
ABSTRACT 

LECA PEREZ, JUAN DIEGO. Current Risk Management Practices in Transportation Agencies. 

(Under the direction of Dr. Edward Jaselskis). 

 

Construction projects have inherent uncertainties, not only because of their unique nature 

but also due to the diversity of resources and activities that make them up. These uncertainties, 

also identified as risks, could impact the project’s objectives and thus its success. Transportation 

agencies’ projects, as part of the construction industry, are not exempt from risks; therefore, there 

is interest to adequately address them as well. Implementing a formal risk management program 

is an effective manner to sort through the numerous potential risks, identify the most critical ones, 

and develop strategies for mitigating them.  

Given the success of risk management programs, several national and international 

transportation agencies have standardized processes for risk management. For instance, within the 

United States (U.S.), numerous departments of transportation (DOTs) have tailored and 

implemented risk management programs. In the same vein the North Carolina Department of 

Transportation (NCDOT), through its Value Management Office, has committed efforts to 

improve and formalize their risk management program.  

This research aims to depict several DOTs’ risk management practices that can assist 

NCDOT in enhancing its project risk management program. To achieve this objective, practices 

on this topic were reviewed from the following nine U.S. DOTs: Washington State DOT, 

California DOT (CALTRANS), Nevada DOT (NDOT), New Jersey DOT (NJDOT), New York 

State DOT (NYSDOT), Texas DOT (TxDOT), Minnesota (MnDOT), Virginia DOT (VDOT), and 

Florida DOT (FDOT). Also, guidelines from other related organizations such as the Project 

Management Institute, the Federal Highway Administration, and the Construction Industry 

Institute are discussed.  



The study also investigated the current state-of-practice of risk management within the 

NCDOT through a series of interviews with personnel involved in different phases of the project 

delivery network including, project planning, project development construction, and operations 

and maintenance. Based on the literature review, WSDOT and CALTRANS were identified as 

having a robust risk management program; therefore, the interview phase included personnel from 

these departments to gain better insight about their current practices as well as their experience 

about the development and implementation of the program. Finally, recommendations for 

developing a risk management program are given, including the usage of the “Project Maturity 

Scorecard” as a tool to measure the level of completeness of each project stage, as well as 

identification of potential risks.  

The research found that the reviewed DOTs have developed guidelines and tools that can 

help project managers implement a more successful risk management program. Most of the 

departments use the framework depicted in the PMBOK that consists of six stages: (1) risk 

management planning, (2) identification, (3) qualitative assessment, (4) quantitative assessments, 

(5) risk responses, (6) risk monitoring and control. 

Different approaches were identified when implementing risk management primarily based 

on risk-based cost estimating or risk frameworks that were non context specific. Independent of 

the approach used, the level of assessment commonly depends on project size and complexity and 

serves to set the activities and tools required for the process. The risk register is the primary 

document to record all information and is mostly required at all levels.  

Using a less formal process, the NCDOT implements risk management in their projects, 

primarily the identification and assessment aspects, where the latter focuses more on qualitative 

rather than quantitative risk impacts. Another aspect found by the study was the absence of a 



document for communicating and sharing risks among the units making risk management a process 

heavily dependent on each units’ expertise.  

Finally, the interviews with CALTRANS and WSDOT personnel restated the practices 

observed from the literature review. Interviewees communicated the relevance that risk 

management plays in their departments and provided recommendations to develop a robust 

program. These included the following: support from upper management; flexibility when 

selecting the level of assessment; continuous training for project teams; facilitating risk 

identification through developing a Risk Breakdown Structure; and usage of change orders, claims, 

and previous risk registers to gain risk insights for future projects. 

Continuous efforts for getting more insights from other DOTs identified in the literature 

review with robust programs as well as from other personnel within the NCDOT are encouraged 

for the enhancement of the risk management program. Also, future studies can focus on the 

development of risk management tools tailored to the department.   
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1. INTRODUCTION 

Every project has an intrinsic level of uncertainty that tends to be higher during the initial 

phases and diminishes as the project develops. The initial level of risk typically is related to the 

project’s size and complexity, whereas the availability of resources may constrain the capability 

to manage it. Transportation agencies face risk and uncertainty for many of their projects, but if 

these challenges are adequately addressed, the strategy used to address them can actually improve 

a project’s outcomes. Implementing a formal approach to risk management is the only effective 

method to sort through numerous potential risk events and identify the risks and their relationships 

to pinpoint the genuinely critical ones (U.S. Department of Energy 2003). Some key benefits of a 

robust risk management program compared to a poor program or none at all are that (1) projects 

in trouble can be spotted more easily, (2) fewer surprises arise, (3) better quality data for decision 

making are available, (4) communication is elevated, (5) budgets rely less on guesswork, (6) the 

expectation of success is set, (7) the project team is more focused, and (8) escalations to senior 

management are more apparent and easier (Ten Six 2017).  

North Carolina Department of Transportation is aware of the importance of having a 

formalized risk management program within their organization. Through their Value Management 

Office (VMO), the NCDOT has undertaken efforts to frame a program tailored to their project 

development process so that risks could be better handled.  

This thesis, as part of NCDOT efforts, seeks to assist the NCDOT’s Value Management 

Office for the improvement of their risk management program at a project level.  

This work presents a review of actual risk management practices implemented by nine state 

departments of transportation (DOTs) within the United States (U.S.), and guidelines from other 

related organizations or agencies, including the Project Management Institute (PMI), the Federal 
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Highway Administration (FHWA), and the Construction Industry Institute (CII). The assessment 

of current practices within the NCDOT on risk management are provided. Finally, it includes a set 

of recommendations for the improvement of the NCDOT existing risk management program.  

1.1 Research Objectives 

The objective of this study is to summarize risk management practices of various DOTs, 

assess the current state of practices related risk management within the NCDOT, and provide a set 

of recommendations based on best practices for the implementation of a formal risk management 

program at the NCDOT. For this, the following specific objectives were set: 

• Analysis of the current state of practices of risk management of various state DOTs and 

other institutions.  

• Identification of risk assessment methods and tools that can be applied to NCDOT projects 

• Identification of project-level triggers / thresholds 

• Documentation of current practices implemented in NCDOT projects 

• Comparison of current NCDOT practices with those from other DOTs 

• Recommend methods that could be considered by the NCDOT’s VMO to incorporate 

identified best practices into the NCDOT’s risk management program 

1.2 Methodology 

The research was developed in two phases. The first phase relates to a literature review 

based on publications of nine DOTs, focusing on risk assessment methods, tools, and project-level 

triggers. Most of the consulted documents are guides and handbooks that the different DOTs have 

developed to support project teams in implementing their risk management practices. The DOTs 

were selected based on suggestions from NCDOT’s Value Management Office as well as from the 
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references included in the reviewed documents and reports. Current risk management state-of-

practice approaches are provided for the following state transportation agencies:

• Washington DOT (WSDOT) 

• California DOT (CALTRANS) 

• Texas DOT (TxDOT) 

• New Jersey DOT (NJDOT) 

• Nevada DOT (NDOT) 

• New York State DOT (NYSDOT) 

• Minnesota DOT (MnDOT) 

• Virginia DOT (VDOT) 

• Florida DOT (FDOT)

The second phase of the research delves into current risk management practices within the 

NCDOT and practices from DOTs identified in the previous phase by the robustness of their 

programs. Finally, a set of recommendations are provided based on the literature review and the 

interviews for the implementation of a risk management program. This phase entails the following 

activities:  

• Perform in-depth interviews with NCDOT personnel to understand how project risks 

currently are addressed (refer to APPENDICES 
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• APPENDIX A for the survey). 

• Interview other state DOTs’ personnel, identified in the previous phase, to learn more 

about other DOTs’ risk management practices (refer APPENDIX B for the survey). 

• Make recommendations to improve the NCDOT risk management program.  
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2. LITERATURE REVIEW 

Documentation was gathered from the DOTs’ websites and online libraries from other 

organizations and agencies. In general, all the reviewed DOT risk management programs have 

adopted risk management procedures based on the PMI’s Project Management Body of 

Knowledge (PMBOK®) Guide. Therefore, the implemented processes of the selected DOTs share 

much in common. 

The risk management strategies that have been implemented for these nine DOTs’ projects 

can be classified into four groups: 

• CALTRANS, NJDOT, VDOT, MnDOT, and NYSDOT consider risk management as a 

component of the project management framework in which activities are performed 

throughout a project’s life cycle without emphasizing a specific context, such as cost 

estimating. 

• WSDOT and NDOT take a similar approach but with emphasis on applying the processes 

for risk-based cost estimation. 

• TxDOT implements its risk management processes during the project development phase 

with a focus on risk-based cost estimation. 

• FDOT is in the process of enhancing its existing risk program and offers some unique risk 

management tools. 

Due to similarities in these DOTs’ risk management programs, a more detailed review is 

provided in this report for WSDOT, CALTRANS, and TxDOT compared to specific 

considerations regarding the six other state DOTs. Table 2.1 summarizes the practices of each 

DOT selected for the study. 



 

6 

 

Table 2.1. Risk Management Practices of Selected Departments of Transportation 

DOT  

Risk 

Management 

Policies 

Risk 

Management 

Guides 

Qualitative 

Analysis 

Quantitative 

Analysis 

Tools for 

Quantitative 

Analysis 

Risk 

List 

Additional 

Process  

WSDOT ✓ ✓ ✓ ✓ ✓ ✓  

CALTRANS ✓ ✓ ✓ ✓ ✓ ✓  

NJDOT 
 

✓ ✓  
✓ ✓  

NYSDOT 
 

✓ ✓ ✓  
✓  

MnDOT 
 

✓ ✓ ✓    

NDOT 
 

✓ ✓ ✓  
✓  

VDOT ✓  
✓ ✓    

TxDOT 
 

✓ ✓ ✓   
✓ 

FDOT 
 

✓* ✓ ✓   
✓ 

 

2.1 Washington DOT (WSDOT) Project Risk Management Practices 

WSDOT’s risk management practices are described in the document, Project Risk 

Management Guide, developed by the WSDOT Strategic Analysis and Estimating Office 

(WSDOT 2018). The guide explains the role of risk management as a component of the project 

management process. It provides standards that are used to perform the activities that pertain to 

inputs, tools, techniques, and outputs for identification, assessment, analysis, responses, and 

control of potential risks. This document is intended to be used by project managers, project team 

members, and staff directly or indirectly involved with WSDOT’s project risk management 

(WSDOT 2018). 

WSDOT, through the Secretary of Transportation’s Executive Order Number e 1053.00, 

established that a risk management plan must be a component of every project management plan, 

and for all projects over $10 million (including preliminary engineering, right-of-way, and 
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construction), a risk-based estimating workshop is required (WSDOT 2018). Table 2.2 shows the 

level of risk-based estimating that is required for different project sizes. 

Table 2.2. Level of Risk-Based Estimating in Support of Risk Management (WSDOT 2018) 

 

As previously mentioned, WSDOT follows the steps recommended by the PMBOK Guide 

for project risk management (see APPENDIX C). Within the planning phase, the project manager 

aligns the project team, reviews policies and guidelines, addresses the level of risk assessment 

based on project size (see Table 2.3), and plans the activities to be completed during the project 

development phase. Project managers should determine the resources that are required for the risk 

management plan and build them into the project budget and schedule. Workshops on such topics 

as cost risk assessment, the cost estimate validation process, value engineering risk assessment, 

and other informative sessions/meetings are part of the project work plan; thus, appropriate 

accommodations for these events should be included in the project schedule and budget. 
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Table 2.3 Level of Risk Assessment (WSDOT 2018) 

 

Workshop details are described in the WSDOT guide, including their duration, preparation, 

and post activities so that the appropriate information for determining estimated resources is easily 

discernable. Figure 2-1 shows a simplified workshop timeline that includes preparation and post-

event activities. Details on key steps of the risk management process, i.e., risk identification, 

assessment, and response, are provided in Subsections 2.1.1, 2.1.2, 2.1.3, and 2.1.4, respectively. 
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Figure 2-1. Simplified workshop timeline (WSDOT 2018). 

2.1.1 Risk Identification 

Risk identification is an ongoing dynamic process throughout all the project phases, as 

risks may change and arise based on the available information. Inputs for this step are 

commensurate with the level of project development, so a complete understanding of the project 

definition is essential in order to identify potential risks. Knowledge about the project’s context, 

scope, cost, and schedule are expected to be available to complete this important process (WSDOT 

2018). 

WSDOT describes different tools and techniques for efficiently identifying risks. The 

project team often is supported by subject matter experts who help with the assessment and identify 
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thresholds for risk. These two aspects are project-specific and are influenced by project size, 

complexity, environment, and the risk tolerance of the project stakeholders (WSDOT 2018). 

Emphasis should be placed on those risks that could cause significant impacts to the project. Some 

of the techniques used by WSDOT are: 

• Document review: Project documentation, studies, preliminary plans, and estimates 

• Data gathering: 

o Brainstorming: Participants in brainstorming sessions may include project 

team members, specialty groups, project stakeholders, and regulatory 

agency representatives.  

o Accessing information through WSDOT’s Lessons Learned Database 

o Other methods: Questionnaires, surveys, review of checklist or risk 

breakdown structure (see APPENDIX D) 

This risk identification process gives life to the risk register, which is a document that keeps 

track of the data gathered during the entire risk management process. WSDOT initially documents 

the following information that is related to each identified risk in the risk register (see Figure 2-2): 

• Identification number for each risk (suggested using a risk breakdown structure) 

• Date risk was identified 

• Name of risk 

• Description of risk event: specific, measurable, attributable, relevant, and time-

bounded (SMART) 

• Risk trigger 

• Risk type in terms of impact on cost and/or schedule 

• Potential response to the risk 
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• Comments about risk identification 

 

Figure 2-2. Risk register example (WSDOT 2018). 

2.1.2 Risk Assessment 

WSDOT requires the execution of two types of assessment, qualitative and quantitative, 

depending on the required level of assessment. Qualitative analysis serves to rank the identified 

risks based on the probability of occurrence and impact. As qualitative values can be perceived as 

somewhat abstract, WSDOT’s guide includes a table with quantitative values that helps project 

teams to weigh the likelihood and impact of risks. Figure 2-3 shows this guidance table and an 

example of qualitative analysis, including the Probability and Impact Matrix, which is used to 

build a prioritization risk list. The results are then recorded in the risk register. 
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Figure 2-3. Qualitative analysis example (WSDOT 2018). 

Sophisticated and more significant projects require quantitative risk analysis. This type of 

analysis numerically estimates the probability that a project will meet its cost and time objectives 

by simultaneously evaluating the impacts of all identified risks (WSDOT 2018). WSDOT 

recognizes and is concerned about the complexity involved in quantitative analysis. Therefore, it 

has developed two types of workshops to support this type of analysis in order to acquire unbiased 

results. WSDOT’s Project Risk Management Guide provides a full description of the Cost Risk 

Assessment (CRA) workshop and the Cost Estimate Validation Process (CEVP) workshop. A 

review of the project development status indicates whether or not project requirements have been 

fulfilled and thus if workshops are needed. Project managers often want to know when workshops 
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should be held. WSDOT uses a timeline that serves as a reference for scheduling workshops; see 

Figure 2-4. 

 

Figure 2-4. Timing of workshops (WSDOT 2018). 

The overall purpose of the workshops described in the guide can be summarized by the 

following main actions (WSDOT 2018):  

• Validate cost and schedule estimates. 

• Keep a record of assumptions and constraints. 

• Develop contingency through a risk-based approach. 

• Perform Monte Carlo simulation(s). 

• Define the risk response plan. 

• Execute a post-mitigation analysis. 

The roles and responsibilities of each workshop participant also are provided to ensure 

adequate workflow and efficient use of resources; see Table 2.4.  
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Table 2.4. Workshop Team: Typical Participants (WSDOT 2018) 

 

To develop an analysis model, WSDOT built a tool, referred to as the Project Risk Analysis 

Model (PRAM), consisting of several Microsoft Excel spreadsheet tabs and is programmed to 

perform Monte Carlo simulations and generate cost and schedule probability distributions. The 

PRAM tool allows up to 24 risks as inputs and can run thousands of simulations to obtain a 

distribution of possible scenarios. It is intended for two types of analysis; the first considers a 

project exposed to all identified risks, and the second considers risk response mitigation strategies. 

Two main components are required to build the project model: project base data and risk 

information. The first component, base costs and schedule, relates to estimates of cost for 

preliminary engineering, right-of-way, and construction and schedule information such as 

advertisement, bid, award, and estimates for the total construction duration. The second 
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component, risk information, is divided into values (likelihood and impact) associated with risks 

as first identified (before any response), as shown in Figure 2-5 and Figure 2-6, and values 

associated to post response actions. 

