






 

 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 

Comprehensive Review of the 
Hanford Tank Waste Treatment 
and Immobilization Plant Estimate 
at Completion  
 
 

Assessment Conducted by an  
Independent Team of External Experts 
 
 

March 2006 



 

  

 
 



Comprehensive Review of the Hanford Waste Treatment Plant Estimate at Completion 

 Page i of vi 

Executive Summary 
 
Following an August 2005 corporate commitment to the Secretary of Energy, Bechtel National, Inc. 
chartered a team of industry experts to review the technical, cost, and schedule aspects of the Waste 
Treatment and Immobilization Plant (WTP) project. This summary reflects the observations and 
recommendations of the EAC Review Team (ERT), comprised of six senior industry consultants, six 
retired Bechtel employees, one current Bechtel employee, three employees of Bechtel’s competitors, and 
one academic. 
 
ERT was charged with conducting a comprehensive review and analysis of WTP’s cost and schedule 
baselines. The target of the review was the “Total WTP Project Estimate at Completion,” issued 30 
December 2005.  This “626 EAC” is based on funding of $626 million in FY2006, continuing thereafter 
at 690 million constant dollars per year.  The 626 EAC is a step toward the 490 EAC scheduled for 
delivery in May 2006. Reflecting lower FY2006 funding and segmented into caps for five individual 
facilities, the 490 EAC is expected to become WTP’s revised performance measurement baseline. 
 
ERT was to assess and comment on the: 
• Efficacy of the project execution plan underlying the 626 EAC. 
• Credibility of the estimate and schedule. 
• Overall confidence level of the 626 EAC. 
 
From this assessment ERT concludes: 

1. The base 626 EAC, including contingency associated with Bechtel’s contract scope and contract-
compliant project execution plan, is generally defensible and achieves an 80 percent confidence level 
by standard industry criteria.  However: 

• Technical and Programmatic Risk Assessment (TPRA) did not address the “unknown unknowns” 
associated with so-called “pioneer process plants.”  

• Without consideration of these unknowns, the aggregate of base EAC plus TPRA is closer to a 50 
percent confidence level. 

2. DOE would be prudent to recognize unknowns in TPRA by including in the EAC: 

• An additional $1 billion to bring the entire 626 forecast (EAC + TPRA) to an 80 percent 
confidence level. 

• A schedule extension of 18 to 24 months to reflect current funding limitations. 

3. The 626 EAC would be more credible if a) adjusted for certain recommendations in this report, and b) 
backstopped by more proactive risk management. 

 
ERT recommends: 

1. Increasing the EAC (including TPRA) to $11.3 billion (excluding BNI fee) to incorporate “unknown 
unknowns” and raise the confidence level to 80 percent. 

2. Extending the schedule for completion of hot commissioning to the fourth quarter of fiscal year 2018 
to account for the effect of funding limitations. 

3. Strengthening contract management and risk management to build project credibility. 

4. Modifying the start-up and commissioning personnel strategy to provide for a) hiring and training 
personnel with the intent of transferring them to the permanent operating staff, b) increasing the staff 
to meet the full facility operating requirements, and c) developing operating and maintenance 
procedures and training programs tailored for a pool of candidates with varying experience levels.  
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  Summary Cost Analysis  

 626 EAC Plus ERT Recommendations 
 

 

Cost in $ millions  Mgm't BNI  Unknown 
 EAC (1)  Reserve  Program  Managed (2)  Unknowns Total

December 2005 EAC (626 EAC) 7,736 1,041 1,760 0 10,537

ERT Recommended Adjustments 233 145 -1,174 540 -256

Rand study implication 1,000 1,000

ERT Assessment of  626 EAC 7,969 1,186 586 540 1,000 11,281
Say ………………………………………………………………………. 11,300

Confidence level in ERT Assessment of 626 EAC
Base EAC (BNI contract scope) $9.2 billion 
Base plus TRPA without unknown unknowns $10.3 billion 
Base plus TRPA including unkown unknowns  $11.3 billion 

Note 1:  Excludes Contractor fee

 BNI Contract

Note 2:  Value of those risks ERT recommends be managed by Contractor. ERT does not 
judge whether the included items are inside or outside of Contractor scope

80%
50%

80%

 TPRA 
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Acronyms and Abbreviations  
 
BNI Bechtel National, Inc 
BecRAC   Bechtel Risk And Contingency 
BETK Bechtel Estimating Tool Kit 
BNI Bechtel National, Inc 
BOF Balance Of Facility 
BSII Bechtel Systems And Infrastructure, Inc. 
C&T Commissioning And Testing 
CADD Computer Aided Drafting And Design 
COCO Cost & Commitment 
DCS Distributed Control System 
DOE Department Of Energy 
DOE-HQ Department Of Energy - Headquarters 
DWPF Defense Waste Processing Facility 
EAC1 Estimate At Completion 
EPA Environmental Protection Agency 
EPC Engineering, Procurement, And Construction 
EPCC Engineering, Procurement, Construction, and Commissioning 
EPPR Engineering Progress And Performance Report 
ERT EAC External Review Team 
ETC Estimate To Completion 
EVMS Earned Value Management System 
FCCM Facilities Capital Cost Of Money 
FMR Field Material Requisition 
G&A General and Administrative 
HLW High Level Waste 
HPAV Hydrogen In Piping And Ancillary Vessels 
IFC Issued For Construction 
LAB Laboratory 
LAW Low Activity Waste 
M&SC Material And Subcontract Cost 
M&TE Measuring And Testing Equipment 
ORR Operational Readiness Review 
P&ID Piping And Instrumentation Diagram 
PIP Project Implementation Plan 
PT Pretreatment Facility 
PO Purchase Order 
QDP Quantity Development Packages 
QURR Quantity Unit Rate Report 
RGM Revised Ground Motion 
SU Start-Up 
TPRA Technical And Programmatic Risk Assessment 
USACE United States Army Corp Of Engineers 
WBS Work Breakdown Structure 
WGI Washington Group International 
WTP Waste Treatment And Immobilization Plant 
                                                      
1 626 EAC: Completed in December 2005 based on assumption of $626 million funding in FY2006 and $690 

million per year thereafter. 
  490 EAC: To be completed in May 2006 based on $490 million funding in FY2006, with subcaps on five 

individual facility line items. Assumes $690 million per year thereafter. 
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1.0 Background  
 
The Project 
In December 2000, Bechtel National, Inc. (BNI) was awarded a contract to design, build, and commission 
the Waste Treatment and Immobilization Project (WTP) to immobilize highly radioactive waste stored in 
underground tanks at the Department of Energy (DOE) Hanford Site near Richland, Washington.  The 
estimate for the contract scope as defined at that time was in the order of $4 billion, and Congress had 
authorized funding at $690 million per year in year 2000 constant dollars.   
 
WTP is first-of-a-kind in terms of its size (roughly equivalent to two 1,000 megawatt nuclear power units) 
and scale (about four times more throughput of high level waste than the Defense Waste Processing 
Facility at Savannah River, a waste vitrification plant built in the 1980s).  One of the WTP goals is to 
meet regulatory milestones agreed by the DOE, the Environmental Protection Agency (EPA) and the 
State of Washington.  The milestones pertain to both the WTP construction progress and the WTP 
mission progress (e.g. complete hot commissioning by December 2011, clean up 10 percent of Hanford 
tank waste by mass and 25 percent of waste by radioactivity by 2018).   
 
Current Forecast Evolution 
In February 2005, DOE asked BNI to: (1) continue with an Estimate at Completion (EAC) exercise then 
in progress to determine how quickly the plant could be completed absent funding constraints (“Scenario 
A”), and (2) evaluate the cost and schedule to conform to an annual $690 million funding constraint 
(“Scenario B”).  These estimates were to: 

• Incorporate all known emerging design evolution (including pulse jet mixer pumps, ultra-filtration, 
revised seismic criteria). 

• Update quantities resulting from progress in design. 
• Re-evaluate productivity and pricing based on experience. 
• Update contingency used. 
• Re-evaluate contingency at a higher confidence level than had been previously reflected in BNI’s 

management reserve.   
 
The EAC delivered to DOE in April 2005 concluded: 

• Scenario A forecast cost without fee or Technical and Programmatic Risk Assessment of $7.721 
billion with completion of hot commissioning in September 2013. 

• Scenario B forecast cost (without fee or TPRA) of $7.994 billion with completion of hot 
commissioning in January 2015. 

 
DOE engaged the U.S. Army Corps of Engineers to review BNI’s April 2005 estimates.  While the Corps 
advised DOE it could not provide a comprehensive review based on limited information in certain high 
impact cost and schedule areas, it indicated the estimates had not fully included potential cost growth. 
 
On 18 August 2005, DOE directed BNI to re-submit a comprehensive EAC while setting funding limits 
of $626 million in FY 2006 and $690 million per year thereafter (termed the “626 EAC”).  In December 
2005, BNI submitted the 626 EAC forecasting a cost (excluding fee and TPRA) of $8.777 billion with 
completion of hot commissioning in November 2016.  TPRA was evaluated at an additional $1.76 billion. 
 
The cost and schedule EAC histories from December 2000 to December 2005 are displayed in 
Figures 1-1 and 1-2, respectively. 
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Figure 1-1  Estimate at Completion History (Cost) 
 

 
 

Figure 1-2  Estimate at Completion History (Schedule) 
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Engagement of External Expert Review Teams 
In addition to providing direction to re-submit the EAC, DOE’s 18 August 2005 letter noted BNI’s          
8 August 2005 corporate commitment to the Secretary of Energy to perform an independent project 
review by industry experts.  It directed BNI to conduct: (1) a comprehensive review and analysis of the 
technical baseline focusing on the functionality of WTP process systems, and (2) a comprehensive review 
and analysis of the cost and schedule baselines. 
 
In October 2005, BNI commissioned an External Flowsheet Review Team (EFRT) and an EAC Review 
Team (ERT).  Names, affiliations, and summary resumes of the ERT are provided in Appendix A.  
 
The EFRT and ERT reported to an Oversight Committee as shown in Figure 1-3.  This committee 
evaluated both review team plans, provided in-process checks, and reviewed the reports. 
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Figure 1-3  Review Team Summary Criteria, Charters, and Reporting Relationships 
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EAC Review Team 

This team comprises recognized industry experts 
representing the commercial nuclear power industry, 
chemical industry, project management and EPC 
firms, industry associations (PMI, AACE, ANS, etc.), 
and leading consultants in cost / schedule analysis 
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etc. They will perform their review in January / 
February after the entire optimized / integrated 
baseline EAC is available, and deliver a report in late 
March.

EAC Review Team 

This team comprises recognized industry experts 
representing the commercial nuclear power industry, 
chemical industry, project management and EPC 
firms, industry associations (PMI, AACE, ANS, etc.), 
and leading consultants in cost / schedule analysis 
and EVMS. The team will also have experience in all 
of the “to-go” disciplines, i.e., electrical, mechanical, 
etc. They will perform their review in January / 
February after the entire optimized / integrated 
baseline EAC is available, and deliver a report in late 
March.

Technical Team 

This team comprises experts in the fields of 
technology, engineering, and operations and 
maintenance, with recognized expertise in topical 
knowledge, commercial nuclear operations, DOE 
operations and Nuclear-Chemical process 
experience.  They will assess adequacy of 
process technology and technical design and risks 
to meeting throughput requirements.  Their report 
will be delivered in late February.

Technical Team 

This team comprises experts in the fields of 
technology, engineering, and operations and 
maintenance, with recognized expertise in topical 
knowledge, commercial nuclear operations, DOE 
operations and Nuclear-Chemical process 
experience.  They will assess adequacy of 
process technology and technical design and risks 
to meeting throughput requirements.  Their report 
will be delivered in late February.

 
 
ERT Charter and Scope 
BNI chartered the ERT to: 
• Provide a demonstrably objective review of the EAC by: 

- Employing a diverse, independent team of experts.  
- Utilizing resources internal and external to BNI. 

• Provide DOE confidence in the EAC, by considering: 
- Basis (scope, contract, execution strategy, schedule). 
- Development Methodology. 
- Results. 
- Funding Compliance. 

• Provide a balanced perspective of factors including risks. 
• Provide recommendations to help restore project credibility. 
 
The ERT mobilized in November 2005 to develop its organization and plan. The ERT defined the scope 
to include: 
• Assessing the validity and achievability of the overall cost estimate and schedule baseline including: 

- Scope definition and execution strategy. 
- Forecast basis and assumptions. 
- Forecast methodology. 
- Quantification. 
- Schedule logic and sensitivity analysis. 
- Forecast of cost. 
- Risk and contingency analysis. 

• Delivering a report providing an evaluation of: 
- Efficacy of project execution plan. 
- Credibility of the estimate and schedule. 
- Overall confidence level of the EAC. 
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Scope was defined as not including: 
• A comprehensive formal management assessment.  
• 100 percent drill down into details of the estimate. 
• An independent estimate. 
• Identifying and quantifying technical risk. 
• Root cause analysis of past performance problems. 
• Optimization of cost and schedule. 
• Consideration of potential contract modification. 
 
Review Target 
The ERT reviewed the 626 EAC delivered by BNI in December 2005.  This EAC is but one step along 
the way to developing the next EAC as illustrated in Figure 1-4.  The next EAC will be based on line item 
budgets for five individual facilities funded in the aggregate of $490 million in FY 2006 and $690 million 
per year thereafter (termed the 490 EAC). The 490 EAC will incorporate results of the ERT and EFRT 
and will be validated by the U.S. Army Corps of Engineers.   
 

Figure 1-4  Summary of WTP 626 EAC and 490 EAC Development Process 
 

Oct Nov Dec Jan Feb Mar Apr May Jun Sep

8/9 Nov 2005
Oversight Committee Kickoff Meeting

EAC Cost Review Team Meeting

17/20 Oct 2005
Technical Review Team

23 Dec 2005
Establish Interim Project Baseline

from FY06 $626M EAC

31 Dec 2005
Deliver FY06 $626M EAC

17/19 Jan 2006
Oversight Committee Review

30 Jan 2006
Executive Summary of FY06

$626M EAC & ROM FY06 $490M

28 Feb 2006
Progress Update - External Review Team

FY06 $626M EAC

15 Feb 2006
Deliver Modeled Estimate
of FY06 $490M EAC

16/17 Feb 2006
Oversight Committee
Review (pending)

31 Mar 2006
ROM Estimate
of Optimized Funding to  $490M
EAC

Proposed DOE / Bechtel
Executive Meeting

30 Jun 2006
USACE Validation of FY06 $490M EAC and

Establish Revised Baseline

31 May 2006
FY06 $490M EAC

30 Jun 2006
LAW Early Operation Evaluation

21 Sep 2006
Ready for DCMA EVMS Certification

31 Mar 2006
Receive Final Report - External Review
Team on FY06 $626M EAC

 
 
ERT validated the 626 EAC forecasting process and discipline, the underlying forecast bases and the 
associated risk analyses.  While the review was conducted on the 626 EAC (based on a plan which will 
not be implemented), there is merit in targeting it for review, because its underlying development 
processes and supporting analyses will be carried over in large degree to the 490 EAC.   
 
