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I. PURPOSE AND OVERVIEW  1 

The purpose of my testimony is to describe the cost estimating methodology used to 2 

develop the Class Three cost forecasts for the 19 independent projects (Line 1600 projects) 3 

described in the Phase 2 direct testimony of Norm G. Kohls.  SDG&E and SoCalGas 4 

(collectively, the Utilities) follow the best practices of American Association of Cost Engineers 5 

(AACE) International,1 an industry leading organization in the field of cost estimating.  The 6 

Utilities apply this cost estimating methodology to develop Class Three estimates for all Pipeline 7 

Safety Enhancement Plan (PSEP) projects, and the California Public Utilities Commission 8 

(Commission) previously approved its use to forecast PSEP costs in Decision (D.) 19-03-025 and 9 

D.19-09-051.  The Utilities have applied the same methodology to the Line 1600 projects.   10 

In Section II of my testimony, I briefly describe the nature and purpose of Class Three 11 

cost estimates and the Commission’s previous approval of the Utilities’ Class Three PSEP cost 12 

estimates.  In Section III, I describe the Utilities’ Class Three cost estimate methodology, why it 13 

is a superior estimating tool to relying on historical models or benchmarking data, and how the 14 

Utilities have applied this methodology to the Line 1600 cost estimates. Section IV discusses the 15 

appropriate inclusion of a risk assessment component in accordance with industry standards, how 16 

the Line 1600 cost estimates have included such a component, and the Utilities’ treatment of the 17 

risk of a hydrotest failure.2  Finally, Section V describes how the methodology used to develop 18 

the Line 1600 project forecasts reflects the lessons learned and continuous improvement from 19 

over five years of experience in developing PSEP cost forecasts. 20 

Ordering Paragraph 4 and pages 38-40 of D.20.02-24 describe the information to be 21 

included with the cost forecast for the 19 individual projects included in the Line 1600 Plan 22 

                                                           
1 AACE International was formerly known as the Association for the Advancement of Cost Engineering. 
2 The potential cost of one or more hydrotest failure(s) is not included in the overall estimate. 
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approved by the Safety and Enforcement Division (SED) on January 15, 2019.  For ease of 1 

reference, Table 1 below identifies where the topics I am responsible for are included in my 2 

testimony (additional information on these topics may be found in other witnesses’ testimony): 3 

Topic Testimony Location 
D.20-02-024 Ordering Paragraph 4  

“Cost Estimating Methodology” Section III 
“Contingency Factor Assumptions” Section IV 
D.20-02-024; Pages 38-40  
“I. Whether Applicants’ forecast of capital 
and operations and maintenance costs 
associated with the completion of the 19 Line 
1600 pipeline segments is reasonable” 

Sections II, III 

“VII. Whether specific cost information, 
inputs and outputs of estimated tools, 
assumptions including contingency factors, 
and other methods of forecasting costs, in 
support of requested funding and/or 
forecasted costs for its projects, are 
reasonable” 

Sections II, III, IV 

“VIII. Whether risk models and risk-based 
decisions for the projects are reasonable” 

Section IV 

“IX. Whether cost comparisons of similar or 
previous work done by Applicants or other 
utilities, in order to determine the Applicants 
based cost estimates for the PSEP projects 
upon similar work in the industry are 
reasonable” 

Section III 

II. THE UTILITIES USED PROVEN PSEP COST FORECASTING 4 
METHODOLOGY FOR THE LINE 1600 PROJECTS 5 

The Line 1600 projects followed the best practices and methods used to develop Class 6 

Three cost estimates for other PSEP projects, which have been approved in other regulatory 7 

proceedings.3  Although different types of estimating methods may be used at various points in a 8 

project lifecycle, AACE International recognizes that Class Three estimates are most suitable for 9 

project funding.  As described more in Section III, the Utilities’ Class Three estimating process 10 

                                                           
3 D.19-03-025 at 48 and D.19-09-051 at 203. 
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relies on experienced estimators who work closely with the Line 1600 Subject Matter Experts 1 

(SME) to build up costs based on approximately 30% engineering and design deliverables, 2 

detailed project execution plans (PEP), detailed scopes of work (SOW), project risk assessments, 3 

site location field visits, lessons learned and a mature cost estimating tool.  Although each cost 4 

estimate follows the same process, each project is unique, and the costs are based on the specific 5 

characteristics of that project. 6 

AACE International is an industry leading organization in the field of cost estimating and 7 

its recommended practices reflect best industry practices. AACE explains: “For a given project, 8 

the determination of the estimate class is based upon the maturity level of project definition 9 

based on the status of specific key planning and design deliverables.”4   AACE further describes 10 

Class Three as follows:  11 

“Class Three estimates are generally prepared to form the basis for budget 12 
authorization, appropriation, and/or funding.   As such, they typically form 13 
the initial control estimate against which all actual costs and resources will 14 
be monitored.  Typically, engineering is from 10% to 40% complete, and 15 
would comprise at a minimum the following: process flow diagrams, 16 
utility flow diagrams, preliminary piping and instrument diagrams, plot 17 
plan, developed layout drawings, and essentially complete engineering 18 
process and utility equipment lists. Class Three estimates generally 19 
involve more deterministic estimating methods than conceptual methods.  20 
They usually involve predominant use of unit cost line items, although 21 
these may be at an assembly level of detail rather than individual 22 
components.  Factoring methods may be used to estimate less-significant 23 
areas of the project.”5 24 

                                                           
4 AACE International Recommended Practice No. 18R-97 “Cost Estimate Classification System – As 
Applied in Engineering, Procurement, and Construction for the Process Industries,” attached as 
Attachment 1, at 5. 
5 AACE International Recommended Practice No. 18R-97 “Cost Estimate Classification System – As 
Applied in Engineering, Procurement, and Construction for the Process Industries,” attached as 
Attachment 1, at 9. 
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By contrast, AACE describes a Class Four estimate as “generally prepared based on limited 1 

information,” with engineering “from 1% to 15% complete,” and “typically used for project 2 

screening, determinations of feasibility, concept evaluation, and preliminary budget approval.” 6  3 

Rather than predominantly using unit cost line items as in Class estimates, Class Four estimates 4 

“generally use factored estimating methods,” such as gross Three unit costs/ratios, and other 5 

parametric and modelling techniques.”7 6 

AACE International recognizes that using Class Three estimates to establish a basis for 7 

budget authorization is more appropriate than relying upon Class Four estimates used for high 8 

level decision making.  The Utilities use Class Four estimates in early stages of a project’s 9 

lifecycle to make higher level scoping decisions, for example deciding whether to test an existing 10 

pipeline versus replacing the asset with a new pipeline by using parametric or cost/mile factors 11 

based on previous projects of roughly similar conditions to get general cost approximations.  12 

These estimates are quicker to develop but lack the project specific characteristics needed to 13 

closely monitor and control the costs. 14 

As discussed more in Section III, the Utilities develop their Class Three cost estimates 15 

using a “zero-based method.”  As recognized by the Commission, “A zero-based method utilizes 16 

a forecasting method that determines the projected budget for operations based on necessity 17 

rather than on historical spending. Management starts from zero and determines all expenses that 18 

                                                           
6 AACE International Recommended Practice No. 18R-97 “Cost Estimate Classification System – As 
Applied in Engineering, Procurement, and Construction for the Process Industries,” attached as 
Attachment 1, at 8. 
7 AACE International Recommended Practice No. 18R-97 “Cost Estimate Classification System – As 
Applied in Engineering, Procurement, and Construction for the Process Industries,” attached as 
Attachment 1, at 8. 
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are necessary for operations. All expenses must be necessary in order to be included in the 1 

projected budget and no expenses are automatically added based on historical spending.”8  2 

The forecasting methodology used to develop the Line 1600 cost forecasts is the same as 3 

what was approved by the Commission in the PSEP Forecast Application (A.17-03-021) and the 4 

2019 General Rate Case (A.17-10-008).  In D.19-03-025, the Commission found the Utilities’ 5 

Class Three cost estimates adequate to establish the reasonableness of the forecasted revenue 6 

requirement. Specifically, the Commission found: 7 

 “Here, Applicants established that their forecasts are based on detailed and 8 
project-specific characteristics as identified and evaluated during the design and 9 
engineering phase of each project. The forecasts were developed by experienced 10 
individuals who have worked and/or implemented prior PSEP projects, and 11 
Applicants included detailed costs estimates for each project. The cost estimates 12 
include breakdown of costs for different components of each project.” 9 13 

 “Applicants validated their forecasting methodology by engaging KPMG, an 14 
auditing firm. KPMG determined that Applicants’ “estimating procedures are 15 
consistent with industry practice for developing an AACEi 56R-08, Class Three 16 
Estimate”10 and the “estimating process and methods… are consistent with 17 
industry practice.”11 18 

 “Based on this record, Applicants have established by a preponderance of the 19 
evidence that their proposed forecasts/forecasted costs are just and reasonable. 20 
Applicants examined the unique attributes of each project, engaged in extensive 21 
engineering, design and planning work, and assigned costs to the various 22 
attributes of each project based on their knowledge as pipeline operators and 23 
actual experience executing PSEP.”12 24 

 “Based on this record, we find that Applicants heeded Commission direction in 25 
D.14-06-007, and prepared detailed plans for this Commission to consider in 26 
authorizing expenditures for the proposed PSEP projects. In addition, we find that 27 
Applicants’ forecasts for the proposed PSEP projects are supported by completed 28 
engineering, design and planning activities related to these projects, following the 29 

                                                           
8 D.19-09-051 at 53. 
9 D.19-03-025 at 48 (footnote omitted). 
10 At time of KPMG audit, 97R-18 had not been established therefore this standard was deemed 
appropriate. 
11 D.19-03-025 at 50 (footnote omitted). 
12 D.19-03-025 at 54. 
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Commission’s directive. In contrast, neither Cal Advocates nor TURN-SCGG’s 1 
conducted as detailed an evaluation of the various components of each project 2 
and, as a result, their forecasts are less likely to correctly reflect the costs to be 3 
incurred in executing the twelve projects than the forecasts proposed by 4 
Applicants.”13  5 

All the cost estimates for the Line 1600 projects were developed consistent with the 6 

practices approved in D.19-03-025 and D.19-09-051.   As detailed in Section V, the Line 1600 7 

projects also leverage the lessons learned and processes that are continuously improved from 8 

previous experiences.  9 

III. FOLLOWING AACE INTERNATIONAL CLASS THREE COST ESTIMATING 10 
METHODOLOGY, THE UTILITIES USED ZERO BASED ESTIMATING TO 11 
DEVELOP THE LINE 1600 COST ESTIMATES 12 

As discussed in Section II, the Utilities follow the guidance of AACE International and 13 

develop Class Three estimates for budgetary purposes, such as the estimates for the Line 1600 14 

projects.  In this Section, I explain how the estimating team closely collaborated with the Line 15 

1600 project team to develop Class Three cost estimates consistent with AACE International’s 16 

recommended practices. I then explain how the Utilities’ methodology is superior to comparing 17 

the Line 1600 projects to past projects through historical models or benchmarking data.  Finally, 18 

