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Disclaimer 

The risk-based estimating process, Cost and Schedule Risk Analysis (CSRA) is iterative in 

nature. This process represents a “snapshot in time” for the Lower Baker Dam Seepage 

Reduction project and characterizes the conditions known at the time of the workshop. 

The structured process by which this workshop has been undertaken with the contribution, 

deliberation, and concurrence in the analysis and results by the stakeholders, project team and 

subject matter experts that participated provides the best assessment of exposure to risk as it 

pertains to this project at this point in time.   

Risk exposure is by its very nature subjective. The risk exposure of this project will continuously 

evolve, and this report represents the best assessment of associated interviews and workshops 

as of the date of the report. The assessment is provided with the objective to assist PSE with a 

more informed decision-making process for the subject project. 

The risk assessment, facilitated by HDR, records and models the views of the PSE project team 

and subject matter experts in attendance at the risk workshop along with any recordings of 

subsequent meetings. The risk assessment addresses issues that could arise on the project given 

the experiences of the PSE team. It is limited in scope with respect to time allotted to the 

workshop, the information available at the time of the workshop, and availability of the PSE project 

team and subject matter expert representation.   

There is no representation that all risks have been identified or that the quantification of the risks 

is in any way a guarantee of limit of exposure to schedule delay or cost overrun or underrun to 

PSE. 

EXCLUSIONS AND ASSUMPTIONS 

The risk analysis is based on the following assumptions and exclusions: 

 The quantitative risk analysis is based on credible ranges of costs and possible schedule 

deviations and the probability of the risk occurring, 

 The risk analysis does not take into account changes in commodity prices or cost of labor, 

or major events such as wars, major earthquakes, stock market volatility, deaths and 

injuries from site accident(s), pandemics, epidemics, and acts of God, etc., 

 The risk analysis does not take into account impacts to funding and financial risks, and 

 The risk analysis was prepared for the sole and exclusive use by PSE and is not for the 

benefit of any third party and may not be distributed to, disclosed in any form to, used by, 

or relied upon by, any third party without the prior written consent of HDR, which consent 

may be withheld in its sole discretion. PSE agrees to indemnify HDR and its officers, 

employees, subcontractors, and affiliated corporations from all claims, damages, losses, 

and costs, including but not limited to litigation expenses and attorney’s fees arising out of 

or related to the unauthorized disclosure, reuse, change, or alteration of the risk study.  
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Cost and Schedule Risk Analysis 
This technical memorandum presents the Cost and Schedule Risk Analysis (CSRA) results for 

the Puget Sound Energy (PSE) Lower Baker Dam Seepage Reduction project. A qualitative risk 

register was developed by PSE on June 30, 2021. An initial CSRA workshop, facilitated by HDR, 

quantified each previously identified risk on August 3, 2021. A CSRA workshop update was held 

on October 11, 2021 during which several risks were retired, and quantifications were updated as 

the project has progressed. 

The results of the CSRA workshop update reflect the current cost, schedule, and risk data as of 

the time of the workshop as provided by the PSE project team and do not include risk mitigation 

quantifications. The analysis is based on information, costs, and risk factors provided and 

approved by PSE. Updated inputs for the base cost and project schedule were provided by PSE  

then input into a more robust, custom, risk modeling analysis tool to account for the multiple 

construction phases within the project schedule.  

The initial qualitative risk register (June 2021) as well as the initial quantitative risk analysis sheets 

(August 2021) can be found in the previous Technical Memorandum dated August 20, 2021. The 

updated quantitative Risk Analysis Sheets (October 2021) are provided in Appendix C.  

Project Description 
The Baker River Hydroelectric Project, owned and operated by PSE, is located on the Baker 

River in Skagit and Whatcom counties, Washington and is comprised of both the Upper Baker 

and Lower Baker dams. The Lower Baker Dam (LBK) was constructed along the Baker River 

from 1925 to 1927 to generate hydroelectric power for northwestern Washington. The dam, 

which is located approximately one mile north of the town of Concrete, impounds a 7-mile-long 

reservoir known as Lake Shannon. This 285-foot-high concrete arch structure is located in a 

narrow canyon cut through limestone and shale bedrock by the Baker River. 

LBK, since its original filling, has had a history of seepage through the foundation/abutment 

contact and features in the bedrock. Previous foundation grouting programs were conducted in 

1934, 1959, and 1982. Seepage rates increased over the years following each grouting program 

and continued until another grouting program was undertaken.  