ERT accomplished its objective through an organization of sub-teams (shown in Appendix B), applying 
methodologies described in individual report sections which are organized by the review Work 
Breakdown Structures (WBS).  It followed the process displayed in Figure 1-5:   
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Figure 1-5  Summary of ERT Review Process 
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results developed
from the lowest level 
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schedule contingency) 
and TPRA Risk

Flow Sheet 
Review Team 

Product

(1) Independent confidence in 
“base” w/o EPCC risk

(2) Recommendations regarding 
certain items which should be 
included in “base” (probability of 
occurrence = 1)

DOE Program 
Budget 
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BNI scope

(1)

(2)

(2)

 
The process is further elaborated in Appendix D, which correlates documents reviewed with this report’s 
WBS. 
 



Comprehensive Review of the Hanford Waste Treatment Plant Estimate at Completion 

Page 6 of 48  

2.0 Key Observations, Conclusions, and Recommendations 
 
Many specific observations, conclusions and recommendations are included in the body of this report.  
However, several are especially worthy of consideration by BNI when completing the 490 EAC: 
 
Observations 

1. Bechtel procedures and guidelines for preparing forecasts of cost and schedule are well documented, 
are consistent with best industry practice, and were appropriately applied to the scope of work 
included in Bechtel’s contract when developing the 626 EAC. 

2. The enormous amount of information included in the EAC has integrity and can be traced from the 
lowest levels of input detail to the summaries. 

3. DOE has not changed the scope of the contract (Section C) since Mod 29 (April 2003).  The contract 
statement of work does not reflect all work included in the 626 EAC. 

4. DOE and Bechtel recognize the entire risk management program needs significant strengthening. 

• The TPRA program has focused primarily on technical risk tracking and mitigation. 
Programmatic risks (e.g. regulatory risks, funding uncertainty, new DOE management 
requirements) were either not recognized or not incorporated until late 2005.  (The December 
2005 Risk Report added $1.2 billion in potential programmatic risk.)  Most programmatic risks 
were merely identified as exclusions in previous EACs and not quantified. 

• With the notable exceptions of seismic (known but not carried as a risk; total impact of $700 
million to $900 million) and Pulse Jet Mixers (carried as a risk but with schedule impact un-
evaluated; total cost impact $200 million to $300 million), technical risk has been managed 
reasonably well in terms of identification and mitigation.  

• By contract, TPRA “lives” outside the EAC (and therefore is not considered in funding-driven 
schedule projections).  

• While TPRA incorporates line item risks identified today, “unknown unknowns” have not been 
considered.  As demonstrated by a detailed study by the Rand Corporation, pioneer process plants 
display a pattern of initial underestimation of capital costs and growth of cost over time.2  WTP is 
a nuclear/chemical pioneer process plant that clearly exhibits this phenomenon.  This is illustrated 
in Figure 2-1 below, which is adapted from the Rand study.  The figure depicts cost estimating 
accuracy for conventional construction projects at different project development stages, and 
illustrates the cost growth experience for 44 pioneer process projects.  Those plants, which had 
first-of-kind technology, exhibited substantially more cost growth than conventional projects.  
The WTP experience is in line with other pioneer process plants.  History thus shows that 
unknown factors may lead to a significant underestimate of project costs despite careful 
estimating procedures. 

                                                      
2 Understanding Cost Growth and Performance Shortfalls in Pioneer Process Plants,  
Prepared by Rand Corporation for the U.S. Department of Energy, September 1981. 
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Figure 2-1  Pioneer Process Plant Costs 

Estimate Class

Estimated Costs/Actual Costs

1.0

+40%

-40%

0 1 432
R & D Project Definition Engineering Construction

Rand Projects 1 Std. Deviation

 
 
 

5. The current Start-up and Commissioning Execution Plan is unrealistic due to the significant schedule 
extension and the projected shortages of qualified personnel in 8 to 10 years given the changing 
demographics in the nuclear industry.  Commercial nuclear plant operators are retiring and utilities 
are competing for qualified personnel.  

6. In compliance with the contract, BNI’s Start-up and Commissioning Plan stops short of the planning 
required to take WTP into long-term operation. In particular, it does not account for training programs 
and incentives that will be needed to attract qualified plant operators. 

 
Conclusions  

1. BNI’s cost forecast for work in its contract-compliant execution plan achieves an 80 percent 
confidence level, but its project-wide 626 EAC, including TPRA and the “unknown unknowns” 
common to pioneer process plants, achieves a confidence level of only about 50 percent. 

2. It would be prudent for DOE to recognize the “unknown unknowns” in TPRA by including: 

• An additional $1 billion to bring the entire 626 EAC (including TPRA) to an 80 percent confidence 
level. 

• A schedule extension of 18 to 24 months in view of current funding limitations. 

3. A strong contract management and risk management program will help build the credibility of this 
and future EACs. 

4. Post-commissioning planning must be undertaken soon to ensure successful operation of WTP. 

5. The 626 EAC would represent a valid contract cost and schedule baseline with adjustments reflected 
in the following conclusions: 
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 A. Forecast boundaries (i.e. the basis, assumptions, inclusions and exclusions) are well drawn and 
            credible but for one significant exception: assumed availability and qualifications of start- 
            up and commissioning personnel. 

 B. Cost 

• The ERT recommendation to modify the graded approach to commissioning (tailored 
training/procedures), if accepted, will add $130 million.  This avoids sequential 
commissioning and multiple operational readiness review risk currently valued in TPRA 
at $465 million.  It will also save approximately $110 million in the operations phase. 

• Escalation may be understated by $110 million. 

 C. Schedule 

• The schedule (without consideration of TPRA) covers the defined scope and execution 
strategies within the right time frames to support a November 2016 completion of hot 
commissioning.  

• The funding-driven EPC (i.e. pre-start up and commissioning) schedule is not optimized 
nor is it based on a fully resource loaded, critical path analysis.  There may be an 
opportunity to shorten the schedule by six to nine months. 

• While the component testing portion of the start-up and commissioning schedule is too 
aggressive, the overall duration from start of testing to completion of hot commissioning 
is achievable. A staged finish of facilities (e.g. earlier LAW) would improve the situation. 

 D. Cost Contingency 

• The general cost contingency of $812 million should be increased to $982 million. 

• Modeling anomalies, when corrected, would reduce both cost and schedule contingency, 
but these reductions are offset by ERT judgment that Bechtel’s confidence is overstated.  

 E. Schedule Contingency 

• The 14 month contingency can be reduced by 3 months with associated savings of $24 
million in time-related costs. 

 F. TPRA (in addition to conclusion 2)   

• TPRA is a consideration outside the bounded cost and schedule forecast detail.  

• Reviews by ERT, DOE, and Bechtel suggest that transfers within the TPRA register and, 
in certain cases, from the TPRA register to Base EAC cost, are required to assign risk 
items to the party best positioned to manage them. 

• The TPRA line item allowance included for External Flowsheet Review Team results is 
sufficient to accommodate those recommendations planned for implementation. 

• By contract, TPRA “lives” outside the EAC and therefore the annual funding cap.  Any 
risk that cannot be fully mitigated must be taken into the project’s scope and execution 
plan.  Without a) additional funding, b) adjustment to (reduction of) project scope or c) 
relaxation of administrative constraints (e.g. small business set-asides), schedule impact 
cannot be mitigated.   

 
The cost summary of these conclusions is shown in Figure 2-2.  Line item detail of Figure 2-2 costs can 
be found in Appendix C.  
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Figure 2-2  Summary Cost Analysis 
  

EAC 626 Plus ERT Recommendations 
 

Cost in $ millions  Mgm't BNI  Unknown 
 EAC (1)  Reserve  Program  Managed (2)  Unknowns Total

December 2005 EAC (626 EAC) 7,736 1,041 1,760 0 10,537

ERT Recommended Adjustments 233 145 -1,174 540 -256

Rand study implication 1,000 1,000

ERT Assessment of  626 EAC 7,969 1,186 586 540 1,000 11,281
Say ………………………………………………………………………. 11,300

Confidence level in ERT Assessment of 626 EAC
Base EAC (BNI contract scope) $9.2 billion 
Base plus TRPA without unknown unknowns  $10.3 billion 
Base plus TRPA including unkown unknowns  $11.3 billion 

Note 1:  Excludes Contractor fee

 BNI Contract

Note 2:  Value of those risks ERT recommends be managed by Contractor. ERT does not 
judge whether the included items are inside or outside of Contractor scope

80%
50%

80%

 TPRA 

 
 

 
Recommendations 

1. Increase the EAC to $11.3 billion to raise the confidence level of the cost estimate to 80 percent. 

2. Extend completion of the schedule for hot commissioning to 4th quarter 2018 to account for the 
impact of added cost due to annual funding limitations. 

3. Strengthen contract management and risk management through current planning efforts by DOE and 
Bechtel: 

• To minimize cost and schedule growth, DOE must assume a strong leadership role by 

o Assigning risks and mitigation responsibilities to the party best able to control them.  
o Making timely contract modifications as necessary to support these assignments.  
o Being an active participant in risk mitigation.  
o Seeking funding beyond annual cap levels as necessary to fund TPRA contingencies. 

• Bechtel must improve its support to DOE with 

o Proactive risk identification and quantification. 
o Analysis for decision making, including documenting the consequences of delayed 

decision making. 
o Adequately staffed contract administration to achieve necessary contract 

modifications in a timely manner. 

4. Modify the Start-up and Commissioning Personnel Strategy as proposed in Appendix F. DOE should 
immediately invoke the post-commissioning services clause in the contract and direct Bechtel to 
revise its execution plan.  

• Hire test and commissioning personnel with the intent of transferring them to the permanent 
operating staff when hot commissioning is successfully completed.   

• Develop operating and maintenance procedures and training programs tailored for candidates 
with varying experience levels, given the limited availability of highly experienced workers. 
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3.0 Detailed Observations and Conclusions 
 
The ERT organized the WBS so its evaluation tasks could translate directly into sections of this report.  
Each ERT task team identified the objective of its respective task along with a work plan that defined the 
methodology for the evaluation, documents to be reviewed, and prospective interviews.  Because several 
tasks in the WBS were subsequently combined or deleted after the work plans were developed, some gaps 
appear in the report numbering.  
 
Note on methodology: Unless otherwise specified, team members interviewed appropriate WTP staff and 
reviewed project documents pursuant to each task outlined in this report.  Appendix B summarizes the 
people ERT interviewed.  Appendix D summarizes documents ERT reviewed. 
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3.1 Baseline Components 
 
The baseline components reviewed include the contract scope, schedule, and cost.   
 
3.1.1 Baseline Scope 
 
Objective 
Validate that the scope (technical basis, exclusions, qualifications, and assumptions) used as the basis of 
the EAC is consistent with contract technical requirements. 
 
Methodology 
• Reviewed scope quantity definition. 
• Reviewed estimate logic for non-designed scope. 
• Reviewed status of the design. 
• Reviewed project’s assessment of major and potential issues noted by the EFRT’s flowsheet review. 
• Reviewed project’s list of boundary statements.  
 
Observations 
• The scope used as the basis of the EAC was consistent with the contract.  The list of assumptions, 

qualifications and exclusions was appropriate for the project (see WBS 3.3.9).  The project scope, 
including the scope of services technical basis, quantities, equipment and appropriate boundary 
statements, was established and measured using standard BNI procedures and tools.   

• The technical basis of the design used for the EAC appears to be valid, subject to the conclusions of 
the EFRT.  The EFRT’s flowsheet review identified one flaw, 17 major issues and 13 potential issues.  
These issues have been captured as a TPRA line item in the EAC. 

• BNI has tools to ensure the EAC is consistent with the scope.  These tools include the following: 
- Work Breakdown Structure to define and assign contract scope.  
- Management Assessments and Quality Assurance oversight/audits tracking commitments to the 

customer through the Recommendation and Issues Tracking System.      
- Corrective Action Reports and Non-Conformance Reports.  
- Deliverables Tracking Log.   
- Permitting requirements tracking database.   
- Regulatory Safety Issues databases including: 

° Authorization Basis Amendment Requests. 
° Decisions to Deviate. 
° Design Change Notices. 
° Conditions of Acceptance. 
° Safety Evaluation Request. 
° Configuration Control Procedures. 

 
Conclusion 
The scope used to develop the EAC is consistent with contract requirements; however, as noted in Section 
3.1.3, the EAC includes scope direction that is not yet reflected in the contract. 
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3.1.2 Baseline Execution Plan 
 
The ERT divided the Execution Plan into the EPC and the commissioning phases.  
 
3.1.2.1 Project Execution Strategy: EPC 
 
Objective 
Determine if the BNI Project Execution Plan is reflected in the EAC. 
 
Observations 
• BNI’s Project Execution Plan is called the Project Implementation Plan.  In response to the 

contractual requirement to prepare a Project Execution Plan, BNI prepared a Project Implementation 
Plan (PIP).  The PIP was first issued on 9 January 2002 and revised twice.  Even though the PIP has 
not been updated since November 2004, the project has implemented a Project Execution Strategy to 
accommodate changes to project direction (funding limitation and changes in scope such as new 
seismic criteria) since 2004.  

• The PIP is a comprehensive plan covering all aspects of accomplishing the project objectives.  The 
PIP contains a summary and 21 sections that address Project Implementation Plan Overview, Project 
Background, Project Description, Fundamental Project Drivers, Project Organization, Project 
Management, Process Operations, Research and Technology, Engineering, Acquisition Services, 
Contracts, Construction, Commissioning and Training, Environmental and Nuclear Safety, Quality 
Assurance, Human Resources, Business Services, Project Controls, Information Systems and 
Technology, Project Administrative Services, and Risk Management.   

• The PIP not being updated has no real impact on the EAC, since the EAC is based on the Project 
Execution Strategy. 