I explain how the Utilities applied this methodology to the Line 1600 cost estimates presented in 19 

the Phase 2 Direct Testimony of Norm G. Kohls and the Workpapers attached thereto. 20 

A. The Utilities’ Class Three Cost Estimating Methodology 21 

As discussed in Section II, the appropriate AACE International classification of a cost 22 

estimate depends upon the maturity of the project information and design.  Class Three estimates 23 

utilize project information at between 10% to 40% definition level.  At this definition level, 24 

                                                           
13 D.19-03-025 at 53. 
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AACE International believes that there is the appropriate project-level information known to 1 

establish an overall project budget, which is then the basis for cost to be monitored. 2 

To develop a Class Three estimate, the Utilities use a “zero-based” estimating 3 

methodology.  Zero based estimating ensures that the estimating team has thought about how 4 

every dollar is expected to be spent based on a schedule for each project stage.  Zero based cost 5 

estimates are time phased according to the schedule and are the basis for project cost controlling 6 

by cost item. 7 

To proceed with a Class Three estimate,  the estimating team requires the following 8 

information: 1) an approved package of estimating deliverables (approximately 30% Package); 9 

2) SME and project stakeholder involvement; 3) the use of the current estimating tool; and 4) an 10 

estimating handoff and approval process.  All PSEP projects estimated by SDG&E and 11 

SoCalGas follow the same process and methodology regardless of project scope, location or 12 

complexity. 13 

1. Class Three Estimates Require a Thorough Deliverable Package.  14 

To begin the process of estimating a project for budgetary funding, the Line 1600 project 15 

team submits to the estimating team an approved package of engineering deliverables 16 

(approximately 30% package).  This package includes a SOW, PEP, a project risk register, a 17 

preliminary schedule, approximately 30% engineering drawings, the actual cost spent at the point 18 

of the start of the estimating effort and other stakeholder information that may impact the cost of 19 

the project.  Each of these documents must be approved, assuring that the documents are 20 

carefully reviewed and meet company guidelines.  Only after necessary documents are received, 21 

will the estimating team begin developing the estimate.  22 

Each of the Line 1600 project team deliverables are used to establish cost.  The scope 23 

description and PEP describe how an asset is planned to be constructed or remediated such as to 24 
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test an existing pipeline or replace the asset.  The PEP identifies the Line 1600 project team, the 1 

unique features of the job location, the means and methods to be used (such as open trench 2 

versus horizontal directional drilling), work hours, etc.  Attached to the PEP is the risk register (a 3 

document that is continuously maintained and updated through the life of the project) that lists 4 

the potential risks of the project based on Line 1600 SME experience and lessons learned.  The 5 

Line 1600 project team provides a high-level schedule that indicates major milestones such as 6 

construction start date, date the asset goes into service, moratorium periods, demobilization 7 

dates, etc.   8 

All Line 1600 projects need to submit a reviewed and approved, approximately 30% 9 

engineering package that generally shows the pipeline alignment placed on a survey base map, 10 

the material to be used, and other special features such as vaults, valves, and horizontal 11 

directional drills (HDD).  Subsequent requirements to the package also includes Line 1600 12 

stakeholder forms that contain important information about the projects, such as environmental 13 

requirements or a list of the potentially required permits and their conditions.  This information is 14 

critical to the process of establishing the forecasted Line 1600 project costs.  The estimating team 15 

also receives the total Line 1600 actual cost charged to the project up to point of requesting the 16 

estimates.  These actual costs may have supported preliminary Line 1600 studies such as to test 17 

or replace a pipeline and/or may have supported the development of the approximately 30% Line 18 

1600 engineering package and other scoping efforts.  These costs will be used as known values 19 

in the estimate.  Each Line 1600 project has scoping costs associated with it. 20 

2. Class Three Estimates Require Subject Matter Expert And Stakeholder 21 
Involvement 22 

Expert Line 1600 stakeholder involvement is the most critical component to our 23 

estimating methodology.  The Utilities involve and engage SMEs, various stakeholders, and 24 



 

RG-9 

functional support members to assist with establishing the cost and risks as they pertain to each 1 

individual project scope.  Each functional Line 1600 team member establishes the effort required 2 

for their team to support each stage of the project.  In addition, each functional expert assists 3 

with establishing the risks related to their function, the cost and schedule implications related to 4 

that risk, and the probability of the risk becoming actualized.  The project team works 5 

proactively to create methods to mitigate the risks and address them prior to the risks becoming 6 

actual issues. 7 

The estimating process requires assigning SMEs to the project team that is supporting the 8 

estimate.  The team must participate in critical meetings and efforts including the estimate kick 9 

off meeting to make certain that the approximately 30% engineering package meets the 10 

requirements, field job walks, risk review and assessment meetings, final cost review and 11 

estimate handoff meetings.  These steps assure that the process is being carried out consistently 12 

and that all SMEs are involved throughout the process.  13 

The SMEs and project stakeholders who are typically involved in the establishment of the 14 

estimate are those who work in the areas of Project Execution, Engineering and Design, 15 

Environmental, Construction, Land and Permitting Services, Outreach, Compressed Natural 16 

Gas/Liquified Natural Gas (CNG/LNG), and Supply Management.  The respective project 17 

support activities and deliverables of each of these stakeholders are described below: 18 

a) Project Execution 19 

Project Execution subject matter experts provide the following in support of estimate 20 

development: 21 

 Validation of appropriate replacement diameter, 22 
 Identification of taps and laterals within pressure test or replacement segments, 23 
 Assessment of potential system and customer impacts and development of 24 

mitigation strategies, 25 
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 Identification of pipeline features to be cut out prior to a pressure test (e.g., 1 
pipeline anomalies, non-piggable features, and obsolete appurtenances), 2 

 Identification of potential valve additions, 3 
 Review and approval of scope of work, and 4 
 Review and approval of project-specific pressure test procedures, when 5 

applicable. 6 

b) Engineering Design 7 

The key responsibility of Engineering Design is to perform the planning and engineering 8 

design work necessary to provide a scope of work with sufficient detail to develop Class Three 9 

project cost estimates.  The scope of work is intended to facilitate the proximation of all 10 

identifiable cost components up to, and including, the completion of construction and close-out.  11 

The typical planning and engineering design scope includes the following considerations14: 12 

 Assessment and validation of project extent/parameters, 13 
 Physical visit to job site to gain familiarity with the area, 14 
 Development of preliminary design for each work site, 15 
 Development of pipeline profile, 16 
 Subsurface investigation such as potholing for existing utilities, 17 
 Identification of pressure test segments based on the minimum and maximum 18 

allowable test pressures in order to achieve required test pressures, and  19 
 Identification of any special pipeline crossings for replacement projects (e.g., 20 

waterways, railroads, freeways, etc.). 21 

c) Environmental 22 

Environmental SMEs provide the following support during estimate development: 23 

 Detailed analysis of recommended project routing to minimize environmental 24 
construction impacts and associated cost impacts, 25 

 Identification of permit conditions and development of costs associated with 26 
securing any required environmental permits and mitigation costs, where 27 
applicable, 28 

 Determination of water treatment costs, as applicable, 29 
 Quantification of water transportation costs, as appropriate; and  30 
 Development of cost estimates for required environmental construction 31 

monitoring, sampling/laboratory analysis, abatement, and hazardous material 32 
management and disposal. 33 

                                                           
14 Some of these elements vary between replacement and pressure test projects. 
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d) Construction 1 

The forecast of construction costs incorporates input from SDG&E and SoCalGas SMEs 2 

and impacted organizations including the following elements: 3 

 Input from contractors with construction expertise, 4 
 Field walk with all parties to capitalize on combined expertise for assessment of 5 

constructability issues, and 6 
 Review of engineering design package to determine construction assumptions, 7 
 Establishment of a construction schedule based on crew sizes, production rates, 8 

and location specific attributes.  9 

e) Land and Municipal Permitting Services 10 

Land Services provides the following in support of estimate development: 11 

 Determination of applicable municipal permit requirements and associated costs, 12 
Identification of potential laydown/staging yards required for individual projects, 13 
and subsequent communication with landowners as required to determine 14 
availability, and 15 

 Development of cost estimates associated with laydown yards, temporary 16 
construction easements, grants of easement, appraisals, title reports, etc. 17 

f) Outreach 18 

Outreach SMEs provide the following in support of estimate development:   19 

 Determination of the project and construction impacts to the local communities, 20 
including nearby residents, businesses and stakeholders. 21 

 Development of outreach plans to inform the public about the Line 1600 projects 22 
to ease the impacts of the projects on the local communities. 23 

 Organizing community open houses to inform the public about the projects and 24 
provide a venue for questions and responses. 25 

 Development of collateral, videos and photos of the Line 1600 projects to help 26 
illustrate and convey the projects and construction to the general public, 27 
stakeholders and elected officials. 28 

 Development of cost estimates which consider, but are not limited to, contracted 29 
outreach support, mapping support, and additional customer notification support. 30 

g) CNG/LNG Team 31 

The CNG/LNG Team provides the following in support of estimate development: 32 

 Provision of analyses on impacted customer natural gas loads to determine 33 
optimal process for keeping customers online, and 34 
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 Development of cost estimates for the provision of CNG/LNG. 1 

h) Supply Management 2 

 Supply Management provides material and logistics-related cost estimates based 3 
on a preliminary BOM developed by the project team.   4 

 The contracting strategies and methods are recommended and assumed prior to 5 
developing the estimate. 6 

 Logistics and material handling are also planned and assumed. 7 

3. The Utilities’ Estimating Team Uses the Information and SME Input to 8 
Develop the Cost Estimate Using an Estimating Process and Tool 9 
Developed Over Years of Project Experience.   10 

The Utilities’ estimating tool is a templatized spreadsheet that allows for the input of 11 

material, labor rates and hours, equipment, and project specific attributes that impact the cost of a 12 

project.  Projects use and follow these templates and tools to maintain consistency.  The 13 

estimating team collects and builds the estimate with the input of project deliverables, SME 14 

judgement and experiences, and any other information that may impact the cost of the project.  15 

The estimating team will start by reviewing the project team’s estimating deliverables, including 16 

but not limited to the approximately 30% engineering design package, SOW, PEP, risk register, 17 

mapping files (e.g. Google Earth KMZ), etc. 18 

The creation of the estimate is based on the estimator’s take-offs from the engineering 19 

deliverables. The purpose of a take-off is to provide a comprehensive list of all the essential 20 

quantities of materials to complete a project.  The expected construction activities that will be 21 

used in the development of the Construction Estimate are based on the quantity take-offs, PEP, 22 

and stakeholder input.  Note that the Construction Estimate is only a subset of the total direct 23 

cost, just as the construction activity is only a subset of the entire project cost.  The Construction 24 

