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Executive Summary

Puget Sound Energy (PSE) is conducting a risk assessment of all its wrapped steel natural gas service lines installed prior to 1972.  Starting in 1972, new services were installed with cathodic protection.  The absence of cathodic protection for a period of time on wrapped steel pipe was a primary risk identified in the investigation of the 2004 leak in Bellevue.  The resulting order was designed to mitigate that risk.
PSE’s progress report through May 2006 on this assessment program was filed previously.  Since that time, PSE has completed its review of all of its approximately 650,000 services, identifying roughly 104,000 services as pre-1972 wrapped steel services.  It is these services that will undergo the assessment.

PSE has developed a risk assessment model with the assistance of WKM Consultancy. The model uses probability theory to provide a relative risk ranking that will be used to determine which of the 104,000 suspected services are at greater risk.  The company has targeted a smaller service area to serve as a pilot test of the model. The company plan is to run these services through the model and then conduct follow-up field tests. The model selected is very data intensive and the staff has held several conference calls with PSE to determine if there is sufficient data to populate such a model. Based on these discussions, PSE agreed to do a demonstration of the model for pipeline safety staff and their consultant David Berger.  This demonstration of the model will take a more intensive look at a sampling of the pilot area before conducting field tests.  The objective is to determine if the model produces results that are consistent with expectations of both PSE subject matter experts (SME) and the staff experts. 

Summary

Under terms of the settlement and commission order regarding the fatal natural gas incident in Bellevue in 2004 (Docket PG-014164), Puget Sound Energy (PSE) is conducting a risk assessment of all its wrapped steel natural gas service lines installed prior to 1972.  This risk assessment was aimed exclusively at wrapped steel service lines installed at least five years prior the federal requirement for cathodic protection.  PSE chose to include all wrapped steel service lines installed prior to this federal requirement (1972).  Pipeline safety staff believes the lack of initial cathodic protection on the service may have contributed to the 2004 leak in Bellevue. 

PSE has developed a risk assessment model in consultation with W. Kent Muhlbauer of WKM Consultancy.  To run the risk model, the company is capturing 36 data points (risk variables) for each of the targeted services.  The risk variables will include, among other data, information gathered from corrosion leak history, cathodic protection history, Exposed Pipe Condition Reports information, pipe wall thickness and soils information.  In cases where data is not available or in question, PSE has indicated it will use estimates (defaulting to the most conservative data value).  The company has provided a written report of their progress with this program, as achieved through the end of May .  Currently, the company estimates it will complete this assessment by September 30, 2006—a slight change from the company’s original estimate made at the settlement of September 1, 2006.

The PSE risk assessment model uses probability theory to determine the risk of failure for each pipe segment. By ordering the segments by each segment’s risk of failure, the final outcome should be a relative risk ranking of all PSE’s pre-1972 wrapped steel services. PSE also has developed decision criteria and alerts within the model that identify various conditions for services that would trigger repair or replacement, electrical surveys, leak surveys or no further action.  The company has made adjustments to the model based on review by its experts and is prepared to make additional changes based on a pilot run of the model.  In testing the model, PSE has gathered data for approximately 2,700 wrapped steel services located within a single operations map in northeast Bellevue.  The company plans to conduct field verification on 77 services identified in the pilot.

Staff applauds the ambition of this program but we are concerned that such data intensive risk models have proven to be difficult to implement.  In particular, we are concerned that the model may not easily provide the desired outcomes without significant adjustment. The PSE model relies on a wide range of values, some of which may be dependent on each other. This wide range of variables creates the potential for the model to give undue weight to one or more value. Another concern is that use of extensive data estimates may mean there may not be much differentiation between risk results and there could be a merging of entire classes of services. We have expressed our concerns with the model directly to PSE and in turn PSE has provided a written response to those concerns (Appendix A).  

We are encouraged that the company is willing to work with us in better understanding its model and in undertaking the validation and field testing necessary to tune this model.  The company will be providing a demonstration to staff on July 18 of its model.  Prior to that meeting, the company is providing for our review all data on a sampling of high, medium and low risk service, including the risk and mitigation factor and final score that would be produced by the model. Along with that information, PSE will provide us a summary of modifications made to date to the model based on feedback by the company’s review of experts.  We also have asked if PSE can run the model on a trial basis with data from services that have already failed (with the data prior to failure) to determine if these services would have been selected as high risk.  (Appendix B has an outline of the requested model results from the proposed demonstration.)