 
Conclusion 
The 626 EAC reflects the adjusted Project Execution Strategy.   
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3.1.2.2 Commissioning Execution Strategy and Plan 
 
Objective 
Verify that the EAC reflects an execution strategy and plan that deliver the defined scope in accordance 
with contract requirements for the start-up and commissioning portion of the work.  
 
Methodology 
• Compared information collected from WTP to industry data and standards as well as ERT 

experiences associated with start-up, testing, and commissioning.   
 
Observations 
• The BNI commissioning execution strategy is well documented in suitable detail for this stage of the 

program.  The commissioning execution strategy and plan is described in the following documents: 
WTP Integrated Commissioning Strategy Whitepaper, Commissioning Plan “A,” WTP 
Commissioning Plan Part “B,” and the Project Implementation Plan.  The commissioning strategy 
covers five core areas: facility operations, testing, maintenance, facility procedures and training.   

• The execution approach can be considered sound and proven.  The key execution approaches in each 
functional area, outlined in the Project Implementation Plan, are consistent with best practices utilized 
in the nuclear utility industry.   

• Commissioning and Testing (C&T) basis of estimate documents used as input to the 2005 EAC are 
consistent with the execution strategy.  Site Document 24590-WTP-PL-OP-05-002, Rev. A, WTP 
Commissioning Plan “Part B.”  meets the objectives of the contract and defines the WTP 
organization, tests, and procedures for commissioning each of the major facilities and supporting 
facilities.  Contract requirements were included in the basic rationale for developing the execution 
strategy and schedule. 

 
Conclusion 
The execution strategy and plan meet contract requirements and were consistently utilized while 
developing the 626 EAC. 
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3.1.3 Baseline Contract Terms and Conditions 
 
Objective   
Determine if the terms and conditions of the BNI – DOE contract are properly addressed in the EAC. 
 
Observations 
• BNI rigorously attempts to comply with all contract requirements.  BNI has developed a matrix of 

every contract requirement, has a plan to comply with each, and makes diligent efforts to that end, 
even if it does not always succeed in achieving full compliance (e.g. small business subcontracting). 

• DOE has not changed the scope of the contract (Section C) since Mod 29.  While modifications to the 
contract have occurred for funding and other administrative changes, the contract has not been 
updated to incorporate key technical changes (such as revised ground motion) that have occurred over 
the last year.  BNI is in an awkward situation: the work has been authorized by letter, but the two 
parties have not agreed upon the scope or the price.  DOE and BNI are not effectively controlling and 
managing the contract change process.  Forty scope changes with a value of about $1.7 billion are 
included in the EAC but are not reflected in contract modifications. 

• The incentives in the contract function as “behavior drivers.”  Even with incentive fees built into the 
contract to motivate contractor performance, most of the cost risk still falls on the government.  
Therefore, the government’s challenge is to manage the scope of work to the available funding, and 
the contractor’s challenge is to limit its work to what is in the scope or to bring out-of-scope work 
into the contract.  The tension between DOE’s effort to control the scope and BNI’s efforts to protect 
its commercial position has consumed inordinate time and energy.  Finding appropriate ways to 
minimize contracting barriers would help BNI focus on accomplishing design, construction, and 
commissioning of the WTP. 

 
Conclusions  
• The contract Statement of Work does not reflect all work in the 626 EAC.  DOE and BNI need to 

resolve the outstanding scope changes expeditiously.  Some changes are partially included in actual 
costs expended, some changes are included in the EAC, and some changes are included in the TPRA 
allowance.   
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3.1.4 Baseline Schedule 
 
Objective 
Validate the consistency of the overall project schedule for scope, contract technical requirements, and 
project execution strategy. 
 
Methodology 
• Assessed the applicability of the schedule basis to the Project Execution Strategy. 
 
Observations  
• The scope of the project schedule encompasses the complete project including integration of all 

phases throughout the life of the project.   
• The schedule reflects the execution strategy described in the EAC basis and supports hot 

commissioning in November 2016.  BNI has done a good job of identifying the changes to high level 
project milestones that have occurred since contract inception.   

• The schedule reflects a “stretch-out” to accommodate funding constraints.  While BNI’s schedule 
strategy does not specifically follow DOE’s directive to place priority on the progression of the LAB 
and Low Activity Waste (LAW) facility, BNI’s decision to curtail them for two years while focusing 
on completing the design of the Pretreatment (PT) and High Level Waste (HLW) facilities appears to 
be a reasonable way to expedite the WTP. 

 
Conclusion 
The project schedule is consistent with the contract scope, technical requirements, and supports the 
current execution strategy.   
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3.1.5 Baseline EAC Costs 
 
Objective  
Validate that the costs reflected in the EAC are consistent with contract statement of work, technical 
requirements, and execution strategy. 
 
Methodology 
• Reviewed each section of this report for conclusions and recommendations. 
• Interviewed authors of each section to obtain clarification and to determine compliance with all 

project technical requirements, Statement of Work, and project execution strategy. 
 
Observations 
• The scope and pricing definition for the project is well developed.  BNI indicates that engineering is 

68 percent complete, acquisition is 44 percent complete, and construction is 28 percent complete.  
Computer models and databases provide extensive details that have been utilized in the development 
of EAC costs.  The detailed scope definition supports segregation of costs to various levels and 
summaries for review, analysis, and reporting purposes.  The schedule detail activities are job-hour 
loaded and reflect progress to date. 

• Extensive reviews have been performed within the project management team, BNI functional 
management staff, and various external and independent review teams.  These reviews increase 
confidence that the EAC methodologies and basis are appropriate for the project. 

• BNI’s cost basis includes management functions for integration with and/or oversight of relevant 
external interfaces.  The WTP contractor is performing the requirements of the contract including 
integration of activities with DOE, other stakeholders, and regulators.  As an integral part of the 
estimate, the EAC includes cost and schedule considerations for management functions, tasks, 
products, and deliverables necessary to accomplish the contract scope.  

• The EAC reflects the execution strategy, which is sound and well developed for the scope.  The 
execution plan will need to be modified for future funding limitations and budget segregation 
requirements. 

• BNI has implemented the requirements of the current contract with respect to cost management.  
Project control tools and programs are in place to monitor both progress and performance of budget 
costs and schedule as required in contract Section C.6, Standard 1.  The scope, estimate, and schedule 
are integrated using hierarchical coding structures to identify the work, responsibilities, and resources 
required to accomplish the work scope.  These structures are defined with control accounts consisting 
of Work Breakdown Structure (WBS), Organization Breakdown Structure (OBS), and Resource 
Breakdown Structure.  Together with project procedures, plans, and management staff, the EAC is 
sufficiently developed to provide basis for baseline definition, progress, and performance monitoring 
for the life of the project. 

• BNI identified the basis of risks for cost estimating purposes.  Risks associated with the overall 
program have been identified and quantified by the project team and supplemented with other 
independent reviews by a Red Team, EFRT, USACE, Burns & Roe, and DOE.  Estimates have been 
made of risk within the scope of the contract (EPCC), TPRA risk items managed by the contractor, 
and TPRA risk managed by DOE or other regulatory entities.   

 
Conclusion 
The scope of work, cost bases, and schedule used as the basis of the EAC are valid and appropriate for the 
project needs.  The data are sufficiently detailed and are consistent with the technical requirements, 
contract statement of work, and the execution strategy. 
 
 
3.2 Not Used 
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3.3 EAC Validity 
 
The ERT reviewed both the processes used to develop the 626 EAC and assessed whether these processes 
were appropriately applied and yielded credible EAC amounts. 
 
3.3.1 Forecast Process 
 
The ERT evaluated the forecast process in terms of quantities, schedule, cost, and technical bases. 
 
3.3.1.1 Forecast Process: Quantities 
 
Objective   
Validate the methodology and results in the 626 EAC for quantification of equipment and bulk 
commodities for permanent plant construction. 
 
Methodology 
• Reviewed the Quantity Development Packages (QDP) for each commodity, identifying the methods 

and basis of bulk commodity quantities in the EAC. 
• Determined appropriateness of the estimating methods to quantify the final as-built scope. 
 
Observations  
• The quantity basis reflected in the EAC is defined by the status of design, which is very detailed.  The 

ERT’s review process concentrated on areas that may not be fully designed at this stage. 
• For bulk commodities that are not yet detailed by the issued design, such as electrical and 

instrumentation, the WTP team spent great effort to develop detail quantities based on considerations 
that will eventually be incorporated in the final design.  

• QDP commodity reports were prepared for all major commodities and provide acceptable basis for 
the quantities reflected in the EAC. 

 
Conclusions 
• The quantity basis reflected in the EAC is supported by the design model as well as other databases 

such as set-route, Intools, and Component Information System.  
• The methodology for quantity development is valid for equipment and bulk commodities and 

appropriate for the WTP project. 
• The resultant EAC quantities are considered appropriate for the project scope.  Some allowances for 

finalization of project design may be appropriate and should be added in the direct accounts. 
• The process used to develop EAC quantities is valid. 
 
Recommendations 
• Opportunities exist to simplify future estimating efforts without sacrificing the accuracy of the results 

by establishing project specific sampling, ratios, or other parametric data. 
• Re-visit the decision to delete all “design growth allowances” from the EAC. Reassess an appropriate 

allowance, depending on the extent that the quantities are based on actual WTP experience or use of 
generic parameters.  

• After inclusion of appropriate quantities for design growth, re-evaluate the EPCC contingency cost 
assessment of confidence levels assigned to the quantities for an 80 percent probability of cost under-
run. 
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3.3.1.2 Forecast Process: Schedule 
 
Objective   
Verify that the process used to develop the project schedule for the EAC is valid to produce a schedule 
that is complete, accurate and achievable, with appropriate levels of resource loading.  (The 
implementation of the process to produce the project schedule is addressed with WBS 3.3.4.1 and 3.3.4.2)  
 
Methodology 
• Reviewed the schedule tools that BNI used for schedule development. 
• Reviewed the application of the schedule tools to the project.  
 
Observations 
• BNI used an appropriate scheduling tool for WTP.  The project schedule is based in Primavera, which 

enables management and resource loading of large schedule databases.  
• The project schedule contains an excessive level of detail.  In an effort to restore credibility to the 

project, the WTP team produced a Level 4 schedule with 41,000 activities and milestones (of which 
approximately 24,000 are open and 17,000 are complete).  This level of detail makes the schedule 
unwieldy and does not appreciably improve its accuracy.  A scheduling process using a “rolling 
wave” concept that progressively provides more detail as time goes on would support the EAC 
development more effectively. 

• The WTP project schedule contains “late constraints” to reflect the impacts of limited funding, 
limiting the ability to effectively evaluate float.  For purposes of calculating float, the schedule 
contains six late finish milestones: Engineering Transition to Construction, Construction Completion 
for each of the four major facilities, and Contract Completion.  This convention allows continued 
start-finish analysis of downstream activities.  As the schedule is presently developed, many activity 
durations must be re-evaluated and adjusted to reflect scenario changes.  The schedule used for the 
626 EAC is effectively a one-time schedule that will require significant modification for strategy 
changes.  

• The WTP project schedule, while partially resource loaded, is not cost loaded.  However, Primavera 
schedules interface with the Cobra software for time related cost data.  The schedule provides the 
basis for calculation of EAC costs that are time related, such as escalation.   

 
Conclusion 
• The schedule process, while unwieldy due to the extensive detail, provides the appropriate data for 

the 626 EAC. The current schedule is basically a one-time schedule for the 626 EAC and will require 
extensive changes for different schedule strategies. 

 
Recommendation 
• BNI would benefit from a summary level schedule that could be manipulated more easily to assess 

changed scenarios for funding, schedule, and strategy.  Such a schedule would enable BNI to respond 
more quickly to DOE’s changing requirements and provide the grounding for the detailed schedule. 
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3.3.1.3 Forecast Process: Cost Basis (excluding TPRA issues) 
 
Objective   
Verify that the process used to develop the project forecast basis for costs in the EAC (materials, 
subcontracts, equipment and labor) is complete, accurate, and achievable with appropriate level of 
supporting detail.   
 
Methodology 
• Reviewed the procedures and process used by WTP in preparing the 626 EAC. 
• Drilled down in an individual account from the base quantity to the cost included in the EAC to verify 

the validity of the process. 
• Reviewed BNI’s standard procedures for preparing project forecasts. 
 
Observations 
• The methods used by the WTP team allowed for the development of an accurate assessment of the 

cost at the completion.  The forecast used a combination of approaches including: 1) actual costs to-
date plus an estimate of costs to complete, and 2) estimating the total cost at completion and then 
deducting the to-date actual resulting in a calculated to-go cost.  The EAC also addresses time-related 
costs.   

• The EAC cost estimate complies with the contract and meets the requirement for the WTP EAC. 
• The EAC methodology is consistent with BNI standards. 
• The WTP team quantified the key program level parameters for the development of the EAC costs 

and incorporated actual costs through 25 September 2005, known escalation rates, and late 
adjustments. Benchmarking of similar projects was utilized to validate reasonableness. 

• Detailed cost estimates were prepared by the responsible departments for all of the cost elements. 
• WTP conducted an extensive review process on the EAC including: 

� Internal quality control checks. 
� Area reviews of the functional department inputs. 
� Functional representatives from Bechtel Systems and Infrastructure (BSII) central functions. 
� Senior members from other projects preformed vertical and horizontal slice reviews. 
� Management Red Team Review. 

 
Conclusion  
The process used to develop the project forecast cost basis in the EAC follows both BNI standards and 
industry best practices for the preparation of cost estimates including an appropriate level of detail and 
supporting documentation. 
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3.3.2 Technical Basis 
 
The ERT addressed the technical basis that underlies the design separately for the engineering, 
procurement, construction, and start-up/commissioning phases for the project. 
 
3.3.2.1 Technical Basis: Engineering, Procurement, and Construction 
 
Objective 
Establish the maturity and stability of the technical basis for engineering, procurement, and construction 
that underlies the scope and quantification of the 626 EAC. 
 
Methodology 
• Reviewed the status of the design. 
• Reviewed the results of EFRT’s flowsheet review. 
• Reviewed the WTP team’s assessment of the EFRT’s flowsheet review. 
• Assessed the potential for change to the technical basis (EAC risk). 
 
Observations 
• The project has a formal process to verify that the design complies with the design basis documents. 

This procedure includes: 
- Criteria reviews by all designers. 
- Integrated safety management reviews. 
- Design reviews. 
- Team Reviews. 