 

Figure 2-5. Base estimate cost values (WSDOT 2018). 

 

Figure 2-6. Base schedule values (WSDOT 2018). 

PRAM is also capable of creating various charts that can be used to analyze information 

from different perspectives. Charts can be histograms that show ranges of possible costs or 
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duration with their probabilities. This information also can be presented using a cumulative 

distribution function S-curve (see Figure 2-7). However, PRAM can consider only 24 risks in the 

analysis, so WSDOT suggests the use of commercial software for more complex or significant 

projects. Commercial risk management software programs are more flexible than PRAM because 

they can analyze more risks using different probability distributions.  

 

Figure 2-7. Results of pre and post risk response analyses (WSDOT 2018) 

2.1.3 Risk Response 

The risk management process achieves its greatest value when response actions have been 

executed to respond to an identified risk (WSDOT 2018). WSDOT requires that risk response 

efforts be included in the work breakdown structure in the form of the Master Deliverable List, a 

file that helps to maintain a comprehensive, consistent, and complete project plan. 
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WSDOT’s guide considers the same actions identified by the PMBOK Guide to respond 

to a risk, either as an opportunity or a threat. Response actions depend on the severity level and 

nature of the risk; that is, potential risk events with the greatest impact and likelihood require the 

most aggressive strategies (e.g., avoid if considered a threat) (WSDOT 2018); Table 2.5 shows the 

potential actions base on the type of risks, where as it can be seen “Acceptance” can apply for 

both, threats and opportunities.  

Table 2.5. Risk Response Actions (WSDOT 2018) 

 

When documenting risk responses, the project team must address the ‘risk owner’ who is 

responsible for performing the actions. The steps involved, including the required resources (e.g., 

time and money) and affected activities according to the response, must be addressed as well. 

Response action costs also need to be considered for risk response support. After actions have been 

implemented, the project team must indicate in the risk register the resources that were used for 

those actions.  

2.1.4 Risk Monitoring and Control 

The risk monitoring and control process focuses on the effectiveness of any risk response 

and the overall status of the project, including whether the project management has been improved 

or not and the project team’s confidence in meeting project objectives. WSDOT’s risk 

management planning spreadsheet is considered the central tool for risk monitoring and control, 
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as shown in Figure 2-8, which in addition to responses and risk status, includes the planned cost 

for the response actions and actual expenditures for risks happened.  Reviewing this document 

helps the project team to identify project risk trends and risk behaviors, for example, areas with 

considerable risk amounts or practical response actions. APPENDIX E presents a completed risk 

management planning spreadsheet.  
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Figure 2-8. Risk management response actions and monitoring and control 

 (WSDOT 2018).  
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2.2 California DOT (CALTRANS) Project Risk Management Practices 

CALTRANS has developed a resource called the “Project Risk Management Handbook: 

A Scalable Approach,” which, like the WSDOT guide, describes different processes encompassing 

risk management. The CALTRANS handbook is used to help projects comply with the 

requirements stated in policy PD-09 – Project Delivery Directive for Risk Management. For 

example, a risk register is required for projects that are less than $5 million (identified as 

Scalability Level 1 in Table 2.6). As with WSDOT’s risk management program, a CALTRANS 

project may require more stringent risk management depending on the project circumstances. A 

higher level of analysis might be needed when validating the project contingency, additional 

contingency above 5% is being recommended, requesting additional funds during the construction 

phase, performing a design-build project risk allocation, or establishing the budget and/or 

completion target to a desired level of confidence (CALTRANS 2012). 

Table 2.6. Risk Management Requirement by Scalability Level (CALTRANS 2012) 

Risk management processes are planned and implemented by the project risk management 

team (PRMT) under the supervision of the project risk manager who, in cases of project Levels 1 

and 2, is also the project manager. The PRMT is comprised of CALTRANS personnel from the 

design, construction, project management, and functional units; however, support from other 

representative agencies at risk management meetings also should be considered. Formation and 

alignment of the PRMT occur during the risk management planning phase where the project level 
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(i.e., 1, 2, or 3) and other requirements are addressed. During the first meeting, the project risk 

manager communicates the relevance of the risk management process, including descriptions of 

the different procedures, the roles and responsibilities of each party involved, and communication 

and accountability checkpoints (see Table 2.7). Information produced within the risk management 

planning process must be documented in the risk management plan. Similar to other state DOTs, 

CALTRANS provides a template in which necessary information is detailed (see APPENDIX F).  

Table 2.7 Project Risk Management Team: Roles and Responsibilities (CALTRANS 2012) 

 



 

22 

 

2.2.1 Risk Identification 

Once the requirements and activities are established, the PRMT begins the process of 

identifying potential risks using a combination of techniques identified in the handbook, such as 

brainstorming, challenging assumptions, looking for newness, and consulting with subject matter 

experts and stakeholders (CALTRANS 2012). When identifying risks, the PRMT must consider 

and document the following: 

• Situations that might occur or differ from the plan 

• Impacts on project objectives 

• Impacts on the basis and assumptions for the assessment 

• Risk response actions that need to be taken 

All this key information must be included in the risk register. CALTRANS emphasizes the 

importance of this document because it is the main tool for communicating risk status to all parties 

involved in the project. The level of detail found in the risk register depends on the project level; 

for example, Level 3 project risk analysis (for projects greater than $100 million) will be more 

robust and require more information than Level 1 or 2 project analysis.  

The handbook includes examples of risk statements to show the structure that is required 

when identifying a risk and its possible cause and effects. Table 2.8 is an extract from examples 

of risk statements furnished in the CALTRANS handbook. 
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Table 2.8 Examples of Risk Statements (CALTRANS 2012) 

2.2.2 Risk Assessment: Qualitative Analysis 

Identified risks can be prioritized using a qualitative approach. CALTRANS’ qualitative 

analysis approach varies for Level 1 and 2 projects. The PRMT uses a three-scale rating system 

for Level 1 projects to indicate the appropriate level of detail in the risk register (CALTRANS 

2012). 

• High: First priority for risk response 

• Medium: Risk response as time and resources permit 

• Low: No risk response required at this time 

For Level 2 projects, risk prioritization is based on the assessment of the probability of 

occurrence and impact on the project. As qualitative values might sometimes seem abstract, the 

handbook includes a table for guidance to assign probabilities and impact values (see Table 2.9).  
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Table 2.9 Definition of Impact and Probability Ratings (CALTRANS 2012) 

Once the risks have an assigned probability and impact rating, an impact score is calculated 

using the CALTRANS risk matrix presented in Figure 2-9. The assessment should consider the 

effects on cost and schedule, as shown in Table 2.10. The cost and time scores are calculated by 

multiplying the probability rating values by the impact rating values obtained from the risk matrix. 

 

Figure 2-9. CALTRANS risk matrix (CALTRANS 2012). 
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Table 2.10. Risk assessment input location data: Risk register Level 2 (CALTRANS 2012). 

2.2.3 Risk Assessment: Quantitative Analysis 

CALTRANS requires quantitative analysis for risk assessment in Level 3. Through this 

analysis, risks are quantified, prioritized, and used for simultaneous evaluation; the result is a 

probability distribution of the project’s cost and completion date based on the identified risks 

(CALTRANS 2012). For this assessment, the PRMT inputs information from the risk register for 

Level 3 in software to perform Monte Carlo simulations and obtain probability distributions. The 

likelihood and impact of each risk are initially quantified as follows (CALTRANS 2012). 

• Probability is expressed by two values that cover the ranges for Low and High. 

• Cost and schedule impacts are assessed using three-point estimates: Low (optimistic), 

High (pessimistic), and Most Likely. 

Table 2.11 shows the risk quantification data in the risk register for a Level 3 project. The 

probable impacts for cost and time are calculated by multiplying the average probability value by 

the average impact value 

Table 2.11. Risk assessment input location data: Risk register Level 3 (CALTRANS 2012). 
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The risk register information is combined with software such as @Risk, Crystal Ball, or 

Primavera Risk Analysis to produce cost and schedule probability distributions, as shown in Figure 

2-10. CALTRANS utilizes a simplified schedule analysis that considers only risks with impact 

delays on the critical path and project completion dates when a Critical Path Method schedule is 

not available. When a Critical Path Method schedule is available, CALTRANS enhances the use 

of Primavera Risk Analysis to develop probability distributions for meeting specific milestones. 

 

Figure 2-10. Risk cost probability distributions (CALTRANS 2012). 

2.2.4 Risk Response 

CALTRANS utilizes strategies that are recommended in the PMBOK Guide (APPENDIX 

C) to determine actions that can reduce the likelihood of negative situations (threats) or enhance 

positive situations (opportunities). For CALTRANS, risk response involves a series of steps 

(CALTRANS 2012): 

• Select risks that warrant a response and assign a strategy for each risk.  

• Risk owners identify response options for their risk (e.g., transfer to a second party). 
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• Evaluate alternatives and select best options that reduce the probability of occurrence or 

impact to the project objectives. 

• Request additional contingency funds following procedures in the Project Delivery 

Directive PD‐04 – Project Contingencies and Supplemental Work. 

• Assign an action for the risk owner to apply the response option selected. 

Table 2.12 presents examples of risk statements along with risk response strategies. 

Table 2.12 Risk Response Examples (CALTRANS 2012) 

2.2.5 Risk Monitoring 

In the risk monitoring process, CALTRANS requires the PRMT to:  

• Keep track of identified residual and new risks. 

• Monitor and evaluate the effectiveness of current risk response strategies. 

• Monitor the execution of risk reviews and provide updates to the risk register. 

• Keep records of lessons learned when a risk is removed from the risk register. 

 



 

28 

 

2.2.6 Communication and Accountability 

The CALTRANS’ handbook includes a chapter dedicated to enhance the importance and 

relevancy of stakeholder and sponsor communication as part of a robust risk management program. 

CALTRANS identifies three types of checkpoints to enhance communication of the risk 

management process during the project’s life cycle, as shown in Figure 2-11. The checkpoints are 

as follows (CALTRANS 2012):  

• Communication, where risk register status is shared with the stakeholders and sponsors  

• Accountability, where deputies recognize that risks have been well managed to the extent 

possible by the PRMT  

• Performance measures, where the Division of Engineering Service and Office Engineer 

validates required signatures and dates before the Ready to List checkpoint, which allows 

advertisement of the construction project 
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Figure 2-11. Communication and accountability checkpoints (CALTRANS 2012).  
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2.3 Texas DOT (TxDOT) Project Risk Management Practices 

TxDOT developed a reference guide, Risk-Based Construction Cost Estimating, in an 

effort to provide greater consistency in its cost estimation and risk management practices. The 

guide provides a construction cost estimate framework for design-bid-build projects that are 

smaller than those the FHWA defines as ‘major projects’ (TxDOT). Focusing on the cost 

estimation process, the guide describes the following five stages (TxDOT). 

Stage 1. Determine/update estimate basis: Review documentation and different sources of 

information that will serve as an accurate basis for the estimates. 

Stage 2. Prepare/update base estimate: Develop project cost estimates using the previously 

established basis.  

Stage 3. Determine risk and contingency: Identify and assess risks for the creation of 

contingency, considering those uncertain events.  

Stage 4. Review and approve estimate: Verify estimate completeness.  

Stage 5. Communicate estimates: Develop adequate documentation to share with internal 

and external parties. 

Stage 3 describes a process similar to that of the PMBOK Guide and other DOTs but 

presents it differently. This third stage is divided into six steps that are applied during the project 

development phases (planning and programming, preliminary design, and design). These steps 

present certain similarities to the risk management processes already described in the WSDOT and 

CALTRANS sections of this report. Table 2.13 shows the purpose of each step that is required in 

Stage 3. Subsections 2.3.1 through 2.3.6 describe steps A through F. 
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Table 2.13. Steps to Determine Risks and Set Contingency (TxDOT) 

2.3.1 Step A: Compile and Review Risk Information 

The project team, under the supervision of the project manager and support from 

estimators, reviews assumptions and scope from the base estimates and records risk information 

for later analysis. Tools suggested by TxDOT are project estimates files, Advance Planning Risk 

Analysis (APRA) (see Section 2.8.1), and the risk register for the preliminary design and design 

phases.  

2.3.2 Step B: Determine/Confirm Level of Risk Analysis 

The project manager should determine the level of risk assessment and adequate tools for 

risk identification and develop the contingency amount. Although the project’s level of rigor is 

needed to establish the level of assessment, other characteristics should also be considered, such 

as the project’s uniqueness and the sensitivity of local stakeholders. TxDOT is open to the 

possibility of changing the risk assessment level, as the amount and quality of information change 

throughout the project.   
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2.3.3 Step C: Identify/Update Risks 

Identifying and updating risks involve a review of the risk information and identification 

and categorization of potential risks. The project team, under supervision of the project 

management, is responsible for carrying out this part of the risk process. Table 2.14 summarizes 

TxDOT’s suggested tools for the risk identification process based on project rigor level.  

Table 2.14. Risk Identification Tools Based on Project Rigor (TxDOT) 

Tools Low Rigor Medium Rigor High Rigor 

Risk Checklist ✓ ✓* ✓* 

Expert Team  ✓ ✓ 

Crawford Slip Method ✓ ✓ ✓ 

Risk Workshop  ✓ ✓ 

Risk Breakdown 

Structure 
 ✓ ✓ 

Note: *Tool suggested to be used only in the planning and programming phase. 

2.3.4 Step D: Estimate/Update Contingency 

Risks are analyzed and used to determine a project’s contingency. The estimator is in 

charge of evaluating the identified risks and determining the probability of occurrence and impacts. 

TxDOT establishes the type of analysis (qualitative or quantitative) to be used based on the rigor 

level (see Table 2.15). Contingency for a project that is classified as Low Rigor can be determined 

by assigning a simple range of percentages of the base estimate as validated from historical data 

for similar projects. High Rigor projects require a more quantitative tool (see Table 2.15) to 

estimate contingency. Finally, Medium Rigor projects can use a combination of percentage and 

probabilistic analyses (TxDOT n.d.).  
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Table 2.15 Tools Suggested by TxDOT for Step D: Estimate/Update Contingency 

(TxDOT) 

Tools Low Rigor Medium Rigor High Rigor 

Expert Team  ✓ ✓ 

Estimate Range – Three-

Point Analysis 
✓* ✓ ✓ 

Estimate Range – Monte 

Carlo Analysis 
 ✓* ✓ 

Risk Workshop  ✓ ✓ 

Probability x Impact 

Matrix (PxI) 
✓ ✓ ✓ 

Cost Estimate 

Spreadsheet Template  
✓ ✓ ✓ 

Note: *Tools not suggested to be used in the planning and programming phase. 

The TxDOT guide provides useful definitions for risk probability and impact level for both 

threats and opportunities. Impacts are measured for project and agency contexts (see Table 2.16 

for threats). Project impacts are determined based on quality, cost, and schedule. For agency 

impacts, the elements assessed pertain to safety, congestion, connectivity, and best-in-class agency 

performance.  
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Table 2.16 TxDOT Definition of Risk (Threats): Probability Level and Impact Level 

(TxDOT) 

  

Impact Rating 

Context Project Impact 

  1 2 3 4 5 

  Low Medium-Low Medium Medium-High High 

Quality 

Negligible 

impact to 

design quality 

Negligible 

impacts to 

long-term 

maintenance 

Barely 

noticeable 

Requires 

Design 

Variance 

Minor impacts 

to long-term 

maintenance 

Requires 

Design waiver 

Significant 

impacts to 

long-term 

maintenance 

Does not meet 

acceptable 

standards 

Major impacts 

to long-term 

maintenance 

Does not meet 

acceptable 

standards and 

Design 

Exception not 

likely 

Unacceptable 

impacts to long-

term 

maintenance 

Cost  

(% of project 

cost) 

cost increase  

= 1%  

cost increase  

= 2% 

cost increase  

= 3% 

cost increase  

= 4% 

cost increase 

>5% 

Schedule 

(% of project 

schedule, 

subject to 

schedule 

analysis) 

delay = 1% delay = 2% delay = 3% delay = 4% delay = 5% 

 

2.3.5 Step E: Document Risk and Contingency 

The estimator and project team work together to document, in a transparent manner, 

information obtained from risk analysis so that the information considered for estimates can be 

communicated for better cost management. TxDOT requires records to be kept in the risk register 

and project estimate file, which is a master document that contains the critical scope, policy, and 

supporting information that are used to prepare the project estimate (TxDOT). 
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2.3.6 Step F: Prepare/Revise Total Construction Cost Estimate 

The estimator adds contingency to the base estimate to obtain the total construction cost. 

