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Executive Summary  

The Department of Energy’s (DOE) Office of Project Management Oversight and 
Assessments (PM) prepared an Independent Cost Estimate (ICE) of the CD-3A 
scope request for the Long Baseline Neutrino Facility/Deep Underground Neutri-
no Experiment (LBNF/DUNE) project. This ICE provides Project Management 
Executive (PME), senior leaders within the DOE, and Congress with an unbiased, 
independent assessment of the project’s costs and schedule to complete. 

In 2009, the Long Baseline Neutrino Experiment (LBNE) was envisioned as a 
joint DOE - National Science Foundation (NSF) project.  The NSF would provide 
the Deep Underground Science and Engineering Laboratory (DUSEL) in the 
Homestake Mine in Lead, South Dakota, as a site for the DOE-provided LBNE 
remote detector.  The NSF however, terminated the DUSEL project in December 
2010 and DOE pursued a smaller scale, domestically funded LBNE project that 
received Critical Decision-1 (CD-1) approval in December 2012.   

In 2014, the new national strategic plan for U.S. particle physics—developed by 
the Particle Physics Project Prioritization Panel (P5) and approved by the High 
Energy Physics Advisory Panel (HEPAP)—recommended “a change in approach” 
for the LBNE project. The project reformed as an internationally coordinated and 
funded program as a single project with two subprojects: (1) Long Baseline Neu-
trino Facility (LBNF), a DOE project with an international contribution, and (2) 
the international Deep Underground Neutrino Experiment (DUNE) project, man-
aged by the DUNE collaboration and primarily supported by multiple internation-
al partners, with a contribution by DOE. The new LBNF/DUNE project includes 
installation of large liquid argon (LAr) detectors deep underground at the Sanford 
Underground Research Facility (SURF) in Lead, SD.  

The new LBNF/DUNE project received CD-1 (revised) approval in November 
2015. It is now seeking CD-3A approval in order to start excavation and build-
ing/site infrastructure construction activities at the SURF site. The CD-3A scope 
covers the initial construction work necessary to support installation of cryostats 
and cryogenic systems to be ready for installation of two DUNE LAr detectors.  
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This includes new and refurbished surface facilities, underground excavation of 
caverns and drifts, and installation of the utilities in the shaft, including half of the 
gas piping. The Project Team’s cost estimate to complete the CD-3A work scope 
is $302 million, consisting of $219 million in base costs and $83 million contin-
gency (27% of total CD-3A cost). The project schedule shows completion of CD-
3A work scope by May 1, 2022. 

The ICE for the CD-3A work is $270 million, including escalation and contingen-
cy. The base cost (escalated) is estimated at $207 million, and the contingency is 
$63 million (23% of total CD-3A cost). The contingency was derived using Mon-
te Carlo simulation and output was evaluated at the 90% confidence level, which 
is consistent with the methodology used by the Project Team. Results are summa-
rized in Table i-1: Project Cost Estimate vs ICE. The ICE is about 11% less than 
the Project Team estimate.  

Table i-1: Project Cost Estimate vs ICE 

Description Project Estimate, $M ICE, $M 
Base Costs 219 207 
Contingency 83 63 
Total CD-3A Request 302 270 

 

The ICE also examined the Project Team’s schedule to complete the CD-3A work 
scope. This reasonableness review concluded that it is likely the work can be 
completed within the time allotted, and that the proposed schedule is reasonable. 
The schedule appears to be well-constructed, though some areas for improvement 
were found, such as high float, lag values, and pending detailed planning.  

The ICE Team concluded the following: 

• The proposed cost and schedule for the LBNF/DUNE CD-3A project scope 
is reasonable, well-documented, and supports CD-3A approval. 

• The 11% variance between the Project estimate and ICE drops to 3% when 
escalation and contingency differences are excluded, which is excellent 
agreement. 

• Differences in base costs between both estimates were reconciled. Differ-
ences in escalation and contingency were not reconciled, however the esca-
lation and contingency figures used in both estimates are reasonable and 
defensible. 

• The Project estimate conforms to the GAO Best Practices for Cost Estimat-
ing. 
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Figure i-1: Yates Shaft Headframe – Homestake Mine 
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Section 1  
Introduction  

1.1 PURPOSE AND OBJECTIVE 
The Office of Project Management Oversight and Assessments (PM) performs 
Independent Cost Estimates (ICEs) to provide Project Management Executives 
(PMEs), senior leaders within the DOE, and Congress with an unbiased, inde-
pendent assessment of a project’s costs and schedule to complete (GAO Step 
#11).  