• Technical issues associated with the design have been validated by research, testing, and modeling. 
• The project design is mature and stable with the exception of those issues raised by EFRT, as 

illustrated with the high percent complete of engineering.  The project has reviewed all of the issues 
identified by the EFRT and has developed an action plan to resolve them.   

• The technical basis for the development of EPC quantities uses an established and appropriate 
technique.  The method uses detailed lists, design percent complete, historical production rates, and 
costs to determine the EAC.   

• The method used to determine the engineering and procurement hours and cost is sound and 
consistent with industry practices.  The method uses detailed lists of engineering deliverables and 
historical data for production rates.  The design then progressed by performing appropriate research 
and testing and modeling.  All major decisions have been made and design is now about 68 percent 
complete.  

• The method used to determine the commodities quantities and cost is sound and consistent with 
industry practices.  All major commodities are modeled on 3D CADD models, which can be used to 
accurately determine commodity quantities. 

 
Conclusion 
• The technical basis for the design is generally well established.  The technical basis is supported by 

research and testing, the level of completion of the design, and the level of 3D modeling.  
Additionally, the design is based on DOE approved basis of design documents. 

• The substantial percent complete in engineering and modeling allows for a significant amount of 
commodities to be extracted from the model and limits the need to estimate commodity quantities.  
Additionally, the historic data enables accurate estimates of engineering, procurement, and 
construction scope and schedule.  The project has evaluated the major and potential issues and 
estimated values are included in the EAC (in contingency and TPRA). 

• Issues remain, including RGM, HPAV, and those identified by the EFRT that could significantly 
affect the design. 
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3.3.2.2 Technical Basis: Start-up and Commissioning  
 
Objective  
Verify that the start-up and commissioning scope used as the basis of the EAC is consistent with contract 
requirements and execution strategy. 
 
Methodology 
• Reviewed contract requirements applicable to start-up and commissioning. 
• Reviewed the commissioning program execution strategy. 
• Reviewed the start-up and commissioning test schedule and assumptions used in schedule 

development for reasonableness and consistency with the start-up and commissioning Basis of 
Estimate documents and resultant EAC. 

• Reviewed the EFRT draft report to evaluate potential impacts to the test program.  
 
Observations 
• The Start-up and Commissioning Plan meets contract requirements.  It specifically spells out 

individual contract requirements and describes how contract compliance will be achieved. 
• The basis of the Start-up and Commissioning Plan and execution strategy is sound.  The plan logic 

mirrors that of a typical nuclear utility plant start-up, testing progress from least complicated to most 
complicated.   

• Potential technical risk associated with first-of-a-kind equipment has been anticipated.  Analysis of 
the risk supports the $86 million management reserve and six months of schedule contingency. 

• Resolution of the EFRT review issues, developed subsequent to the 626 EAC, is progressing.  Many 
issues identified by the EFRT (line plugging, erosion, ultra-filter flux area, remote testing, and others) 
may have a significant impact on the commissioning cost and schedule. 

 
Conclusion 
• The start-up and commissioning logic to be used by the WTP is sound and meets contractual 

requirements.   
• The EAC appropriately reflects the scope of the commissioning plan.  The probability of successful 

test sequencing using this logic is high. 
 
 
3.3.3 Not Used 
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3.3.4 Schedule Basis 
 
The ERT evaluated the schedule basis separately for EPC and Start-up/Commissioning as described in the 
following sections. 
 
3.3.4.1 Schedule Basis: EPC 
 
Objective 
Verify that the schedule developed for the EPC activities followed a valid process (evaluated in Section 
3.3.1.2) and is complete, has a reasonable critical path, and achievable with appropriate resource loading. 
 
Methodology 
• Examined the WTP schedule, including its logic, durations, float computations and utilization, and 

work methods.   
• Reviewed engineering release, fabrication and delivery rates, and installation curves for bulk 

commodities. 
 
Observations 
• The project schedule is based in Primavera and has extensive depth (24,000 open activities and 

milestones) and detail to support the remainder of the WTP project. 
• The WTP schedule is constrained by funding limits. The constraints imposed on this project 

necessitate work stoppages on the LAW Building and the LAB, which are reflected in the schedule. 
• The schedule does not have a critical path through the entire project.  It has critical paths for each of 

the individual facilities and uses the concept of “significant path” to connect those facilities.  Some of 
the activities on the significant path have very extended durations reflecting mapping from lower 
level control tools and include constrained starts due to funding.   

• The Primavera schedule is not fully resource-loaded, but the Cobra software applies costs to the 
resources that are levelized in Primavera. 

• The Construction/Start-up interface logic is incomplete.  However, the level of logic applied to this 
interface is typical of the current stage of construction and usually migrates to a systems completion  
approach later in the construction phase. 

• Procurements are included in the schedule, although in such detail that BNI staff assistance was 
required for us to identify them. 

• The time relationship between engineering activities and their related construction activities is very 
long, reflecting the funding limitations applied to construction. 

• The EPC schedule was developed from the detailed and reasonable list of engineering deliverables.   
 
Conclusions 
• The schedule developed for the EPC activities contains critical paths that are reasonable and 

achievable for the facilities on an individual basis.  While there is no overarching critical path for the 
entire WTP facility, early start dates can be determined by analysis of the “significant paths.” 

• Electrical commodity curves, showing lead of engineering release over construction installation and 
construction installation over predecessor commodities, indicate a potential to improve the EPC 
schedule by six to nine months. 

• The WTP facility Level 4 schedules are too detailed in the out years (2011-2015).  One activity, 
scheduled to occur in 2011, has 20 days of duration.  This type of micro-scheduling creates excessive 
detail, which in turn leads to confusion, requires extra project controls effort to maintain, precludes 
quick “what if” scenario analysis, and may create a false sense of accuracy. 

• The funding constraints on the WTP have impeded work, especially on the LAW and LAB buildings.  
Reducing some of the excessive durations and float will relieve some of these constraints.  This will 
improve confidence in the project schedule, and improve the risk levels assigned in the schedule 
contingency analysis. 
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3.3.4.2 Schedule Basis: Start-up and Commissioning 
 
Objective 
Verify that the process for scheduling start-up and commissioning activities has resulted in a schedule that 
is complete, reflects a reasonable critical path, and is achievable with appropriate resource loading. 
 
Methodology 
• Reviewed the start-up phase component and Primavera test schedules to understand test sequencing 

and test completion rates with primary focus on system test completions. 
• Compared expected system test completion rates to system test completion rates achieved in the 

commercial nuclear power industry. 
• Reviewed the commissioning test schedules to understand integrated test sequencing, test durations, 

test failure contingencies, and transition between test phases. 
• Reviewed the WTP contract to understand contract specified operational requirements, test 

requirements, and process test acceptance criteria. 
 
Observations 
• The WTP start-up and commissioning schedule was developed through a logical sequencing of five 

distinct test phases: 
- Component Testing to ensure each component meets performance requirements. 
- System Testing to ensure each system functions as designed, and applicable acceptance criteria 

are met. 
- Water flow testing to verify that the integrated systems at each facility meet design and functional 

requirements under simulated operating conditions. 
- Cold commissioning to verify that each facility will meet design requirements using non-

radioactive simulated feed.   
- Hot commissioning to demonstrate the capability of WTP facilities to separate radioactive waste 

into Low Activity and High Level streams followed by vitrification of each type of waste. 
• The level of component and system testing is extremely high, far exceeding the in process testing 

experienced during nuclear power plant Start-ups (as shown in Figure 3-1).  Test support 
organizations, such as engineering and quality assurance, may have difficulty providing the needed 
support. These levels will be appropriately reduced when the start-up schedule is refined.   

• Scheduled test durations are conservative for water flow runs, cold commissioning, and hot 
commissioning. 

 
Conclusions 
• The total planned project test duration with contingency is more than adequate to complete all 

required testing. 
• Given the very aggressive test completion rate and expected system and equipment problems, the 

proposed component and system test phase schedule will not be met.  
• The probability of meeting schedule is high for the water flow tests. 
• The probability of meeting schedule is high for the cold commissioning test phase. 
• The probability of meeting schedule is high for the hot commissioning test phase. 
• The overall duration from start of testing to completion of hot commission is achievable, as shown in 

Figure 3-2. 
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Figure 3-1  System Test Completions 
 

 
Figure 3-2  Test Schedule for 3 Major WTP Facilities 
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3.3.5 Job Hour Basis 
 
The ERT evaluated job hour bases for construction, engineering, and start-up as described in the 
following subsections. 
 
3.3.5.1 Construction Job Hour Basis 
 
Construction job hours include direct craft, craft indirects, and field non-manual as described in the 
following subsections. 
 
3.3.5.1.1 Construction Job Hour Basis: Direct Craft 
 
Objective  
Verify the process used for estimating the craft direct job hours and confirm the reasonableness of job 
hour estimates, unit rates, and productivity factors. 
 
Methodology 
• Determined the credibility of the job hours, unit rates, and productivity factors.   
• Compared to-go unit rate performance against reference projects.  
• Conducted sample unit rate analysis using a drill-down approach on selected specific issues that 

represented significant to-go scope or appeared to be questionable.  The approach included a 
determination of the consistency of definitions and completeness of cost components.   

 
Observations 
• In general, the piping and electrical unit rates were optimistic when compared to benchmark data and 

to-date performance.  The ERT selected piping and electrical commodities for review because they 
represent the majority of the to-go scope, have the greatest degree of complexity, and contain the 
greatest risk.  The WTP project recognizes the risk associated with piping and electrical unit rates and 
included significant contingency in the EAC.   

• The ERT conducted high-level review of other accounts and found no significant concerns.  The 
resulting EAC appears to be adequate to cover the direct craft job hour scope.  

• Bechtel corporate management has reviewed and concurred with the direct craft job hour estimates, 
which adds credibility to the results.   

 
Conclusion 
The ERT confirmed that the job hour estimates, unit rates, and productivity factors are reasonable and 
adequate to complete the project.  The ERT has reflected its observations regarding piping and electrical 
unit rates as confidence inputs to its contingency evaluation. 
 
 



Comprehensive Review of the Hanford Waste Treatment Plant Estimate at Completion 

Page 26 of 48  

3.3.5.1.2 Job Hour Basis: Indirect Craft 
 
Objective  
Verify the process used for estimating the craft indirect job hours and confirm the reasonableness of job 
hour estimates for the to-go scope. 
 
Methodology 
• Determined the credibility of the job hours, unit rates, and productivity factors.   
• Compared to-go unit rate performance against reference projects.  
• Conducted sample unit rate analysis using a drill-down approach on selected specific issues that 

represented significant to-go scope or appeared to be questionable.  The approach included a 
determination of the consistency of definitions and completeness of cost components.   

 
Observations 
The to-go indirect craft labor appears low when compared with project experience and reference 
benchmark data.  The to-date ratio to direct job hours is 41 percent and the to-go ratio is 24 percent for an 
overall EAC ratio of 28 percent. 
 
Conclusion  
Although ERT has high confidence for the process used in the development of the to-go indirect craft job 
hours, ERT concluded that the resultant EAC job hours are not adequate to complete the project.  The 
ERT recommends that in the 490 EAC BNI should revise the ratio of indirect craft labor relative to direct 
craft labor for the to-go ratio to be 30 percent, which is a cost impact of roughly $40 million (800,000 
hours).  This should occur after resolution of the direct job hour accounts. The ERT has reflected its 
observations as a direct adjustment in its contingency evaluation. 
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3.3.5.1.3 Job Hour Basis: Field Non-Manual 
 
Objective  
Verify the process used for estimating the field non-manual job hours and confirm the reasonableness of 
job hour estimates for the to-go scope. 
 
Methodology 
• Reviewed the job hours, unit rates, and productivity factors.   
• Compared to-go unit rate performance against reference projects.  
• Conducted sample unit rate analysis using a drill-down approach on selected specific issues that 

represented significant to-go scope or appeared to be questionable.  The approach included a 
determination of the consistency of definitions and completeness of cost components.   

• Reviewed field non-manual hours relative to total craft hours for the to-date and to-go scope.  The 
approach included a determination of the consistency of definitions and completeness of cost 
components. 

  
Observations 
• The process and methodologies for estimating field non-manual job hour scope are consistent with 

BNI standards and are appropriate for the WTP Project.  BNI functional management has reviewed 
and concurred with the field non-manual job hour estimates, and this review adds credibility to the 
results.  In addition, the project incorporated the Red Team comments as a late adjustment item, 
which brought the estimate more in line with the appropriate benchmarks. 

• The to-go field non-manual job hours are low when compared to the to-date performance and 
reference benchmark data, as noted during Red Team reviews.   

 
Conclusion  
The ERT has high confidence in the process used in the development of the to-go field non-manual job 
hours and the resulting staffing plan in the EAC.  The increased to-go field non-manual job hours 
resulting from the Red Team recommendation (included as late adjustment in the 626 EAC) are necessary 
to complete the project.   
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3.3.5.2 Job Hour Basis: Engineering and Home Office 
 
Objective 
Establish the reasonableness of Engineering and Home Office job hours.  
 
Methodology 
• Reviewed estimates and staffing plans. 
• Reviewed oversight and functional management involvement. 
• Reviewed the use of historical data. 
 
Observations 
• The method used to develop the job hour basis for engineering design, start-up support, and home 

office support is technically sound and follows standard industry practice.  WTP developed a detailed 
list of deliverables, reviewed percent complete, identified planned and potential revisions, and applied 
historical data to the individual items.  The initial list of deliverables (drawings, data sheets, 
specification, etc.) was developed from the list inherited from the previous contractor.  This list was 
reviewed and modified by BNI personnel including the chief engineer and each discipline.  When the 
list was complete, the hour estimate was developed by the chief engineer and each discipline using 
data from other BNI projects.  The schedule was force-fit based on the end date of the project.  The 
staffing levels were then developed from the schedule and hours estimate.   

• To-go hours were based on progress to date.  Standard BNI tools are used for engineering, 
procurement, and construction.  The project has formal procedures to define percent complete for 
engineering based on development of the deliverables or the issuance of bid packages or contracts.  
Additionally, checklists were used to re-evaluate engineering deliverables for planned revisions.   

• The development of department hours for the EAC received a significant level of management 
review.  The involvement of the manager of engineering, chief engineers, and their support staffs in 
the development of EAC began around September/October 2004.  There were three estimate phases:  
ETC – WTP Management, the April 2005 EAC, and the 626 EAC.  The chief engineers provided 
oversight for development of the ETC.   