TxDOT requires contingency to be included in a different section of the estimate in order to 

provide the highest possible level of detail. For example, Medium Rigor and High Rigor projects 

must itemize contingency for the identified risks. 

2.4 New Jersey DOT (NJDOT) Project Risk Management Practices 

The risk management process of the NJDOT is intended to be applied throughout all project 

phases, from problem screening to completion of construction (NJDOT 2017). With the goal of 

effective project risk management, the NJDOT Program Management Office developed a standard 

work practice document that encompasses guidelines that must be followed for implementing risk 

management tasks. The process described by the NJDOT follows the same guidelines established 

by the PMBOK Guide as well as by other DOTs. In fact, the structure of the NJDOT guidelines is 

very similar to the CALTRANS Project Risk Management Handbook; nevertheless, some 

characteristics are unique to NJDOT and are described in the following paragraphs.  

Risk management requirements are based on the type of capital project delivery process. 

The NJDOT identifies two types of delivery process: the limited scope delivery approach and the 

standard project delivery approach. The difference between them is the requirement of a risk 

register for the standard delivery process, but this tool is merely recommended for limited scope 

projects.  

Participants in the risk management process include the project manager, executive 

regional manager, designer, and support group. The NJDOT assigns leadership for all activities 

related to risk management to the designer who is under the supervision of the project manager. 
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For projects over $100 million, the service of an independent risk manager or risk management 

team can be requested.  

Another point addressed by the NJDOT is the relevance of utilities and their potential 

impact on a project’s schedule and budget. The NJDOT developed a utility risk assessment plan 

as a tool to be used during the concept development phase to identify utility risks and consider 

them during the preliminary engineering phase (see APPENDIX G). This tool includes project 

plan utility risks within the project’s boundaries and describes conditions whereby a utility might 

impact the project cost and schedule, requires permits for relocating existing utilities, and identifies 

other actions that are necessary to mitigate utility conflicts.  

Risk analysis in the NJDOT guide is similar to the CALTRANS process for Level 2 

projects, as shown in section 2.2.2. Although quantitative risk analysis is described as providing a 

more accurate estimate of risk than a qualitative analysis approach, only individual project risks 

are quantitatively assessed, not the overall impact on the project using Monte Carlo simulations. 

2.5 Nevada DOT (NDOT) Project Risk Management Practices 

NDOT risk management practices are inspired by WSDOT’s risk management approach. 

NDOT has developed a manual, Risk Management and Risk-Based Cost Estimation Guidelines, 

which presents risk management procedures in the context of cost estimating. NDOT states that 

estimations are more accurate if they are given as ranges, therefore recognizing the need to measure 

risks that could impact cost and schedule. Requirements for the risk management process are based 

on project size and follow the triggers shown in Table 2.2 from WSDOT section. Moreover, NDOT 

requires risk-based cost estimates for projects over $100 million and encourages them also for 

projects under this amount (NDOT 2012). 
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When identifying risks, the project team should allocate an owner for each risk. NDOT has 

a table for risk allocation where potential risks are allocated to the owner or contractor or are shared 

based on the project delivery method. Table 2.17 shows an allocation/sharing example of risks that 

are related to design issues and their corresponding risk owners for both design-bid-build 

construction manager at risk (CMAR) projects and design-build projects (see APPENDIX H for a 

more complete list). 

Table 2.17. Risk Allocation/Sharing (NDOT 2012) 

NDOT’s risk assessment incorporates qualitative and quantitative analyses as described by 

the PMBOK Guide, WSDOT, and other state DOTs. Tools and methodologies suggested by 

NDOT are the same as those used in WSDOT’s risk management program, including workshops 

with the similar structures.  

NDOT combines the value engineering (VE) process with risk assessment. Involvement of 

the VE team in the risk analysis process provides a better understanding of the project and its 

unique issues (NDOT 2012). The integration of VE phases established by SAVE (Spoonbill Action 

Voluntary Echo) International® with the risk analysis process is as follows (NDOT 2012): 

• Information: Participate in the development of the risk register.  

• Functional analysis: Consider a secondary function of ‘reduce risk’. 

• Creativity: Brainstorm ideas about how to respond to risks.  
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• Evaluation: Include risk assessment as part of the evaluation criteria. 

• Development: Contemplate risks while developing recommendations and perform a risk 

assessment for those VE solutions that modify the original design. 

• Presentation: Present VE findings as well as their risk analysis results. 

Not all VE recommendations act as a risk response, as some simply add value to the project. 

Nevertheless, NDOT suggests treating these recommendations as risks (positive or negative), 

thereby requiring the VE team to estimate potential cost and schedule impacts and to estimate the 

likelihood of implementing each recommendation. 

NDOT’s guide also addresses how to use and report risk-based estimate results by 

describing how to establish a budget and schedule using risk reserves. Steps vary depending on 

the type of risk analysis performed, described as follows (NDOT 2012): 

• Projects with quantitative risk analysis, over $100 million (risk reserve approach) 

o Establish a base cost estimate, including uncertainties.  

o Identify project risks and perform quantitative risk analysis. 

o The risk reserve is the 70th percentile cost minus the base cost estimate. 

o The Project Manager shall review the risk reserve with the Project Management 

Division Chief. 

o The project budget is the base cost plus risk reserve. 

o Update the project budget at major project transition points by conducting a formal 

base cost estimate review and updated cost risk assessment and analysis. 

o The project cost range is reported as the 10th percentile for the low estimate and the 

90th percentile for the high estimate. 

• Projects with only qualitative analysis (risk allowance approach) 
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o Once the first two steps from the quantitative risk analysis procedure have been 

completed, select an appropriate percentage of risk allowance from (see Table 2.18). 

Table 2.18. Guide for Risk Allowance (NDOT 2012) 

o The project budget is the base cost plus the appropriate risk allowance. 

o The project cost range is reported as the base cost for the low estimate and base cost 

plus risk allowance for the high estimate.  

To consider the risk impacts on schedules, a buffer (risk reserve) must be established based 

on the risk analysis results. NDOT indicates that the buffer duration is the 70th percentile minus 

the base duration as long as it does not exceed 30% of the base schedule. The buffer must be 

allocated to the activities related to identified risks. Figure 2-12 and Figure 2-13 provide examples 

for establishing the risk reserve for project cost and schedule, respectively. 

  

Figure 2-12. Example for reporting cost range (NDOT 2012). 
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Figure 2-13. Example for reporting schedule range (NDOT 2012). 

The NDOT project manager manages the risk reserve or allowance. The reserve should be 

used only when risks actually materialize. The project manager must supervise the level of the 

reserve and notify the project management team when half and three-fourths of the reserve have 

been consumed. 

2.6 New York State DOT (NYSDOT) Project Risk Management Practices 

NYSDOT’s efforts to implement a project risk management program has resulted in the 

development of the guide, Risk Management for Project Development. This document is intended 

for capital transportation project development and provides information and practices compiled 

from the FHWA, WSDOT, and CALTRANS; thus, the procedures, tools, and expected outputs 

resemble those previously mentioned. However, NYSDOT’s risk management process presents 

certain aspects that differ from those of other agencies. 

NYSDOT recognizes the importance of incorporating risk management into every project, 

independent of its size, but the scope and level of assessment should be consistent with the 

project’s complexity. For simple projects, a list of ‘red flag items’ can be used, whereas complex 

projects most likely will require implementation of a comprehensive risk management process. 

NYSDOT has developed tools tailored for projects with different levels of complexity. An Excel 

tool is used to register risks for simple projects and an Access database is used to develop the risk 

register for moderately complex and complex projects. The Access database allows record-keeping 
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of information from different projects so that this information can be used at the program level. 

Access database also includes a risk list and various risk-reporting formats to provide flexibility. 

Figure 2-14Figure 2-15, and Figure 2-16 are screen captures that show the interface of the Access 

tool for project selection, risk selection, and risk tolerance, respectively. 

 

Figure 2-14. Project Selector screen capture (NYSDOT 2009). 
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Figure 2-15. Risk Selection screen capture (NYSDOT 2009). 

 

Figure 2-16. Risk Tolerance screen capture (NYSDOT 2009). 
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Another novel tool that NYSDOT has developed is a risk list version that not only furnishes 

the potential risks but also includes guidance about identifying potential impacts from each risk as 

it pertains to project cost, schedule, scope, and quality (see Table 2.19). APPENDIX I includes the 

complete risk list for all categories. 

Table 2.19. Risk List (NYSDOT 2009) 

  



 

44 

 

2.7 Florida Department of Transportation (FDOT) Project Risk Management Practices 

FDOT has developed the Risk-Based Graded Approach Worksheet as a risk assessment 

tool (spreadsheet) to provide an initial overall risk level for a given project. The assessment 

consists of assigning a value (the risk assessment score) to pre-identified risks based on the 

possibility of baseline impacts and a value (the risk priority score) to represent importance and 

urgency. The product of these scores is considered the total risk score, which indicates the 

probability of that risk element’s potential impact on a project’s objectives. The sum of all the total 

risk scores signifies the overall project risk level (FDOT 2019). The spreadsheet contains 20 risk 

elements commonly found in FDOT projects. For assessment of each risk element and 

prioritization, the following three-level scale is used.  

• Low Risk / Priority 1  

• Medium Risk / Priority 3 

• High Risk / Priority 5  

Table 2.20 provides guidelines to determine the risk level. 
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Table 2.20. Guideline for Risk Assessment: Partial Table (FDOT 2019) 

FDOT has established the following ranges to classify a project’s overall level of risk:  

• Project risk score   = 0 – 120 (low risk) 

• Project risk score   =  121 – 200 (medium risk) 

• Project risk score   =  > 200 (high risk) 

Table 2.21 presents an example of the worksheet. Based on the previous score 

classification, the example shown below corresponds to a medium risk project, where schedule 

and technology are the riskiest elements.   
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Table 2.21. Risk-Based Graded Approach Worksheet Example (FDOT 2019) 
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2.8 Other Related Sources 

A wealth of knowledge that pertains to risk management planning includes that provided 

by the CII and National Cooperative Highway Research Program (NCHRP). Sections 2.8.1 and 

2.8.2 briefly describe the relevant contribution of each of these organizations, respectively. 

2.8.1 Construction Industry Institute: Project Definition Rating Index for Infrastructure 

Projects  

Front-end planning is a concept that the CII has studied, documented, and accepted as a 

best practice (Bingham and Gibson 2017). This process creates valuable information that can be 

used to support risk management. To improve front-end planning practices, the CII developed the 

Project Definition Rating Index (PDRI) for industrial projects (Bingham and Gibson 2017). Due 

to the success of this tool, other construction industry sectors have expressed interest in a similar 

instrument that would be focused on their industry.  

Through a research effort, TxDOT developed the Advance Planning Risk Analysis 

(APRA) tool, which is based on the PDRI, but it focused strictly on highway projects (Le et al. 

2007, Bingham and Gibson 2017). The APRA tool, like its PDRI predecessor, is intended to be 

used primarily during phases within the advance planning stage, as shown in Figure 2-17. 

Implementation of the tool not only helps project owners to establish a comfort level that continues 

to drive the project but also helps designers and contractors to detect poorly defined scope elements 

in advance. 
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Figure 2-17. Project life cycle diagram (Caldas, Gibson and Le, Best Practices Model and 

Implementation. Guide for Advance Planning Risk Management for Transportation 

Projects. 2007). 

The project scope is assessed through the review of 59 essential elements that are deemed 

potential risk triggers in highway projects. These elements are organized in 12 categories that are 

in turn broken down into three main sections to help facilitate the review. Elements are presented 

in two sets of spreadsheets (weighted and unweighted). A definition level value is first assigned to 

each element using a five-point scale in the unweighted spreadsheet, shown in Figure 2-18. 

TxDOT has developed guidelines with a checklist to help project teams assess the definition level 

of each element. After assigning a definition level to all elements that apply to the project, using 

the weighted spreadsheet, a score is calculated for each category and finally for the overall project. 

In the example shown in Figure 2-19, the total category score is 28. A project with a low APRA 

score indicates a better-defined scope than one with a higher APRA score. The score value per se 

may seem meaningless if not analyzed. The review of definition level for each category can help 

to detect which categories have potential risk triggers and thus prioritize them. 
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Figure 2-18. APRA partial spreadsheet, unweighted (Caldas, Gibson and Le, Best Practices 

Model and Implementation. Guide for Advance Planning Risk Management for 

Transportation Projects. 2007). 

 

Figure 2-19. APRA partial spreadsheet, weighted (Caldas, Gibson and Le, Best Practices 

Model and Implementation. Guide for Advance Planning Risk Management for 

Transportation Projects. 2007). 

2.8.2 National Cooperative Highway Research Program (NCHRP) 

The NCHRP developed Report 658, Guidebook on Risk Analysis Tools and Management 

Practices to Control Transportation Project Cost. This guide presents the PMBOK’s Guide risk 

management process framework adapted for highway project development requirements. In the 

guide, the processes for risk management, i.e., planning, programming, preliminary design, and 

final design, are applied to phases that integrate the overall project development. Table 2.22 
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summarizes how each of the risk management steps can be applied in the three project phases, 

planning, programming, design. 

Table 2.22 Relationship of Risk Management by Project Phase 

(Molenaar, Anderson and Schexnayder 2010). 
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2.9 Implementing Risk Management  

NCHRP Report 658 provides suggestions about ways agencies can implement risk 

management processes at the project level. These processes should be considered as components 

of project management and applied integrally through the organization. A ‘champion’ should be 

identified who is responsible for tracking the implementation of the risk strategy. The champion 

should be within the agency’s upper-level management hierarchy. At the lower management level, 

a diverse committee should be formed to develop policies and training materials, support task 

applications for projects, and communicate risk-related information to users. At the beginning of 

the implementation process, the inclusion of an external risk management expert, although from 

outside the agency, should be considered. 

Furthermore, the NCHRP report suggests that the risk management team should start with 

assessing actual agency practices; this task must include not only the review of steps or 

requirements that the agency is using but also the level of knowledge of personnel within the 

department. Agency personnel is required to be properly trained in order to serve as support for 

implementing policies. Because risk management is integrated with other management processes, 

training material can be included in courses that are already in place, such as cost estimating or 

cost management courses. 

DOTs such as MnDOT, WSDOT, VDOT, and CALTRANS also have developed policies 

that are explicitly related to risk management implementation (see Figure 2-20). These policies are 

structured to support risk management strategies and their use throughout project development. 

They contain not only the purpose of the process but also the requirements that are dependent on 

project characteristics, which in most cases are based on the project’s total cost. These policy 

statements also address responsibilities at each management hierarchy level. 
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Figure 2-20. Examples of agency policies and project delivery directives.  

In general, the purpose of these policies is to align the risk management practices within 

an organization and provide accountability for the process to ensure it is followed. In that line, the 

policies also address the resources available for the personnel, which range from documents, 

guides, and handbooks to webinars and courses. Figure 2-21 presents an example of the amount 

of information that is provided in a screen capture of a WSDOT website page. 

 

Figure 2-21. WSDOT website screen capture.  
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3. SURVEY FINDINGS 

3.1 NCDOT Interviews 

The NCDOT provided a list of 23 NCDOT subject matter experts for the NCSU researchers 

to interview. During the interview process, six additional experts were added for a total of 29 

possible respondents. In total, 16 NCDOT employees were interviewed (55% response rate). The 

interviews took place in April, May, and June of 2020. The questionnaire was formed by two 

sections; “Section A” that contained questions about the interview professional background and 

section B with questions aimed identifying practices that at least could resemble to those depicted 

by the Project Management Institute and other DOTs On average, the NCDOT employees 

interviewed had 17.6 years of experience with the NCDOT, ranging from 4 to 28 years. Their 

experience outside the NCDOT averaged 3.4 years, ranging from 0 to 7 years, mostly with 

engineering consulting firms. The areas covered relate to Planning/Project Management (Project 

Management, Feasibility Studies, Corridor Development, Environmental Policy, and Office of 

Strategic Initiatives & Program Support) and Design (Technical Units, including Utilities, 

Traffic/Safety, Structures, Geotechnical Engineering, Roadside Environmental Unit/Erosion, 

Hydraulics, Materials and Tests, Environmental Analysis, Right-of-Way, and Locations and 

Surveys). The roles of the interviewed employees at the NCDOT covered all project phases, as 

shown in Table 3.1. 
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Table 3.1. Previous Responsibilities of NCDOT Respondents  

Phase Area Number 

Project Planning 

Public involvement 1 

Express/conceptual design 5 

Project prioritization 2 

STIP development 3 

Planning  3 

Project Development 

Environmental documentation 2 

Design (bridges, geotechnical, 

material and testing of soils, surveys, 

pavement, and hydraulics) 

10 

Construction 

Bridges, geotechnical, materials and 

testing of soils, right-of-way surveys, 

pavements, and hydraulics 

9 

Operations & 

Maintenance 

Bridges, geotechnical, traffic control, 

training, and development; material 

and testing of soils 

8 

Note: STIP is the State Transportation Improvement Program. 