Our purpose in requesting this information is to work with PSE in refining the model so that field verification can be done effectively and efficiently.  We do not expect this collaborative review process to delay final completion of this program beyond the company’s current projected completion date of September 30, 2006.

.

Appendix A
PSE Response to Memo Dated June 2, 2006
1. Does PSE understand how the model works and the methods that Muhlbauer used to rank the failure modes of Pre-1972 wrapped steel services (that had several years without cathodic protection)?

PSE Response: The PSE Wrapped Steel Service Assessment Program (WSSAP) team members identified the risk variables for the model.  Kent Muhlbauer utilized the WSSAP team’s input in developing the algorithms. The PSE WSSAP team is performing the fine-tuning of the algorithms.  As a result, PSE is very familiar with the algorithms and how the model works.

2. Data quality issues are important because of the large amount of data needed to populate the model. How certain is PSE of the data inputted into the model?

PSE Response: Perfecting data quality is an ongoing process. The team recognizes the current limitations and through the fine tuning process will make continuous improvements.  Additionally, as field actions are completed and as new data is gathered this more accurate data will be input into the model.  When data quality is known to be an issue, the most conservative data values are used.

3. PSE needs to determine the sensitivities of the model to the different failure modes.

PSE Response: Through the fine tuning process, the WSSAP team has been making adjustments to the sensitivity of the model. The level of risk has been adjusted throughout and alerts have been added to the model.  The alerts added to the model include indications of disbonded coating, no CP, and an existing leak on the service.

4. Are there any biases in the model, i.e. corrosion, TPD, etc?

PSE Response: Probabilities are combined to give an overall failure probability for the service.  Probability of Failure (PoF) values are combined using the widely accepted premise in probability theory that the “chance of one or more failures by any cause” is equal to 1 minus “the chance of surviving cause A” times “the chance of surviving cause B” times … etc.  Therefore this risk model functions as follows:

PoF overall = 1-[(1-PoFthdpty) x (1-PoFtime-dep) x (1-PoFincops) x (1-PoFgeohazard)…]

Probability of failure (PoF) for time independent threats is calculated differently than for time dependent threats.

PoF time-indep = [unmitigated event frequency] / 10[threat reduction]
Where: 

[threat reduction] = f (mitigation, resistance)

PoF time-dep = f (TTF)  

Where:

TTF 
= “time to failure” 

= 1 / [(available pipe wall) - (wall loss rate) x (1 – mitigation)]

And then:

PoF = f(PoF time-indep, PoF time-dep)

Based on the above discussion there is no weighting assigned to individual threats that increases the risk of or biases one threat over another.

5. The model must be validated by some statistical method rather than having SMEs concur with the output. The PSE idea of testing it on a finite area is good but the results must be validated by examining the services selected to see if the model selected the right candidates. Excavating and performing a mini ECDA may provide additional information that can be used to enhance the model and provide additional data. Some samples of “good” services also need to be excavated to prove the model finds true “bad” and “good” candidates.

PSE Response: A sampling of services of the “finite area” (an operations map within the city of Bellevue) were selected with varying degrees of risk (low, med, high) and a variety of installation date ranges. It is our intention to utilize this information to assist in a statistical validation of the model.

6. PSE SMEs reviewed the model outputs, what were their conclusions and was the model changed based on their input.

PSE Response: The model has gone through numerous revisions based on input from SME’s.  To provide just one example, the PSE WSSAP team discovered that the Corrosion algorithm was not correctly assessing the cathodic protection mitigation of services that were off of non-cathodically protected mains (bare steel, PE, cast iron, etc.).  In observing this discrepancy the WSSAP team communicated with Kent Muhlbauer to ensure that the corrosion algorithm properly accounted for the possible lack of cathodic protection on services off of non-cathodically protected mains.

7. What are the necessary and required data elements vs. the optional ones that can be estimated?

PSE Response: We are not utilizing optional data elements. In cases where it is not practical to gather service specific data, a conservative value based on historical specifications is used.