Estimate is specific to the estimated cost for the mechanical contractor to perform their portion 25 

of the work, which in the case of the Line 1600 projects is to replace or hydrotest the pipe.  26 
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After take-offs are performed, the estimator will implement those take-offs/quantities to 1 

the construction contractor cost build up.  Then they will group activities into a consistent work 2 

breakdown structures (WBS) based on the type of work being performed.  Note, a WBS for a 3 

replacement project will be different then the WBS for a hydrotest project as they are made up of 4 

different activities.  Next, the estimator adds labor, equipment, and subcontractors that the 5 

construction contractor is expected to utilize to perform its work.  The estimated contractor hours 6 

are based on the current rate at the time the estimate was created. Escalation is included based on 7 

the project master schedule, which reflects when laborers are expected to perform certain 8 

construction activities. Upon completion of the construction estimate, it is inserted into the Total-9 

Installed-Cost (TIC) Tool under the “Contractor Estimate” tab.   10 

Additionally, during the process of developing the construction estimate, the estimator 11 

will build a construction schedule that matches the estimated cost.  Among other things, this 12 

schedule will take into account many assumptions such as production rates (how quickly work 13 

can be performed), how many crews will be on the project, which items are critical path (i.e. 14 

required to be performed before another item can start), etc.  Like the estimate, the construction 15 

schedules are based on PEPs, SME experience, site conditions such as any permitting and 16 

easement restrictions, contractibility, safety and public outreach concerns, to name a few.  This 17 

construction schedule will ultimately be distributed to stakeholders and will be the basis of those 18 

stakeholder estimates which are schedule driven during the construction stage.  This schedule 19 

becomes the detailed plan that the costs are based on.  The schedule also determines the 20 

overhead costs and project loaders gathered during the construction phase of the project. 21 

Once the Construction Estimate is complete, the estimator will begin to bring in and 22 

develop all other direct costs that are anticipated to be incurred during the project.  This includes 23 
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things such as pricing out the Bill of Materials (BOM) and estimating labor hours and service 1 

costs outside of the construction contractor, such as X-Ray services, project management hours, 2 

field management hours, etc.  Concurrently, the estimator will bring in all stakeholder estimates 3 

associated with the projects.  These stakeholder estimates are developed by the specific 4 

stakeholder and brought into their respective Excel tab on the TIC Tool.  5 

Finally, the estimator(s) will meet with the project team and stakeholders at which time 6 

they will discuss risks and opportunities for costs associated with the project.  The risk ranges are 7 

captured in a risk file, which is used to run a Monte Carlo Risk Simulation, resulting in an 8 

expected cost for the specific project’s cost items.   9 

Upon completion of the risk analysis, the results will be output and exported back into the 10 

TIC Tool on the “Risk Summary” and “Risk Detail” tabs.  The TIC Tool is set with preexisting 11 

links to these tabs and will allocate risks according to the specific cost element on the “Estimate” 12 

tab.  These costs are summed up into an expected cost (inclusive of risk) total on the “Project 13 

Summary” tab.  These costs make up the Total Direct Estimated Cost for the project.  14 

Once a Total Direct Estimated Cost has been developed, the estimate is used by the 15 

project controls team to add loaders and escalations in a cost forecasting application called TM1 16 

Cognos.  From there, a Total Cost including loaders and escalation is determined and brought 17 

back into the TIC Tool for visibility. 18 

4. The Estimate Handoff Process 19 

After the estimate is generated, the contingency is established and the direct dollars are 20 

loaded, the estimating team prepares to hand over the final Class Three cost estimate.  The 21 

estimate is accompanied by a basis of estimate (BOE), an updated schedule, a current risk 22 

register, and a sign off sheet.  The estimator meets with the project team and explains the basis of 23 

the estimate and answers any open questions.  Once the project team and estimator are 24 
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comfortable with the estimate being handed over, the team signs and dates the estimate 1 

coversheet.  The estimate numbers are then entered in the Work Order Authorization form 2 

(WOA) to fully fund each of the 19 projects.   3 

B. The Utilities’ Class Three Cost Estimating Methodology Is More Accurate 4 
Than Predicting A Future Project’s Cost Based Upon Past Projects’ Costs 5 

Project scopes and execution methods greatly vary, especially in a location such as San 6 

Diego County.  Construction projects like the Line 1600 projects can have entire projects or even 7 

sections of projects that vary by typography, population density, environmental conditions, soil 8 

types, municipality restrictions, weather, and traffic patterns to name a few.  Our Class Three 9 

estimating methodology factors in all of these challenges.  Each project in the Line 1600 10 

program accounts for the cost of each of their unique challenges.  Other simple estimating 11 

methodologies that have been suggested in the past use crude parametric or average costs per 12 

unit often categorized as Class Four/Five by AACE International. The Line 1600 projects use 13 

project specific costs build ups such as crew size, material lists or take offs, equipment type, 14 

means and methods, location specific information to accurately estimate and control our project 15 

such that we have done our most to ensure our projections are as accurate as possible for each 16 

unique project. 17 

Additionally, a Class Three estimate allows for superior control of the costs of the project 18 

after the estimate is completed and handed off to the Line 1600 Project team.  As an example, if 19 

our estimate had our construction costs being lower than the actual bid, we could investigate and 20 

challenge the bidder to make certain that their purposed costs were valid.  Another example 21 

might be our material costs, where material quoted to us is higher than our assumed costs.  This 22 

might prompt the Utilities to seek out other material quotes to make certain the costs of the 23 

material we are procuring are reasonable and with our project budget. 24 
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Each Line 1600 project is unique in scope, size, complexity, and execution. The 1 

uniqueness of each Line 1600 project and the variability in cost components from project to 2 

project make such project-specific cost estimates the most accurate methodology to predict 3 

project costs.  This method is consistent with the Commission’s directive in D.14-06-007 4 

(approving SDG&E’s and SoCalGas PSEP) that: “It is only fair that ratepayers should have the 5 

benefit of detailed plans for this Commission to consider before authorizing or preapproving the 6 

expenditure of many hundreds of millions of dollars.”15  This decision followed assertions by 7 

The Utility Reform Network (TURN) and Southern California Generation Coalition (SCGC) that 8 

the Class Five or ClassFour estimates submitted by SoCalGas (and SDG&E) in that proceeding 9 

were too rudimentary for ratemaking.16 In accordance with this directive and as specifically 10 

directed by D.20-02-024, the Utilities provide Class Three estimates here. 11 

The Commission reaffirmed the value of zero based estimating in the Utilities’ recent 12 

PSEP Forecast proceeding (A.17-03-021) and General Rate Case (A.17-10-008), stating: 13 

 “Applicants successfully argued that cost drivers are not limited to pipeline 14 
diameter, length, urban versus rural environment, and geographic terrain. They 15 
come in many forms: soil conditions, installation requirements (the means and 16 
methods of installation details), permitting conditions, environmental 17 
consideration and mitigation, and underground facility density. Applicants 18 
explained that construction duration typically has the largest impact on overall 19 
project cost, and even projects of similar length and diameter can have drastically 20 
different construction durations depending on factors such as population density, 21 
permitting conditions, etc. These and many other factors were considered by 22 
experienced professionals in the detailed cost estimates prepared by Applicants. 23 
Neither TURN/SCGC nor Cal Advocates considered these factors. We agree that 24 

                                                           
15 D.14-06-007 at 23. 
16 A.11-11-002, Opening Brief of The Utility Reform Network on Pipeline Safety Enhancement Plan 
Issues at pp. 76-79. TURN argued that the “Commission should defer adopting a forecast-based revenue 
requirement until it has the benefit of the more detailed engineering and design.” Id. at p. 79. SCGC 
argued that “Applicants should be required to submit cost estimates in EAD proceedings that are no worse 
than Class Three estimates and hopefully much better,” and later that the cost estimates “should be at least 
Class Three estimates.” A.11-11-002, Southern California Generation Coalition Opening Brief at p. 30 
and A.11-11-002, Southern California Generation Coalition Reply Brief at p. 5. 
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recognizing and considering the unique attributes of each PSEP project 1 
individually is more likely to result in a robust estimate than relying on a sample 2 
of completed projects that share two to four similar attributes.”17 3 

 “On the other hand, SoCalGas applies a more project-specific method to develop 4 
its forecast costs, which we find more appropriate in this instance and for the 5 
proposed projects specifically. SoCalGas provided what is referred to under the 6 
American Association of Cost Engineers (AACE International) cost estimate 7 
classification system as Class Three estimates for its proposed projects using 8 
around a 30 percent completion of engineering activities. SoCalGas explains that 9 
according to the AACE International classification system, Class Three estimates 10 
are generally prepared to form the basis for budget authorization or funding and 11 
typically form the initial control estimate against which all actual costs and 12 
resources will be monitored. Engineering is typically from 10 to 40 percent 13 
complete. This level of estimate contains more specific details and is generally 14 
more reliable than Class Four and Class Five estimates that are based on more 15 
limited information.  16 

As discussed earlier, SoCalGas’ method for developing its project estimates 17 
included planning, engineering design, input from subject matter experts 18 
regarding project cost estimates, analysis of environmental impacts, inputs 19 
regarding construction, determination of required permits, analysis regarding 20 
natural gas loads, and supply management. The above activities are more project-21 
specific and consider specific circumstances regarding each project. This level of 22 
detail allows us to better evaluate and review costs requested consistent with 23 
D.14-06-007, where the Commission stated that ratepayers should have the 24 
benefit of detailed plans for the Commission to consider before authorizing or 25 
pre-approving expenditures for PSEP projects. 26 

Cost estimates were developed using a zero-based method, which we find 27 
reasonable in this instance as specific needs for each project are better considered 28 
and incorporated into the forecast as opposed to basing costs on budget history.  29 

Based on all the above, we find SoCalGas’ method and cost estimates to be 30 
reasonable, appropriate for the proposed projects, and supported by the testimony 31 
submitted.”18  32 

                                                           
17 D.19-03-025 at 53. 
18 D.19-09-051 at 203-204. 
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C. The Utilities Applied Their Class Three Cost Estimating Methodology to the 1 
Line 1600 Cost Estimates 2 

The Utilities applied their Class Three cost estimating methodology, described above, to 3 

each of the nineteen Line 1600 projects.  I describe below as an example the process used to 4 

develop the TIC cost estimate for the Scripps-Poway Replacement Project. 5 

The estimating team received the Scripps-Poway Package in February 2020 (Project 6 

Number 13).  The package had sufficient documentation to proceed with the cost estimating 7 

process, including the PEP, SOW, an approved 30% engineering package, and other supporting 8 

information.    9 

The project team then kicked off the effort in February 2020 with the estimating team and 10 

project stakeholders via a TIC kickoff meeting. In March 2020, representatives from the project 11 

team, the estimating team, and construction conducted a job walk. Subsequently, the estimating 12 

team began to build up the construction cost and develop the construction schedule.  All 13 

materials, equipment, crew sizes and overhead support were inputted into the construction 14 

estimate.  The construction estimate was then exported into the TIC Tool. Meanwhile, the 15 

remaining estimating deliverables were received such as actual project cost to date, Bill of 16 

