of their application. The 
research and interview process involved in estimating the probabilities is 
also generally very beneficial to all participants. Quantification of risks 
and uncertainties requires confronting many external and internal factors 
which could effect the project, some of which management may have ignored or 
been unaware exist. 

Figure 1 is designed to illustrate an application of a decision tree. It 
shows a simplified decision tree for remediation of a hypothetical lead 
contamination site. There are many such metal contamination sites in or 
near old mining towns in the inter-mountain regions of the western U.S. 
Management for many of these sites will be confronted with the issues 
included in this example as remediation planni.ng for the sites progress. 

In this case the decision tree for each of the three remediation scenarios 
have been weighted by probability of the scenario's occurrence and combined 
to provide an overall project decision tree. The prime difference in the 
three scenarios is the geostatistical level of confidence for contaminant 
removal. The confidence level determines the volume of material whiCh must 
be removed. 

In developing the first scenario the geostatistics consultant has argued 
that remediati on to a 99.0\ conf i dence level and excavati on to an average 
depth of 6 inches should be an adequate level of remediation. This would 
provide a 1.0\ chance of any remaining block of material being contaminated. 
In other words, after remediation by demoU shing buildings, excavating and 
hauling away the contaminated so11, the new topography for the site could be 
di vided into 10,000 blocks, each wi th x sq ft of surface area. If all of 
these blocks were to be resampled, probability dictates that the mean number 
of contaminated blocks remaining would be 100. 
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With this scenario providing by far the lowest expected NPV cost estimate, 
at $35 million, economics indicates that attempts should be made to obtain 
approval for this level of remediation. Thi s wi:l requi re convi ncing the 
author! ti es that the potenti ally re!!:ai ni ng contami nant poses no more than 1 
in a million long term chance of serious injury to the population. This is 
a very difficult argument to defend, no matter how high the confidence level 
for remediation is set. 

The tree shows that there is higher probability (50%) that remediation to a 
99.9999% confidence level will be the settlement negotiated with 
authorities. This will require removal of the surface materials covering a 
considerably greater area and excavation to an average depth of 2 ft. This 
would provide a 1 in a million chance of any remaining block of material 
being contaminated. The expected NPV cost for thlS level of remediation is 
calculated to be $70 million. 

The figure shows that for all three remediation sC8narios, off-site disposal 
is most likely to be required. Thi s is due to emotional and poli tical 
factors rather than engineering parameters. If on-site disposal is 
approved, :ocal clays are un:ikely to prove suitable for the bottom lining 
and cap for the di sposal vault. Therefore, a greater probabili ty is shown 
for purchase of clay from a distant source at considerably greater cost. 
For off-site disposal, a decision must be made as to whether the project 
management will attempt to develop and permit a disposa: site r.earby or 
truck the contaminants to a distant third party administered disposal site. 

The overall expected NPV cost for the project based on weightir.g of 
probabilities for the three scenarios is $55.5 million. This gives 
management a best estimate to USe ir. diSCUSSions, decisior. making, 
government reports, or reports to the PRP's stockholders. 

Distribution and Probability Analysis 

Distribution and probability analysis is used to generate probability 
distributions for total cost and NPV cost for each remediation path. Based 
upon the research and interviews conducted, low, mOSc likely and high 
estimates are developed for each significant item or factor for each year of 
the project. These estimates are used ':0 define individual probability 
distribution curves within the computer program for each item. 

The Monte Carlo simulation technique involves randomly se"ecting from 
distribution curves for each item. For each of the si;r.ulatior.s, annual cash 
flows, then total cost and/or NPV cost for the project are calculated. By 
combining the estimates calculated from hundreds of simulations (j .e., each 
simulation has a different, randomly selected set of inputs), a probability 
distribution curve of total cost or NPV cost is generated for the project 
path. In general, 500 simulations is adequate to deflne the resultant 
probability distribution curves. 

The distribution curves defined for indivldual items by the low, most ~ikely 
and high estimates are usually skewed curves. Although a 1.0gnorma~ 

distribution may be used to ,"odel these, a triangular distribution has a 
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number of advantages. A triangular distribution gives greatest weight to 
the most llkely estimate, which is typically by far the best estimate the 
an~ly~t has ~vai lable. In defining a lognormal distribution only the low 
ana hlgh estlmates are utillzed, while estimates of confidence levels are 
also required for these values. USe of the triangular distribution does not 
require asking the engineer the conversation ki 11i ng question of what the 
confidence limits are for the maximum and minimum cost or volume estimates 
which he has just pulled out of the air. However, when in doubt, 95% 
confidence limits can usually be applied successfully in defining lognormal 
distributions. 

