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Capital Improvement ProgramCapital Improvement Program

$3.0 Billion$3.0 Billion



How Confident are You that the 
Program can be Delivered for $3 0Program can be Delivered for $3.0 

Billion?



B d ti B f E i A l iBudgeting Before Economic Analysis 
and Monte Carlo

Reported “one” number for program cost and annual cashReported one  number for program cost and annual cash 
flow to Board
Actual costs exceeded budgets due to deficient planning 
(scope definition) and unanticipated events (technology, 
regulations, construction cost escalation etc)
No tools existed to quantify costs associated with theNo tools existed to quantify costs associated with the 
unanticipated events (risks).
$3 Billion CIP – 142 projects – Limited Confidence - A 
significant problem



Objectives for Improved Budgeting

Clear communication to stakeholdersClear communication to stakeholders

Reduce debt financing cost

St bili t t t bl l l f tStabilize rates to acceptable levels for ratepayers

Quantify the budget variance due to project risk 
tevents

Include macro economic results as escalation factor



Program vs. Project Risk

Program risk events are global affecting all projectsProgram risk events are global affecting all projects 
– accounted for by a using programmatic factors (i.e. 
Macro Economic Study / Escalation Factor)Macro Economic Study / Escalation Factor) 

Project specific risks are accounted for at the project 
level with input by the PM (via the Monte Carlolevel with input by the PM (via the Monte Carlo 
Analysis)



Macro Economic Study - Components

3 Categories Treatment Facilities Pump Stations3 Categories – Treatment Facilities, Pump Stations, 
& Collection Piping
Determined proportion of key commodities & labor p p y
for each category
Developed macro forecasts for each commodity and 
l b f i ilabor for remaining program years.



Macro Economic Study - Results

Escalation was composed of differing mixesEscalation was composed of differing mixes
– Treatment – 20 / 40 / 20 / 20  %

concrete / equipment / steel / labor
– Pipeline – 80 / 20 %      pipe / labor 
– Pump Stations 20 / 70 / 10 %  

concrete / equipment / laborconcrete / equipment / labor
Chose to apply aggregate of all categories at 
5.0% average escalation to mid point of g p
construction



Adopt Risk Management Approach

Project Risk Management Plan j g
– Avoidance – change the plan to avoid risk

– Transference – Shift by contract, insurance, etc.

– Mitigation – Reduce probability/impact to acceptable level

– Acceptance – Deal via contingency planning

OCSD budgeting approach includes costs to employ the 
appropriate risk response but most fall into the last 2 
categories



Including Risk in Budget Development

Use commercially available software  – Decision Pro y
(Monte Carlo)
Get project specific input from PM’s & key / 
k l d bl t k h ldknowledgeable stakeholders
Focus on top 22 highest impact projects –represent 
70% of program budget0% o p og a budge
Effort took approximately 6 months from start to 
finish—training, risk analysis, economic study, 
t k h ld b i d b d t i tstakeholder buy in and budget input



What Is Monte Carlo Simulation?

Simulates probability of events utilizing statisticalSimulates probability of events utilizing statistical 
methods

Able to capture with statistical certainty theAble to capture with statistical certainty the 
probability of risk events and their cost

Can be applied to CIP program to help estimateCan be applied to CIP program to help estimate 
project cost and cash flow projections



Value of the Monte Carlo Analysis

Allowed OCSD to budget for statistically likely costs of risk impactg y y p
Increased confidence in our ability to deliver projects within budget 
Validated adequacy of contingency held
Demonstrated that OCSD could reduce contingency from 15% toDemonstrated that OCSD could reduce contingency from 15% to 
10% or about $100M (this recommendation accepted in 2006 by 
OCSD Board)

Note: MC analysis does not establish contingency – management does.  However it can 
be used to validate contingency levels



What Are the OCSD Results?

$~3 percent ($66 million) of the program budget 
established for risk 

Only statistically likely risk ($66 million) was budgeted; 
budgeting for all identified risk would require $333 million



Programmatic S-Curve



Project Specific Results

Project I-10 – Pump Station Engr’s Estimate of $28.9 
million – Bids from $27.7 to $30.9 million

Project P2-90 – Trickling Filters Engr’s Estimate 
$200 million – Bids of $175 and $184 million$200 million Bids of $175 and $184 million



Objectives Achieved

Clear communication to stakeholders – Engineering /Clear communication to stakeholders Engineering / 
Finance / Board agree with approach and have 
better understanding
Reduced debt financing cost – Debt financingReduced debt financing cost Debt financing 
strategies can be developed based on risk tolerance
Improved input has stabilized rates – tools now used 
routinely during budget development y g g p
Quantify the budget variance held for risk – Board 
can set own tolerance level for risk
Developed and included macro economic factorsDeveloped and included macro economic factors 
during budgeting and as part of engineers estimates 