Materials (BOM), and stakeholder input.  With the TIC Tool inputs received, the estimating team 17 

drafted the TIC estimate.  18 

In April 2020, the Monte Carlo Risk Meeting was set up and performed with the project 19 

team and stakeholders to establish contingency. Upon completion, the results were exported to 20 

the TIC Tool, the quality assurance and quality control process was performed, and a final 21 

review was set up with the Cost Estimating Team Lead in April 2020.   22 

Following approval, the direct cost estimate was sent to project controls to be loaded and 23 

escalated. Concurrently, the estimating team developed the Basis of Estimate (BOE) as necessary 24 
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to document important project assumptions and quantities. Upon completion and receipt of 1 

loaders via project controls, the escalated loaders were brought in as input to the TIC Tool.  2 

Lastly, a TIC handoff document was developed and a TIC handoff meeting was setup and 3 

performed with the project team in May 2020, at which time estimate specifics, assumptions, and 4 

outputs of the cost estimate were presented and handed off to the project team. Upon completion, 5 

the fully loaded costs are incorporated into the WOA which is signed and approved by leadership 6 

to establish the project budget.  7 

IV. THE LINE 1600 COST ESTIMATES INCLUDE A RISK ASSESSMENT 8 
COMPONENT, AS RECOMMENDED BY INDUSTRY BEST PRACTICES 9 

As recognized by AACE International, industry best practices require explicit 10 

consideration of risks to project costs. In this Section, I first explain how the Utilities incorporate 11 

a risk component into their Class Three cost estimates and then discuss the risk component of the 12 

Line 1600 cost estimates. 13 

A. The Utilities’ Class Three Cost Estimating Methodology Includes 14 
Consideration of Risk. 15 

The Utilities utilize a Risk Assessment Process to evaluate the project risks and 16 

opportunities that each project team has identified. Contingency and risk are related, but not 17 

synonymous with each other. AACE Risk.08 (Defining Risk and Contingency for Pipeline 18 

Projects) states:  19 

“Contingency is a cost element of an estimate to cover the probability 20 
of unforeseeable events to occur and that if they occur, they will likely 21 
result in additional costs within the defined project scope.”19  22 

Contingency is not meant to address extraordinary risk and “is  not intended to provide 23 

for changes in the defined scope of a project (e.g., change in capacity or product slate) or for 24 

                                                           
19 AACE International Transactions RISK.08 2009 Report “Defining Risk and Contingency for Pipeline 
Projects at RISK.08.7”, attached as Attachment 2, at 7. 
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unforeseeable circumstances beyond management's control (e.g., 100-year storms or strikes 1 

against equipment vendors).”20  Another example would be an unplanned hydrotest failure, 2 

which is addressed below in Section IV(C).   3 

A risk assessment is the process of interviewing the project team and evaluating the 4 

identified risks of the engineering documents as well as the project team’s experience in their 5 

related fields. The Risk Assessment process is strongly recommended compared to other 6 

contingency evaluations as it is more robust analysis taking input from project specific concerns 7 

from Line 1600 SMEs. The identification of the risks involved in the projects are essential to 8 

produce accurate estimates as well as to minimize exposure to potential adverse impacts.  9 

Conversely, the project will continue to gain definition as it matures, and the opportunities and 10 

risks will be reduced as more information is known and should be managed by the project team 11 

as the project is progressing.  12 

1. Project Risks Are Expected and Must Be Proactively Managed 13 

History has shown that project managers across all industries will, on average, 14 

underestimate the cost of a project. The quantification of the contingency amounts by cost item 15 

enables the project teams to manage contingency as projects progress during the engineering and 16 

project execution phase.  AACE International has published recommended practices to account 17 

for this tendency to underestimate project costs in order to correct for them and therefore 18 

produce a more accurate cost estimate.  19 

Further, the final total contingency amount is the result of a series of risk assessments and 20 

is critical to the development of accurate cost estimates: 21 

                                                           
20 AACE International Transactions EST.03 2004 Report on “Exploring Techniques for Contingency 
Setting,” attached as Attachment 3, at 1. 
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“Identifying risk and determining an appropriate amount of contingency 1 
is a challenge that must be addressed to ensure accurate information is 2 
available to base critical financial decisions upon.”21 3 

The above passages are also noteworthy because they apply to all classes of estimates –4 

from the rudimentary Class Five, to the ClassThree of the Utilities’ estimates in this filing, to a 5 

Class One estimate for which much more detailed design and engineering has occurred.  It is 6 

always recommended and expected that all cost estimates should contain a contingency element 7 

no matter the class of the estimate.  8 

Contingency addresses anticipated costs that are not specifically defined, but nevertheless 9 

exist.  In short, contingency dollars are real expected costs that the industry dictates should be 10 

included in a project’s cost estimate to improve its accuracy and approximate the final actual 11 

cost. The need for contingency is based on real life experience across thousands and thousands of 12 

projects in different project areas across many industries.  13 

In D.19-09-051 at 205, the Commission found the addition of contingency appropriate 14 

stating:  15 

“We agree with the addition of a risk assessment component in this 16 
instance to account for contingencies that may occur. The proposed 17 
projects are subject to many variables and projects have particular 18 
circumstances that add to the difficulty of making accurate cost estimates. 19 
The practice is also an industry-recommended practice that aims to 20 
increase the quality and accuracy of estimates, which we find appropriate 21 
for the proposed PSEP projects.” 22 

2. Contingency Is Based on SME Experience and Lessons Learned 23 

The Utilities’ methodology to determine risks is consistent with AACE’s recommended 24 

practice.  The AACE paper “AACE International Transactions Risk.08 – Defining Risk and 25 

Contingency for Pipeline Projects” states: 26 

                                                           
21 AACE International Transactions RISK.08 2009 Report “Defining Risk and Contingency for Pipeline 
Projects at RISK.08.7”, attached as Attachment 2, at 1. 
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Project specific risks are those that are unique to a project’s scope, 1 
strategies, attributes, and so on. The nature of these risks and extent of 2 
their impact are not consistent between projects in a given company 3 
(emphasis added).22 4 

The paper goes on to provide a recommendation of how to go about assessing risks that are 5 

unique to each individual project: 6 

Thus, to estimate project specific risks, the recommended practice is to use 7 
“expected value model.”23 8 

The Utilities employ a methodology of having subject matter experts within the PSEP 9 

project execution team work with risk assessment experts within the PSEP cost estimating team 10 

to review risk variables (assumptions on productivity for contractors, environmental costs, 11 

permit conditions, material costs, etc.). These experts discuss the known and unknown variances 12 

for these cost components (e.g., discussing the probability of the contractor’s productivity being 13 

less than planned and if so, the magnitude of the potential reduction in productivity, with similar 14 

questions for project-specific issues that drive material costs, environmental costs, land rights 15 

acquisitions, permit conditions, etc.). This team of cross-functional experts uses their experience 16 

and knowledge of the specific conditions of each particular project to develop a consensus 17 

opinion of potential outcomes.  18 

3. The Utilities Use A Statistical Method and Model (TOOL) To 19 
Establish Contingencies  20 

As part of the Utilities’ estimate development, the estimator(s) in conjunction with the 21 

project team and stakeholders will evaluate and develop an appropriate contingency percentage 22 

based on analysis of opportunities and threats known and unknown at the time of the TIC 23 

                                                           
22 AACE International Transactions RISK.08 2009 Report “Defining Risk and Contingency for Pipeline 
Projects at RISK.08.8”, attached as Attachment 2, at 8. 
23 AACE International Transactions RISK.08 2009 Report “Defining Risk and Contingency for Pipeline 
Projects at RISK.08.8”, attached as Attachment 2, at 8. 
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estimate. As mentioned above, this is consistent with the industry best practice as identified by 1 

AACE International.24  2 

While many methods exist to evaluate risk, the method utilized by the Utilities is known 3 

as a Risk Assessment Process. This process includes a risk meeting set up in conjunction with 4 

the project team and stakeholders to receive input on project specific risks and opportunities, 5 

which will ultimately be input and expressed as percentages in the Monte Carlo Risk Analysis 6 

and inherently drive contingency up or down on a project by project basis. Each project has its 7 

own opportunities and threats to cost which are independent of other projects, and 8 

therefore it is expected that each project will have a different risk percentage from other 9 

projects.  10 

As risks are identified and quantified during the risk assessment meeting, the estimator(s) 11 

uses a Monte Carlo Simulator to work through different cost categories and allocate risks and 12 

opportunities based on the project team and stakeholders. Methodically discussing risks on a 13 

category by category basis allows for estimators to develop a more refined risk percentage that 14 

considers that some cost categories may result in more or less cost when compared to others.  15 

In development of the risk, the estimator will bring in the base estimate from the TIC tool 16 

into the Risk Assessment Meeting. Note, within the Risk Assessment Process, actual costs 17 

incurred to date will be excluded from the analysis, as inherently there should be no risk on costs 18 

that have already occurred. Within the risk assessment process, the estimator will discuss the 19 

variables as related to risks and opportunities. Four different variables are discussed across the 20 

cost estimate: productivity variables, scope variables, price variables, and duration variables. As 21 

                                                           
24 AACE International Recommended Practice No. 18R-97 “Cost Estimate Classification System – As 
Applied in Engineering, Procurement, and Construction for the Process Industries,” attached as 
Attachment 1. 
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the estimator and project team work through each variable, each item is viewed from the 1 

perspective of cost opportunities (potential for cost savings) and cost threats (potential for cost 2 

increase).   3 

Risk allocation typically trends downward as more project definition is known, thus 4 

reducing the need for higher levels of contingency. A risk assessment process assists in defining 5 

the level of definition and overall project knowledge of the project team, which assists the 6 

estimator create a recommended contingency as a deliverable of the Risk Assessment Process. 7 

Upon completion of the meeting and discussion of the variables, the estimator will run 8 

the Monte Carlo Risk Analysis. The simulation results are the summarized high level on the 9 

“Results Summary” tab of the Monte Carlo Risk Analysis file, which is then exported to the 10 

“Risk Summary” tab of the TIC tool.  Additionally, the “Provision by Cost Item” in the Monte 11 

Carlo Risk Analysis file are exported into the “Risk Detail” tab of the TIC tool. It is within the 12 

“Risk Detail” tab of the TIC that the cost by category is allocated across the “Estimate” tab of the 13 

TIC Tool. The TIC tool then utilizes that risk percentage to calculate a risk cost per individual 14 

item. 15 

In summary, the Risk Assessment Process and Monte Carlo Simulation are used in 16 

conjunction with project specific input from the project team and stakeholder to evaluate project 17 

threats and opportunities. Each project will be independent of other projects and specific to the 18 

project, scope, and information at time of the TIC estimate. The mean adjusted cost resulting 19 

from the Monte Carlo Risk Simulation is ultimately utilized and allocated on an item by item 20 

basis. The resulting output from the simulation is the Expected Cost Estimate.  21 
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B. The Utilities Included a Risk Component in the Line 1600 Class Three Cost 1 
Estimates. 2 

In assessment of project risk, the estimating team utilized the process described in detail 3 

above. Each project evaluated risk independently and specific to that particular project’s scope 4 

and execution methodology, among other aspects unique to the project. Continuing to use the 5 

Scripps-Poway Replacement Project as an example, a Monte Carlo Risk Meeting was held in 6 