The set of questions from “Section B” can be classified as shown in Table 3.2. The selection 

of questions was done under agreement between the researchers and the NCDOT Value 

Management Office. The following indicate the specific objectives for each group of questions: 

• Group 1: The first question looked to assess what personnel understand by risk because it 

is a concept that sustain the process. 

• Group 2: The second classification, grouped questions addressed to determine if practices 

for risk management follows the steps described in the literature review (Planning, 

Identification, Assessment & Analysis, Response and Monitoring & Control). With that 

purpose each of the questions is specific to each of the five steps.  
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• Group 3: questions related to general practices in project management such as project 

controls and development of estimates to detect opportunities where a formalize risk 

management process could provide information to assist other management practice. 

• Group 4: The Final group of questions look to measure the level of support the NCDOT 

gives to practices related to risk management and identify the role VMO for the 

implementation of the program 

Table 3.2.  NCDOT Interviews’ Summary 

Group Question # Summary of responses 

Group 1:  

Risk definition 
B1 

General understanding of risks as an uncertain event that can impact 

project's objectives positively or negatively 

Group 2: Risk 

Management Process 
    

Planning B3; B4; B6 

Participants are mostly from NCOT, such as division staff, technical 

units and project team members. In some projects, resource and 

government agencies get involve. Additional support from external 

agencies is based on project size, impact level, origin of funds (local or 

federal) etc. 

Identification 
B2; B4; 

B5;  

Identification starts early in project phases such as Feasibility studies and 

Scoping Process. ATLAS, a GIS application, was the most commented 

tool used for identification of potential events 

Risk Assessment 
B7; B8;B9; 

B10 

The assessment is mostly qualitative with focus on risk impacts instead 

of probability. Only one respondent mention about an opportunity where 

a qualitative analysis was performed  

Risk Response  B13 
Risk mitigation strategies are developed by Subject Matter Experts 

(internal or external)  

Monitoring and 

Control 
B14;  

Efforts on risk monitoring are more formally on larger or complex 

projects. The process is carried out through meetings and discussions 

during the design and construction phase 

Group 3: Project 

Management Practices 
B11; B12 

Project performance is tracked through various metrics, which depends 

on the division/unit and project phase. Some metrics such as costs or 

schedule milestones can serve also as parameter to measure benefits of 

risk management. Risk are considered in the project's estimates through 

contingencies which range from 50% at early phases of the project, down 

to 15% before the construction phase. 

Group 4: : 

Agency support 

B15; B16; 

B18; B19 

Respondents addressed several benefits of risk management in different 

phases of the project. Nevertheless, the agency does not offer training on 

these practices. The Value Management Office is seen as the champion 

for the implementation of the program given the success of other 

programs such as Constructability Reviews, this office leads. 
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3.1.1 Summary of NCDOT Interview Responses 

This section provides findings and summaries of the responses to the 19 questions asked 

in the NCDOT survey (see APPENDIX A). 

1. How do you define risk? 

Respondents defined risk from their respective perspective/role and generally reported that 

risks are associated with unknowns that could impact a project's cost, schedule, scope, and 

quality/functionality outcomes in a negative or positive way depending on how the risk is 

managed. Some of the respondents saw risk as a decision driver and stressed the importance of 

proper risk identification, analysis, documentation, and communication. 

2. What phase of a project do you begin identifying risk and how is this task accomplished 

(e.g., use of risk lists, workshops, or a risk breakdown structure)? 

Risks typically are considered during all project phases, although not formally. The process 

of identifying risks starts during the early stages of the project delivery network and is related 

primarily to feasibility studies and the scoping process where units and divisions begin to identify 

potential issues. During the feasibility study phase, regional and metropolitan planning 

organizations obtain support from the Feasibility Studies Unit to investigate conceptual design 

options for projects that are later considered during the prioritization process through the 

NCDOT’s Strategic Prioritization Office. The Feasibility Studies Unit performs environmental 

screening using ATLAS (Advancing Transportation through Linkages, Automation, and 

Screening), a NCDOT geographical information system (GIS) application. This unit also performs 

traffic screening to gather data about crashes and traffic volumes, including traffic forecasts. The 

scoping process also provides opportunities for risk identification. This process includes meetings 
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with the project team and technical units to discuss potential issues or risks that could arise. 

Insights are documented in meeting minutes and the Project Scoping Report. 

In addition, the Private Firm Coordination group from the Structures Management Unit 

performs pre-screening to estimate the letting duration based on project complexity using three 

categories: Green for a two-year duration (low complexity), Yellow for a three-year duration 

(moderate complexity), and Orange for four years or more (high complexity). 

In addition to the phases and methods used to identify risks, some respondents commented 

on the NCDOT’s current efforts to create Vulnerability Maps that will serve, along with ATLAS, 

as support for the development of plans and the implementation of the express design process that 

includes a risk component. 

3. Who participates in the risk management process, and what are the responsibilities of each 

participant?   

NCDOT staff from divisions, technical units, and project teams commonly participate in 

meetings where risks or issues are discussed. In general, each person brings a wealth of knowledge, 

particularly the senior-level staff members who are especially familiar with project delivery and 

design and can identify risks based on their experience.  

Subject matter experts, resource agencies, and governmental agencies such as the U.S. 

Army Corps of Engineers provide input regarding project risks based on the project phase and size. 

In addition, construction-related issues and risks are identified through constructability reviews 

that typically are performed by VMO personnel and other subject matter experts for the more 

complex projects. 

4. Do you allocate resources specifically for the implementation of risk management? If so, 

please describe the resources. 
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Most respondents reported that the NCDOT does not specifically allocate resources for risk 

management but also noted that risk is an inherent part of decision-making and is included in all 

conversations related to the project delivery process. In-house resource staff may become involved 

during or prior to the pre-construction meetings depending on the level of project complexity. 

During the STIP cycle, more staff members are designated to determine costs for the more complex 

projects. Pre-construction scoping meetings are generally seen as risk management workshops. 

Other agencies, such as the U. S. Army Corps of Engineers and U.S Fish and Wildlife Service, are 

seen as external resources for compiling and detecting factors that could impact a project.  

In addition to human resources, the NCDOT has invested in technology that, even though 

not explicitly intended for risk management, has helped to identify and manage risk by providing 

additional reliable information about areas or elements of concern on a project. Some of the 

technology resources that respondents mentioned include hydraulic and traffic modeling software, 

laser scanning for improved surveying accuracy and safety, and sonar for underwater scouring 

profiles for bridge projects. The ATLAS program is used by in-house personnel and consultants 

to capture site and environmental information that can also assist with risk identification.    

5. Are risks formally documented and communicated to other parties involved in the project? 

Answers to this question differed because it pertains to the level of documentation 

formality. Some respondents stated that there was no formal documentation of project risks, 

whereas others stated that risks were formally documented. The respondents who reported no 

formal documentation referred to meeting minutes, emails, and general documentation as vehicles 

that could be used to keep a record of risks, whereas those who reported formal documentation 

cited the documents shown in Table 3.3. 
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Table 3.3. Formal Documentation of Risks at NCDOT 

Division/Unit Document 

Highway Division – Structure Management Unit 
Scope of work (for consultant engineering services) 

Pre-screening worksheet 

Feasibility Studies Unit 
Project scoping report, 

Categorical exclusion checklist 

Hydraulic Unit 
Task orders: a document that contains a section for 

special considerations/areas of concerns 

Project Management Unit Project status reports (monthly) 

 

Despite the availability of these documents, details are lacking about how the information 

is shared during project phases among the different units and stakeholders. This shortcoming was 

pointed out by a respondent as an area for improvement. 

6. Do risk management requirements change based on project type, size, and delivery 

method? If so, please explain. 

Risk management is not explicitly required for projects but nonetheless is considered for 

NCDOT projects. Efforts to understand uncertainties or problems can change based on different 

project characteristics and are not limited to project type, size, and delivery method. Respondents 

noted that the following key aspects can influence risk management requirements.  

Project size and complexity. The size and complexity of a project are drivers for the 

allocation of resources, mostly in terms of the number of meetings, such as scoping meetings, field 

inspections, and personnel involved, which in some cases include public involvement. Also, during 

the planning and programming phases, resources for cost estimates are allocated for larger projects, 

whereas more basic assessment methods are used for smaller projects. 

Project type. Units and divisions classify projects in various ways, such as the level of 

importance in terms of geographical impact (local, regional, or state) and functional class of the 

roadway (e.g., interstate, major corridor, and principal artery). These classifications are used to 
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allocate resources such as personnel and time. Respondents did not indicate specific changes for 

the different project types. 

Project delivery methods. Project delivery methods and contract types are critical to 

shifting risks between the NCDOT and contractors. For instance, when contracts stipulate unit 

prices, contractors take advantage of ‘pay items’ that allow them to be paid for any work that is 

completed in the field, thereby shifting the risk of underestimates or scope creep directly to the 

NCDOT. 

The design-build concept is considered as a project delivery method for complex projects, 

particularly in urban areas, due to the benefits of the early involvement of the contractor. However, 

this project delivery method may trigger other risks because developing the proposal scope and 

ensuring that contractors will follow the specifications are especially challenging tasks in design-

build projects.  

One project manager mentioned a pilot project that employs the Construction 

Manager/General Contractor project delivery method, where a consultant helps to develop an in-

depth scope and a contractor becomes involved as a second consultant for the development of the 

project during the design phase. This second contractor/consultant has the opportunity to bid the 

project. If his/her offer is within 10% of the NCDOT estimate, the project is awarded to that 

contractor. The benefit of this project delivery method is the early involvement of the contractor 

during the design phase to provide constructability and risk insights. This approach still has the 

flexibility to complete the project as design-bid-build in case the contractor's bid is higher than the 

10% threshold. 
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7. What threshold/level (if any) should trigger or initiate a risk assessment on a new project?  

Should multiple thresholds be used to initiate a risk assessment, or should every project 

require a risk assessment, regardless of cost, schedule, quality, and other concerns? 

Some of the respondents reported that risk management should be part of a conscious effort 

and should be required for all projects but at different levels. For instance, at the planning level, 

risk should be considered for all road functional classes. Other respondents stated that at least one 

trigger should be used to initiate a risk assessment. The most commonly mentioned trigger was 

complexity, which, depending on the respondent’s role, was viewed as a function of the following 

factors: project duration, environmental issues, location (rural vs. urban), construction techniques, 

average daily traffic counts, number of agencies involved, opposition by influential entities such 

as local government or environmental groups, right-of-way (ROW) and/or utility issues, cutting-

edge design concepts, and use of new and innovative materials. After complexity, cost was the 

second most mentioned risk assessment trigger, with thresholds that vary from $20M to $50M. 

Schedule also was mentioned by a few respondents, where one year was the threshold to trigger a 

risk assessment.  

In summary, respondents stated that risk identification should be considered for all 

projects. However, single or multiple thresholds still are needed to trigger a risk assessment using 

a scalable approach. 

8. How do you analyze risks? Do you assign levels of importance to each risk (qualitatively, 

quantitatively, or both)? When quantitative analysis is used, how are probabilities 

assigned to risks? 

Depending on the unit's role, the information that is included in the project's documentation 

serves to identify potential issues using a qualitative type of assessment, which in most cases is 



 

62 

 

based on the project team’s experience. These assessments usually focus on impacts and take a 

qualitative approach by which some issues, such as ROW or utilities, dollar amounts, and schedule 

impacts, are determined. Qualitative risk analysis typically is performed during the feasibility 

study phase. During the planning phase, when more data are available, individual units perform 

quantitative assessments. For example, for utility risks, actual dollar amounts are determined as 

well as schedule impacts (delay days). Quality-related impacts typically are associated with 

schedule risks.  

The Planning and Programming Division imposes a 45% contingency to the preliminary 

estimate to cover aspects that might not be considered otherwise. Later, when more information is 

available, this Division applies a 6% contingency to the budget to cover unanticipated changes 

during the construction phase. The Project Management Unit assigns probabilities using a three-

level scale (low, medium, high). This unit has performed quantitative assessments of large projects 

such as the Bonner Bridge and I-77 (greater than $500M) as a requirement by the Federal Highway 

Administration (FHWA). Technical units also have the ability to assess specific risks 

quantitatively. During the planning phase, broader risks are considered, such as ‘prone to flooding’ 

or ‘rock slides’. Traffic planners perform quantitative simulations to predict traffic mobility and 

safety. The State Maintenance, Operation and Fleet Management Unit uses a tool called the Flood 

Indentation Mapping Alertness Network (FIMAN) that runs scenarios and forecasts of potential 

roadway flooding and includes resources for repair and costs for damages. 

9. The table provided below (shown here as Table 3.4) includes probability levels (very low 

to very high) that are used to prioritize risks. Based on the given qualitative scale for 

chance of occurrence, please provide a percentage range from 1% to 100% for the 

probability of occurrence that would translate for each level of the scale. For example, for 
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one person, a very low probability of occurrence could translate as a probability range of 

1% to 5%, whereas for another person, it might be 1% to 20 percent. Also, do you have 

experience using other probability levels for risk analysis? If so, please describe them.  

Respondents provided different percentage combinations for the five levels of Chance of 

Occurrence. The mode and average of the lower and upper values were calculated to summarize 

the responses. Table 3.4 presents the results. 

Table 3.4. Percentages of Probability for Chance of Occurrence Categories 

Chance of Occurrence  
Probability Range 

Mode (%) Average (%) 

Very Low (seldom) 1-5 1-6 

Low (unlikely) 5-20 7-24 

Medium/Moderate (possible) 20-70 25-63 

High (Highly Likely) 70-90 64-89 

Very High (Near Certainty) 90-100 90-100 

 

One of the respondents provided a different approach to compute this table, suggesting that 

the percentage range should be the percentage of projects that have a risk the NCDOT cannot 

afford. Thus, 10% would mean that, in the respondent’s words, “10% of the projects would have 

a very high probability of experiencing a significant unexpected risk.” Table 3.5 shows that 80% 

(20% + 40% + 20%) of the projects would have a moderate to low chance of an unexpected 

significant risk and 20% (10% + 10%) of the projects would have a high or very high chance of 

an unexpected significant risk. 
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Table 3.5. Suggested Interpretation of Chance of Occurrence Categories 

Chance of Occurrence 

(Probability) 
Percentage Range 

Very Low (seldom) 

20% of projects would have a very low 

probability of experiencing a significant 

unexpected risk.  

Low (unlikely) 
40% of projects would have a low probability 

of experiencing an unexpected significant risk. 

Medium/Moderate (possible) 
20% of projects would have a 

medium/moderate probability of experiencing 

an unexpected significant risk. 

High (highly likely) 
10% of projects would have a high probability 

of experiencing an unexpected significant risk. 

Very High (near certainty) 
10% of projects would have a very high 

probability of experiencing an unexpected 

significant risk. 

 

10. Please assign a percentage/absolute value, based on your experience, to each of the 

following risk impact levels for Cost, Schedule, Scope and Commitments, and Quality (note 

that cost and schedule are most important here). 

The responses were combined and are presented in Table 3.6. This table reflects the most 

difficult question in the survey. One respondent, involved in planning and programming, provided 

a percentage of project total cost (PTC) for small and large projects, whereas other respondents 

were more general in their responses and provided one range per impact level. For some 

respondents, this question was not applicable and so they did not answer it. During the research 

project phase, the NCSU research team will interview more NCDOT subject matter experts, 

especially ones who are involved directly with estimating and scheduling projects in order to fill 

in some of the missing values, particularly those related to cost.  
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Table 3.6. Cost, Schedule, Scope/Commitments, and Quality Impacts 

Impact 

Level 

Impact to Project Objectives 

Cost Schedule 
Scope & 

Commitments 
Quality % of PTC 

(Range) 

Absolute 

values 

% PTD 

(Range) 

Absolute 

Values 

Very Low 

0 - 30 

0 -10 

1 - 9 

S: 0 - 10; L: 0 - 2 

$20-$30 k 

0 - 20 

0 – 5 

0 - 10 

< 1 month; 

days to a 

week 

Negligible 

modifications 

to project 

scope 

No effect on 

project 

quality or 

stakeholder 

satisfaction 

Low 

30 – 50 

10 – 40 

10 - 15 

S: 10 - 23.33; 

L: 2 - 8 

 

20 - 40 

5 - 12 

10 - 15 

1 month;  

1-3 months 

Minor 

modification 

but no scope 

change 

Acceptable 

but not 

noticeable 

Medium/ 

Moderate 

50 – 70 

40 – 70 

15 - 25 

S: 23.33 -36.66; 

L: 8 - 14 

$100 k 

40 - 60 

12 - 15 

15 - 25 

2 months;  

3 - 9 months 

Modifying 

scope for 

revision or 

new options 

Noticeable 

defects 

High 

70 – 80 

70 - 90 

S: 36.66 - 49.99; 

L: 14 - 20, 70 – 90 

>10 

$1 M 

70 - 90 

15 - 25 

25 - 30 

12 months 

Revising 

major 

decisions 

Major defects 

Very 

High 

80 – 100 

90 – 100 

>30 

S: >50, 80 – 100 

L: >20, 90 - 100 

L: >1 

 

> 90 

> 25 

> 50 

>18 months; 

multiple 

years; 

indefinite or 

litigation 

Major redesign 

– redo; not 

meeting any 

commitments 

Not 

acceptable 

Note: PTC is project total cost (%); PTD is project total duration (%); S is small projects; 

and L is large projects. 