• The scope of the ETC encompassed the appropriate considerations. 
- Identified to-go scope by engineering discipline. 
- Included design deliverables and engineering procurement activities. 
- Estimated to-go hours by IFC (Revision 0) and anticipated revisions. 
- Estimated number of revisions and unit rates based on history. 
- Developed discipline-specific to-go job hour summaries and unit rates. 
- Identified inter-discipline drivers/gaps multi-discipline review sessions. 
- Adjusted ETC and identified reduction opportunities. 
- Developed bottoms-up estimates with focus on the Pareto Principle (80/20). 
- Defined “level of effort support to” functions (construction, startup, and commissioning). 
- Provided rough order of magnitude estimates for RGM and HPAV. 

 
Conclusion 
The job hour basis for engineering and other departments is reasonable and well documented and was 
developed using appropriate data from other jobs as well as to-date experience.   
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3.3.5.3 Job Hour Basis: Start-up and Commissioning  
 
Objective 
Determine confidence in the methodology and assumptions used in the start-up and commissioning job 
hour estimates and staffing levels of the EAC. 
 
Methodology 
• Reviewed background documents and formulated questions and areas of concern.  
• Received briefings and additional backup materials from appropriate project personnel.   
• Compared information received to industry data and standards as well as ERT experiences.   
 
Observations 
• The C&T staffing required to support the development of procedures, development and 

implementation of training, maintenance, and all functions that support and include operations, will 
peak at approximately 800 personnel.   

• The Project has developed a recruiting strategy to select personnel that have previous Operating and 
Maintenance experience, either from the Navy nuclear program, commercial nuclear utility industry, 
or other nuclear facilities within the U.S.   

• The training program developed by the Project is well thought out with an appropriate amount of 
classroom training as well as on-the-job-training for both Operations and Maintenance personnel.   

• The Project used a “graded” approach by classifying training modules based on their complexity, risk, 
and frequency in operating a system.  The ERT believes this approach has validity, and concurs that 
the estimated hours are reasonable to get the procedures through final approval. 

• The start-up testing group has a greater staffing demand as the component and system testing period 
is much shorter.  

• Recruiting and training WTP operators and maintenance personnel will be very challenging.  The 
Project plans to recruit the majority of their operators and maintenance personnel within about an 
eighteen-month window (approximately 25-30 persons per month).  The nuclear industry currently 
has difficulties finding experienced replacements for personnel retiring or changing jobs.  At the time, 
WTP will need their staff, the nuclear utility industry will be near a crisis level in replacing 
experienced personnel that joined the nuclear industry in the 1970s and early 1980s. 

• The current staffing plan assumes the WTP staff level will peak at hot commissioning and drop to a 
token few shortly after the hot demonstration runs are completed.  This adds an additional challenge, 
as the recruiting will be for a short-term assignment rather than a long-term career opportunity. 

 
Conclusion 
• Job hours for start-up and commissioning are probably understated.  Recruitment of the WTP 

operating and maintenance staff cannot be accomplished within the time frame currently proposed by 
the project.  Industry resources will be critically short at that time and a longer time will be required 
to recruit and train the staff.  The probability of recruiting a substantial number of the staff with 
nuclear experience is very low, given both the industry demand as well as the short term of the 
engagement.  Therefore, taking credit for the experience factor in the development of procedures, 
training programs for maintenance and operations and the simplicity of training and procedure details 
is not a credible assumption.   

• To meet its personnel needs, WTP will need to begin staffing at least two years earlier than planned, 
work with community colleges to develop new talent, and create incentives to retain those hired for 
the duration of the assignment. 
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3.3.6 Labor Cost Basis 
 
The ERT evaluated labor cost bases for craft, field non-manual, engineering, and start-up as described in 
the following subsections. 
 
3.3.6.1 Labor Cost Basis: Craft 
 
Objective   
Validate the methodology and results in 626 EAC for craft labor composite cost per hour and resultant 
labor cost. 
 
Methodology 
• Reviewed the source documents of individual craft bulletins obtained from Labor Relations. 
• Reviewed the worksheet model built by construction Project Controls personnel for calculation of the 

composite labor cost per hour for each category of work.  The worksheet covered the development of 
the composite labor cost per hour for all the direct accounts as well as the distributable craft accounts. 

• Reviewed the basis for all the inherent assumptions.  
 
Observations 
• The worksheet model is a logical process for developing the composite craft labor cost per hour. The 

model accounts for all cost components in the correct sequence to generate an overall cost per hour by 
category of work.   

• The EAC to-go escalation rates for craft labor are considered compatible with the to-date experience.  
As a separate exercise, actual craft wage bulletins were evaluated for the past three years to compare 
the escalation to-date relative to the to-go projections.   

• Labor costs have a chance of being higher if the assumed high percentage of apprentice utilization is 
not achieved.  Labor costs have a chance of being lower if the percentages of overtime and second 
shift is less than assumed. 

 
Conclusions 
• The process of developing the labor cost is valid for the EAC.  The extension of craft hours to craft 

labor cost is performed correctly.  The percentages utilized for future escalation of craft labor costs 
are considered appropriate. 

• Overall, the resultant labor cost is reasonable for the estimated craft hours.   
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3.3.6.2 Labor Cost Basis: Field Non-Manual 
 
Objective   
Validate the methodology and results in 626 EAC for field non-manual labor composite cost per hour and 
resultant labor cost. 
 
Methodology 
• Reviewed payroll data for actual salary paid for each salary classification and application of the 

forward pricing rates for payroll additives, overheads and General and Administrative (G&A), 
including Facilities Capital Cost of Money (FCCM) charges.   

• Reviewed the mix of BNI salary grades within salary classifications for the to-go scope.   
• Reviewed the non-manual staffing plans and salary classifications for each position.   
• Compared the actual composite costs per hour to the composite rates utilized in the EAC. 
 
Observations 
• The process is logical and all the factors were applied in the correct manner. 
• BNI’s application of current actual salaries includes an inherent assumption that the to-go mix of 

individual salaries is similar to the current mix.  After consulting with WTP project control personnel, 
the ERT concurs that reasonable assumptions were made for the 626 EAC. 

 
Conclusion  
The process and results of developing the field non-manual to-go composite cost per hour are valid for the 
EAC.  The extension of to-go non-manual hours for to-go labor cost is performed correctly.  EAC 
summaries for field non-manual labor cost are valid and reasonable.  The to-go composite rates are based 
on current experience. 
 
3.3.6.3 Labor Cost Basis: Engineering and Other Departments 
 
Objective   
Validate the methodology and results in 626 EAC for Engineering and other departments labor composite 
cost per hour and resultant labor cost for both BNI and WGI personnel. 
 
Methodology 
• Reviewed payroll data by department, for actual salary paid by salary classification and application of 

the FY05 forward pricing rates for payroll additives, overheads and G&A, including FCCM charges.  
• Reviewed the mix of BNI salary grades within each salary classification as appropriate for the to-go 

scope. 
• Reviewed the staffing plans by department and salary classifications for each position. 
• Compared the composite costs per hour based on actual salary data to the composite rates utilized in 

the EAC. 
• Validated the process of extending the estimated hours to-go by the to-go composite cost per hour and 

of summarizing to various EAC sections. 
 
Observations 
• The process is logical and all the factors were applied in the correct manner. 
• BNI’s application of current actual salaries includes an inherent assumption that the to-go mix of 

individual salaries is similar to the current mix.  The actual data also included overtime, liability, and 
workers compensation costs.  ERT concurs that reasonable assumptions were made for the 626 EAC. 

 
Conclusion  
The process for developing the labor cost and the resulting values are valid for the EAC.  The extension 
of non-manual hours to labor cost is performed correctly.  EAC summaries of engineering and other 
department costs are valid.  The to-go composite rates are based on current experience. 
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3.3.6.4 Labor Cost Basis: Start-up and Commissioning 
 
Objective  
Validate the methodology and results in the 626 EAC for Start-up and Commissioning labor composite 
cost per hour and the extended labor cost for both BNI and WGI personnel. 
 
Methodology 
• Reviewed the basis and methodology used in the development of the EAC composite cost per hour.   
• Reviewed payroll data by department, for actual salary paid by salary classification, and application 

of the forward pricing rates for payroll additives, overheads and G&A including FCCM charges.  
• Reviewed the staffing plans and salary classifications for each position.  Reviewed the mix of BNI 

and WGI salary grades within each salary classification as appropriate for the to-go scope. 
• Compared the composite costs per hour based on actual salary data (where available) to the composite 

rates utilized in the EAC. 
• Validated the process of extending the estimated hours to-go by the to-go composite cost per hour and 

summarization to various EAC reporting sections. 
 
Observations 
• The process is logical and all the factors were applied in the correct manner. 
• For WGI personnel, due to confidentiality of the rate basis, composite rates per hour were provided.  

These rates have been reviewed by the Defense Contract Audit Agency (DCAA) for validity. 
• The conversion of start-up hours to staffing levels needs to consider the extended work week that is 

typically worked during plant start-up activities. The EAC assumes a normal 40 hour work week for 
start-up activities. 

• The composite cost per hour for Start-up personnel is considered low by approximately $10.00 per 
hour.  The EAC assumes that adequate supply of experienced personnel will be available to staff this 
project on a regular 40-hour work week and without payment of per-diem rates.  No allowance for 
signing bonuses or salary uplifts has been included to attract this experienced staff.  This gap has been 
considered in the ERT contingency assessment. 

• The EAC includes reduced effort for procedure writing and the amount of training required for the 
personnel based on the assumed skill set, education, and experience level for the operations staff.  
Based on the ERT’s comments in Sections 3.3.4.2 Schedule Basis and 3.3.5.3 Job Hour Basis, BNI 
needs to re-evaluate this assumption and adjust costs accordingly. 

 
Conclusions 
• The process of developing the labor cost should be revisited for the 490 EAC. The extension of 

department hours to labor cost is performed correctly; however, the limited amount of actual cost 
history for start-up personnel should not be used as the starting point for calculations.  Estimates 
should model anticipated factors such as salary guidelines, overtime, and extended work weeks. 

• The ERT estimates that the start-up and commissioning costs for the contract are understated by 
roughly $130 million.  The estimate includes the understated labor hours discussed in Section 3.3.5.3, 
as well as labor rates necessary to attract personnel with the required skill set for operations.   
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3.3.7 Material and Subcontract (M&SC) Cost Basis 
 
The ERT evaluated material and subcontract costs for direct costs, indirect costs, and Start-
up/Commissioning as described in the following subsections. 
 
3.3.7.1 Material and Subcontract Pricing Basis: Directs 
 
Objective  
• Validate the methodology for pricing of permanent plant equipment and bulk commodities.   
• Confirm that the appropriate BNI corporate procedures are being followed.   
• Validate prices in the EAC cost summaries and confirm their reasonableness. 
 
Methodology 
• Reviewed the BETK estimate details for pricing basis of awarded and un-awarded scope. 
• Selected major equipment items for detail review of pricing basis.  
• Reviewed equipment pricing basis for vendor representatives, spare parts, design costs, testing or 

documentation requirements, bonuses/liquidated damages and other common cost items for final as-
built EAC. 

• Reviewed estimate of backcharges. 
• Reviewed project’s commitment to small businesses and minority owned companies. 
• Reviewed bulk commodity composite unit price development. 
• Validated the process of extending the quantity and unit price for equipment, material, and 

subcontracted items.  
• Verified EAC to-date costs match accounting data. 
 
Observations 
• BNI used an appropriate process to price permanent plant equipment and bulk commodities.  

- Equipment and bulk commodities were priced appropriately, except for allowance for escalation 
to the forecast cutoff date, backcharges, and field material requisitions. 
� The escalation from date of a commitment to current EAC cut off date was omitted from the 

EAC.  The magnitude of the omission is approximately $10 million. It is addressed in Section 
3.3.8 (Escalation Basis). 

� Allowances for uncollectible backcharges may be understated in the EAC. The project is 
currently re-evaluating the procedure to resolve vendor site access for any remedy actions. 

� The to-date cost for field material requisitions (FMRs) relating to permanent plant materials 
is just over $9 million.  This includes $2 million that has been included in the 626 EAC.  The 
balance of the to-date and all of the to-go FMRs will be addressed in the 490 EAC. 

- The EAC cost basis for the melters is valid for the project scope, including allowances for seismic 
modifications.  

- WTP pricing per linear foot for electrical raceway bulk commodities was in all cases less than the 
values for new nuclear generation plants currently being estimated.  

- Vendor representatives’ costs are included in multiple areas of the EAC.  The estimate of more 
than $16 million was based on a previous estimate completed several years earlier and not 
estimated for each individual purchase order. 

- Commodity forecasts are prepared when Engineering is 40 percent complete and again when 
engineering is 80 percent complete for the respective commodity. 

- Design allowances and cost allowances beyond the current defined scope are excluded from the 
direct materials and subcontract pricing, but considered with pricing risk in contingency 
assessments. 

 
Conclusion  
The pricing basis reflected in the EAC is generally valid and reasonable.  It is supported by the project 
specific commitments and current vendor pricing.  The extension of unit costs is correctly applied and 
summarized to various EAC cost summaries.   
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3.3.7.2 Material and Subcontract Pricing Basis: Indirects 
 
Objective   
Validate the methodology for pricing of indirect costs.  Confirm that the appropriate procedures were 
followed.  Validate prices in the EAC cost summaries. 
 
Methodology 
• Reviewed to-date expenditures. 
• Selected major subcontractor material requisitions, specifications, and purchase order data to review 

for consistency and validity in the EAC.  
• Selected several commodity items to investigate details of component build-up, source of pricing, and 

development of the composite to-go unit costs. 
• Verified that the to-date costs in the EAC match the accounting records. 
• Reviewed the basis for the methodology and for pricing commodities that are tied to craft hour. 

expenditures, bulk quantity installations, schedule duration, or single/one time expenditures. 
• Reviewed the charging practices to assure cost was coded appropriately. 
• Reviewed the basis for the “surplus” credit taken in the EAC. 
 
Observations 
• The to-date costs balanced to the EAC values, and the items cost coded to the small tool account are 

valid.   
• The EAC estimate for both small tools and consumables is consistent with historical values.  The 

analysis was conducted on a dollar per craft job hour basis. Small tools may be somewhat 
understated, but by an insignificant amount in the context of the overall EAC. 

• The EAC included a credit for salvage value of $17.1 million for scaffolding and construction 
equipment/large tools.  The value for equipment and tools is $16 million and has been approved by 
the DOE to be included in the EAC.  This is the same value as in the 2001 approved budget. 