April 2020, following the estimating walkthrough described above. The following were some 7 

risks and opportunities discussed specific to that project.  8 

Low to moderate impact risk items were: construction contractor risk of additional 9 

support for clearing and grubbing yard, SDG&E and SCG labor risk for potential of extended 10 

closeout duration, and the risk of material market pricing increase. Some higher impact risk 11 

items were: risk of one bore or HDD at Branicole Lane and Mercy Road, risk of additional 12 

restoration requirements as known projects in the area have been required to repave entire streets 13 

which were already in poor conditions. In contrast, the following were some opportunities that 14 

arose during the Monte Carlo Risk Meeting: opportunity to save a day on seasoning, opportunity 15 

to save a couple days on the isolation window, and opportunity to utilize less slurry fill during 16 

abandonment.  17 

To highlight the analysis, the low impact risk item for additional support for clearing and 18 

grubbing yard was a risk driver resulting in a risk percentage associated with the cost item of site 19 

preparation of 11.72%, or $6,013. Contrarily, a high impact risk item such as risk of HDD or 20 

Bore was one of the risk drivers that resulted in a pipeline installation risk for improved areas of 21 

31.15%, or $3,302,073 for this particular cost category. Again, these cost item categories 22 

comprise many aspects, both known and unknown, and as such are just one of the many potential 23 

risks that may come to fruition.  Note that while there are highs and lows within risk model, the 24 
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cost estimate’s contingency for Scripps Poway resulted in a risk percentage that is approximately 1 

12% of total direct costs.  2 

C. Potential for Hydrotest Failure 3 

An inherent underlying risk of hydrotesting existing pipeline is a risk of a hydrotest 4 

failure at any given point along the alignment. It should be recognized that while a failure is 5 

possible, it cannot be known ahead of time if and where any hydrotest failure(s) may occur.  6 

Further, identification of a specific failure location and its associated costs ahead of time would 7 

be impractical and extremely variable with regards to cost and remediation efforts.  Any effort to 8 

include hydrotest failure costs within an individual project or spread across multiple projects 9 

could in effect overinflate the majority or all the project cost estimates. 10 

As such, the Utilities went about developing a Rough Order of Magnitude (ROM) study 11 

on a potential hydrotest failure.  This study utilized a parametric estimating methodology using 12 

level of effort, on a few of many possible scenarios and locations where a failure may occur.  As 13 

inferred above, these situations may not occur and, if one or many hydrotest failure(s) occur, 14 

they will likely not be limited to just the scenarios and cost ranges that follow.   15 

The Utilities identified three contrasting scenarios of a hydrotest failure with varying 16 

levels of remediation difficulty.  The study is meant to identify locations of separate cost ranges: 17 

low remediation effort, medium remediation effort, and high remediation effort.  The results 18 

were as follows: low remediation effort around $1.4M (of which approx. $600k is associated 19 

with gas purchase from an alternative source), medium remediation effort around $2.5M (of 20 

which approx. $1M is associated with gas purchase from an alternative source), and high 21 

remediation effort around $3.3M (of which approx. $1.5M associated with gas purchase from an 22 

alternative source). Table 1 summarizes the estimated cost of remediation for the three 23 

contrasting scenarios. 24 
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Table 1 – Rough Order of Magnitude (ROM) of a Hydrotest Failure ($000’s) 1 

Remediation Effort Hydrotest Failure Assumptions ROM 
($000’s) 

Low  Up to 18,000 gallons of water released; 
no vacuum formed in pipeline. 

 Access via existing dirt roads. 
 Seven to eight days of response time 

required. 
 Potential action items post-hydrotest for 

land, environmental, CNG/LNG, and 
gas purchase required. 

$1,400 

Medium  Up to 128,000 gallons of water released; 
no vacuum formed in pipeline. 

 Access via existing paved roads. 

 12 to 14 days of response time required. 

 Potential action items post-hydrotest for 
land, environmental, CNG/LNG, and 
gas purchase required. 

$2,500 

High  Up to 50,000 gallons of water released; 
no vacuum formed in pipeline. 

 Vegetation trimming, grading, and 
temporary stream crossings required for 
access. 

 14 to 20 days of response time required. 

 Potential action items post-hydrotest for 
land, environmental, CNG/LNG, and 
gas purchase required. 

$3,300 

As addressed above, there are many situations and/or locations that may increase or 2 

decrease costs associated with hydrotest failure(s). The first is simply the number of failures that 3 

may occur and whether any occur at all. Next is the location of the failure-- factors such as ease 4 

of access could cause a quicker or extended remediation period, which will drive cost 5 

accordingly. Another factor is the locatability of a leak, specifically an easily identifiable leak 6 

will allow the SDG&Es crews to quickly address the failure vs. a pinhole leak or hard to find 7 
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leak, which could potentially result in an extended remediation duration as crews spend more 1 

time in search of the leak. Other cost variability includes, but is not limited to, environmental 2 

factors (e.g. agriculture, land, wetland, or creek sensitivity; crop damage; presence of protected 3 

species, proximity to cultural resources) and land factors (e.g. property damage and damage 4 

claims, land rights could result in reroute, etc.).   5 

V. SDG&E AND SOCALGAS STRIVE TO CONTINUOUSLY IMPROVE COST 6 
ESTIMATING METHODS AND BEST PRACTICES 7 

A. 5 Years of Estimating PSEP Projects Has Improved the Tool 8 

SoCalGas’ estimating department has supported PSEP for over 5 years and has 9 

performed over 200 funding estimates.  The estimating department routinely compares our Class 10 

Three estimates to the actual financial outcomes.  Where there are discrepancies and gaps 11 

between forecasted costs and actual outcomes, estimate assessments to gain understanding are 12 

conducted.  If errors or incorrect assumptions are the cause, we improve our processes and tools 13 

for future forecasts. 14 

The PSEP cost estimating process has evolved over time.  In 2011, the Utilities retained a 15 

third-party consultant to help develop an initial PSEP project cost estimating tool in response to 16 

the Commission’s June 2011 directive to all California pipeline operators to file proposed 17 

pressure testing implementation plans in August 2011 that “include best available expense and 18 

capital cost projections for each Plan component.”  In 2013, the Utilities enhanced the cost 19 

estimating tool to increase the number of factors considered in deriving estimates, which enabled 20 

the utilities to prepare more comprehensive estimates.  Since 2013, the Utilities have continued 21 

to enhance estimate accuracy by incorporating actual costs as they are incurred in the field, such 22 

as current material pricing, up to date construction labor rates, efficiencies and execution 23 

methods, etc.  24 
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The Utilities have also formed a dedicated estimating department to increase focus on the 1 

quality and accuracy of estimates.  These continuous improvement enhancements have resulted 2 

in a more robust tool and process that incorporates the input of SMEs.  These SMEs use their 3 

respective expertise and professional experience to provide assumptions about the scope and cost 4 

of the work to be performed within their areas of responsibility, and this input is critical to each 5 

estimate.  6 

Notwithstanding the foregoing improvements and level of rigor, estimates remain 7 

estimates, and each PSEP project is unique.  As such, the Utilities expect both foreseeable and 8 

unforeseeable conditions to be encountered during construction that may result in actual 9 

expenditures varying from estimates. 10 

B. Rigorous Communication 11 

SDG&E and SoCalGas have improved communication between the project and 12 

estimating teams as part of our continuous improvement initiatives.  Rigor on estimating 13 

requests, including estimating milestones such as kick off meetings, job walks, risk meeting and 14 

estimating handovers, has been formalized to make certain all team members are in alignment.  15 

To assure that these processes are carried out, there are sign off sheets to document the approval 16 

of the process. 17 

C. Lessons Learned 18 

SDG&E and SoCalGas continue to improve our tools and processes based on our 19 

experiences and lessons learned.  We factor in past experiences and unexpected outcomes into 20 

our risk assessments of future projects.  This is done at the stakeholder level meeting. We 21 

account for construction, permitting, environmental, supply chain risks, etc. for possible impacts 22 

to future jobs.  We also analyze and factor in the impact that risks have upon other risks (i.e. 23 

environmental risk impact on construction, permits, engineering, etc.). 24 
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VI. CONCLUSION 1 

The Utilities’ estimating methodology is mature and proven.  All cost estimates for the 2 

Line 1600 projects were developed after the estimating teams received a thorough and approved 3 

approximately 30% design estimating deliverable package.  Subject matter experts and project 4 

stakeholders were engaged to assess and plan the project execution and assess the risks and 5 

opportunities that could affect the project costs. The estimating team entered the data and 6 

information into our mature estimating tool and handed off the vetted and approved estimate to 7 

the project team.  The Utilities’ methodology is consistent with industry standards and best 8 

practices.  Our establishment of risk-based contingency is based on history, subject matter 9 

experiences and industry wide accepted processes.  We create our estimates to be the basis to 10 

control the project costs and to provide spending accountability. 11 

To summarize, the Utilities developed detailed cost estimates in support of the Line 1600 12 

projects cost forecast presented in the Phase 2 direct testimony of Norm G. Kohls.  These 13 

forecasts necessarily include a risk assessment component that is appropriate and industry-14 

accepted for the class of estimates developed.    15 
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VII. QUALIFICATIONS 1 

My name is Ronn Gonzalez. My business address is 555 West Fifth Street, Los Angeles, 2 

California, 90013-1011.  I have been employed by Southern California Gas Company since 2013 3 

and had previously worked for the company from 2002 to 2007. I have held various positions at 4 

SoCalGas in the Engineering, Operations and the PSEP Organizations. These roles included 5 

working as the Region Associate Engineer, Pipeline Design Engineer, and as the Portfolio 6 

Manager for PSEP projects in the Northwest Distribution Region. I have also worked for two 7 

Engineering, Procurement and Construction (EPC) contracting firms from 2007 until 2013 where 8 

I supported and managed several large capital projects in the oil and gas industries. 9 

I am currently employed as the Manager of Construction Estimating and Engineering. 10 

My principal responsibility is managing all Southern California Gas Company Construction 11 

estimates and ensuring that all engineering deliverables and activities are accurately provided. 12 

I received a Bachelor’s Degree in Mechanical Engineering from the University of 13 

Arizona, and I am a Registered Mechanical Engineer in the State of California. I have previously 14 

testified before the Commission in 2018.  15 
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RISK.08 
 

Defining Risk and Contingency 
for Pipeline Projects 

 
F. Cristina Figueiredo, P.Eng. and Brent Kitson, P.Eng. 

 

ABSTRACT— Pipeline projects are linear projects that often stretch over several 
communities, states, provinces or even countries. Local economic conditions will impact 
the cost of the project and can vary by location. Pipeline projects will be impacted by 
economic volatility.  Alberta is an example of an economy that has experienced an 
unprecedented rate of escalation in the labor market in recent years. Large pipeline projects 
are impacted by global economic conditions. Components such as steel for pipe and pipe 
fabrication are impacted by the global market. The scoping and execution of pipeline 
projects require the input and coordination of numerous internal stakeholders, customers, 
regulatory bodies, resources and public bodies. Identifying risk and determining an 
appropriate amount of contingency is a challenge that must be addressed to ensure accurate 
information is available to base critical financial decisions upon. This paper will address 
processes to define risk and contingency for pipeline projects. Some of the typical risks 
associated with pipeline projects will be discussed. 
 