This Project entails constructing a continuous, multiple line grouted seepage cutoff to reduce 

seepage and reduce the potential for bedrock erosion. Constructing the seepage cutoff will 

require working from a platform over the water, a work access pad on the left abutment, and 

barges and boats. Prior to completing the seepage cutoff, a seepage seal will be constructed 

over the soil and bedrock slope below the right abutment where previous dye tracing 

investigations have indicated seepage locations are located.  

In addition, the work prior to the start of drilling and grouting will include constructing a concrete 

plug in the 1924/1925 diversion tunnel where the seepage cutoff crosses this abandoned 

diversion tunnel upstream of the intake structure on the left abutment. 
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Project Phases 
Project phases have been determined by PSE as listed below. The phases were used to pair 

project risks with the appropriate construction contractor overhead costs. 

 Phase 1A 

o Shall consist of offsite work 

o May include onsite work such as surveying, developing the required site and 

instrumentation as-builts, and installing project instrumentation 

o Notice to Proceed will be issued following award of the contract 

 Phase 1B 

o Shall generally consist of onsite work needed to prepare the site and site access 

o Notice to Proceed will be issued after the necessary permits are secured after 

completion of Phase 1A  

 Phase 2A 

o Shall generally consist of constructing the work elements that are required prior 

to production drilling and grouting for the Seepage Cutoff 

o Notice to Proceed will be issued after completion of Phase 1B  

 Phase 2B 

o Shall generally consist of production drilling and grouting for the Seepage Cutoff 

o Notice to Proceed will be issued after completion of Phase 2A  

 Phase 2C 

o Shall generally consist of deconstruction of the work platform and demobilization 

of grouting equipment 

o Notice to Proceed will be issued after completion of Phase 2B 

 Phase 3 

o Shall generally consist of demobilization, site restoration of disturbed areas, and 

delivery of closeout submittals 

Risk Model Inputs and Assumptions 
PSE provided a summary of base costs, by project phase, that was used within the risk model.  

This summary is included as Appendix B. 

A range of uncertainty of -1 to +5 percent on the base construction cost was provided by PSE 

which represents the range of uncertainty of quantities during construction. All base costs were 

assumed to be in current year dollars with no escalation or inflation added.  

PSE provided a construction start date of November 1, 2021 and an overall construction 

duration of 44 calendar months broken into phases.  Contractor Overhead Costs for delay were 

provided by PSE for each phase. Additional delay costs are also included in the model for 

Construction Management, Engineering Services During Construction, and PSE Oversight.  

These are included within the summary provided by PSE in Appendix B.  

Risk Analysis 
The risk analysis process quantified previously identified risk events by establishing the 

expected probability of occurrence and range of impacts through elicitation of information from 
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PSE. The range of impacts defines the representative distribution to be used when modeling the 

risk. The probability determines the relative frequency (or likelihood) of an event transpiring. 

These values as well as risk interdependencies and unquantified risks (watchlist items) were 

developed by PSE. The individual Risk Analysis Sheets are provided in Appendix C. Escalation 

and overheads were modeled, as appropriate, to the risks that were quantified to have delay 

impacts. 

Cost Results 

Figure 1 depicts the total cost risk analysis results in the form of a probability distribution or “S-

curve” graph. The S-curve shows the relationship between cost and the probability of not 

exceeding that cost. The graph indicates the best opinion of the cost ranges established by the 

PSE project team at the time of the analysis. 

 

Figure 1: Total Project Costs 

The vertical black dashed line represents the total base cost of $315.13 million. 

The red S-curve represents the cumulative probability distribution for the pre-response costs – 

prior to incorporating any risk mitigation strategies. This S-curve reveals that prior to risk 
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response, there was a 70 percent probability to not exceed $355.95 million YOE (year of 

expenditure).   

 

Figure 2: Top Cost Risks 

Figure 2 is a diagram showing the top ten cost risks of the project. This “tornado” chart shows the 

expected value for each risk. The bars represent the pre-response cost impacts for each event 

risk. The overall impact of the risk may be comprised of three components: 

 The quantified and modeled cost of the risk 

 The cost of escalation to the risk caused by delay 

 The contractor overhead cost impact caused by the risk occurring (shown in Appendix B), 

and additional support costs caused by those delay 

The risks in the tornado chart are ranked in descending order, with the largest risks at the top of 

the diagram. Risk names are listed along the vertical axis with the expected impact (in million $) 

of the risk is shown along the horizontal axis. 