Additionally, the Monte Carlo simulation technique can be modified to reduce 
the randomness of selection for specific items. This allows levels of 
dependency between similar items to be simulated, and the amount of change 
from year to year to be retarded. For example, although the cost of 
excavating a cubic yard of material may be al:owed to vary from year t,o 
year, the probability for a large amount of change to occur can be reduced. 
Estimates for levels of dependency are generally subjective in nature. 

The Monte Carlo simulation is repeated for each signliicant project path. 
Typically the resultant distribution curves will be skewed slightly towards 
a low cost, with a tendency for a tail to develop for the high cost end. 
From these distributions the mean (expected) NPV cost and and mean total 
cost is calculated for each path. With a skewed distribution, the mean 
value will r.ot represent the mode (most likely) value. However, it should 
be used as the expected value (best estimate) in additional calculations, or 
for reports, since it takes into accour.t both the probability of occurrence 
and magnitude of project cost estimates. 

The expected (mean) costs and cost distribution Curves should be compared 
for each of the remediation paths evaluated using the Monte Carlo simulation 
technique. This aids in determining the preferred path for which to strive. 
The expected costs are then returned to the decision trees for recalculation 
of the decision tree analysis. When the results are finalized, the decision 
tree provides the expected NPV cost and total cost for each scenario based 
upon the meanS from the simulated distribution curves. 

Through weighti.ng the values contained in the total cost and NPV cost 
distribution curves by the path probabilities contained' in the decision 
tree, it is possible to develop NPV cost and total cost distribution curves 
for each remediation scenario and for the project as a whole. These curves 
provide the probability of the remediation cost falling within any given 
range. 

In order to illustrate the application of the Monte Carlo simulation 
technique, results from an on-going project are used. In 1985 the prime 
contractor estimated the total before tax cost of remediation, closure 
certi f i cation and post-closure mai ntenance to be $8.9 mi lli or.. The 
remediaU on and closure was planned for completion by early 1987. The 
following economic risk assessment was performed in 1985. 
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Relevant cost estimation documents were examined and interviews conducted in 
order to determine the range of outcomes for all significant factors. The 
data was then entered into the economic evaluation and simulation computer 
program. The results derived suggested that the project would likely have a 
cost considerably higher than that estimated by the prime contractor. 

Based upon most likely estimates, the total before tax cost for the project 
was estimated to be $13.6 million. After tax the most likely cost was 
estimated to be $7.2 million, due to the advantage of corporate profits 
external to the project being available from which the project tax losses 
can be deducted. At an 8% DCFROR (constant purchasing power), the after tax 
NPV cost was calculated to be $6.1 million. 

Using sensitivity analysis, the set of minimum estimates for all items was 
used to estimate the limi t for the mi nimum total cost, then the set of 
maximums to estimate the limit for the maximum cost. This produced an 
estimate for the minimum total before tax cost of $8.1 million and maximum 
before tax cost of $32.9 million. The respective after tax NPV costs were 
calculated to be $3.7 million and $15 million. However, the probability of 
these limits occurring, was estimated to be negligible. 

Figure 2 shows the after tax NPV cost results from the Monte Carlo 
simulation, with a mean of $8.0 million. Five hundred simulations were 
used. The top graph shows the hi stogram for the distribution curve as 
slightly skewed from that of a normal distribution curve. The lower graph 
is a cumulative probability curve produced using equal increments of NPV 
cost. Total before tax cost distribution curves were not calculated at that 
time. However, from the before tax NPV cost curves shown in Figure 3 and 
knowledge of the project cash flow profile, it can be estimated that the 
mean total cost would have been $15 mi llion to $15.5 mi llion. The lower 
graph in Figure 3 is a cumulative probability curve based upon equal 
increments of percentage probabi 1 i ty, whi ch by def i ni t i on must graph as a 
straight li ne. 

At the time of writing (March - April, 1988), the remediation process has 
not yet begun. Approximately $3 million has been spent in the intervening 
2.5 years for site investigations and permltting, this being one-third of 
the prime contractor's original total proiect cost estimate. Fixed price 
bids received from contractors to conduct the remediation are in the range 
of $5.5 million to $14 million. Quality assurance and quality control, 
prime contractor fees, other overhead and contingencies can be expected to 
add up to 40% or more to these remediation costs. Closure certification and 
post closure costs are not included. Deflating the bids to October 1985 
would reduce these by less than 10%, providing a range of costs for the 
remediation phase of the project of aproximately $7 million to $18 million. 