Keywords: Contingency, cost, financial, labor, pipeline projects, risk and scope 

 
The planning and execution phases of a pipeline project require the involvement 
and coordination of numerous internal stakeholders, and external stakeholders 
including customers, public and private regulatory bodies, and resources. The 

identification of the risks involved in such projects is essential to ensure accurate 
information is available to base critical financial decisions as well as to minimize exposure 
to potential adverse impacts. During the pipeline project lifecycle, risk shall be managed in 
a continuous, consistent, structured and standardized approach.  
 
Risk is the exposure to the potential impacts of a possible event. The potential impact may 
be positive or negative. A possible event causing negative effects is a “threat”, while a 
possible event causing positive effects is an “opportunity.”  
 
The possibility of occurrence of an event depends on how likely it is to happen. Risk level is 
described by the mathematical product of the probability for an event to occur, multiplied 

T 
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by the expected magnitude of impacts caused by the event. The conceptual formula to 
assess risk level is: RL = P x I, where, RL = Risk Level, P = Probability and I = Impact. 
When impact is evaluated in financial terms, impact is equal the estimated monetary value 
of the damages (threat), or the estimated monetary value of the benefits (opportunity). Risk 
can be mitigated by reducing or eliminating either the probability of occurrence or the 
impact if the event occurs.  
 
In pipeline projects, risk impacts are evaluated in the five following main areas: cost, 
duration, scope, health, safety and environment. 
 
This paper will present the risk management (RM) process that has been developed by a 
pipeline company committed to an ongoing process improvement to align with best practice 
industry standards and recommended practices. 
 
Risk Management Overview 
Risk management is an integral component of good management and decision-making at all 
levels.  As per definition, risk management is a systematic approach to setting the best course 
of action under uncertainty by identifying, assessing, understanding, acting on and 
communicating risk issues, i.e., risk management (RM) is a process that addresses 
uncertainty [5, 6]. 
 
A successful risk management (RM) system is comprised of the risk policy, the company 
ownership of the process, the integration of the company values to manage risk, the risk 
management process and the risk management standard framework.  
 
For instance, a RM process used by a pipeline company presents five core interdependent 
sub-processes: 

 Planning: How to implement and practice the RM process and framework elements. 
 Identification: Procedures and methods to identify, describe, and document risk. 
 Assessment: Qualitative or quantitative risk level assessment and prioritization. 
 Response: Create and execute mitigation actions, or monitoring and control 

strategies. And, 
 Monitoring and Control: Monitor current risk, new risk, evaluate RM effectiveness, 

follow up on response plan status, check control points, identify and close gaps. 

 
 

 
 

The risk management process map in figure 1 shows further details of a RM standard 
framework of a pipeline company. 
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Figure 1—Risk Management Process of a Pipeline Company 
 
Risk Implementation Plan 
The risk implementation plan defines how to implement and practice the RM process and 
framework elements. It documents how a specific project team is to strategically implement 
and practice the risk management framework.  
 
The risk implementation plan will start defining a boundary of control (i.e., the risk 
management roles and responsibilities of project members), indentifying and engaging 
stakeholders, functional leads, risk owners, subject-matter experts and communicating of the 
methodology, boundary and focus area for risk identification.  It is important to be aware of 
the relevant risk areas of the project that needs to be discussed versus the irrelevant ones.  
Also, the risk implementation plan shall identify and engage a suitable facilitator to run risk 
identification sessions. 
 
The main output of the “risk implementation plan” is the risk interface meeting which 
reviews the risk implementation plan inputs described above. 
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Table 1 shows some specific examples of pipeline project risk areas: 

RISK AREAS  EXTENDED DESCRIPTION 
COMMERCIAL Commercial contracts, 
COMMISSIONING Commissioning, start up, equipment set up, FAT 
COMMUNITY Community, aboriginal affairs, local communities, associations 
COMPLIANCE Compliance, regulations 
CONSTRUCTION Construction, construction strategy, logistics 
CORPORATE Corporate, AFE, stake-holders, company approvals 

ENGINEERING 

Engineering, design, scope, process engineering, reliability, 
equipment performance envelop, maintainability, safety 
requirements 

ENVIRONMENTAL 
External environment, snow, seasons, weather, flora, wild Life, 
lakes, rivers, above ground level risk. 

ESTIMATING 
Base cost estimation, indirect and direct cost, assumed 
productivity base 

FINANCIAL Foreign exchange, discounted cash flow, ROE (Return on Equity) 

GEOLOGY 
Soil, terrain characteristics, geology, topography, below ground 
level risk 

LEGAL Legal, contracts, litigation,   
MARKET Price indices, currency, inflation, market competition 
OPERATIONS Operations interface, transfer to operations 
PERMITS Environmental permits, other official agencies permits 

PM 
Project management, gates, deliverables, scope definition, 
schedule, risk plans, practices and standards, training, etc 

PROCUREMENT Procurement, procurement strategy, lead time, shipping, delivery, 
RESOURCES Resources, labor, trades, skilled resources, contracts 
RIGHT OF WAY Right of way,  access, condemnation, acquisitions  
UTILITIES Power, utilities infrastructure 

 
Table 1—Risk Areas 
 
Risk Identification  
The risk identification process starts with a clear definition of the core project objectives. 
Core project objectives can be outlined as scope, schedule, cost, safety and environment. It 
is important to identify the project components that are more relevant or influential to the 
core project objectives i.e. to focus on project critical components (criticality assessment).  
  
The risk identification process benefits from inputs (tools) like brainstorming sessions, 
checklists, review of historical records for other similar projects,  stakeholders discussions ( 
i.e., gathering all stakeholder inputs in relevant areas), collecting other risk analysis 
completed ( i.e. system operability review, HAZOP), strengths, weaknesses, opportunities, 
and threats (SWOT) analysis, collecting historical information available  (i.e., risk incident 
root cause reports), cold eyes reviews, project execution plan, and execution strategies repot.  
  
The main output of the risk identification process is a “risk register.” The risk register is the 
central repository for risk information of the project. It supports most of the phases of the 
RM standard framework. The risk register contains the risk ID, probabilities, estimated cost 
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impacts (low, likely, high), and its categorization (systemic, project specific, escalation and 
others). Figure 2 shows an example of a simplified risk register.   

 
Figure 2 – Example of a Simplified Risk Register 
 
Identifying Systemic and Project Specific Risks  
Risk management practices define systemic and project specific risks as different categories 
of risks. To identify systemic risks, it is important to understand their stochastic nature. It is 
known that the level of uncertainties in a project is inversely correlated to the level of 
definition of project scope, schedule and cost estimate. Even when scope is completely 
defined, uncertainties in cost and schedule will always exist considering the fact that the 
project may be impacted by factors that may not be predicted precisely such as, weather, 
trade skill levels, contractor project management effectiveness, price indexes, inflation, labor 
conflicts, community interaction, etc. Systemic risks can be identified as the drivers of 
project uncertainty that affects the generality of the project (i.e., they can be analyzed 
statistically but not predicted precisely (stochastic in nature)).  
   
Project specific risks are driven by events or cause conditions that upon being realized in a 
project, produce a significant impact in a specific project activity, or resource or project 
component.  Project-specific risk drivers result in cost impacts that are more deterministic in 
nature, meaning the impact to a given schedule task or cost account is more readily 
identifiable. Table 2 shows some examples of systemic and project specific risks of a pipeline 
project.  
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Systemic Risk Drivers Project Specific Risk Drivers
Commercial Project Scope Heater scope change due to Hazop fidings
Project Planning /Execution Plan Underestimated permit processing time
Overall Scope Definition Facilities engineering packages late
Engineering Deliverables Solvent system requires vapor recovery system

Estimate Inclusiveness Water from hydro testing requires cleaning before 
disposal

Estimating Data Quality Incentives program missed / difficulty finding enough 
labor force

Estimate Competitiveness Inexperienced project manager
Percent Fixed Price
Prject Management Effectiveness
Poor definition of rules and responsibilities
New Technology HDD takes longer due to geotechnical problems
Material Properties Critical path commiioning materials late
Facility Complexity Site congestion at pinch points
Project Execution Complexity Equipment failure during commisssioning, no spares 

available

Underestimated steel proce

 
 
Table 2—Systemic vs. Project Specific Risks  
 
Risk Assessment 
Once risk has been identified, the following step in the RM process is the assessment of its 
risk level, determination of acceptability, prioritization and definition of a target date to 
respond to it. The risk assessment process analyses the quantitative and qualitative 
information of the risk description, probabilities and impacts (low, likely, high).  
 
Best practice historical data shows that projects that use no risk assessment experience an 
increase in variable cost growth, the execution schedule can become longer, they may 
experience start up problems, and technical problems are more likely to arise. 
  
Risk level assessment starts with the quantification and ranking of probability and potential 
impacts that a risk event may originate. Probability is assessed based on information of the 
cause and conditions that may trigger events that originate risk drivers. Qualitative 
evaluation of probability or impact is based on experience and requires engagement of 
subject matter experts. In qualitative analysis, probability and impact are estimated within a 
range, the probability and impact range are related to the risk tolerance criteria managed by 
the company. For instance, the pipeline company cited in this paper uses probability and 
impact table containing 5 ranges: very low (VL), low (L), medium (M), high (H) and very 
high (VH).  
 
Impact is estimated independently for each of the five main areas (cost, duration, scope, 
health, safety and environment). During risk-analysis sessions, estimation of impacts is not 
practical and may not result in a precise figure. While some impacts can be estimated 
without difficulty in units of cost, others, such as safety and environment, are better 
estimated in terms of the qualitative magnitudes of the impact.  The principal of using 
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thresholds in the impact categories is to rank them on the basis of their impact on project 
objectives. Schedule in and of itself has no commonality between projects in terms of its 
relative importance or rank. All schedule impacts should be translated to cost impact as the 
primary ranking criteria. There are a few exceptions, such as when it is a distinct objective 
set by business or an agreement with client regardless of costs. For instance, if the project 
slips 3 months or more, company members would be fired by board, project would be 
terminated by the client, or the company’s reputation may be tarnished in the public eye. In 
all other cases, schedule shall be converted to costs, using case specific estimation. The 
team must first establish the project specific criteria, i.e. what the "show stopper" criteria is 
for the project in terms of duration (e.g., 3 months slip means project fails to meet 
objective). So, it can be easily converted to percent of total duration.  
  
Table 3 shows a risk Probability – impact table, one of the most popular risk management 
tools. A risk assessed as highly likely to happen and as having a high impact on the project 
will need closer attention than a risk that is low in terms of both probability and impact. 
Each risk can be allocated to one of the cells in table 3.  
 

Risk Probability and Impact 

 Low Impact Medium Impact High Impact 

High Probability    
Medium Probability    

Low Probability    
 
Table 3—Risk Probability – Impact Table 
 
Contingency Determination Process 
Contingency is a cost element of an estimate to cover the probability of unforeseeable events 
to occur and that if they occur, they will likely result in additional costs within the defined 
project scope [1].  
 