• BNI used appropriate processes to price the indirect costs.     
• Quantity related “design growth allowances” are included in contingency and not in the detailed 

accounts.  No additional allowances for construction indirects are linked to the direct craft hours. 
 
Conclusion  
The pricing basis reflected in the EAC is generally valid and reasonable.  Project specific commitments 
and current vendor pricing support the estimate.  The WTP estimate compares appropriately to 
benchmark data. 
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3.3.7.3 Material and Subcontract Pricing Basis: Start-up and Commissioning 
 
Objective   
Validate the methodology and confirm the reasonableness of the results in 626 EAC for material and 
subcontracts costs for start-up and commissioning.  Confirm that the appropriate BNI corporate 
procedures are being followed. 
 
Methodology 
• Selected major commodity items to investigate details of component build-up, source of pricing, and 

development of the to-go costs. 
• Reviewed the division of responsibility between construction and start-up. 
 
Observations 
• The division of responsibility between construction and start-up appears appropriate.  As an example, 

construction has responsibility for hydro testing and start-up is responsible for flushing. 
• The EAC includes an allowance of $21 million in commissioning spare parts to be transitioned to the 

operator in 2015.  The estimate is based on 25 percent of the total spares estimate. 
• The WTP project performed a bottoms-up estimate for the top 20 accounts which equates to 

approximately 50 percent of the EAC costs for this element.  
• The ERT reviewed the following accounts: 

- Vendor representatives – The start-up/commissioning estimate for vendor representatives is $6.3 
million to support the testing program.  

- Fuel oil – At peak, 42,000 gallons per day will be required, resulting in 7 to 8 truck deliveries per 
day (the on-site storage tank has a several day inventory which assures an undisturbed testing 
sequence). 

- Simulant –BNI’s assumptions associated with the use of simulants appear to be very conservative. 
� Quantities and price of simulants are very high based on the allowable flow-through design 

rates and the time allowed for cold commissioning.  The cost estimate for simulants has used 
both the glass production quantities as well as the simulant quantities to develop the total 
simulant costs.  This methodology is difficult to follow and needs to be recalculated using the 
simulant quantities throughout the calculations.  The project has also used reagent grade 
chemical prices for the simulant mixture. Industrial grade chemicals can be used for the 
stimulant, which are orders of magnitude less in cost than the reagent grade chemicals.  
However, if the DOE requires BNI to test chemical operations of the facility with the 
simulant or test a wider range of bounding conditions with the simulant, the quantity and cost 
of the simulant would increase.  This potential for cost impacts from multiple simulants 
and/or multiple simulant runs has been captured in TPRA line item WTP-PRJ-037. 

• Measuring and Testing Equipment (M&TE) - Because all the M&TE is leased, this element was 
estimated by individual component based on the required duration to support the testing program.   
Each vendor is responsible for equipment calibration and for keeping an inventory of state-of-the-art 
testing equipment due to the rapidly changing technology. 

• Spare parts were based on the annual expenditures at DWPF and factored for the size and complexity 
of WTP.  This approach appears appropriate. 

 
Conclusions  
• The pricing basis reflected in the EAC is valid and supported by the project specific commitments 

and current vendor pricing, except for the simulants, which appear to be overstated by an amount in 
the order of $10 million. 
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3.3.8 Escalation Basis   
 
Objective  
Verify escalation basis. 
 
Methodology  
Review 626 EAC costs and escalation rates and escalation procedure. 
 
Observations 
• The 626 EAC included $547 million for escalation. The annual escalation rates differ over time and 

for resource, generally in the 2.5 percent to 4.0 percent range. 
• BNI used appropriate processes and tools to develop escalation forecasts and apply such to the 

appropriate project costs, including COBRA software and BNI-developed spreadsheets. 
• The following refinements would enhance the credibility of the escalation forecast: 

- Escalation in the 626 EAC was embedded in the “price term” of the estimate and not listed as a 
separate, identifiable amount.  At ERT’s suggestion, BNI restructured its BecRAC cost 
contingency model so that escalation could be modeled as a separate term.  In doing so, we 
determined that $88 million of the $547 million was escalation on contingency. 

- Escalation in the 626 EAC was compounded monthly. ERT’s analysis shows that this overstates 
the effect of annual escalation by approximately $8 million. 

- Commitments made prior to the 626 EAC were not escalated before use in the detail estimate.  
ERT estimates that this practice led to an understated amount is in the range of $10 million. 

- Based on new forecasting data for equipment, material, and craft labor escalation rates acquired 
by BNI during ERT’s review, ERT recommends an escalation increase of $106 million. 

• The 626 EAC did not show the WTP’s history with escalation, specifically forecast rates versus 
actual rates.  Some historical data specific to the WTP Project would provide a useful benchmark of 
the credibility of the escalation included in the EAC.  

 
Conclusions 
• BNI’s escalation processes and tools are appropriate, however, ERT believes some of BNI’s input 

data to those processes are overly optimistic.   
• An additional $108 million should be added to the EAC for escalation adjustments.  See Figure 3-3. 
 

 
Figure 3-3  Chronology of ERT Escalation Changes 

 
626 EAC Escalation $547 M 
1. Monthly vs. annual compounding issue - $8 M 
2. Commitments prior to Dec 2005 issue + $10 M 
3. Application of new escalation rates + $106 M 
ERT Recommended Escalation $655 M 
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3.3.9 Assumptions, Exclusions and Qualifications 
 
Objective 
To determine if the EAC is bounded properly by its assumptions, exclusions, and qualifications. 
 
Observations 
• The assumptions, qualifications, and exclusions defined in the 626 EAC are generally consistent with 

acceptable estimating practices. Noteworthy boundary assumptions include: 
- DOE’s and regulatory agencies’ agreement with design authority cases for seismic, HPAV, and 

fireproofing. 
- One operational readiness review. 
- DOE’s agreement to support sequential commissioning. 
- Retention of critical skills through temporary reassignment. 
- Fire protection requirements for structural steel remain unchanged. 

• Of the BNI EAC assumptions, qualifications, or exclusions, the ERT only disagrees with two.   
- Assumption: Sufficient qualified personnel will be available to meet staffing needs at the hiring 

rate required to support the 626 EAC Startup and Commissioning staffing plan. As discussed 
further in Section 3.3.5.3, the nuclear industry currently has difficulty finding experienced 
replacements for personnel retiring or changing jobs.  At the time WTP will need staff, the 
nuclear utility industry will be facing a near crisis in replacing experienced personnel.  

- Assumption: No additional work is estimated for any flowsheet modification required to align 
operations research tank utilization and steady state models with final design.  BNI’s assumption 
concerning the results of the external flowsheet review has proven invalid.  The EFRT identified 
17 major issues and 14 potential issues, all of which have been addressed by BNI. BNI included a 
$200 million TPRA item for resolution of the EFRT issues.  Analyses prepared during the ERT 
review indicate that $150 million ($87 million for base scope and $63 million for EPCC 
contingency) of this TPRA item actually belongs in the base scope of the BNI contract. 

 
Conclusions  
• Except as noted above, the identified assumptions, qualifications, and exclusions appropriately bound 

the 626 EAC.   
• The project needs to address several assumptions in the start-up and commissioning area, especially 

as they relate to staffing and the availability of qualified personnel to support the schedule.  The 
project also needs to review whether the EFRT’s recommendations affect current project scope and 
associated boundaries.  The 490 EAC must reflect the cost to address issues raised by the EFRT. 
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3.4 Funding Compliance 
 
Objective   
Verify that BNI has complied with the time phasing of the funding with the requirements of DOE Letter 
05-WTP-175, dated 18 August 2005. 
 
Methodology 
• Reviewed applicable contract requirements and DOE letters related to funding. 
• Reviewed the execution plan as the underlying driver of funding. 
• Confirmed assumptions that bound the ERT’s analysis of funding.  The ERT limited its review to the 

DOE’s guidance as of 18 August 2005, which provides guidance of project funding of $626 million 
for fiscal 2006, and $690 million per year thereafter.  The funding scenario of $490 million included 
in DOE Letter 05-OPA-13275 dated 23 November 2005 is not part of the scope of the ERT. 

• Analyzed escalation basis and application to understand its impact on the funding forecast. 
 
Observations 
• BNI’s constrained funding scenario does not specifically follow DOE’s direction that “priority will be 

placed first on progression of the LAB, LAW, and BOF; followed by the progression of PT and HLW 
design and engineering, and lastly on construction of the latter two facilities.”  The schedule, and 
hence the funding profile, is based on the curtailment of the LAW and the LAB for two years while 
BNI focuses on completing the design of the PT and HLW facilities. 

• BNI’s time phased funding forecast reconciles to the time phased estimated cost to complete.  The 
ERT selectively sampled various detail level data and determined that the data used as the cost basis 
for the funding scenario appropriately rolls up to the total project level.   

• BNI’s time phased funding forecast includes estimated costs for contingencies within the contract 
work scope. The ERT believes that inclusion of this contingency in the EAC is appropriate.  

• BNI’s time phased funding forecast does not include an estimate for fee.  The funding profile should 
include BNI’s best estimate of fee so that DOE can budget appropriately. 

• The DOE funding limitation of $690M per year is not adjusted for escalation, having the effect of less 
real dollars each year to advance the schedule.   

• BNI has “fenced” funds estimated for termination costs and does not utilize them for contract 
performance.  BNI included an estimate for termination costs in Volume I Table 7-4 Project Funding 
Profile.  The Termination Liability estimate was developed appropriately using BNI’s standard 
approach that addresses outstanding purchase orders, subcontracts, labor, relocation costs, leases, and 
travel.  The ERT concurs that a funding profile should be accompanied by an estimate of termination 
costs; however, the ERT does not believe that the amount of available funds for termination should be 
decremented from the funds available for contract performance.  The ERT understands that BNI’s 
position is based on the Limitation of Funds clause (contract Section I, Item I.66 – FAR 52.232-22 
Limitation of Funds).  ERT members conducted informal conversations with Department of Defense 
contracting officers and spoke with the DOE WTP Deputy Program Manager on the subject of 
funding for termination costs.  These conversations led the ERT to believe that should the 
government decide to terminate the contract for convenience, additional funds would be obtained 
from different funding sources to execute such an action.  Further, the ERT believes that termination 
for government convenience, should it occur, would be known by government executives several 
months before contractual direction is provided.  And finally, the notification requirement in the 
Limitation of Funds contract clause (60 days prior to reaching expenditure of 75% of the authorized 
funds) is designed for the government program office to evaluate whether additional funds will be 
available or a termination for convenience action should begin.  This notification activity places the 
burden on the government to assess its future course of action and take the appropriate steps.  The net 
effect is that the government will be required to come up with the funds to appropriately terminate a 
contractual effort if that course of action is chosen by the government.  Accordingly, the ERT 
believes that BNI should plan its contractual work based on all available contract funding, which 
would free up $55-88M of funds per year in the critical FY2006-2009 timeframe.  Finally, the ERT 
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recommends that the DOE get a legal opinion concerning the source of termination funds and work 
with BNI to implement an agreeable contract arrangement.  

• BNI’s funding profile assumes that funds can be “carried over” from year to year.  The DOE Deputy 
Program Manager confirmed that no time limitations apply to the WTP Project funds. 

• BNI’s funding profile total does not reconcile with the total EAC value.  The BNI funding profile 
includes annual funding of $690 million through 2017, which totals $11.3 billion.  The total value of 
BNI’s EAC is $8.9 billion.  BNI should estimate when the funding ramps down in the funding profile, 
and the total funding amount should equal the total EAC amount (including all costs and fee). 

• Ambiguity exists regarding control over contingency funds.  The ERT noted that DOE has separate 
line items in the WTP FY 2007 budget request for construction contingency ($453 million) and 
technical and programmatic risk ($100 million).  Discussions with BNI staff indicated that the 
construction contingency funds amount equates to the amount in BNI’s management reserve.  These 
funds should be the domain of BNI for in-scope work.  The technical and programmatic risk funds 
should be the domain of DOE and used to fund overruns or work that is not in BNI’s contract scope.  
WTP staff indicated that, in the spirit of collaboration, the contingency funds were jointly managed 
by DOE and BNI.  While it is important for both parties to work together, separation of control of 
these contingencies is critical for effective contract management.  Figure 3-4 depicts the differences 
and relationships of the DOE budget/funding process and the contractor’s internal budgeting process. 

• DOE’s FY 2007 budget request contains significantly less Technical and Programmatic Risk 
contingency than is necessary to complete the WTP.  The DOE has requested $100 million for 
technical and programmatic risk while the EAC review indicates that $1 billion is a more realistic 
estimate.  The ERT anticipates that DOE will have difficulty maintaining such a large contingency in 
the Congressional budget process each year, and it will be a challenge for DOE to find an acceptable 
means to secure and keep contingency funds in the annual funding process. 

 
Conclusions 
BNI’s funding profile shown in the 626 EAC, Volume 1, Table 7-4 fits within the constrained funding 
profile directed in DOE letter 05-WTP-175 dated 18 August 2005.  The underlying schedule, estimated 
costs to complete, time phasing of costs, and contingencies appear to provide an appropriate basis for the 
constrained funding profile. 
 

Figure 3-4  Risks and Contingencies in the DOE and BNI Budgeting Processes 

BNI WTP Contract
Performance Measurement Baseline Management Reserve

Definition – Budgets distributed to 
performing organizations to accomplish 
the contract statement of work.

Definition – Budget controlled by the 
Contractor Program Manager for future 
distribution to performing organizations to 
accomplish tasks within the contract 
statement of work.

• Technology/unit 
operations do not 
perform as designed

• Incorrect estimating 
assumptions

• Estimate Variances

• Oversights/errors

DOE 2007 Budget Request
Technical 

Programmatic 
Risk

$100M

Design/Construction 
Contingency

$453M

Design/Construction 
Funds

$5,781M

Funds on-going workFunds out-of-scope 
work and/or cost 

overruns

BCWS

BAC

Contractor 
Technical Risks

Estimate 
Contingency
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3.5 Risk Assessment 
 
3.5.1 Cost Risk: EPCC  
 
Objective  
Assess the BNI EPCC cost contingency risk model for reasonableness and restructure as necessary; and 
input its own data for independent runs reflecting confidence in the underlying elements of the reviewed 
EAC.  EPCC cost quantification of this risk determines the contingency required to complete the project. 
 