Overall, to date the results from the economic risk assessment appear to be 
on target with actual outcomes, whereas the prime contractor's cost estimate 
has suffered a major overrun. This illustrates the effectiveness of the 
economic risk assessment approach in quantifyjng rjsks and uncertainties. 
Some items which have occurred, driving up the project cost from the prime 
contractor's original cost estimate, are: 
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Time delays 
Permitting problems 
A considerable increase in the area to be remediated due to 

recalculation of the level of remediation 
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Drilling of deep monitoring wells - none of which were included in the 
original estimate 

Clay for the bottom liner and cap of the landfill will most likely be 
purchased from many miles away, instead of using on-site clay. 

All of the above items, except for time delays, were well represented in the 
economic risk assessment. However, in hindsight, the upper estimates used 
to define some item distr ibutions have proved inadequate to encompass the 
events which have taken place. Experience gathered on other projects 
similarly suggests that one should not be cautious in estimating the 
maximums that cost or valu_me items can reach, since maximum estimates are 
often exceeded. 

A closing observation or suggestion seems deserved for this case study. 
Before accepting one of the fixed price bids, it would appear advisable for 
the PRP to have an updated risk assessment performed to est i mate a cost 
distribution curve for the remediation portion of the project. This would 
aid in evaluating which bid to accept. For example, if the $5.5 million bid 
falls near the low cost end of the c',istribution it. indicates that the 
contractor will absorb a lot of risk unless he is unexpectedly efficient. 
The financial strength of the contractor to absorb this risk can then be 
evaluated. If the contractor's financial strength is inadequate, he may 
fail to complete the work, or attempt to cut corners in order to save costs. 

CONCLUSIONS 

The economic risk assessment approach is an effective method for quantifying 
the risks arId uncertainties involved in hazardous waste remediation projects 
into an estimate of the mean and range of total costs and NPV costs. It is 
effective in providing a realistic range of estimates even at an early stage 
of site investigation and remediation planning. The total cost and NPV cost 
estimates developed are substantially more realistic and accurate than total 
cost estimates developed by engineers from most likely estimates of 
component costs. 

A thorough economic risk assessment j s composed of the following four 
integrated components: financial calculations; sensitivity analysis; 
decision tree analysis; dnd distribution dnd probability analysis. 

A well developed economic risk assessment provides management 
realistic range of project costs and annual cash flows for which to 
and realistic optimum remediation paths for which to strive based 
aversion criter'ia. 

with a 
budget, 
on ri sk 

EstHildt.ion of c,r, expecteu NPV cost which encompasses the probability of 
occurrence of all remediation scenarjos, provides the PRP's with a sinqle 
dollar amount upon which to iJase early settlement negotiations. 
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The highlighting of factors with Large risk or uncertainty ranges provides 
an opportunity for additional review, preparatjon and management decision 
making. That is, it providE'S for a proactive rather than a reactive 
approach. 

NPV cost estimates are a better tool than total cost estimates for comparing 
the economics of various remediation alternatives, because NPV cost 
estimates take into account the time value of money. 

The economic risk assessment approach can be csed by contractors to develop 
realistic fixed price bids for hazardous waste remediation while minimizing 
the financial risk inherent in performing the work. 

Similarly, the PRP's for the site can use an economic risk assessment to aid 
in evaluating which fixed pr'ice bids to accept from contractors for 
hazardous waste remediation. If a bid falls near the low cost end of the 
di str ibut ion it suggests t;,at t;,e contractor wi 11 need to absorb a lot of 
risk, pOSSibly leading to failure to perform the work. 