 

11. What metrics (measurements) are used to track your project’s performance? 

Performance measures depend on the unit and project phase, as shown in Table 3.7. For 

example, the Safety Planning Unit is more concerned with crash frequency or severity statistics of 

the completed project. The Project Management Unit is more concerned with cost overruns and 

meeting ROW and final plan milestones in order to meet schedule. Accuracy and consistency are 

key metrics for the Location and Survey Unit. In general, during the project’s early stages, metrics 
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are focused more on schedule by keeping track of milestones, whereas later in the project during 

the final design and construction, costs are used as a unit of reference. Quality also is tracked 

during construction and later during operations and maintenance, as noted by the Materials and 

Tests Unit and the Maintenance, Operation, and Fleet Management Unit. 

Table 3.7. Project Performance Metrics 

Division/Unit Project Phase Metrics 

Materials and Tests 

Unit 
Construction 

Criteria and number of tests to verify specification 

compliance 

Feasibility Studies Construction Cost estimated in the SPOT process vs. actual cost 

Planning and 

Programming Division 
Planning Cost as primary driver 

Location and Survey 

Unit 
Final Design Accuracy and consistency for preconstruction and ROW 

Maintenance, 

Operation, and Fleet 

Management Unit 

Operation & Maintenance 
Reopening speed of the network (e.g., after a storm) and 

amount and speed of reimbursement from federal agencies 

Division #14 
Planning ROW plan milestones 

Environmental Milestones for completing environmental documents 

Project Management 

Unit 

Final Design 
Completing ROW and final plans (90% plan completion) 

and schedules 

Construction 
Track cost overruns through HiCAMS; cost overruns over 

4% receive attention. 

Safety Planning Unit 

Planning Crash frequency or severity 

Operation & Maintenance 
Crash frequency or severity to verify adequacy of 

completed project 

Note: SPOT is Strategic Prioritization Office of Transportation; ROW is right-of-way; HiCAMS 

is the Highway Construction and Materials System. 
 

12. How are risks considered in the development of project cost estimates and schedules (e.g., 

through contingency and contract clauses)?  

Risk is considered through contingencies for the development of cost estimates. Most of 

the respondents noted greater relevance for cost impacts as opposed to schedule impacts. 

At the planning and programming level, project duration depends on the availability of 

funding; that is, the expected duration could be shorter than the duration the NCDOT needs in 
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order to obtain funds for the project. During the pre-screening process, projects with more 

identified risks are broken down into multiple tasks whereby those tasks with more risk are handled 

through supplemental agreements.  

Contingency is applied to the estimate based on historical data. The contingency amount 

varies depending on the project phase and percentage of design that is complete. For example, a 

50% cost contingency may be applied to a preliminary estimate where ROW still needs to be 

addressed. This percentage decreases as more information becomes known. Feasibility studies may 

use cost factors of 45%, but a 15% overall contingency is still applied at the low end for final 

construction estimates. Lessons learned, experience, and departmental documents also are used to 

allocate contingences or extra time. 

13. How do you identify risk mitigation strategies?  

Risk mitigation strategies are identified by subject matter experts within the NCDOT and 

external consultants. Often, brainstorming sessions, review of lessons learned, and documentation 

from past projects help in the decision-making for future projects. External experts are contacted 

to provide their advice in situations where the NCDOT does not have the experience to mitigate a 

risk. Table 3.8 provides examples of risk mitigation strategies. 
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Table 3.8. Examples of Risk Mitigation Strategies 

Risk Mitigation Strategy 

Funding runs out during construction phase. 
Delay project until more funding becomes 

available. 

Project is considered risky. Perform more site visits and audits. 

Reduced inspections are a possibility. 
Use better products even at the expense of 

increasing project costs. 

Stakeholder or environmental concerns are 

evident. 

Implement more conservative or practical designs. 

Communicate with public stakeholders.  

Traffic safety is a concern at an intersection. 

Use a four-way stop as a quick interim solution and 

plan to implement a round-about as a permanent 

solution. 

Surveyor safety is an issue. 

Use ‘the right tool in the toolbox’, which can 

involve outside firms that have access to better 

surveying technologies (e.g., drones and mobile 

scanning) that reduce exposure of surveyors in the 

field. 

Surveying discrepancies emerge during 

construction. 

Contract with a third party to re-check 

measurements. 

 

14. Is risk status monitored throughout a project? Are risks discussed in meetings (e.g., does 

the risk identification activity continue during the construction phase)? 

Respondents shared differing perspectives regarding the level of risk monitoring that is 

performed for projects. Some respondents were not sure if risks were monitored at all, while others 

said that risks were monitored, but not for every project. In short, risks appear to be monitored but 

not in a formalized manner and not for every project. Risk monitoring occurs mostly during the 

design and construction phases through pre-construction meetings or during monthly construction 

meetings. When issues arise during construction, the contractor typically becomes involved in 

solving the problem along with the design engineers to verify the viability of the proposed solution. 

A more formal monitoring process is implemented for some projects depending on the size 

(e.g., greater than $40M) and funding source. Nevertheless, one respondent commented that cost 

control is a challenge that the NCDOT continues to battle due to the lack of accountability for cost 
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overruns. For instance, this respondent saw that $30M was spent for ROW when the item was 

budgeted for $10M. 

15. What benefits have been observed for projects where risk management has been 

implemented properly? 

Respondents identified several benefits of a risk management program, as follows. 

• Pre-Project Planning 

• Early risk identification helps enhance efficient planning and scheduling. 

• Risk management improves communication regarding risks and countermeasures, which 

helps establish public trust in the selected plan.   

• Environmental Documentation 

• Preparing environmental documents is easier when risks are identified, and decisions are 

made during the project’s initiation phase. 

• Design 

• Risk management helps to keep the scope locked down and thus prevents cost creep.  

• Construction 

• Schedule predictability is improved due to better understanding of permit requirements. 

• Risk management leads to better overall coordination with fewer problems in the field that 

otherwise would become nightmares during construction. 

• Projects tend to get built faster and at better prices, resulting in higher customer 

satisfaction. 

• Risk management improves project cost and schedule performance. 

• Post Construction 

• Risk management leads to savings from prevention of lawsuits. 
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• Project close-outs run more smoothly. 

• Obtaining refunds is facilitated when proper data are available. 

• Maintenance and Operations 

• Risk management leads to a better chance of meeting specification requirements, which 

leads to better quality in the long run. 

• Risk management leads to the understanding that the materials used on a project will 

perform as intended.  

• Safety of structures is improved during their operation. 

16. Do you keep a formal record of the risks that arise in projects so that the risks/solutions 

can be used as lessons learned for future projects? If so, how do you share the lessons or 

make sure they are incorporated for use in future projects? 

Currently, the NCDOT has no formalized approach to record and communicate project 

risks. However, some units keep records of project information that are available for personnel 

within a specific unit. For example, the Structures Design Unit maintains ‘What to do if’ folders 

that contain best practices and lessons learned. In a similar manner, the State Maintenance, 

Operation, and Fleet Management Unit captures lessons learned in meeting notes and refers to 

them for future projects. Other units conduct a ‘debrief’ at the end of a project and document their 

findings. 

Although the current risk documentation approach is adequate for some situations, some 

respondents were aware of the CLEAR (Communicate Lessons, Exchange Advice, Record) 

program and expressed interest in sharing their lessons learned and best practices in this database. 

Others commented on the need to formalize the risk documentation process and proposed that a 

section should be included in the Planning Report that pertains to risk and vulnerabilities. 
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17. What level of engagement do consultants/contractors have during risk management 

implementation? 

Consultants play a significant role in assisting the NCDOT with accomplishing its goals 

and are seen as integral team members throughout the project lifecycle. They assist with the 

statewide plan update (NC Means 2050), which is a high-level policy plan that addresses funding, 

multimodal issues, and new directions such as autonomous vehicles and drones, among others. 

Consultants also provide support for feasibility studies by performing crash analysis and safety 

predictive analysis and assisting with environmental documentation. During the scoping process, 

consultants actively participate in the project team as would any other in-house staff member. 

Contractors are viewed as external resources that can help identify risks on a project, mostly 

design-build projects.  

Some respondents offered a few cautionary notes. Design consultants are not always the 

best at identifying project risks and it is difficult to have their participation without payment. They 

strictly follow the contract and do not always share additional insights that might benefit the 

project, even though that service possibly could be included as an additional purchase order. 

Contractor involvement has led to good practices that later have been implemented by the NCDOT 

for future projects; nevertheless, the suggestions usually involve scope creep, as noted by one 

respondent. 

18. Does your organization provide training on the use of tools for risk management to 

consultants and contractors? 

Most respondents were not aware of any specific risk management training for consultants 

and contractors. One respondent mentioned that an AASHTO risk training workshop had been 

offered several years ago. Training that is provided to consultants pertains to developing a better 
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understanding of NCDOT’s standard processes and procedures, such as the ATLAS program, 

specialized design tools, and unique safety analysis requirements. Respondents suggested that 

training, in general, needs to become more institutionalized. 

19. How do you see the VMO’s role in promoting risk management? 

The VMO can play a vital role in coordinating, scheduling, and hosting meetings that are 

related to risk management. Respondents recognized the benefits of implementing constructability 

reviews and identified the VMO’s driving role in this process. Respondents’ suggestions for the 

VMO’s role in promoting risk management include:  

• Develop risk management policies and procedures for the NCDOT. 

• Coordinate risk assessment meetings and invite the necessary staff. 

• Provide risk management training and education. 

• Promote the CLEAR program as a project risk repository. 

• Formalize a project debriefing session to identify lessons learned. 

• Based on value management studies, identify actions or responses where project scope is 

exceeded. 

3.2 Other State DOT Personnel Interview 

Phase #1 identified CALTRANS, WSDOT, TxDOT, NYDOTM, NDOT, and FDOT. As 

having robust risk management programs. They were contacted to interview personnel that could 

provide more insights about their risk management practices, CALTRANS and WSDOT 

responded positively to the request, and four interviews with personnel from these two DOTs were 

conducted as follow: 

• CALTRANS: Enterprise Risk Management (1 interview) and Project Risk Management 

(2 interviews) 
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• WSDOT (1 interview) 

Refer to APPENDIX B for the interview guide that was used for both of these state DOTs. 

3.2.1 California Department of Transportation (CALTRANS) 

CALTRANS applies risk management at three levels described by the FHWA: Enterprise, 

Program, and Project. The NCSU research team conducted interviews with three CALTRANS 

employees, each with 30-plus years of experience and who currently specialize in the area of risk 

management at the Enterprise level (1 person) and Project level (2 people).   

As noted by the Enterprise-level respondent, the CALTRANS Enterprise risk management 

program deals with risks that could impact the entire organization, for example, succession 

planning based on the many retirements due to the high proportion of employees in the older age 

group. The Enterprise group has dealt with significant projects, such as the Bay Bridge Project, 

but such involvement is not common. In fact, the risk officer has no engineering background and 

leans toward using ISO 31000 and the Committee of Sponsoring Organizations framework of the 

Treadway Commission to implement risk management at the Enterprise and Program levels.  

CALTRANS initiated its risk management program at the Project level about 16 years ago 

(2004). In the beginning, the risks identified were described generically, such as ‘not enough 

funding’, and the risk assessments were qualitative in nature. Project managers did not truly 

understand the value of risk management and did not properly promote it within the organization. 

Over time, the CALTRANS program matured to one that is now considered to be more versatile 

by being flexible and scalable but also formalized as part of the project delivery process, which 

includes a risk certification process that requires senior management approval. Risk management 

requirements are now based on cost, complexity, and scope and take into account the project 

manager's judgement.  
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Risk identification is the responsibility of the Project Delivery Team and its leader, the 

project manager. This process has been improved through the years based on experience that 

CALTRANS personnel have gained and risk-based lessons learned list employed during the 

project initiation phase. Moreover, the assessment of risk has now become more quantitative than 

qualitative. When the risk program first began, CALTRANS used consultants to perform 

probabilistic quantitative risk analysis. Now, this assessment is more commonly performed by in-

house personnel using @Risk and Crystal Ball software. 

The risk register is the main document that stores risk information and is managed and 

updated throughout the project's lifecycle during the following CALTRANS project phases: 

• K Phase: Project Initiation Document (PID)  

• 0 Phase: Project Approval and Environmental Document (PA&ED)  

• 1 Phase: Plans, Specifications, and Estimate (PS&E)  

• 2 Phase: Right-of-Way (R/W) 

• 3 Phase: Construction  

• Close-out 

• Follow-up Mitigation 

CALTRANS promotes accountability in the risk management process through Risk 

Register Certification. A project's risk register is certified by the project delivery deputies or their 

delegates who confirm that they have reviewed the risks and agree that the risks are being managed 

to the greatest extent possible by the Project Development Team and the risk owners; see Figure 

3-1. Risk Register Certification takes place prior to: 

• Approving the PID (PID - M010),  

• Approving the Project Report (PA&ED - M200), 
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• Achieving Ready to List (RTL - M460). 

 

Figure 3-1. CALTRANS’ Risk Register Certification form (partial list). 

The new Project Delivery Directive includes a new table, shown here as Table 3.9, with 

revised thresholds for the risk management requirements. Table 3.9 shows that CALTRANS’ risk 

management requirements are now based on four scalability levels that are influenced by a 

combination of project size, complexity, and judgment. Project managers, in consultation with the 

Project Development Team, choose the scalability level based on the complexity of the project. 

Approval is required to use a lower scalability level. Table 3.9 presents the same levels as its 

predecessor (Table 2.6), but the cost thresholds differ as the top-end has been reduced from $100M 

to $75M. Also, Table 3.9 shows that projects at Level 1 are now required to undergo qualitative 
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analysis, compared to the previous program in which the risk register was the only requirement. 

Based on this comparison, the new requirements for each level appear to be aimed towards risk 

analysis, even for smaller projects where deterministic analysis is included as an option (Table 

3.9). Moreover, with the intent to provide more flexibility, CALTRANS now includes complexity 

as a factor that must be considered to adjust the risk assessment level. 

Table 3.9. Risk Management Requirements at CALTRANS (CALTRANS 2020) 

Scalability 

Level 

Project Capital Cost Estimate  

(Construction and R/W) 
Risk Management Requirements 

0 Minor B projects None 

1 
Minor and Major projects within Minor A 

limits 
Risk Register with qualitative risk analysis 

2 Greater than Minor A limited to $75M 
Risk Register with deterministic or probabilistic 

quantitative risk analysis 

3 Greater than $75M 
Risk Register with probabilistic quantitative risk 

analysis 

Note: Minor B is up to $333,000, Minor A is $333,000 to $1.25M, and Major is over $1.25M. 

A partial list of factors that are used to determine a project's complexity when adjusting the 

risk scalability level is as follows: 

• Scope 

• Environmental and R/W impacts 

• Political/community sensitivity  

• Project location  

• Sponsor's sensitivity to cost and/or schedule 

• Stakeholders of the project  

• Duration of the project  

• New type of design or technology 
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• Alternative project delivery methods 

3.2.1.1 Several best practices employed by CALTRANS for initiating a risk management program 

are paraphrased as follows: 

• Consider only the key risks or ‘risks that matter’ in the risk register. Sometimes teams 

identify issues but not risks. According to the Project Management Body of Knowledge 

(PMBOK), an ‘issue’ is a point or matter in question or dispute or a point of matter that is 

not settled and is under discussion over which there are opposing views or disagreements 

(PMI 2013). Issues are essentially the ‘known knowns’ with a high certainty of 

occurrence, e.g., >90 percent. An example is migratory birds at the construction site. 