8. Where definitive information is not available for one or more of the 36 data sets, what is the plan to provide conservative estimates and will a preponderance of estimates invalidate the results?

PSE Response: In cases where it is not practical to gather service specific information, the most conservative available information is used to determine the value. This practice does not invalidate the results but rather allows the model to err on the conservative side by scoring larger groups of services conservatively.

9. Does the model take into account TPD caused by homeowners? Has it been assumed that the majority of these incidents will not be reported? Has it been assumed that any damage other than those causing an immediate failure is not reported, especially by homeowners? A considerable amount of latent TPD could be present from past activities such as installing fences, landscaping, underground cable installation (hits by shovel points that remove coating and “scratch” pipe metal but are not reported or repaired).

PSE Response: The model does take into account TPD caused by homeowners by assigning a lower mitigation value for service lines.  This is based upon the likelihood that homeowners may not utilize the one call system, that the depth of the service line is likely the minimum depth allowed, and that the type of cover over the service line (typically a soft surface) provides less protection against TPD than a hard surface.

10. Does using one EPCR report per service bias it?

PSE Response: The EPCR is a valuable first hand report of the condition of the pipe at that location. The model does make the conservative assumption that the condition of the pipe at that location is indicative of the condition of the entire service.  If there is corrosion pitting at that location it is assumed that there could be additional pitting along the entire service and the score reflects this.  This is not a bias but rather a conservative assumption that would result in a service that has a history of corrosion receiving a higher risk ranking.

11. How does a consequence based on population take mobility into account, i.e. nursing homes, day care, hospitals, etc.

PSE Response: The population density variable includes data from PSE’s critical valve survey program. A critical valve is defined as a service to facilities occupied by persons who are confined, are of impaired mobility, or would be difficult to evacuate, this is noted as IDS (identified site) within the consequence score in the risk model.

12. The model assumes that all pipe is grade B, or should a lower SMYS such as 24,000 be used.

PSE Response: Based on a review of PSE’s historical steel service pipe specifications it was found that Grade A pipe may have been purchased and installed for services within the scope of this program. The risk model has been revised to default to a 30,000 psi SMYS corresponding with the Grade A pipe specification.

13. In the service failure that caused this effort, the home had several modifications to the basement wall that could have led to the gas intrusion, does the model take this situation into account and if so, how?

PSE Response: The model does not take into account modifications to homes, as this information is not readily available and would be very difficult to ascertain. The model takes into account only known variables.

14. Is the model overly complex in order to confuse and/or mislead people?

PSE Response: We do not believe that the model is overly complex.  It is designed to be a useful tool for assessing the different areas of risk that a service line may be subjected.  The apparent complexity of the model is indicative of the wide variety of risk variables that we feel should be considered.

Appendix B
Risk Model Demonstration for July 18, 2006

(As outlined by pipeline safety staff to PSE)

In order to better understand the issues being considered in this assessment and the way the PSE model handles some data inputs, we ask that PSE provide the data requested below:

1) A vertical slice of representative services in the pilot area in high, medium and low risk categories. The following information should be provided on an electronic spreadsheet:

a) For each of the above, the actual model value for each risk factor, mitigation factor and consequences with the final score.

b) The cut off points between the risk categories (high, medium, low).

c) The cut off points between the risk categories without consequences (high, medium, low).

d) Address of each service with a backup spreadsheet with all of the data inputted and with conservative assumptions indicated.

2)
A list of the changes made as a result of input by PSE’s subject matter experts.  

3)
An explanation of how PSE will handle services in the high-risk category, medium-risk category, etc, identifying any risk ranking that will trigger automatically service replacement, repair, mitigation, etc.

4)
If possible, PSE should run the model on a trial basis with data from services that have already failed (with the data prior to failure) to determine if these services would have been selected as high risk.

This data should be sent to pipeline safety staff no later than July 10 to allow time for staff to review the data before meeting and demonstration of risk assessment model tentatively scheduled for 9:30 a.m., July 18 at PSE headquarters. Pipeline safety staff believes this exercise will allow the model to be refined in a manner so that final field validation can be done efficiently.
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