The top three cost risks identified for the LBK Seepage Reduction project include 

obstructions/debris encountered during drilling, concentrated high flows increasing the grout 
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volume and leading to additional holes/grouting hours, and maintenance damage to the dam 

caused by platform attachment. Each risk is described in more detail in Appendix C. 

Schedule Results 

The probabilistic distribution of when the project is expected to be completed is shown in Figure 

3. The base schedule project completion date is currently anticipated in July 2025.   

 
Figure 3: Project Completion Date 

The red S-curve reveals that prior to risk response, there is a 70 percent probability that the 

project completion date will be May 2026, a delay of 10.4 months when compared to the base 

schedule.  

The schedule tornado chart in Figure 4, on the following page, depicts the expected value pre-

response impacts of the top risks affecting the project schedule. During the analysis these delay 

impacts are monetized, in the form of extended overhead costs only, and are shown in the cost 

risk profile, where applicable. The schedule delay tornado with expected values allows the 

management team with a priority list to focus on those with the largest quantified schedule 

impacts.  
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Figure 4: Top Schedule Risks 

Risks in the tornado diagram are ranked in descending order, with the largest risks at the top of 

the diagram. Risk names are listed along the vertical axis, and the expected impact (in months) 

of the risk is shown along the horizontal axis. The expected value effect of each risk is calculated 

as the product of the risk’s probability of occurrence and the risk’s schedule impact as quantified 

in the workshop.   

The top three schedule risks are encountering obstructions/debris during drilling, concentrated 

high flows increasing the grout volume and leading to additional holes/grouting hours, and 

grouting loss leading to a quantity increase. Any cost impacts as a result of a delay are monetized 

during the modeling process and are illustrated in the cost risk profile. 
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Conclusion 
Ongoing cost and schedule risk analysis updates are an integral tool for successful project 

management practices. The purpose of periodic risk analysis updates is to use the forecasts of 

risk-adjusted cost and schedule outcomes to measure the probability of project success 

compared to the project’s initial anticipated completion date and project cost. Where a project 

cost or schedule lies on the S-curve of cost and schedule results reveal the confidence level of 

the project being delivered on time and on budget. 

The basis of the analysis is strongly dependent on risk information provided by the team. As the 

project evolves, new information will become available, and this information should be analyzed 

to determine the current impacts to the project. Mitigation of the top schedule risk does not 

necessarily imply a direct schedule reduction, as other risks may move up to take their place. 

All efforts should be made to deliver the project within the established cost and schedule budget. 

Project Managers and teams must not plan on using the risk reserve from onset of a project. They 

should avoid or mitigate threats and exploit opportunities. If avoidance of a risk is not possible, 

the team should try to minimize the likelihood of occurrence or reduce the impact of threat. 

Continuous monitoring and control of risks is critical for project success and every effort must be 

made to mitigate or control major project risks to maximize the benefits.  
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Appendix A – Workshop Attendees 
 

2021 

Name Organization – Position/Discipline Contact Aug Oct 

3 4 11 

   Rachel Bernhard HDR – Risk Assistant rachel.bernhard@hdrinc.com 

   John Bickford PSE – Project Manager john.bickford@pse.com 

   Stan Boyle Shannon & Wilson – Engineer of Record srb@shanwil.com 

   Jim Cockburn 
Advanced Construction Inc – Subject Matter 
Expert 

jcockburn3935@gmail.com 

   Tom Danielson PSE – Chief of Dam Safety thomas.danielson@pse.com  

   Michael Genduso HDR – Resident Engineer michael.genduso@hdrinc.com 

   Blane Long HDR – Risk Facilitator blane.long@hdrinc.com 

   Gen Sasaki Shannon & Wilson – Geotechnical Engineer gns@shanwil.com 

   Kevin Snyder HDR – Hydropower Practice Leader kevin.snyder@hdrinc.com 

   Patrick White HDR – Project Manager patrick.white@hdrinc.com 
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Appendix B – Contractor Overhead Costs 
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Appendix C – Risk Analysis Sheets 
The risks that were updated during the October 2021 CSRA Workshop are provided in the 

following Risk Analysis Sheets. Cost quantifications represent the Contractor Overhead 

Costs per Project Phase as shown in Appendix B. The initial qualitative risk register (June 

2021) as well as the initial risk analysis sheets (August 2021) can be found in the previous 

Technical Memorandum dated August 20, 2021. 
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