Issues are tracked in a separate Issue Log. PMBOK defines ‘risk’ as an uncertain event or 

condition that can have a positive or negative effect on one or more project objectives. In 

this sense, risks are the ‘known unknowns’. An example is, if contaminated soil is found 

in the borrow pit, then the schedule will be impacted by at least 200 days. The ‘unknown 

unknowns’ or ‘black swan events’ are not considered in the risk register because they are 

too speculative and impossible to identify and quantify. 

• Be flexible in the risk assessment approach. In the past, CALTRANS used cost (e.g., 

$50M and above) to help guide the selection of the level of risk assessment. Now, 

CALTRANS considers other factors such as the schedule, scope impact, and project type. 

Monte Carlo analysis is performed for projects with the highest level of risk. 

• Provide continuous training. Due to retirements, new project managers are coming in and 

need guidance/training. Also, because knowledge ‘gets archived’, continuous risk 

management training is needed. “A guru needs to go out to the districts."  
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• Store risk information in a database. Initially, risks were put into spreadsheets and not a 

database. Putting risks into a searchable database from the beginning would be more 

efficient. Now, CALTRANS has a risk database on its server. 

• Learn from other DOTs. Understand other DOTs’ ‘war stories’ and directives and 

consider how they might work in your organization. Do not start from scratch. Modify 

strategies that other DOTs have implemented to meet the needs of the organization. 

Consider joining Cost Risk Estimating and Management (CREM), a nationwide group of 

transportation risk professionals that represent 15 state DOTs. (Note: Mark Gabel of 

WSDOT coordinates this group.) 

• Gain insights from change orders and claims. Analyze data from past change orders and 

claims to identify areas for improvement during the pre-construction phase. 

• Follow through on risk response strategies. Sometimes project managers are not able to 

manage risks properly. Follow up and make sure they do what they say they are going to 

do. 

• Seek buy-in. Most project managers agree that having a risk program sounds good and 

makes sense, "but I have 20 to 30 projects to manage – what's in it for me?" Project 

managers noticed that they were “getting beat up" by the California Transportation 

Commission on project change requests. The project managers soon became more 

interested in risk management because the Commission was more willing to accept change 

requests if such requests were better supported by proper risk management and planning 

documentation. Risk management also helps with communication to the taxpayers whose 

funding is overseen by the Commission. 
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• Implement a risk management certification process. A risk management certification 

process helps everyone better understand risks and "pushes risk deep into the 

organization." Prior to a review, project managers ask lots of questions (as they do not 

want to be embarrassed by missing or poorly written risks). The certification process 

ensures that only the critical risks are moved forward with appropriate risk responses. 

• Once a risk is identified, obtain and record as much information about it as possible. For 

example, ask for cost and or schedule impacts when recording a risk in the risk register.  

3.2.2 Washington Department of Transportation (WSDOT) 

The WSDOT initiated its risk management program in 2002. The unit that housed this 

program initially was referred to as the Cost Risk Estimating Management (CREM) Unit. Over 

time, this unit expanded to include other support activities and became the Strategic Analysis and 

Estimating Office (SAEO). Now the program supports two risk management levels, Enterprise 

Risk Management and Project Risk Management, which also consider program risks. The risk 

management process is considered very important and is directed by a policy executive order. In 

addition, the process is referenced in the WSDOT design manual in the chapter on project risk 

management and value engineering. Each project is required to have some level of risk 

management. Risk management staff provide direct project support and charge their time to the 

project. Risk assessment options are based on the size and complexity of the project. 

1. Who participates in the risk management process, and what are the duties of each 

participant? 

Risk management is directed by the project managers and project team and involves 

technical units from the department as well as external objective participation from people not 

associated with the project, which is a practice that is key to obtaining objective insights. The 
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WSDOT is divided into six regions from which it can draw on internal subject matter experts for 

small and medium-sized projects. For larger projects, the WSDOT typically brings in outside 

subject matter experts from the consulting community and sometimes semi-retired contractors who 

understand the construction process and will not be bidding on the project.  

The Project Risk Management Guide provides details related to the duties of the 

participants, as mentioned earlier in this thesis. 

2. In which phase of the project is risk management planning initiated? 

The risk management process usually starts during the design phase in which 20% to 30% 

design completion is considered the ‘sweet spot’ for initiating the first risk assessment workshop. 

Nevertheless, several examples fall outside this range. For instance, for mega projects, managers 

may request that the process be initiated earlier, such as during the planning phase. Additional risk 

workshops also may be held when the design is 60% to 90% complete. The WSDOT’s goal is to 

provide a strong framework that provides consistency but at the same time scalability and 

adaptability such that each branch manager can tailor the process based on each project’s needs. 

Independent of the project phase in which risk management is initiated, managers are 

required to provide basic information about the project in terms of its scope, cost, and schedule. 

Risk analysis can be performed only if a base project (the reference frame) is available for 

comparison. Therefore, the scope of work needs to be completed prior to the risk assessment. 

However, estimates in the early stages can use parametric estimates for cost and schedule and may 

result in greater base variability due to the wider cone of uncertainty. 

3. Do risk management activities (e.g., workshops, meetings, risk register updates) continue 

during the construction phase? 
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Continuing with risk management activities during the construction phase would be 

beneficial for the project. However, the risk management office does not generally become 

involved during this phase, except as noted for mega design-build projects. 

For design-bid-build projects, contractors perform some level of risk management because 

it is in their best interest to do so. For design-build projects, as part of the contractor’s request for 

proposal and request for qualification responses, the WSDOT requires the contractor to develop a 

risk management plan as part of the contractor’s project management plan. Nevertheless, the 

WSDOT still performs its own risk assessment. Once a design-build contractor is selected, the 

contractor has access to all of the pre-construction documents (including the risk report).  

For mega projects, through meetings with the project team and managers, the Project Risk 

Management office works with the contractors who usually have their own project risk 

management staff. Risks are identified in these meetings based on three categories: owner risks, 

contractor risks, and shared risks. Usually, WSDOT risk management personnel spend time 

working with the contractor’s risk management staff on the relevant shared risks. 

4. How are risks monitored throughout the project phases? Who is/are accountable? 

Risks are monitored primarily by the WSDOT during the design phase to the start of the 

construction phase. For design-bid-build projects and during the construction phase, it is in the 

contractor’s own best interest to monitor risks. For design-build projects, the WSDOT allocates 

resources to monitor risks owned by the WSDOT or shared with the contractor. Risk monitoring 

is performed through workshops where response actions are reviewed, and probability and impacts 

are adjusted. Such workshops typically are scheduled after the value engineering review, as the 

value engineering process provides project improvements that may change the status of risks.  
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Two risk mitigation strategies were identified by the respondent. The first pertains to 

difficult property acquisitions whose risk can be mitigated by reducing the amount of ‘take’ from 

the property owners or avoided altogether through geometric adjustments to the design. The 

second strategy relates to unresolved issues prior to bidding that can be addressed by parsing a 

contract into multiple contracts, thereby allowing some of the less problematic work to proceed. 

5. How did the WSDOT determine the following cost threshold for risk assessment levels? 

Initially, the WSDOT risk management program was geared toward mega projects 

(>$100M) representing ~10% of all projects. Due to the observed benefits of the program for these 

larger projects, the WSDOT decided to implement a scaled-down version for smaller projects. The 

first threshold is $25M, which is the FHWA’s requirement for performing a value engineering 

study at that time (2002). In 2007, the WSDOT developed its own user tool for risk assessment 

and set the requirements for quantitative analysis for projects between $10M and $25M. 

Qualitative analysis was specified for projects under $10M; this threshold was set based on the 

average cost of WSDOT paving projects (small and common projects), which was around $5M. 

Project managers can increase the level of risk assessment on their projects. Current thresholds are 

as follows: 

• Less than $10M: Less formal qualitative analysis that involves fewer subject matter 

experts. One person might be the project manager and another an assistant who is 

considered the subject matter experts for small projects. After a one- to two-hour 

discussion, a qualitative risk list is developed. Small paving projects in the $8M to 12M 

range are typical projects found in this category. 
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• $10M to $25M: Less formal quantitative analysis. A project manager and team can 

perform this type of analysis on their own using the appropriate modeling tool(s), without 

the need for a formal workshop.  

• $25M to $100M: Formal quantitative analysis and a formal workshop. 

• More than $100M: Highest level of formal analysis, also known as the Cost Estimate 

Validation Process (CEVP). 

The following narrative is an example of scalability where the project manager decided to 

perform a detailed risk assessment. 

The small project ($8M - $12M) involved a railroad crossing in Yakima, Washington. 

Technically, the project manager could have performed a simple qualitative risk assessment within 

a few hours. Instead, the project manager decided to conduct a formal risk workshop scheduled to 

last one day and to serve as a forum to engage with the Yakima Indian tribe to help build trust and 

establish a good working relationship with them. Moreover, the Union Pacific Railroad joined the 

process, which also improved the relationships among the various parties. Given the diversity of 

the project stakeholders, this formal risk assessment process worked out well for the project. 

6. How do you decide what constitutes a “significant risk”? 

Not every challenge is considered a risk; as such, workshop participants need to focus on 

significant risks and not become bogged down with trivial matters. Early in the risk workshop, the 

threshold for considering a risk needs to be established by the project team and other participants. 

For example, would a $1M risk matter much for a $100M project? What delay duration should 

matter for a 30-month project? All the risks included in the risk register should be cost- or time-

related. Also, cases may arise where the risk may be relevant to certain stakeholders, such as the 

community and DOT leadership, but would not impact project delivery from a practical standpoint. 
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Risks that may not be relevant during the early stages should still be recorded in a ‘lookout list’ 

(similar to CALTRANS’ Issue Log). These risks would not be included initially in the risk 

assessment model but should be tracked and added to the risk register at a later time, if warranted. 

Project’s base estimates typically include a 3% to 5% change order contingency to cover general 

risks. Additional contingency may be required depending on the results of the risk assessment. 

7. When you initially identify risks, do you also establish their probabilities of occurrence 

and impacts at the same time? 

Risk probabilities and impacts can be determined at the time of identification, depending 

on the experience level of the workshop participants. They also can be assessed later if more 

specialized, cross-functional subject matter expertise is necessary. Independent of the timing of 

the identification and assessment, personnel within the department should use a Risk Breakdown 

Structure to remind personnel about risks that could be foreseen for their project. WSDOT project 

managers have six years of risk register data to reference when identifying and quantifying risks. 

8. When quantitative analysis is performed, how are probabilities assigned to risks? 

The WSDOT considers cost and schedule risk impacts to be more important than 

probabilities because determining the impact of a risk is easier and less ambiguous compared to 

probabilities that involve engineering judgment, discernment, and to some extent guesswork. In 

the WSDOT Risk Management Guide, Exhibit 3-1, the terms ‘discernment’, ‘guess’, and 

‘judgment’ are defined so that participants can better understand the intended risk assessment goal 

and not confuse it with guesswork. 

If, during the assessment, no one can provide a probability for a particular risk, a 50/50 

chance is assigned to the risk. The workshop lead then asks if this chance is greater or less than 

50/50. Participants begin their deliberations from this midpoint, thus helping to break the ice and 
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keep a meaningful dialogue going. When the risk likelihood is greater than 90%, participants 

suggest including it in the project estimate base. 

9. What range of risk reserve have you typically seen on projects? Are risk reserve 

requirements different for FHWA projects? 

Risk reserve typically is around 3% to 5% of the contract award. The WSDOT calculates 

risk reserve by taking the difference between the 60th and 40th percentile of the cumulative project 

cost distribution. 

10. What software do you use to perform quantitative risk analysis? 

No software is specifically required, but usually less formal assessments involve the 

WSDOT’s in-house software that use Excel macros to perform Monte Carlo simulations that 

consider up to 24 discrete risks. Crystal Ball, @Risk, and Pertmaster have been used for more 

formalized risk assessments. Independent of the software selected, reliable results are best obtained 

when the risk data are reasonable, and a competent person is running the software. 

11. How frequently are risks updated in your risk tools? 

Risk updates depend on the project size and complexity, but most projects have at least one 

risk assessment performed when the design is 20% to 30% complete. A post project assessment is 

usually (but not always) performed to validate the initial risk register assumptions. Major scope 

changes during the design phase (such as adding a $40M interchange to the project) also can trigger 

an additional risk assessment. Mega projects may have multiple risk workshops in a single year as 

one workshop may focus on the entire program (program-wide) and others may focus on sub-

projects. 

12. What are the major challenges when implementing risk management within an 

organization? 
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A major challenge is related to addressing pushback from project managers who are 

concerned about the cost and time of the risk process. A suggestion is to remind project managers 

that being proactive and spending the necessary time and effort planning for potential risks will 

allow them to be more prepared and better able to address risks that actually trigger. At the end of 

the project, they will most likely have spent less time and money dealing with issues. Strong 

leadership from the organization is important to reinforce this message to project managers. 

Another suggestion is to pilot a new risk management program with progressive managers who 

are open to trying new ideas. 

13. How is Risk Management and Value Engineering risk integrated? Are they considered 

together? 

Both processes do not need to be considered in the same workshop, but they do need to be 

coordinated. Conducting the risk assessment first followed by the value engineering study within 

a week to one month is advised. The risk report can inform the value engineering process, allowing 

participants to devise solutions or mitigation strategies for at least some of the potential risks. In 

fact, inviting subject matter experts who participated in the risk workshop to the value engineering 

workshop is good practice. To ensure the proper sequence of these workshops, including 

workshops in the project schedule is imperative. 

14. What level of engagement do consultants/contractors have during risk management 

implementation? 

The WSDOT has the in-house expertise to conduct workshops but it also involves external 

experts to provide valuable insights to the process for certain projects. When the project requires 

a CVEP (projects over $100M), consultants are selected to lead the workshops because they can 
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provide a more robust, objective, and transparent process, especially when other stakeholders, such 

as the community and taxpayers, are involved. 

15. Does your organization provide consultants and contractors with training on the use of 

tools for risk management? 

In the early days, training was more for in-house personnel. Currently, the department has 

a strong risk management culture and knowledge of the process that are shared with both in-house 

employees and external persons. The WSDOT offers mini-training seminars as well as an 

assortment of on-line training resources such as the Risk Management Module and the Project 

Risk Assessment Model (PRAM). 

16. Do you keep a formalized record of the risks that arise in projects so that they can be used 

as lessons learned for future projects? 

This area is a continuing challenge for the department. The best resources for risk 

identification are the Risk Breakdown Structure and past project risk registers that identify risks 

with the highest frequency and impact. Based on experience, lessons learned programs do not 

always have the intended results because people do not spend time searching the database for risks 

and, thus, lessons end up as ‘electronic dust.’ The WSDOT has had a better experience with annual 

gatherings where project managers meet and share their lessons learned stories.  

The respondent also commented that the Georgia DOT may be exploring the use of 

artificial intelligence to automatically identify relevant risks from a lesson learned database. 

17. What benefits have been observed for projects where risk management has been properly 

implemented? 

Risk management provides a variety of benefits to the project delivery process. Although 

quantification of the program’s benefits may be difficult to assess, the WSDOT found a 2% 
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reduction in change orders for projects under $100M that had implemented a risk management 

program compared to ones that had not. Also, qualitative benefits were cited, such as improved 

quality, reduced claims, and team building through workshops that provide the ability to have 

cross-functional discussions. Additionally, some of the benefits of risk management may not be 

noticeable because certain negative situations never emerged at all as a result of having the risk 

management program. 

18. Describe CREM (Cost Risk Estimating Management), its background, objectives, and 

participants. 

CREM is a community of risk management practitioners led by Mark Gabel (WSDOT), 

Michael Smith (FHWA) and Zach Davis (Oregon DOT) to promote learning in the area of cost 

and schedule risk management. CREM has around 60 members, including approximately twenty 

state DOTs, five universities, and two Canadian provinces. Meetings are scheduled every second 

Tuesday of even months. Members often meet in small groups to discuss specific topics, such as 

technical modeling and risk management policies. 
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4. CONSIDERATIONS FOR THE NCDOT’s RISK MANAGEMENT PROGRAM 

4.1 Advice from CALTRANS and WSDOT 

Interviews with CALTRANS and WSDOT personnel addressed a wide range of 

information about their risk management practices and their experience while implementing the 

program in their projects. The following strategies inspired by the experiences of these two 

departments should be considered by the NCDOT for the enhancement of their risk management 

program. 

• Organization support: implementation of any best practices involves changes in an 

organization. Advertisement and support by upper management are vital for keeping alive 

new processes.  Moreover, piloting the risk management process using project managers 

characterized by their willingness to adopt new ideas, can help to overcome initial 

challenges smoothly.  