NOTE TO EDITORS 

Under the new federal copyright law, 

publication rights to this paper are 

retained by the author(s). 
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RISK ANALYSIS with 500 Iterations of NPV ANALYSIS AFTER TAX 
@ Discount Rate 8.00% 
on PROJECT BASIS 
with CONTINUOUS COMPOUNDING of CONSTANT PURCHASING POWER cash flows 

EXPECTED COST -- MEAN/WEIGHTED AVERAGE (SOOO) 7976.27 
STANDARD DEVIATION (SOOO) = 909.65 

PROB 
1. 8% 
2.8% 
5.8% 

12.4% 
20.4% 
26.8% 
16.6% 
10.0% 

3.0% 
.4% 

PROB 
1. 2% 
1.8% 
2.8% 
4.6% 
7.4% 

10.4% 
15.4% 
22.8% 
31.2% 
43.2% 
55.6% 
70.0% 
78.6% 
86.6% 
92.4% 
96.6% 
98.4% 
99.6% 

100.0% 

*** HISTOGRAM *** 

NPV COST 
(SOOO) % PROBABILITY 

IS GREATER 0 10 20 30 40 50 60 70 80 90 100 
THAN +----+----+----+----+----+----+----+----+----+----+ 

10210.94 # 
9675.76 # 
9140.59 U# 
8605.43 UUU 
8070.25 ########## 
7535.09 ############# 
6999.92 ######## 
6464.76 U#U 
5929.58 U 
5394.41 

+----+----+----+----+----+----+----+----+----+----+ 

••• CUMULATIVE PROBABILITY··· 
EQUAL INCREMENTS OF COST 

NPV COST 
(SOOO) % PROBABILITY 

IS GREATER 0 10 20 30 40 50 60 70 80 90 100 
THAN 

10478.51 
10210.94 

9943.35 
9675.76 
9408.18 
9140.59 
8873.00 
8605.43 
8337.84 
8070.25 
7802.68 
7535.09 
7267.51 
6999.92 
6732.33 
6464.76 
6197.17 
5929.58 
5662.00 

+----+----+----+----+----+----+----+----+----+----+ 
# 
# 
# 
U 
#U# 
#UU 
U####U 
#U#UUU# 
################ 
###################### 
############################ 
################################### 
####################################### 
########################################### 
############################################## 
################################################ 
################################################# 
################################################## 
################################################## 

+----+----+----+----+----+----+----+----+----+----+ 

Fjgure 2. Monte Carlo Sjmulation for Project After Tax NPV at 8% DCFROR 
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RISK ANALYSIS with 500 Iterations of NPV ANALYSIS BEFORE TAX 
@ Discount Rate 8.00% 
on PROJECT BASIS 
with CONTINUOUS COMPOUNDING of CONSTANT PURCHASING POWER cash flows 

EXPECTED COST -- MEAN/WEIGHTED AVERAGE (SOOO) 14334.48 
STANDARD DEVIATION (SOOO) = 1649.37 

PROB 
1.4% 
3.0% 
5.2% 

10.8% 
19.8% 
26.0% 
18.6% 
11.8% 

3.0% 
.4% 

PROB 
5.0% 

10.0% 
15.0% 
20.0% 
25.0% 
30.0% 
35.0% 
40.0% 
45.0% 
50.0% 
55.0% 
60.0% 
65.0% 
70.0% 
75.0% 
80.0% 
85.0% 
90.0% 
95.0% 

100.0% 

NPV COST 
(SOOO) 

*** HISTOGRAM *** 

% PROBABILITY 
IS GREATER 0 10 20 30 40 50 60 70 80 90 100 

THAN 
18587.12 
17595.60 
16604.10 
15612.59 
14621. 07 
13629.57 
12638.07 
11646.55 
10655.05 

9663.54 

+----+----+----+----+----+----+----+----+----+----+ 
# 
U 
#U 
UU# 
UUUUU 
#UUU#UU# 
U#UUU 
UUU 
U 

+----+----+----+----+----+----+----+----+----+----+ 

••• CUMULATIVE PROBABILITY··· 
EQUAL INCREMENTS OF PERCENTAGE PROBABILITY 

NPV COST 
(SOOO) % PROBABILITY 

IS GREATER 0 10 20 30 40 50 60 70 80 90 100 
THAN 

17267.24 
16474.45 
16003.65 
15614.51 
15375.96 
15065.13 
13462.86 
14617.83 
14412.79 
14205.00 
14020.79 
13813.26 
13679.60 
13493.42 
13214.66 
12946.95 
12620.68 
12363.07 
11726.75 

9663.53 

+----+----+----+----+----+----+----+----+----+----+ 
#U 
#UU 
UUUU 
UUUU## 
UUUUUU# 
UUUUU#UU 
################## 
#################### 
####################### 
######################### 
############################ 
############################## 
################################# 
################################### 
###################################### 
######################################## 
########################################### 
############################################# 
################################################ 
################################################## 

+----+----+----+----+----+----+----+----+----+----+ 

Figure 3. Monte Carlo Simulation for Project Before Tax NPV at 8% DCFROR 