Estimating contingency is one part of the risk management process. Many methods and 
techniques have been proposed in the literature for estimate contingency. They are mainly 
risk analysis techniques. The best contingency estimating method depends on the type of 
risk.  
 
Systemic risks are driven by risks that all projects face and the risk impact on most projects 
for a given company “system” are relatively consistent and predictable. The recommended 
practice to estimate a systemic risk is to use a parametric modeling [3]. 
   
The pipeline company herein cited has developed a systemic and a project specific risk tool 
to calculate contingency. The systemic tool uses a parametric model. It is basically a 
questionnaire where the team rates the status of the risk drivers in 5 categories: Level of 
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project scope definition (i.e., scope content, planning basis, design detail, site definition, 
etc); Estimate basis (quality of database, conservativeness, inclusiveness, extent of fixed costs 
and equipment, etc); Process technology/complexity (use of new technology, qualities of 
feedstocks, number of process steps, etc.);Project complexity (use of new organization or 
execution strategies, etc.);Project management (level of management and control 
discipline).  
 
The systemic risk tool is typically used alone to calculate contingency for class 5 estimates. 
In the early stages of the project lifecycle (i.e. screening and planning stages), scope 
definition, technology, and complexity risks dominate the cost outcome. The systemic risk 
tool will translate quantified risks into a cost distribution with the main purpose of 
estimating the overall capital cost of a project within a probabilistic expectation of finishing 
the project within a target cost (usually the P50-P55).  
 
Project specific risks are those that are unique to a particular project’s scope, strategies, 
attributes, and so on. The nature of these risks and extent of their impact are not consistent 
between projects in a given company. For these risks, risk impact must be defined and 
estimated uniquely. Thus, to estimate project specific risks, the recommended practice is to 
use “expected value model” [4]. The pipeline company herein cited has developed a project 
specific risk tool that together with the systemic risk tool calculates contingency for class 4 
and 3 estimates. The project specific tool uses an “expected value” model, i.e., cost impact 
of each risk driver is explicit in an expected-value cost model. This tool requires that Monte-
Carlo simulation be run to obtain the final cost distribution. The contingency 
determination process used by the pipeline company herein cited is shown in figure 3. 
 

 
 
Figure 3—Contingency Determination Process 
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During the detailed design and procurement stages, the project increases the level of scope, 
schedule and estimate definition and so increases the need to detail contingency as the 
main purpose of manage (control) contingency during execution. Contingency is expected 
to be expended and it is controlled like any other “control account” in the budget  
contingency management during project execution shall align best practices in risk 
management in order to monitor and control risk responses. 
 
Risk Response/Mitigate Risks  
Once risks are identified and assessed, the next step is to mitigate the risks. To mitigate the 
risks, risk drivers shall be clearly understood. Options for risk response are identified and 
evaluated. The options can be defined by six categories: Avoidance (total elimination of the 
risk); Mitigation (apply methods to eliminate or reduce probability or impact of the risk); 
Acceptance (accept the risk, assign contingency budget or recovery plan to respond to the 
cost impact of the accepted risk); Research (accurate assessment of risk level through 
research activities, surveys or studies); Transfer ( transfer of risk ownership, i.e., contracting 
out portion of scope execution or acquiring risk insurance); Monitoring (i.e., to decide not 
to take immediate response to a risk, but to track, follow up on conditions, trends or 
behavior of risk drivers over time). To sustain the risk response plan, it is essential to provide 
updates to the Risk Register by updating the assignment of a person as risk owner, and 
recording the specific risk mitigation or action plans linked to the risk item.  
 
Monitoring and Control 
One of the main objectives of monitoring and control risks is to assure an ongoing risk 
identification, assessment and response. Some best practices requirements to monitor and 
control risks include: periodically review the status of the identified risks in the risk register; 
review the effectiveness of the risk response used; identify, assess and develop risk responses 
for any new risks that may arise and were not included in the previously risk response plan; 
maintain updated tracking on contingency usage and risk drivers of contingency. 
 

 RM process used in a pipeline company has been outlined. A RM process shall 
create value for the company and be an integral part of an organizational process. It 
should be structured, transparent and inclusive. Also it should be able of continuing 

improvement.  
  
There are innumerous benefits that a structured RM process can provide to a project.  It 
provides a structured framework for more effective strategic planning, maximizing 
opportunities and minimizing losses; promotes greater openness in decision making and 
improves communication; provides senior management with a concise summary of the 
major risks affecting the project; provides a framework for ensuring that risks are adequately 
managed; provides an effective approach which enables management to focus on areas of 
risk in their operations.  
 
When a RM process is first implemented in a company, it is important to understand that it 
will not be perfect.  Only through practice, experience, and actual loss results, the company 

A 
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will improve the RM process and gather contribute information to allow possible different 
decisions to be made in dealing with the risks being faced. 
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O
ne of the primary areas of concern for a company's
project system is the assignment of reliable con-
tingency allowances in project cost estimates.
Over the years, various contingency-setting tech-

niques have been developed in an ongoing search for reliable
approaches. These techniques vary from simple to extremely com-
plex in their development and use, but all have the objective of
improving the accuracy of project estimates. Unfortunately, very
little data have been published on how successful industry con-
tingency-setting techniques have been in improving project esti-
mate accuracy. The goal of this paper is to objectively and quan-
titatively explore the historical performance of the various tech-
niques. In addition, we will also describe a technique successfully
used by Independent Project Analysis, Inc. (IPA), but little used in
industry, and see how its performance compares with the com-
mon industry approaches. 

CONTINGENCY VERSUS THE BASE ESTIMATE

Conflicting views exist about what contingency is. For the
purpose of this paper, contingency is defined as the amount of
money that experience has demonstrated must be added to the
base estimate to provide for uncertainties related to (a) project def-
inition and (b) technological uncertainty. Contingency is money
that is expected to be spent. The contingency account is not
intended to provide for changes in the defined scope of a project
(e.g., change in capacity or product slate) or for unforeseeable cir-
cumstances beyond management's control (e.g., 100-year storms
or strikes against equipment vendors). Contingency should not be
viewed as a reserve or slush fund that the project team cannot
spend without upper management approval. Likewise, manage-
ment should not have the expectation that, if a project team does
its job well, contingency will not be spent. A competitive
approach is to set contingency at an amount that achieves a 50
percent probability of overrun. At a 50 percent probability, the
project system, on average, is expected to spend all of its contin-
gency.

The previous discussion assumes that the base estimate is a
realistic and competitive estimate of the known scope and also
assumes typical site and market conditions. A competitive base
estimate is free of excessive allowances and markups for general

unknowns. Allowances to cover specific, but uncertain, items are
expected within a base estimate. The competitiveness of the base
estimate is a key factor to consider in contingency setting.

THE TECHNIQUES

The vast majority of projects set their contingencies using
techniques that can be grouped into one of three categories: pre-
determined percentage, expert's judgment, and risk analysis. We
will also explore a fourth technique called regression analysis, or
ordinary least squares regression, that IPA and a few others use.
The first three categories will be the focus of our historical analy-
sis. Because numerous publications describe the three most com-
mon contingency-setting techniques, we will only discuss those
methods briefly. 

Predetermined Percentage
Many company or site project systems use predetermined or

mandated percentages of the base estimate as the project's con-
tingency. We found that many project systems mandate that all
projects will include contingency of either 5 or 10 percent of the
base estimate. Although the basis for the percentage may seem
arbitrary, 5 to 10 percent is a reasonable average for contingency
use in the process industries. 

The advantages of this technique are its ease of use and con-
sistency. Using a consistent percentage removes subjectivity from
the process. Because of the ease with which it is implemented, a
fixed contingency percentage is often the technique applied to
smaller projects. The disadvantage of the technique is the fact that
it removes specificity and subjectivity from the process; it is inflex-
ible to potentially important risk drivers, such as process com-
plexity, use of new technologies, and level of project definition.
Because of this, the method tends to underestimate contingency
needs for complex and poorly defined projects and to overestimate
for simple or well-defined projects. By failing to take project risk
drivers into account, the predetermined percentage method pro-
duces large variations in the probability of overrun or underrun
from project to project. 
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Expert's Judgment
A more advanced and flexible methodology for determining

contingency is to use the educated judgment of experts to assist in
setting a contingency level. In this technique, skilled estimators
and project team members use their experience and expertise to
assign a level of contingency that they believe is appropriate for
the project at hand. Unlike the predetermined percentage tech-
nique, expert judgment considers specific risk factors and base
estimate competitiveness. 

The degree of structure to this contingency-setting process
varies widely. Typically, the experts must consider bounds or
norms (formal or informal) for contingency outcomes. These
bounds may be expressed by using an expanded version of the pre-
determined contingency approach whereby the experts must
select from contingencies that are predetermined for discrete risk
levels (e.g., 15 percent for high risk, 10 for average, and 5 for low
risk). If the process is more highly structured than this, it tends to
be classified as a risk analysis approach, which is discussed in the
next section. 

By using specificity and subjectivity in setting each project’s
contingency level, a project system is more likely to have more
accurate estimates. However, subjectivity is also the main disad-
vantage of this method in that the skill, knowledge, and motiva-
tions of the experts may vary widely. Typically, only a few experts
are available whose understanding of project cost risk and esti-
mate competitiveness can be relied on. This expertise is not easi-
ly transferable, which makes turnovers a primary concern. 

Risk Analysis
Risk analysis techniques examine risk factors in a more struc-

tured way than expert judgment and apply specific quantitative
methods of translating the assessed risks into contingency values.
The quantitative methods are usually probabilistic in nature and
allow the statistical confidence level of cost outcomes to be con-
sidered. 

The most commonly used form of risk analysis employs
Monte Carlo simulation as the quantitative method. In this tech-
nique, a probability distribution is assigned to each estimate line
item or subtotal, and the simulation tool (typically a spreadsheet
add-on) randomly selects a possible outcome from each item's dis-
tribution and aggregates the item outcomes into a total expected
project cost outcome. This process is repeated many times (e.g.,
1,000 iterations) to obtain an average total cost. The distribution
of the iterative outcomes can then be used to select a contingency
value that provides the level of statistical confidence desired.
Using Monte Carlo analysis or similar risk analysis techniques
allows estimators to examine the risk of individual project cost ele-
ments in a highly structured way. 

The main advantage of risk analysis techniques is that they
are probabilistic in nature. They allow confidence levels to be
explicitly considered, and they are also very flexible. Monte Carlo
analysis can be applied to any estimate or cost analysis that can be
totaled or modeled in a spreadsheet; the spreadsheet model can
be as simple or complex as desired. For any given model, the esti-
mator then has almost infinite flexibility in assigning probability
distributions to estimate elements 

Risk analysis techniques have another advantage if the risk
assessment step is done in a group setting wherein the project
team reviews the entire estimate from a risk perspective. This is
often the only team review of the estimate, and the outcome of the
review is almost always an improved base estimate, as well as a
probabilistic-based contingency value.