• Flexibility and scalability: the risk assessment needs to be tailored to the projects based 

on cost, complexity, and expert judgment. The different levels should address the 

objectives intended, documentation required, and suggested tools. For example, if the 

objective is only identifying risks, a risk list may be sufficient. If risks are intended to be 

considered for project estimates, a complete quantitative analysis should be required.  

• Risk identification tools: As observed in the literature review, most of the DOTs have 

developed tailored tools to identify and assess risks. Risks list, risk breakdown structures 

(RBS), and risk registers (from previous projects) are useful instruments to help project 

teams identify potential risks. A risk list could be developed initially from claim analysis, 

and the RBS aligned with the NCDOT project delivery network. Moreover, to facilitate 

access to risk registers, the CLEAR program can serve as a repository.  
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• Risk management within the project lifecycle: include the risk management activities 

within the project delivery process to formalize the program. This can be done by 

addressing the activities on the project schedule as WSDOT does, considering that 

activities should be based on the availability of information. For instance, the design phase 

could be appropriate to initiate risk assessment because the information’s quality at this 

phase can mitigate ambiguity when assessing risks. Moreover, giving relevance to risk 

management documentation, stablishing checkpoints through the project life-cycle, as 

CALTRANS does in their risk certification process, can also help to formalize the 

program. 

• Continuing education: as showed in the previous sections, risk management is a process 

that has been around for no less than 15 years. DOTs can learn a lot from each other; thus, 

participating in the CREM would be a good initiative to start bringing knowledge on this 

topic to the department.  

4.2 The Project Maturity Scorecard: An Idea to Improve Risk Identification 

To facilitate the risk identification process at the NCDOT, a project definition rating tool, 

the Project Maturity Scorecard, is recommended to assess a project’s maturity level at each stage 

gate during front-end planning. The Project Maturity Scorecard is a simplified version of the 

Construction Industry Institute’s Project Definition Rating Index that can be used as a checklist to 

identify gap areas prior to project execution. Scores are determined by project team members and 

key stakeholders for each element at the conclusion of each stage in the NCDOT’s Project Delivery 

Network: Notice to Proceed (Stage 1); Plan Review & Environmental Document (Stage 2); Design 

Complete & All Permit Applications Submitted (Stage 3); and Plans, Specifications & Estimates 

(Stage 4). Higher ratings signify better project definition and thus fewer gaps, resulting in less 
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potential risk. Depending on the project’s size and complexity, the number of gated reviews may 

vary; for example, more reviews may be required for larger, more complex projects and fewer 

reviews for smaller projects.  

Figure 4-1andFigure 4-2 present a preliminary concept for the Project Maturity Scorecard 

rating approach for the NCDOT (See APPENDIX J for the complete list). Note that elements such 

as ‘Provide Photogrammetric Control & Initiate Survey’ and ‘Complete Traffic Forecast’ during 

Project Initiation (Stage 1), shown in Figure 4-1, are rated 0 and 5, respectively, where 0 means 

no work has been performed thus far (implying minimal definition) and 5 implies complete 

understanding or complete definition for this particular element. The Project Maturity Score is a 

percentage value calculated by summing the individual element ratings and dividing by the total 

possible points. For example, the Project Maturity Score for Project Initiation, shown in Figure 

4-1, is 86%: 120/140, where the Individual Element total is 120, and the total possible points are 

140 [28 questions x 5 (maximum response)]. A comment section is provided to explain a low score 

and suggest ways to increase it to a higher definition level. This approach can lead to discussions 

that pertain to potential project risks that need to be addressed. For example, note that ‘Develop 

Utility Relocation Estimate’ received a score of 1 out of 5 (See Figure 4-1). Upon further 

discussion with the project team, the research team discovered that the estimate was missing 

critical information, prompting action to gather more data and update the estimate.  
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Figure 4-1. Project Maturity Scorecard -Project Initiation-Stage 1 (Partial List) 

 

Figure 4-2. Project Maturity Scorecard -Alignment Defined -Stage 2 (Partial List) 

PROJECT INITIATION (STAGE 1)
MATURITY 

SCORE
COMMENTS

   Complete Traffic Forecast 5

   Complete Traffic Analysis 5

   Initiate Structure Investigation 5

   Complete Express Design 5

   Develop STIP 5

   Initiate Human Resource Analysis 4

   Review Merger Process 5

   Initiate Public Involvement 5

   Initiate Environmental Analysis 5

   Schedule Value Engineering Study 5

   Initiate Safety Planning Assessment 4

   Provide Photogrammetric Control & Initiate Survey 0 Not performed at this time

   Obtain Geospatial Data 2 Based on 10 year old data that needs to be updated

   Compile Aerial Photography & Mapping 5

   Develop Utility Relocation Estimate 1 Estimate based on incomplete information

   Initiate Utility Investigations 2 Not all utilities have been identified

   Project Setup 5

   Obtain Professional Engineering Firm (PEF) 5

   Schedule Project Initiation Meeting 5

NOTICE TO PROCEED SCORE 86%

PROJECT MATURITY SCORECARD FOR PROJECT XYZ

Conduct Candidate Project  Analysis

Complete Project Prioritization

Complete Project Scoping Report

ALIGNMENT DEFINED (STAGE 2)
MATURITY 

SCORE
COMMENTS

   Advance Natural Environmental Tasks 4

   Advance Human Environmental Tasks 5

   Advance Highway Division Tasks 3

   Continue Public involvement 2 Minimal Public Involvement

   NEPA Outreach Assistance 4

  Initiate TMP 5

   Initiate Signal Timing 2 Additional scoping required

   Initiate Railroad Review 5

   Initiate Utility Coordination 5

   Prepare GeoEnvironmental Phase I Report 5

   Conduct Subsurface Investigation & Provide Roadway 

   Recommendations

   Complete Pavement & Subgrade Investigations & PDI 

   Reports

   Review and Finalize Environmental Document 2 Preliminary review completed

   Complete Estimate 5

   Prepare Field for Inspection 5

PLAN REVIEW & ENVIRONMENAL DOCUMENT SCORE 85%

4

5
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The Project Maturity Scorecard can be used to track the history of a project through the 

planning phase and to keep track of areas of strength and weakness as they relate to the maturity 

of the project. This tool will make it easier for the project team to identify and potentially quantify 

risks. It can also serve as a benchmarking tool by comparing scores at each stage gate to the number 

and amounts of claims and supplemental agreements at project close-out. 

In order to implement this Project Maturity Scorecard concept, more definition will be 

needed for each element. For example, for ‘Initiate Environmental Analysis’ (Figure 4-1), how is 

a 5 rating, which signifies that a job has been done well, determined as opposed to a lower score? 

These details can be ironed out by working with subject matter experts in each of the respective 

units or divisions.  
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5. SUMMARY 

Risk management processes are being implemented across several US. DOTs. Practices 

vary among them, but most departments’ programs capture the framework proposed in the 

PMBOK Guide, which includes six inter-related processes: (1) planning risk management, (2) 

identification, (3)qualitative analysis, (4) qualitative analysis, (5) risk response, and (6) risk 

monitoring and control.  

Robust risk management programs are characterized by having practices and 

documentation included in the project management plan and as part of the project’s deliverables. 

Risk management is an ongoing process throughout the project’s lifecycle, with emphasis in the 

project development phases as indicated by the interviewees from CALTRANS, WSDOT, and the 

NCDOT, and the review of other departments’ programs. A common practice is to combine the 

risk management process with cost estimating and scheduling.  

Risk management can be implemented using different approaches such as considering it as 

a component of the project management framework, without emphasizing a specific context such 

as cost estimation. A second approach, observed from WSDOT and NDOT, with more emphasis 

on risk-based cost estimation, and a third approach, where the primary purpose of risk management 

is on risk-based cost estimating during the project development phase, as described by TxDOT.  

For most of the DOTs reviewed, the level of risk analysis depends primarily on project size 

and complexity, where a quantitative analysis is commonly performed on larger or more complex 

projects. Flexibility for choosing the level of assessment on a specific project has been recognized 

as a critical factor for the success. Therefore, it is possible to implement a higher level of 

assessment on projects of  small size in terms of cost. 
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The level of risk analysis usually dictates the activities, tools, and deliverables related to 

risk management. To comply with these requirements and as a support for the management team, 

DOTs have developed a series of informational resources that describe methodologies, procedures, 

and tools needed for the implementation of an efficient and standardized risk management process. 

The risk register is the primary document that summarizes the risk management process, and even 

though each department has a tailored version, all of them present similar structures that capture 

risk statement, probability of occurrence, impact, mitigation strategies, and risk status. 

Risk management is implemented using a more informal approach on NCDOT’s projects. 

The steps, including risk identification, assessment, and response planning, vary depending on the 

division, unit, and project phase. Risk identification takes place early in the project development 

phase, which for the NCDOT, includes feasibility studies and scoping. The identification process 

is performed using ATLAS (NCDOT GIS application), traffic screening, and meetings with 

project teams and technical units that rely on the wealth of knowledge that each person can bring, 

particularly senior-level staff. 

Risk analysis at the NCDOT, when performed, primarily focuses on cost and schedule 

impacts rather than including probabilities of occurrence. The approach is deterministic and 

usually addresses the individual impact of a risk rather than the overall risk impact on the project. 

Risk documentation was another aspect that widely varies among the units. Some respondents 

indicated a lack of formalized documentation, while others cited specific documents where risk 

information is recorded, such as pre-screening worksheets, task orders, and project status reports. 

Despite the current documentation process, details are lacking regarding how the information is 

shared throughout the project phases with the different stakeholders. 
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Interviews with personnel from CALTRANS and WSDOT showed the importance of risk 

management within these organizations and the benefits of having a formalized process. Moreover, 

interviewees provided considerations that a risk management program should have including: 

• The program should be flexible with the risk assessment level.  

• Provide support from upper management to implement the program. 

• Gain insights from past risk registers, change orders and claims. 

• Ask for cost and /or schedule impacts when recording a risk in the risk register. 

• Develop a Risk Breakdown Structure as a tool for risk identification. 

This study proposed the use of the Project Maturity Scorecard as a tool for the identification 

of potential risks in the early stages. The tool helps assess the definition level at each stage gate of 

the NCDOT delivery project, and thus identify significant gaps that require further definition, and 

that can evolve as potential risks. 
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6. CONCLUSIONS 

This study discusses risk management practices within several DOTs, including the 

NCDOT.  The level of documentation developed by the departments demonstrates the importance 

of this program within the organization.  Reviewed documentation about risk management from 

departments with formal programs indicated that properly implementing risk management can help 

overcome the various challenges associated with a project by addressing uncertainties in advance 

to mitigate adverse impacts on the project’s objectives or enhance positive effects. 

The framework used by most of the departments reflects the comprehensiveness of the risk 

management process and how each of the steps, such as planning, identification, assessment, 

response, monitoring, and control, can be aligned with the phases of the project’s life cycle.  

Practices within the NCDOT indicate that risk management is implemented in their 

projects but less formally, thus not experiencing all benefits of this practice, such as the 

communication and consideration of potential risks through different project phases, especially for 

project estimates. The department recognizes the importance of risk management for meeting 

project objectives. Units such as the Value Management Office and Project Management Unit have 

made efforts to perform various risk assessment levels. The findings of this research are of value 

for the NCDOT to enhance its risk management program. Experiences from other departments on 

the implementation of the program are valuable guidelines to overcome the natural challenges that 

rise any change within an organization.  
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7. RECOMMENDATIONS 

For future studies there are several recommendations that should be considered, some of 

them based on limitations of this study. It is recommended to reach out to other DOTs such as 

TxDOT, NDOT and FDOT and interview the risk management champions of those departments. 

It was clear the insights gained from the interviews not only related to the process but also about 

the experiences at the beginning of the implementation. Moreover, if possible, participate in a risk 

management workshop to better understand the process especially the identification and 

assessment of risks.  

Among all NCDOT’s personnel that participated in the interviews most of the project 

phases were covered. Nevertheless, it was not possible to contact estimators.  Given the approach 

that some DOTs have for risk management, it would be beneficial to understand how contingencies 

are estimated and look for ways to interrelate risk management with contingency estimates.  

Moreover, a root-cause analysis of claims could provide a range of impacts based on the 

type of risks and thus develop a risk list like NYSDOT, that can be used for risk identification and 

assessment. 
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APPENDIX A. Survey of Current State-of-Practice for NCDOT Risk Assessment Program 

Introduction: 

The NCDOT’s Value Management Office is interested in better understanding the current risk 

management practices within the NCDOT at the project level. Knowledge from this research will 

provide useful ideas and concepts that can readily be adopted by the NCDOT as it considers 

expanding its risk management program. The purpose of this survey is to obtain internal and 

external perspectives about ways risk is handled during the planning, design, and construction 

phases. This effort is part of a collaborative research project of the NCDOT and North Carolina 

State University (NCSU). 

Instructions: 

This survey includes two sections that will help the NCSU research team learn about your 

background (Section A) and how you handle project risks (Section B). The survey is estimated to 

take approximately one hour and to be completed in person using a teleconference call format. If 

you have any questions, please contact Dr. Edward Jaselskis (ejjasels@ncsu.edu) or Juan Leca 

Perez (jdlecape@ncsu.edu). 

Confidentiality statement: 

This research strictly follows NCSU’s policy for data confidentiality. All data provided to NCSU 

in support of research activities by participating individuals are to be considered confidential 

information. The data provided by participating individuals will not be communicated in any form 

to any party other than NCSU authorized academic researchers and designated NCSU staff 

members. 

Consent: 

Your participation in this study is voluntary. You have the right to be a part of this study, to 

choose not to participate, or to stop participating at any time. You can skip any question if you so 

choose. Minimal risks are associated with participation in this research. The results of the survey 

will be kept confidential. Your participation will provide valuable information as the survey 

results will serve as informed guidance to improve the NCDOT's current risk management 

program. By signing on the ‘I Agree’ line below, you consent that you are willing to answer the 

questions in this survey. 

 

I Agree ___________________________________________________________________ 

 

To facilitate data processing, the interview will be recorded with your consent. By signing on the 

‘I Agree’ line below, you consent that you are willing to be audio recorded during the interview.  

 

I Agree ___________________________________________________________________ 

  

about:blank
about:blank
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Section A.Respondent Background (All Survey Respondents) 

A.1. What is your unit working title? Describe your responsibilities. 

A.2. How many years have you worked for the NCDOT, in what role(s), and for how long? 

A.3. As part of your work with the NCDOT, please indicate the project phases in which you 

have been involved. 

A.4. How many years have you worked outside the NCDOT and in what role(s) and for how 

long? 

Section B.Current Risk Management Practices (NCDOT personnel) 

Risk Definition 

B.1. How do you define risk? 

Note to interviewer:  If the respondent's definition of risk does not include the opportunity side of 

risk, read aloud the NCDOT’s risk definition and ask respondents to consider examples of 

opportunities in their responses as well. 

B.2. What phase of a project do you begin identifying risk and how do you accomplish this 

task (e.g., do you use risk lists, workshops, or a risk breakdown structure)? 

B.3. Who participates in the risk management process and what are the duties of each 

participant?   

B.4. Do you allocate resources specifically for the implementation of risk management? If so, 

please describe the resources. 

B.5. Are risks formally documented and communicated to other parties involved in the 

project? 

B.6. Do risk management requirements change based on project type, size, and delivery 

method? If so, please explain. 

B.7. What threshold level (if any) should trigger or initiate a risk assessment in a new 

project? Should multiple thresholds be used to initiate a risk assessment or should every 

project require a risk assessment regardless of cost, schedule, quality, and other concerns, as 

follows: 

i. Cost (e.g., $1M, $10M, $50M, $100M…) 

ii. Schedule (e.g., overall length of project, total amount/length of extensions requested, 

absolute time extension, or perhaps a percentage of the initial schedule) 

iii. Complexity (e.g., new design, process, or technique not normally used) 

B.8. How do you analyze risks? Do you assign levels of importance to each risk (qualitatively, 

quantitatively, or both)? When quantitative analysis is used, how are probabilities assigned 

to risks? The definitions and examples of qualitative and quantitative analyses are as 

follows:  

• Qualitative assessment: An assessment of risk that relates to the qualities and subjective 

elements of the risk, i.e., those that cannot be quantified. Qualitative techniques include 
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definition of the risk, risk details and relationships, and the categorization and 

prioritization of risks relative to each other. 

 

Source: Project Risk Analysis and Management Guide, 2004, APM Publishing 

• Quantitative assessment: The process of numerically analyzing the effects of identified 

risks on overall project objectives. This assessment includes probability of occurrence and 

cost ($) and schedule (months) impacts. 