Methodology 
• Reviewed the existing BNI Cost Contingency Model in the 626 EAC. 
• Identified risk terms and variables in that model and assessed confidence levels. 
• Ran BecRAC with ERT team data and interpreted results. 
• Adjusted model after consultation with BNI team and reran as necessary. 
• Built EAC contingency. 
 
Observations 
• The 626 EAC contains a $115.6 million allowance for contractor technical risk. 
• The 626 EAC contains an EPCC cost contingency of $812 million, which represents a 16 percent 

contingency on to-go costs. 
• BNI, in accordance with standard DOE policy, selected an 80 percent confidence level as the basis for 

determining EPCC cost contingency. 
• The 626 EAC uses a BNI-proprietary tool, BecRAC, to model risks based on Monte Carlo simulation 

techniques.  It uses appropriate methodology. 
• The EPCC cost risk is modeled in five categories: the project functions of engineering, construction, 

startup & commissioning, and shared services, plus “late adjustments.”  These categories are 
developed for each of the five WTP facilities (Pretreatment, LAW, HLW, Lab, and BOF). 

• The EPCC cost risk model is based on input from 416 individual ‘terms’ based on WBS cost 
elements. The terms used in this modeling constitute all the significant parts of the WTP project. 

• The WTP team prepared guidelines for consistency in assessment of confidence ratings. 
• The contingency model utilized one set of probability distributions for quantity, productivity, and 

pricing variables. 
• There are a number of adjustments that should be made to the model, discussed below. 
 
Conclusions 
• The contractor technical risk allowance is reasonable. 
• The BNI 626 EAC Cost Contingency Model is overly optimistic.  The confidence levels used in the 

626 EAC cost contingency model are overly optimistic, which in turn make BNI’s $812 million 
estimate overly optimistic.  As shown in Figure 3-5, 44 percent of BNI’s self-assigned ratings fell in 
the “high confidence” range.  This is not credible for such a large, long-duration project.  ERT’s 
judgment is reflected in Figure 3-7. 



Comprehensive Review of the Hanford Waste Treatment Plant Estimate at Completion 

 Page 41 of 48 

Figure 3-5  BNI’s Confidence Level Ratings in 626 EAC EPCC Cost Risk Model 
 

 Risk Model Variables % 
High confidence 444 44% 
High-medium confidence 238 24% 
Medium confidence 276 27% 
Medium-low confidence   41 4% 
Low confidence   12 1% 
 1,011 100% 

 
ERT proceeded to make adjustments to the EPCC Cost Contingency model as noted below and 
summarized in Figure 3-6:   
 
• Model Fixes 

- The BNI 626 EAC cost contingency model includes a post award allowance.  ERT removed this 
variable because it duplicates the pricing variable.  The result is a decrease in the contingency 
amount of $55 million, Model Adjustment 1.A. 

- The 626 EAC model includes a productivity variable for level of effort (LoE) resources.  Because 
those resources are directly tied to labor hours, ERT eliminated the LoE productivity variable to 
avoid double-counting.  The result is a decrease in the contingency amount by $13 million, Model 
Adjustment 1.B. 

- The 626 EAC model does not model shared services in a detailed manner.  ERT introduced two 
variables, quantity and price, as risk variables for shared services.  ERT assigned “high 
confidence” ratings to both variables throughout the estimate except for project controls. ERT 
also introduced a different distribution for the quantity variable in the LoE category.  These two 
adjustments added $60 million to the contingency amount, Model Adjustments 1.C and 1.D. 

• Assessment Fixes 
- Equipment quantity terms are rated by BNI inconsistently.  Because equipment quantity is based 

on detailed design, including modeling, ERT believes that quantity could be assigned a “high 
confidence” level.  Similarly, certain bulk materials had inconsistent pricing risk ratings.  The 
variable “price” for pipe in one building was sometimes rated at a different confidence level than 
the same type of pipe in other buildings.  ERT harmonized those price variables to a consistent 
risk rating.  The result of these two adjustments is an increase of $8 million, Model Adjustments 
2.A and 2.B. 

• Application of ERT’s own confidence judgment 
- After review of the 626 EAC estimate and backup documentation, and interviews with WTP 

project personnel, the ERT team applied its own judgment to the 626 EAC risk model.  One 
adjustment was to distributable craft labor, as discussed in Section 3.3.5.1.2 of this report.  It 
accounted for an increase of $19.9 million in the cost contingency, Model Adjustment 3.A. 

- The 626 EAC model had one global variable probability distribution for all three of types of 
variables: quantity, productivity, and price.  ERT defined and implemented three different 
probability distributions for those three variables (see Figure 3-7), resulting in a $173 million 
increase.  See Model Adjustment 3.B. 

- Following the analytical cost contingency modeling, ERT determined that the model adjustments 
for the integrated water runs, cold commissioning, and hot commissioning were overstated for 
start-up and commissioning.  Accordingly, ERT reduced the cost contingency by $23 million, 
Model Adjustment 4.A.   

 
Recommendation 
• The EPCC Cost Contingency should be raised to $982 million, representing 20% of to-go costs.  This 

returns the EPPC Cost Contingency to an 80% confidence level. 
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Figure 3-6  EPCC Cost Contingency Adjustments 
 (All costs in $ millions) 

 
626 EAC 

Recommended changes Total Contingency 
BNI Model Result $812M 
1. Model Fixes  
  A. PA allowance -$55M 
  B. Eliminate LoE productivity variable -$13M 
  C. Two new Support Services variables +$60M 
  D. LoE quantity variable distribution included in 1.C 
  
2. Assessment Fixes  
  A. Equipment terms included in 2.B 
  B. Harmonize pricing +$8M 
  
3. ERT confidence judgment  
  A. Distributable labor +$20M 
  B. Add 3 variable distributions +$173M 
  
4. ERT Late Additions  
  A. Commissioning schedule -$23M 
  
Total after all adjustments $982M 
  

 
 

Figure 3-7  ERT’s Proposed Three Variable Probability Distributions 
 

ERT’s Proposed Quantity Risk Levels 
 10% 25% 50% 75% 90% 

High 98 99 100 106 110 
MH 97 99 100 110 115 

Medium 96 98 100 114 123 
ML 95 98 100 119 134 
Low 94 97 100 126 148 

 
ERT’s Proposed Price Risk Levels 

 10% 25% 50% 75% 90% 
High 98 99 100 109 115 
MH 97 99 100 114 123 

Medium 96 98 100 120 135 
ML 95 98 100 128 151 
Low 94 97 100 138 171 

      
ERT’s Proposed Productivity Levels 

 10% 25% 50% 75% 90% 
High 90 95 100 112 125 
MH 89 95 100 116 135 

Medium 88 94 100 123 150 
ML 87 94 100 133 170 
Low 86 93 100 146 195 
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Figure 3-8  EPCC Cost Contingency vs. Probability of Overrun 
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3.5.2 Schedule Risk  
 
Objective   
Assess the BNI schedule risk model for reasonableness.  Assess the probabilistic risk model and the 
means by which any time contingency is converted into monetary value. 
 
Methodology 
• Reviewed the existing BNI schedule risk model in the 626 EAC. 
• Identified the risk terms and variables in that model and assessed confidence levels. 
• Ran the BNI schedule model with ERT team data and interpreted results. 
• Based on discussions with BNI team, adjusted model and reran as necessary. 
• Built EAC schedule contingency. 
 
Observations 
• BNI uses Primavera Project Planner software to model the project schedule and Pertmaster to model 

the schedule risk.  Pertmaster links to Primavera. 
• BNI’s schedule risk model contains 400 high-level activities representing critical and near-critical 

activities.  It assumes six points of float fixity: engineering complete; construction complete for PT, 
HLW, LAW, and Lab; and contract complete. 

• All schedule activities in the BNI risk model were restricted to one finish-to-start relationship with 
another activity.  No start-to-start, finish-to-finish or multiple relationships were permitted. 

• Confidence levels were assigned by BNI facility superintendents and functional managers. 
• The 626 EAC schedule risk analysis computed that fourteen months of schedule contingency were 

needed (six months for construction, six months for commissioning, and two months for other 
unknowns associated with the operational readiness review). 

• Schedule contingency was translated into dollars by multiplying time and the WTP’s monthly hotel 
load.  (“Hotel load” is the time-dependent set of project support costs that arise from schedule 
extension, such as extended project management.)  The monthly hotel load applied at three distinct 
times in the project, depending upon when the uncertainty was forecast to occur.  It was estimated to 
be $8.6 million for FY 2008, $8.1 million for FY 2010, and $4.4 million for FY 2015.  When applied 
to the fourteen months of schedule contingency, this monthly hotel load translates into $92 million of 
schedule contingency in the 626 EAC. 

• The BNI Red Team added escalation on the possible schedule slip, bringing the total hotel load to 
$113 million. 

• After careful study, the ERT made a number of changes to the BNI 626 EAC schedule risk model, 
focused on the HLW.  The HLW portion of the model and its construction completion comprise 42 
high risk critical path activities.  Only these activities were analyzed due to time limitations.  Changes 
are summarized in Figure 3-9 and explained below. 
- ERT determined that numerous durations were overly-conservative in the 626 EAC Schedule 

Risk Model (Run HLW2 in Figure 3-9).  Adjustments were then made on a step-by-step basis 
(summarized by Runs HLWJ, HLWK, and HLWL in Figure 3-9). 

- Those modifications shortened the project completion date for HLW construction by nine 
months. They also reduced the date of 80 percent confidence by more than 10 months.  They 
inexplicably did not affect the one-to-two percent probability of finishing on the projected 
construction completion date. 

- ERT then increased the confidence ratings for 13 of the 42 activities in order to increase the 
probabilities of finishing by the projected completion dates from a mere one-to-two percent to a 
much more credible 20 percent. 

- Most of this benefit comes from focusing on only six of these 13 activities because those 6 had 
durations greater than 40 days.  ERT believes that it is credible for BNI to concentrate on this 
small number of activities and realize better durations and associated higher confidence levels. 

- These modifications to the HLW reduce the needed schedule contingency for HLW to three 
months. 
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- The 626 EAC had an allowance of six months for schedule contingency.  Applying ERT’s three 
months schedule contingency, and an $8.1 million/month hotel load results in a $24 million 
schedule contingency value for HLW, not the $48.6 million in the 626 EAC.  Based on ERT’s 
analysis, savings of $24.3 million can thus be realized if similar 3-month schedule contingency 
reductions can be found in the pretreatment building, which is scheduled concurrent to the HLW. 

 
Figure 3-9  Chronology of Schedule Contingency Model Adjustments for HLW 

 
Run # Description Projected 

Construction 
Completion Date 

Probability of 
finishing by 

projected 
construction 

completion date 

80% date 

HLW2 * Schedule risk model used in 626 
EAC. 

Dec 19, 2012 1% Jun 25 2013 

HLWJ ^ HLW2 + made changes to 
durations of 22 activities. 

Nov 8, 2012 2% Apr 25 2013 

HLWK ^ HLWJ + changes to durations of 1 
concrete and 1 piping activity. 

Aug 7, 2012 2% Jan 17 2013 

HLWL ^ HLWK + changes to durations of 1 
liner, 1 piping and 1 electrical test 
activity. 

Mar 19, 2012 2% Aug 15, 2012 

HLWM^ HLWL + changes to confidence 
ratings of 12 activities 

Mar 19, 2012 20% Jun 4, 2012 

 
* BNI original schedule risk model 
^ ERT changes 
 
Conclusions  
• BNI’s schedule contingency is generally credible. 
• There is an anomaly in the model, as illustrated in Table 3-9.  Namely, the projected completion date 

for construction should have a probability much greater than one percent.  The anomaly could be 
fixed if the following changes are incorporated. 
- The model should be restructured so that an activity can have more than just one finish-to-start 

relationship with another succeeding activity. 
- The current 400-activity model simulates approximately 25,000 unfinished schedule activities, of 

which 1,600 are significant path activities.  As changes (e.g. to duration) are made in such a 
highly-abstracted model, important impacts to logic relationships and to critical and near-critical 
(less than 60 days float) activities in the underlying schedule network may be overlooked. 

• The schedule contingency on the HLW should be reduced from 6 months to 3 months.  Other 
schedule time savings may be achievable. 
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3.5.3 TPRA 
 
Objective   
Determine the completeness of the TPRA list, the validity of items currently on the TPRA list, the cost 
and schedule risk associated with each item, and disposition of the items for the 626 EAC. 
 
Methodology 
• Following project interviews, ERT reviewed the validity, schedule and cost risk values. 
• ERT reviewed additional project information to identify any emerging issues to add to list. 
 
Observations 
• The TPRA has a definitive basis.  The list as presented in the BNI Risk Assessment Report, dated 23 

December 2005, was composed of 45 individual risks   Each was supported by a Risk Assessment 
Sheet which included a statement of risk, probability of occurrence, consequence, risk level, risk 
handling strategies, and residual risk impact (both cost and schedule consequence).  This is an 
appropriate method of characterizing the risks and providing input to the risk model. 

• The TPRA risk was quantified using input data from the Risk Assessment Sheets to Crystal Ball 
software, which is an industry-recognized, Monte Carlo-based tool.  This is an appropriate method of 
determining the total TPRA risk value at the desired confidence level. 

• Significant data input changes were required to the 45 original sheets to properly characterize the 
TPRA risk.  For example, the ERT had to adequately define the baseline condition from which the 
risk was derived.  The ERT revised the wording of some risks, had to understand where in the project 
schedule the risk would occur, and changed some cost ranges.  Additionally, some risks were 
renamed or combined with other risks.  These changes were provided to BNI, and additional runs 
were made with the revised data in BNI’s Crystal Ball model.   

• The ERT determined that certain additional risks, which we believe are legitimate TPRA risks, were 
not included in the original list of 45.  Input sheets for these risks were developed, they were added to 
the Risk List, and included in Crystal Ball model runs.   

• DOE and BNI are not providing proactive systematic management of the TPRA risk process.  This 
management requires mutual tracking of the risk handling strategies on a continuous basis, routine 
updating of the Risk Assessment Sheets, re-computing the TPRA risk, adding new risks as they 
emerge, and fully documenting which organization has responsibility for mitigation actions. 

• In addition to identifying real risks, the TPRA list appears to be a place to put items that were 
controversial, and that the project did not want to deal with. 

• No allowance has been made for “unknown unknowns,” i.e., future issues such as regulatory changes 
that will emerge on a long-duration project. 