A major disadvantage of risk analysis techniques as typically
applied is that the estimate items for which probable outcome dis-
tributions are being assigned are not, in themselves, risk drivers.
The distributions assigned, therefore, tend to be somewhat mean-
ingless. For example, the typical cost model is a spreadsheet tabu-
lation of estimate elements, such as piping and electrical line
items. The estimator is expected to assign a probability distribu-
tion (e.g., triangular distribution with +50/-30 percent high-low
range) to "piping." However, if the major risk driver is level of
project definition, few, if any, estimators will have a really good
idea of how project definition (or weather or labor markets, etc.)
will affect any particular line item.

Risk analysis also requires more time and resources to imple-
ment compared with predetermined percentages or an expert's
judgment. The Monte Carlo technique is also deceptively com-
plex. For example, it requires that dependencies be established
between elements of the cost model, which is almost always
skipped by users because few understand cost item dependencies
(e.g., if the electrical cost outcome is on the high end of its range,
what is the probability that the piping cost outcome will also be
on the high side). The complexity also allows outcomes to be eas-
ily manipulated, so the results are often inconsistent. The time
and complexity of risk analysis techniques often mean that they
are reserved primarily for larger projects or projects of increased
business importance.

Regression Analysis
Regression analysis is a statistical technique for estimating the

equation that best fits sets of observations of a response variable
and multiple explanatory variables in order to make the best esti-
mate of the true underlying relationships between these variables.
IPA uses regression analysis to establish contingency require-
ments. This technique was formulated by collecting detailed his-
tories of projects and identifying key factors that drive differences
between project estimates and actual cost outcomes. As with risk
analysis techniques, regression analysis is based on quantitative
modeling. However, the explanatory variables in the regression
model are quantified risk drivers, not estimate line items or subto-
tals. Regression analysis is empirical and objective, and regression
models produce consistent results no matter who applies them. 

Similar to risk analysis techniques, regression models are
probabilistic in nature and allow the statistical confidence level of
cost outcomes to be considered. However, unlike risk analysis
techniques, regression analysis is based on actual data, not
assumed probability distributions and risk driver-cost outcome
relationships. Because regression models are based on historical
data, they bring expert knowledge to contingency setting without
the need for a skilled expert on every project.

Through regression analysis, we have found several project
risk drivers, both controllable and uncontrollable, to be the
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strongest drivers of project cost deviation or the amount of con-
tingency used. The following is a list of these risk drivers.

Project Definition Level—The objective of project definition or
Front-End Loading (FEL) is to gain a detailed understanding of
the project and to minimize the number of execution uncertain-
ties. Project definition level is an important driver that can have a
direct effect on the level of contingency used by a project. It is one
of the most important elements in our model.

Use of New Technology—Projects involving new technology—
that is, technology that has no commercial history either within
the owner company or elsewhere—have been historically proven
to require more contingency. New technology may involve the
use of new chemistry, first-of-a-kind major equipment, or existing
equipment performing a new service. New technologies are asso-
ciated with more risk than proven technologies because Industry
has little or no experience with a new technology. As a result, the
use of new technology increases the amount of contingency
required. 

Process Complexity—Complexity can be measured in many
ways. We define complexity as the number of continuously linked
process steps, counted on a block basis, in a facility. Parallel trains
are counted only once, and the control system and off-sites are not
included. As project complexity increases, the need for increased
contingency also increases.

Contracting and Execution Strategy—Projects executed using
lump-sum contracts typically require less explicit contingency
than other contracting strategies because they move much of a
project's risk from the owner to the contractor. Execution strategy
affects contingency use because, if a project is cost driven, it is less
likely to take actions and make changes that will put cost at risk.
If a project is schedule driven (i.e., the project team is willing to
spend money to achieve its schedule objective), more risk may be
acceptable, and costly changes may be tolerated.

Equipment Percentage—Because the majority of major equip-
ment estimates are based on firm quotes, equipment cost experi-
ences the least cost growth. Even for early estimates using histori-
cal data or budget quotes, equipment cost estimates tend to be
more accurate than the estimates for other cost accounts.
Therefore, projects that have a high equipment percentage typi-
cally require less contingency.

Other inputs that should be considered when creating a
regression model are company cost culture, estimate inclusive-
ness, process impurity problems, project management practices,
project scope characteristics, and estimate quality.

HISTORICAL PERFORMANCE

The objective of this section is to present the results of our
historical analysis of the process industry's contingency data over
the last 10 years. Before we discuss our methodology and findings,
we need to introduce our dataset of projects.

The Database
The dataset used for this research is a subset of the IPA

Downstream Project Evaluation System (PES®) Database. The
PES database currently consists of more than 8,000 projects, each
with more than 2,000 pieces of information. These data points
capture detailed project-specific information, including project
definition, technology, project management, cost, schedule, oper-
ating performance, and safety. The database contains projects in
a wide range of industrial facilities that were executed by more
than 200 companies around the world. From this database, we
selected a subset of 1,500 projects on which we have detailed
information regarding cost, scope, contingency level, and contin-
gency-setting technique. Because we are primarily interested in
more recent projects, about half of the selected projects in our
dataset were completed after January 2000. Including a wide spec-
trum of project costs was also important. To that end, projects in
the dataset range in size from less than $100,000 to greater than
US$1.5 billion. All costs are adjusted to 2002 United States (U.S.)
dollars, which allows us to compare projects executed in different
years.

Historical Measure of Contingency
In order to quantitatively evaluate the accuracy of each pro-

ject's contingency, we needed to create some type of measure-
ment, which we called the Contingency Performance Indicator
(CPI). The CPI is defined as the absolute value of percent of con-
tingency used minus the percent of contingency estimated. For
example, Project A has a base estimate of $8 and a contingency of
$4. The actual cost of the project is $10. In this example, the CPI
= absolute[(10-8)/8 - (4/8)] = 25 percent. For this project, the esti-
mated contingency (50 percent) is different from the contingency
used (25 percent) by 25 percent. 

The perfect CPI of 0 percent is a result of the estimated con-
tingency exactly predicting the actual amount used. Because the
CPI is an absolute measure, any deviation from the estimated con-
tingency, whether it is an overrun or an underrun, is treated in the
same way and results in a positive score. For the purposes of this
study, we are concerned only with the accuracy of the predicted
contingency, not the direction of deviation.

EVOLUTION OF CONTINGENCY TECHNIQUES

When we examined whether the industry was improving in
contingency estimation over the last 10 years, we found that the
CPI has, on average, been increasing. Figure 1 indicates that con-
tingency estimates are, on average, getting further from the actual
contingency required. This decline in performance is driven by
dramatically worse performance for smaller projects. The CPI for
large projects has been largely constant over the last 10 years, with
a median of about 7 percent. During the same time period, small
projects have gotten dramatically worse in contingency estima-
tion, with the CPI measure going from a median of about 6 per-
cent in 1994 to 1995 to a median of about 10 percent in 2002 to
2003. In essence, the average difference between estimated con-
tingency and the actual contingency required on small projects
has almost doubled in the last 10 years. 
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This result is especially surprising considering that the percentage
of projects using more sophisticated approaches to contingency
setting has been increasing. As shown in Figure 2, about 20 per-
cent of projects used risk analysis techniques prior to the year
2000. In the post-2000 period, project teams’ use of risk analysis
has increased to more than 30 percent. During the same period,
the use of predetermined percentages has dropped from almost 50
percent to 30 percent.

COMPARING THE TECHNIQUES

To better understand the decline in contingency-estimating
performance, we evaluated projects executed using the three
commonly used estimating methods. The industry belief has been
that projects that use a risk analysis technique to estimate contin-
gency will achieve better accuracy (i.e., lower CPI). In fact, all
three of the techniques produce results that are essentially the
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Figure 1—Contingency Performance Over the Last Ten Years
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same, as shown in Figure 3. No statistically significant difference
exists between the three techniques. This is true for both new
technology and off-the-shelf projects and is independent of proj-
ect size and complexity. As previously stated, Monte Carlo analy-
sis as typically applied, does not explicitly address how risk drivers
link to cost outcomes; therefore, there is no reason to believe it
would yield better results than the other techniques. As a means
of comparison, IPA's regression model produces a median CPI of
7 percent for the same group of projects.

The most important risk driver is the level of project defini-
tion at the time of authorization. When we examined CPI by proj-
ect definition level and contingency estimation technique, the
results were dramatic. Figure 4 shows CPI medians for projects,
split by level of project definition. For well-defined projects that
used either a predetermined percentage or an expert's judgment,
the median difference between estimated contingency and actual
contingency requirements is almost 7.5 percent. However, when
the project team used risk analysis techniques, the median differ-
ence is reduced to less than 6.5 percent. When we looked at proj-
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Figure 3—CPI for the Three Contingency Setting Techniques
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ects that were poorly defined, using a risk analysis technique is a
disaster. The median CPI for risk analysis balloons to 13 percent
when used on poorly defined projects. In addition, the variance of
CPI results also increases by 50 percent, indicating that risk analy-
sis is inconsistent and unpredictable for these projects. Projects
that used either a predetermined percentage or an expert's judg-
ment are indifferent to project definition level, with the median
CPI still below 9 percent. We believe that the risk analysis results
reflect the fact that teams are attempting to address both the poor
quality of the base estimate, as well as other risk factors, and they
are overly optimistic. When a technique does not explicitly
address risk drivers, too much flexibility does not yield improved
contingency setting performance. 

Regression analysis yields a similar CPI regardless of the level
of project definition. This is due to the fact that regression analy-
sis uses the level of project definition as an explicit factor when
estimating contingency requirements.

A
s we have seen, assigning contingency to capital proj-
ects is one of the greatest challenges faced by project
teams and estimators. Although the various tech-
niques that are used to assist in that decision are sim-

ilar, each has strengths and weaknesses. Through our historical
analysis, we have found that certain techniques are more reliable
under certain project risk conditions. Using an expert's judgment
as the basis for setting contingency levels invariably outperforms
the use of predetermined percentages. This is true regardless of
project size, definition level, or complexity. Both of these tech-
niques are stable enough, however, that they can be used on any
type of project without the worry of drastically reduced perform-
ance for a given set of risk factors. This is not necessarily true for
risk analysis techniques. This research has shown that risk analysis
techniques can deliver slightly better contingency accuracy for
projects that have good levels of definition prior to authorization.
The use of risk analysis techniques on projects that are not well
defined produces considerably worse results than other methods.
For these projects, using a different contingency estimating
method is preferable. Because the difference in performance is so
drastic, choosing what technique to use, given differing project
risk factors, is an extremely important decision.

Another technique discussed was regression analysis.
Regression analysis directly addresses the factors that drive project
risk, and these are the factors that drive the consumption of con-
tingency. In order to use this technique, detailed project data,
including cost and project drivers, must be collected. These data,
taken from actual projects with quantifiable results, form the
foundation for regression analysis. Although this technique takes
time to develop, the finished product is easy to use and produces
consistent and accurate results. This technique, if implemented
correctly, can be a viable alternative or an excellent supplement
to the traditionally used methods for contingency setting.
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