 

Source: Project Management Body of Knowledge (PMBOK) 2013, PMI Publishing 

B.9. The table below includes probability levels (very low to very high) that are used to 

prioritize risks. Based on the given qualitative scale for levels of occurrence, please provide 

a percentage range from 1% to 100% for the probability of occurrence that would translate 

for each level of the scale. Note that one respondent may suggest that a very low probability 

of occurrence would translate to a probability range of 1% to 5%, but another person may 

suggest 1% to 20 percent. 

Chance of Occurrence  Probability Range 

Very low (seldom)  

Low (unlikely)  

Medium/Moderate (possible)  

High (highly likely)  

Very high (near certainty)  

Also, do you have experience using other probability levels for risk analysis? If so, please explain. 
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B.10. Please assign a percentage/absolute value based on your experience to each of the 

following risk impact levels for Cost, Schedule, Scope & Commitments, and Quality (note 

that cost and schedule are the most important here). For references to fill out the table, see 

example table below 

Impact Level 

Impact on Project Objectives 

Cost Schedule 

Scope & 

Commitments 
Quality % of 

PTC 

(Range) 

Absolute 

values 
% PTD 

(Range) 

Absolute 

Values 

Very Low     

Negligible 

modifications to 

project scope 

No effect on 

project quality 

or stakeholder 

satisfaction 

Low       

Medium/Moderate       

High       

Very High       

Note: PTC is project total cost (%) and PTD is project total duration (%). 

Example Table  

 

B.11. What metrics (measurements) are used to track your project performance? 

B.12. How are risks considered in the development of project cost estimates and schedules 

(e.g., through contingency and contract clauses)?  

B.13. How do you identify risk mitigation strategies?  

B.14. Is risk status monitored throughout a project? Are risks discussed in meetings, e.g., does 

the risk identification activity continue during the construction phase? 

B.15. What benefits have been observed in projects where risk management has been 

implemented properly? 

B.16. Do you keep a formalized record of the risks that arise in projects so that they can be 

used as lessons learned for future projects? If so, how do you share the lessons or make sure 

they are incorporated in future projects?  
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Consultant and Contractor Risk Input 

B.17. What level of engagement do consultants/contractors have during risk management 

implementation (e.g., helping to identify risks, developing risk mitigation strategies, 

monitoring risks, etc.)? 

B.18. Does your organization provide risk management training to consultants and 

contractors? 

Value Management Office's Role in Risk Management?  

B.19. How do you see the Value Management Office’s role in promoting risk management? 

 

Thank you for completing this survey. 
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APPENDIX B. Survey of Current State-of-Practice in Other DOTs’ Risk Assessment 

Programs 

Introduction: 

The NCDOT’s Value Management Office is interested in better understanding the current risk 

management practices within the NCDOT at the project level. Knowledge from this research will 

provide useful ideas and concepts that can readily be adopted by the NCDOT as it considers 

expanding its risk management program. The purpose of this survey is to obtain internal and 

external perspectives about ways risk is handled during the planning, design, and construction 

phases. This effort is part of a collaborative research project of the NCDOT and North Carolina 

State University (NCSU). 

Instructions: 

This survey includes two sections that will help the NCSU research team learn about your 

background (Section A) and how you handle project risks (Section B). The survey is estimated to 

take approximately one hour and to be completed in person using a teleconference call format. If 

you have any questions, please contact Dr. Edward Jaselskis (ejjasels@ncsu.edu) or Juan Leca 

Perez (jdlecape@ncsu.edu). 

Confidentiality statement: 

This research strictly follows NCSU’s policy for data confidentiality. All data provided to NCSU 

in support of research activities by participating individuals are to be considered confidential 

information. The data provided by participating individuals will not be communicated in any form 

to any party other than NCSU authorized academic researchers and designated NCSU staff 

members. 

Consent: 

Your participation in this study is voluntary. You have the right to be a part of this study, to 

choose not to participate, or to stop participating at any time. You can skip any question if you so 

choose. Minimal risks are associated with participation in this research. The results of the survey 

will be kept confidential. Your participation will provide valuable information as the survey 

results will serve as informed guidance to improve the NCDOT's current risk management 

program. By signing on the ‘I Agree’ line below, you consent that you are willing to answer the 

questions in this survey. 

 

I Agree _____________________________________________________________________ 

 

To facilitate data processing, the interview will be recorded with your consent. By signing on the 

‘I Agree’ line below, you consent that you are willing to be audio recorded during the interview.  

 

I Agree ___________________________________________________________________  

about:blank
about:blank
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Section A.Respondent Background (All Survey Respondents) 

A.1. What is your unit working title? Please describe your responsibilities. 

A.2. How many years have you worked for the DOT, in what role(s), and for how long? 

A.3. As part of your work with the DOT, please indicate the project phases in which you have 

been involved.  

A.4. How many years have you worked outside the DOT and in what role(s) and for how 

long? 

Section B.Current Risk Management Practices  

B.1. How relevant is the risk management process in your DOT? 

B.2. On a scale from 1 to 5 (1 being less aligned and 5 very aligned), rate the level of 

alignment of your DOT’s risk management process compared to recommendations in the 

Project Risk Management Guide. 

B.3. What do you consider to be the major challenges when implementing risk management 

within your organization?  

B.4. Does your DOT have a specific unit or office for risk management? 

B.5. Who comprises the risk management team (e.g., management or technical units)?  

B.6. Other than budget limitations, what thresholds are considered for determining risk 

management requirements? 

B.7. Is risk management considered at the outset of the project? If so, how is this task 

accomplished? 

B.8. In which project phases do risk meetings take place? Are risk meetings combined with 

other processes such as value engineering or constructability reviews? 

B.9. Who participates in the risk management process, and what are the duties of each 

participant? 

B.10. Are contractors involved in the process? If so, in which project phase does the contractor 

become engaged? 

B.11. Project Level 3 requires quantitative analysis based on Scalable Project Risk 

Management. How are probabilities assigned to risks? Does the department utilize outside 

services to perform quantitative analysis or is it performed by in-house personnel?  

B.12. How are risks considered in the development of project cost estimates and schedules 

(e.g., through contingency and contract clauses)?  

B.13. Do risk management activities continue during the construction phase (e.g., workshops, 

meetings, risk register updates)? If so, how often do these activities take place and who leads 

them (unit or office)? 

B.14. How are risks monitored throughout the project phases? Who is responsible for this 

task?   
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B.15. Do you (or does your DOT) keep a formal record of the risks that arise in projects so that 

they can be used as lessons learned for future projects? 

B.16. What benefits have you observed in projects where risk management has been 

implemented properly? 

B.17. What is the level of engagement of consultants/contractors during risk management 

implementation?  

B.18. Does your organization provide training to consultants and contractors with regard to 

tools for risk management? 

 

Thank you for completing this survey. 
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APPENDIX C. Project Management Body of Knowledge (PMBOK) Guide - Risk 

Management Process 

The Project Management Institute (PMI) developed the Project Management Body of 

Knowledge (PMBOK) Guide in 2013 and the Guide is now recognized as a primary source that 

defines state-of-the-art practices for risk management. Project risk management is a component of 

the overall project management framework that encompasses a series of standardized processes 

that can help project teams address project risks (PMI 2013). The PMBOK Guide provides inputs, 

tools and techniques, and outputs for the risk management processes, which are the following: 

• Risk management plan 

• Risk identification 

• Qualitative analysis 

• Quantitative analysis 

• Risk response plan 

• Risk control 

Risk management planning refers to establishing which risk management activities are 

commensurate with the project and how to perform those activities (PMI 2013). This process 

should start when the project is conceived and completed early during the project planning phase. 

As an initial process, risk management requires information inputs from other components of the 

project (the project management plan, project charter, stakeholder register, etc.), which are 

analyzed through the use of tools and techniques, such as risk profile analysis, risk scoring and 

other analytical tools, expert judgment, and meetings to produce a risk management plan. This 

output is a document that serves as a base guideline for the other processes. A robust risk 

management plan should address the following items: 

• Methodology 
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• Timing 

• Probability and impact matrix 

• Roles and responsibilities 

• Risk categories 

• Definitions of risk probability and impact 

• Reporting formats 

• Revised risk tolerance of stakeholders 

• Tracking 

Risk assessment is initiated by implementing the risk identification process, which is 

intended not only to recognize uncertain events that could impact the project objectives but also to 

document their characteristics (PMI 2013). This process is accomplished by reviewing documents 

such as the project risk management plan, cost management plan, schedule management plan, 

scope baseline, etc. For documenting and analyzing information, traditional tools and techniques 

are suggested, such as brainstorming, Delphi techniques, interviewing, checklist analysis, and 

expert judgment/consulting. 

The final product of this process is a risk list, which is included in the risk register. The 

risk register is the document in which the template becomes part of the risk management plan and 

is updated based on information obtained from the other risk management processes (PMI 2013). 

A description of each risk should be included as a part of risk identification. Risks can be described 

by using the event-impact or cause-event-effect structure (PMI 2013). 

Once risks are identified, they are analyzed qualitatively so that they can be prioritized 

according to their level of relevance (e.g., low, medium, or high). Priority is given based on the 

likelihood of occurrence and the impact on the project’s objectives of each identified risk (PMI 
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2013). Data generated from this process are recorded in the risk register. The PMI suggests the 

following approaches to facilitate and support the qualitative analysis process. The first two items 

are widely implemented by the nine DOTs reviewed, as previously described in detail in this thesis 

(see Chapter 2 especially). 

• Risk probability and impact assessment 

• Probability and impact matrix 

• Risk and data quality assessment 

• Risk categorization 

• Risk urgency assessment  

• Expert judgment 

Quantitative analysis is required or not based on the prioritized risks, project size, and 

complexity. As quantitative analysis requires more effort than the simpler qualitative analysis, in 

some cases, the effort that quantitative analysis implies is not worthwhile for agencies to 

implement it (PMI 2013).  

Techniques that are proposed to gather risk information include interviewing subject matter 

experts and obtaining historical cost data in order to quantify the probability and impact of each 

risk element. The data can be represented by probability distributions that are generated by 

estimates of high, low, and most likely scenarios. Techniques suggested by the PMI for data 

analysis include event-oriented and project-oriented approaches. For example, sensitivity analysis 

is an event-oriented technique that is commonly used to identify those risks that involve greater 

potential cost, schedule, or quality impact compared to the baseline context (see Figure A.1). On 

the other hand, project-oriented approaches use expected monetary value analysis as well as 

modeling and simulation techniques. Monetary value analysis enables the calculation of an average 
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outcome when the future includes scenarios that may or may not happen (PMI 2013). The second 

project-oriented approach of modeling and simulation is discussed in different DOT guides and 

refers to a project model that is evaluated under a range of scenarios that employ Monte Carlo 

simulation, as shown in Figure A.2. 

 

Figure A.1. Example of sensitivity analysis results: Tornado diagram (PMI 2013). 

 

Figure A.2. Example of cost risk simulation results (PMI 2013). 

The analysis of risk identification allows a risk response plan to be created in case a risk 

event occurs. The risk response plan’s two main goals are to enhance the probability or impact of 
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positive risk (opportunities) and reduce the probability or impact of negative risk (threats). Each 

risk should have an assigned appropriate strategy for risk response, and decision risk analysis could 

be used to help identify the best response strategy. Risks that could emerge when a response action 

is applied must be reviewed.  

The PMBOK Guide’s strategies for risk response depend on the risk type. Threats can be 

eliminated, transferred, mitigated, or accepted. On the other hand, opportunities can be exploited, 

enhanced, shared, or accepted. The risk management team decides which response approach to 

take and documents the actions taken for each risk in the risk register. 

Risk control is the last risk management process. It involves tracking changes or possible 

changes to identified risks, initial project assumptions, and estimates. This process also serves to 

verify if the risk management policies and procedures are being followed correctly. The control 

process can be achieved by performing risk reassessments, risk audits, or risk analysis of the 

project’s variance and trends. 
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APPENDIX D. RISK BREAKDOWN STRUCTURE (WSDOT 2018) 
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APPENDIX E.  RISK MANAGEMENT PLAN SPREADSHEET, COMPLETED (WSDOT 2018) 

 

Continue in the next page 
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APPENDIX F. COMMUNICATION AND ACCOUNTABILITY CHECKPOINTS 

(CALTRANS 2012) 
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APPENDIX G. UTILITY RISK ASSESSMENT PLAN TEMPLATE (NJDOT 2017) 
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APPENDIX H. RISK ALLOCATION/SHARING (NDOT 2012) 
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APPENDIX I. POTENTIAL RISKS LIST (NYSDOT 2009) 
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APPENDIX J. Project Maturity Scorecard 

 

PROJECT INITIATION (STAGE 1)
MATURITY 

SCORE
COMMENTS

   Complete Traffic Forecast

   Complete Traffic Analysis

   Initiate Structure Investigation

   Initiate Roadway Coordination

   Review for Complete Streets

   Prepare Conceptual ROW Cost Estimates

   Prepare Conceptual Construction Estimate

   Complete Express Design

   Develop STIP

   Initiate Human Resource Analysis

   Review Merger Process

   Initiate Public Involvement

   Initiate Traffic System Operation Scoping 

   Determine Affected Coordinated Corridors 

   Review Project Scoping 

   Initiate Environmental Analysis

   Complete Geotechnical & Geo Environmental Screening

   Schedule Value Engineering Study

   Initiate Safety Planning Assessment

   Provide Photogrammetric Control & Initiate Survey

   Obtain Geospatial Data

   Compile Aerial Photography & Mapping

   Develop Utility Relocation Estimate

   Initiate Utility Investigations

   Project Setup

   Obtain Professional Engineering Firm (PEF)

   Schedule Project Initiation Meeting

NOTICE TO PROCEED SCORE

Conduct Candidate Project  Analysis

Complete Project Prioritization

Complete Project Scoping Report
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ALIGNMENT DEFINED (STAGE 2)
MATURITY 

SCORE
COMMENTS

   Advance Natural Environmental Tasks

   Advance Human Environmental Tasks

   Advance Highway Division Tasks

   Continue Public involvement

   NEPA Outreach Assistance

  Initiate TMP

   Initiate Signal Timing

   Initiate Railroad Review

   Initiate Utility Coordination

   Initiate Signal & ITS Design

   Complete Safety Analysis & Operational Review

   Initiate Signing & Delineation Design

   Develop Preliminary Hydraulics Recommendations

   Initiate Drainage Design for Field Inspections

   Initiate Roadway Design

   Verify Complete Streets

   Initiate Erosion Control Plans

   Complete Final Survey

   Initiate Structure Design

   Distribute Preliminary General Drawings

   Complete Pavement Design

   Complete Value Management

   Conduct Risk Management

   Prepare GeoEnvironmental Phase I Report

Conduct Subsurface Investigation & Provide Roadway 

Recommendations

Complete pavement & Subgrade Investigations & PDI 

Reports

Review and Finalize Environmental Document

Complete Estimate

Prepare Field for Inspection

PLAN REVIEW & ENVIRONMENAL DOCUMENT SCORE



 

128 

 

 

 

PLAN-IN-HAND (STAGE 3)
MATURITY 

SCORE
COMMENTS

   Complete Additional Survey, Sue Level A, and ROW

   Acquisition Surveys

Complete TMP 

Signal Timing Model Analysis

Advance TMP (if SP)

Complete ROW Authorization Package

Advance Utility Coordination

Verify Pavement Design 

Complete Structures Design

Prepare GeoEnvironmental Phase II Report

Conduct Subsurface Investigations & Provide Structures 

Recommendations

Complete Signal & ITS Design

Complete Roadway Design

Complete Signing & Delineation Design

Complete Hydraulics Design

Complete Railroad Design & Agreements

Complete Erosion Control Plans

Complete Permit and Commitments

Complete Value Management

Conduct Risk Management

Complete Estimates

PLAN REVIEW & ENVIRONMENAL DOCUMENT SCORE

PLANS, SPECIFICATIONS, & ESTIMATES (PS&E) (STAGE 4)
MATURITY 

SCORE
COMMENTS

Complete ROW Acquisitions & Relocations

Prepare GeoEnvironmental Phase III Reports

Structure Design

Complete ROW Acquisition Surveys

Compete Any Open Hydraulics Tasks

Complete Utility Coordination

Complete Utility Relocation by Owner

Complete TMP (if SP)

Signal Timing Implementation

Determine Final Noise Abatement

Secure Environmental Permits

Complete Rail Division Coordination

Construction Communications Activities

Finalize Contract Package

PLAN REVIEW & ENVIRONMENAL DOCUMENT SCORE