Q ti ?Questions?
Electronic copies of the following may be obtained upon 

trequest:

•Presentation
•Economic Study•Economic Study
•Sample Risk Management Plan
•Sample Risk Analysis Input & Output Information

Please send requests by email to the address shown 
below.  Please provide your contact information in the 
request as well as any questions you might have.request as well as any questions you might have.

david.may@ch2m.com



Added Planning / Budgeting Tools

Program / Global Factors:  Macro Economic Analysis 
– construction cost escalation

Project Specific Factors:  Monte Carlo Analysis -
develop impact probability and associated costp p p y
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CIP B d t B kdCIP Budget Breakdown
Total = $3 Billion
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Project Life Cycle

Orange Country Sanitation Districtg y

Capital Project Management Life Cycle





Performance of the Monte Carlo Analysis

12 different distribution curves available12 different distribution curves available
OCSD chose the triangular distribution curve 
The O,P, and ML value’s define the shape of the , , p
triangular distribution curve
This generated a random cost for each iteration of the 
43 k k h j t43 work packages on each project.  
The costs were then summed to phase and project 
levels, resulting in unique costs for each of the 10,000 , g q ,
iterations.



Model – Best Business Case Fit Curves

Curve Choices Triangular Distribution



Monte Carlo Analysis Steps

PM’s identified potential risks at work package levelsPM s identified potential risks at work package levels

PM’s established the optimistic, pessimistic and 
most likely costs for each work packagemost likely costs for each work package

Used Monte Carlo simulation to calculate mean 

Rolled up project costs to calculate program cost



Develop Input Data for the Model

PM is the best input source for model input data
The PM’s provided O, P, and ML Estimate at 
Completion costs for each of 43 work packages in each 
projectproject 
Developed standard guidelines for the PMs to determine 
risks
The guidelines specifically excluded global program 
level risk input by the PM (i.e. construction cost 
escalation)escalation)



Example of data Input

Act.   ID Activity Name Optimistic Pessimistic Most Likely Monte Carlo LOGIC

ML = Original PSA Scoped work + PSA Amendment No 1 scope addtion

3146 Preliminary Design Report $1,377,500 $2,172,500 $1,450,000 $1,667,525

ML = Original PSA Scoped work + PSA Amendment No. 1 scope addtion 
for Preliminary Design.  P = ML plus the following additional scope items.  
Additional Geotechnical Work due to tunneling:  200k
Tunneling design work versus open cut:  300k
Miscellaneous support during Pre Dsn:  150k  
+ 5% of ML for unknown changes / risk.
O = Estimated 5% below budget - considered unlikely.

ML = Scope & Fees through PSA Amendment No 1

3250
Consultant Services -
Design $346,750 $593,250 $365,000 $435,026

ML = Scope & Fees through PSA Amendment No. 1 
P = ML plus the following scope changes that will occur:
Create new 2nd contract documents package:  50 of 250k
Design Bar Screen Facility:  100 of 750k
Excavation/Shoring/Dewatering Design:  60 of $60k
plus 5% of ML for unknown change / risk.
O = 5% below ML costs, but considered unlikely.

3350
Consultant Services -
Construction $779,950 $1,511,000 $821,000 $1,039,723

ML = Scope & Fees through PSA Amendment No. 1 
P = ML plus the following additional scope items:  
Specialty Inspection Services for Tunneling:  $350k
Add'l support for FCO's due to field conditions of traffic, soils, etc.:  $300k
O = 5% below ML costs, but considered unlikely.

ML = Latest pre-PDR construction estimate from Malcolm Pirnie w/o 84" 
Interplant Pipeline element O = Potential for cost reduction eliminate

3360
Contractor Work -
Construction $28,575,000 $39,687,500 $31,750,000 $33,353,269

Interplant Pipeline element.  O = Potential for cost reduction - eliminate 
screen facility ($3M) plus miscellaneous savings.  Reduce estimate by -
10%.  P =  Potential for cost increase as estimate is based on estimating 
guidelines.  Increase estimate by +25%



Cash Flow Forecasting

Focus on “schedule” risks not “cost” risksFocus on “schedule” risks…not “cost” risks

– Schedule changes:  Advances or Delays

– Durations changes:  Expansion or Compression



Cash Flow Forecasting

Copy P3 Output worksheet for optimistic andCopy P3 Output worksheet for optimistic and 
pessimistic projections .
Separately, for optimistic and pessimistic:

- Consider Schedule changes by moving $$ toward present C S g y g $$ p
or future (copy/paste values).

- Consider Duration changes by redistributing $$.  (Total 
project costs should not change.)
Sum projections for each month of FY- Sum projections for each month of FY.

- Link totals to P3 Output worksheet



Cash Flow Forecasting
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Statistical Table

Histogram



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