• The TPRA list is not a “living document.”  It became a “stale” collection point for a variety of items. 
• There was a hiatus in reporting between April 2004 and August 2005. 
• Seismic was never included on the list.   
• Pulse jet mixers were included at most likely cost risk of less than $1 million versus the $200 million-

to-$300 million impact realized when they needed to be added. 
 
Analysis 
• As a major first-of-a-kind undertaking, WTP is comparable to the pioneer process projects studied by 

Rand.  
- The Rand study uses five different estimate classes, depending on project development stage, 

from   research & development (Class 0) through construction (Class 4).  WTP’s engineering is 
68% complete, and thus falls between the Class 2 and Class 3 estimates in the Rand report.  See 
Figure 3-10 below. 

- The Rand study indicates that “Class 2” projects were typically underestimated by 28 percent and 
Class 3 projects by 20 percent. 

- ERT presumes that the Rand data are based on 50 percent confidence level estimates. 
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- ERT analyzed its cost contingency curve developed for Section 3.5.1 of this report and 
determined that the ratio between the 80 percent and 50 percent confidence level points of that 
curve (Figure 3-8) is approximately 1.70. 

- ERT adjusted the Rand underestimation data by this 1.70 factor and determined that the risk 
allowance3 should range between 34 percent and 48 percent (0.20 x 1.70 and 0.28 x 1.70).  
Applying these adjustments to the ERT contract base of $7,979 million yields a range of $2,713 
million to $3,830 million for additional risk allowance appropriate to a pioneer project. 

- The ERT-adjusted 626 EAC has $2,429 million of risk allowance, or 30 percent of contract base, 
which is less even than the 34 percent lower bound of the Rand recommended range for risk 
allowance. 

 
Conclusions  
• The Crystal Ball software is acceptable and is being properly employed in the TPRA process. 
• Not all items on the TPRA list were properly characterized.  Following ERT’s review, 20 of 45 were 

reclassified and the TPRA list now includes 25 items.  (A number of the 45 were earmarked by BNI 
to be moved into the scope but not in the timeframe to include in the 626 EAC.) 

• There are schedule and cost inaccuracies in some items. However, WTP committed to review all 
questioned items. 

• TPRA is not a proactive and focused program and has not been updated on a timely and regular basis. 
• Based on the Rand study, WTP should have a risk allowance of between 34 percent and 48 percent.  

Using the average of these endpoints, WTP should have a risk allowance of 41 percent to allow for 
“unknown unknowns” and bring the base EAC plus TPRA to an 80 percent confidence level. 

 
Recommendation 
• Add $1 billion to TPRA.  
 

Figure 3-10  Rand Projects by Estimate Class 
 

Estimate Class

Estimated Costs/Actual Costs

1.0

+40%

-40%

0 1 432
R & D Project Definition Engineering Construction

Rand Projects 1 Std. DeviationRand Average

8%4

20%3

28%2

61%1

104%0

Average Amount of 
Cost Underestimation 

on Rand Projects
Estimate 

Class

   
                                                      
3 Defined here as BNI management reserve (EPCC cost contingency) plus TPRA. 
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OPERATIONAL READINESS 

A LONG TERM STRATEGIC APPROACH 
 

Summary 
 
Situation: The current contract with Bechtel National, Inc. (BNI) does not adequately address the long-
term operation of the Waste Treatment Plant (WTP) facility.  While BNI’s strategy for start-up and 
commissioning satisfies contract requirements, the tailored approach allowed by the current contract does 
not position the U.S. Department of Energy (DOE) for the most efficient and cost effective transition to 
an Operations and Maintenance contractor for the facility. 
 
Observations: BNI has developed a “graded” approach (tailored training/procedures) to start-up and 
commissioning based upon hiring experienced test and operating personnel who will need less training 
than “novice” employees. Consequently, BNI’s training program and procedures will be developed for 
very experienced personnel.  This program, while satisfying Hot Commissioning requirements, will not 
be adequate for an operations and maintenance contractor with employees with varying experience levels.  
Therefore, the new operating contractor must develop a set of operating and maintenance procedures and 
training programs tailored to the experience level of its staff, which will differ from those developed by 
BNI.  Furthermore, the contract does not address operating spare parts and equipment for long-term 
operation.  Consequently, a high risk exists that the plant will be turned over to a new operator without 
sufficient training, procedures, or operating spare parts that may be needed to keep the facilities operating 
reliably.  In addition, DOE may have to duplicate the Operational Readiness Review (ORR).  The purpose 
of the ORR is to evaluate the readiness of the plant, administrative control and management, and the 
personnel that are maintaining and operating the facility.  Since the ORR will be performed with BNI 
commissioning staff, a second ORR will have to be performed for a long-term operating contractor since 
BNI’s responsibilities cease upon Hot Commissioning. 
 
Recommendations: DOE should immediately advise BNI of their intent to invoke the post-
commissioning services clause in the contract.  They should direct BNI to hire test and commissioning 
personnel with the intent of transferring them to the permanent operating staff; increase commissioning 
and testing staff to meet the full facility operating requirements; and modify the graded approach to 
commissioning. 
 
Benefits: This approach provides DOE with a plan to take the facility through testing into production 
using the testing and commissioning staff.  It eliminates the requirement to have two ORRs, eliminates 
the duplication of training and procedure development, and provides for early purchase of operating spare 
parts. Most importantly, it allows the facility to have a fully staffed and trained Operations group at the 
end of Hot Commissioning.  The net impacts will be: 1) a decrease of $300 million over the EPCC 
timeframe, 2) a $110 million decrease during the operating phase of the project, 3) and reduced mission 
duration of 1.5 years due to operational efficiency. 
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OPERATIONAL READINESS 
A LONG TERM STRATEGIC APPROACH 

 
 
 PURPOSE 

 
The purpose of this document is to provide insight with respect to the BNI’s current plans and contract 
obligations regarding start-up and commissioning services as well as challenges and opportunities to 
address DOE’s long term operation requirements for the WTP. 
 
BACKGROUND 
 
DOE’s contract allows BNI to construct, start -up and commission the WTP facility using a tailored 
approach where each facility is commissioned sequentially and not operated as an integrated facility.  To 
meet contractual requirements, BNI will provide a staffing level that is only sufficient to sequentially test 
and operate facilities individually.  Staffing assumptions include the ability to hire experienced personnel 
from the nuclear industry or other industries with appropriate Conduct of Operations training and culture 
indoctrination, and qualified personnel can be hired as quickly as required by the BNI staffing plan.  BNI 
staffing will only be maintained to meet contract commitments and not the long-term operation of the 
facilities. 
 
When the High Level and Low Level waste facilities have completed Hot Commissioning (the last 
facilities to be commissioned), only one of the five facilities will have a full operating crew.  The 
remaining facilities will have minimal crews sufficient to properly maintain the equipment and systems in 
a safe manner in compliance with appropriate procedures.  Once BNI has completed the Hot 
Commissioning program, they will have met their obligations under the contract and will shutdown the 
facilities.  Accordingly, BNI will decrease their total operating and maintenance staff from approximately 
500 personnel to 25 personnel within a 2-3 month period.  The remaining personnel will have the 
responsibility to close out the contract for Start-up and Commissioning.  BNI developed a training 
program that assumes that personnel recruited will all have certain minimum experience level, and hence, 
reduced training requirements based upon the assumed level of experienced testing, maintenance and 
operating personnel.  BNI used the same approach for testing and procedure development. 
 
The ERT believes that BNI’s Start-up and Commissioning plan meets contract requirements.  Staffing 
levels are appropriate for sequential testing, organizational structure and responsibilities are well defined, 
programs and processes to safely maintain and operate the facilities are identified, and the necessary 
program elements are in place or identified to demonstrate Hot Commissioning.  However, the current 
contract with BNI does not adequately address the long-term operation of the WTP facility. 
 
DOE APPROACH COMPARED TO TRADITIONAL INDUSTRY APPROACH 
 
In a typical transition from Construction/Start-up/Commissioning to long-term operations, the operating 
contractor is usually on board with a sufficient number of operations and maintenance personnel to 
participate in the component and system testing.  The proposed operating contractor develops the long-
term operating spare parts and spare equipment lists and begins ordering long lead items.  The operations 
and maintenance group begins the development of training programs, maintenance and operating 
procedures.  They witness and sign off all system tests as well as operate the systems for those tests. 

 
The program proposed by BNI contains an inherent risk regarding the availability of staffing to support 
the tailored approach.  Since the inception of the WTP project in 2000, the demographics for staffing 
nuclear operation facilities have changed dramatically.  The WTP project completion date has shifted 
from 2007 to approximately 2016.  The majority of current utility nuclear power plants are submitting 
applications to extend current operating licenses for a minimum of 20 years thereby continuing to provide 
employment for those that may have been available in the job market had the license expired. The utility 
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industry constructed a substantial number of plants in the 1960s and 1970s.  As shown in Figures A-1 and 
A-2, a significant number of those employees are now retired or will retire within the next 10 years, 
putting a great resource strain on the nuclear industry.   
 

Figure A-1  Worker Supply Projected to Decrease in Key Areas 
 

 
 

Figure A-2  Cumulative Demand for New Workers 

 
Based upon the assumption of available personnel, BNI plans to bring in experienced test and operating 
personnel who will need less training than “novice” employees.  Consequently, BNI’s training program 
and procedures will be developed for very experienced personnel.  This program, while satisfying Hot 
Commissioning requirements, will not be adequate for an operations and maintenance contractor with 
employees with varying experience levels.  Therefore, the new operating contractor must develop a set of 
operating and maintenance procedures and training programs tailored to the experience level of its staff, 

International Atomic Energy Agency, Trieste-2004 

International Atomic Energy Agency, Trieste-2004 
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which will differ from those developed by BNI.  Furthermore, the contract does not address operating 
spare parts and equipment for long-term operation.  Consequently, a high risk exists that the plant will be 
turned over to the new contract operator without sufficient operating spare parts that may be needed to 
keep the facilities operating reliably. 

 
DOE will also have to duplicate the Operational Readiness Review (ORR).  The purposes of the ORR are 
to evaluate the readiness of the plant, administrative control and management, and the personnel that are 
maintaining and operating the facility.  Since the ORR will be performed with the BNI commissioning 
staff, the ORR required for the long-term operating contractor commissioning staff will have to be 
duplicated since BNI’s responsibilities end upon completion of Hot Commissioning.  
 
OPPORTUNITIES FOR  LONG-TERM OPERATION OF THE WTP 
 
In order to meet the long-term mission and avoid the added costs and complications associated with an 
abrupt transition from a commissioning phase to an operation phase, the following changes will improve 
the transition to the operations phase of the WTP project and improve the operating reliability of the 
facility. 
 

1. Plan to take the facility through testing into production using the testing and commissioning 
staff.  Using the testing and commissioning staff as the future operating staff will provide the 
operations team invaluable experience that could not be attained had the testing and commissioning 
been performed by a separate organization. 

 
2. Eliminate the requirement to have two ORRs.  As indicated earlier, the first ORR would have 

tested the testing and commissioning crew to assure safe operation during cold and hot 
commissioning.  Using the same group for both commissioning and long-term operation eliminates 
the need for the duplication of a significant portion of the ORR.  

 
3.  Eliminate the duplication of training and procedure development.  By changing from a graded 

approach to one that meets the requirements of the operating staff, there is no need to develop an 
additional training and procedure development program to handle different levels of capability 
between a separate test & commission team and an operations group. 

 
4.  Have a fully staffed and trained Operations Group at the end of Hot Commissioning. 
 
5. Purchase operating spare parts earlier.  The testing and commissioning group will also function 

as the long-term operation group allowing them to analyze and procure the appropriate spare parts 
required for long-term operation. 

 
RECOMMENDATION: 
 
DOE should immediately notify BNI of their intention to invoke the post-commissioning clause in the 
contract.  DOE should direct BNI to: 
 

a. Hire test and commissioning personnel with the intent of transferring them to the 
permanent operating staff when the hot commissioning is successfully completed. 

b. Increase test and commissioning personnel to meet testing schedule and provide full 
operating and maintenance staff complement.  Since the current contract would only require 
BNI to sequentially staff the project to meet their current commissioning requirements, the new 
contract operator would have to hire the additional 350 personnel and train them after the 
turnover from BNI.  Deciding that the testing and commissioning organization will become the 
contract operating staff after hot commissioning will eliminate the risk of starting initial 
contract operations with an inexperienced crew. 
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Upon receipt of DOE direction, BNI should modify graded approach (tailored training/ procedures) to 
commissioning.  This will eliminate the duplication of training and procedures, which will occur with a 
late entry of the operating contractor.  
 
KEY ASSUMPTIONS 
 

• Commissioning and Test employees transfer to Operations. 
• DOE acquisition process time frame is at least five years. 
• Union rules and jurisdiction are not a consideration. 

 
ISSUES 
 

• Long-term career opportunities need to be defined for future operating staff in order to have 
assurances of their long-term commitment. 

• Current BNI contract needs to be modified to address the following: 
a) Increase Test and Commissioning staff to provide full operations complement at 

the end of Hot Commissioning. 
b) Modify the training program to accommodate additional Operations staff. 
c) Modify training and procedure development for contract operations. 

 
COST IMPACTS 
 

During the contract 
• Staffing increase: $100M 
• Training increase: $5M 
• Procedure development increase: $5M 
• Procedure inefficiency increase: $20M 
• Testing duration decrease: $90M 
• TPRA decrease (multiple ORRs): $90M 
• TPRA decrease ( sequential commissioning): $250M 
• Elimination of “graded” staffing approach: not quantified 

 
After the existing BNI contract 

• Training cost reduction:  $100M 
• Training & Procedure development cost reduction: $10M 
• Increased Facility availability/production 
� 20 percent availability improvement (proven experienced staff) 
� $200M cost avoidance in first two years 

Net Impact 
• Decrease of $410M in life-cycle costs 
• Shorter Mission Duration (improvement of 1.5 Years) 

 
LIFECYCLE RISK MITIGATION 

• Test schedule risk. 
• Staffing/ graded approach risk. 
• Sequential testing risks. 
• Multiple ORR risks. 
• Facilities shutdown/limited operations following Hot Commissioning. 
• Repeat ORR with operating contractor prior to “Commercial” Operation. 
• Ability to meet TPA milestones improved. 
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CRITICAL MILESTONE DATES 
• DOE should direct BNI now (and modify the contract) to revise its execution plan and reflect the 

revised approach in the 490 EAC. 
• Begin hiring additional staff to support long term operations – January 2012. 
• Begin training additional staff – June 2012. 

 
 
 
 
 
 
 

 
 
 
 