In addition, Public Law 2055, enacted December 23, 2011, specifically requires 
that an ICE be prepared prior to Critical Decision (CD)-2 and CD-3 for a project 
with a Total Project Cost (TPC) over $100 million. PM performs ICEs as required 
by law. 

DOE PM prepared an ICE of the CD-3A scope request for the Long Baseline 
Neutrino Facility/Deep Underground Neutrino Experiment (LBNF/DUNE) pro-
ject, which included a site visit to the Sanford Underground Research Facility 
(SURF) in Lead, SD the week of December 1, 2015.  Team members interviewed 
Project Team personnel, toured the site and underground mine where the remote 
detectors will be located, and gathered additional documentation, as necessary. 
The draft ICE report was initially provided to the Project Team for factual accura-
cy review and followed up by reconciliation between the ICE and the Project 
Team estimate (GAO Step #6).  

The PM ICE Team consisted of five members, who reviewed project documenta-
tion prior to and during the site visit, interviewed Project Team participants, and 
prepared the ICE.  Appendix C shows the specific team member assignments and 
provides team member bios (GAO Step #2). 

1.2 PROJECT BACKGROUND AND STATUS 
In 2009, the Long Baseline Neutrino Experiment (LBNE) was envisioned as a 
joint U.S. Department of Energy (DOE)–National Science Foundation (NSF) pro-
ject.  The NSF would provide the Deep Underground Science and Engineering 
Laboratory (DUSEL) in the Homestake Mine in Lead, SD, as a site for the LBNE 
remote detector.  In January 2010, DOE approved CD-0, but the National Science 

                                     
1 As applicable, specific sections throughout the report will be mapped to their corresponding 

step in the GAO 12 Steps of High-Quality Cost Estimating.  See Appendix I for more details. 
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Board terminated the DUSEL project in December 2010 because it believed this 
facility was too large an undertaking for the NSF.  

In March 2012, the Director of the DOE Office of Science asked the Director of 
Fermilab to lead the development of an affordable and phased approach to LBNE 
based on alternate configurations that would enable important science at reduced 
scope and cost.  The selected alternative included a reduced mass detector, not 
sited underground, and eliminated the smaller detector at Fermilab for monitoring 
the neutrino beam near its source.  

The LBNE project was formed primarily as a domestically-funded effort, having a 
minimal CD-1 configuration of a 10-kiloton far detector on the surface, about 
1,300 km from the near site.  LBNE was tailored to allow for enhancement of sci-
entific capabilities and additional scope (such as a near neutrino detector and a far 
detector underground with additional mass), should opportunities attract the sup-
port of other domestic and international agencies. This reconfiguration was the 
basis for DOE approval of CD-1 in December 2012 with a DOE cost range of 
$805 million to $1.11 billion.  

In May 2014, the new national strategic plan for U.S. particle physics—developed 
by the Particle Physics Project Prioritization Panel (P5) and approved by the High 
Energy Physics Advisory Panel (HEPAP)—recommended “a change in approach” 
for the LBNE project.  The project reformed as an internationally coordinated and 
funded program, under the auspices of a new international collaboration.   

The LBNF and DUNE became a single project with two subprojects: (1) Long 
Baseline Neutrino Facility (LBNF), a DOE project with an international contribu-
tion, and (2) the international Deep Underground Neutrino Experiment (DUNE) 
project, managed by the DUNE collaboration and primarily supported by multiple 
international partners, with a contribution by DOE.  The DUNE collaboration 
brings together a global neutrino community to pursue an accelerator-based, long-
baseline neutrino experiment, as well as neutrino astrophysics and nucleon decay, 
with a large liquid argon (LAr) detector deep underground at the Sanford Under-
ground Research Facility (SURF) and a high-resolution near detector at Fermi 
National Accelerator Laboratory (FNAL). 

The new LBNF/DUNE project received approval for a revised CD-1 with a cost 
range of $1,260 million to $1,860 million in November 2015. It is now seeking 
CD-3A approval in order to start excavation and building/site infrastructure con-
struction activities at the SURF site.  

The information provided here complies with GAO Step #3. 
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Figure 1-1: Hoist Room – Yates Shaft 

 
Figure 1-2: Preparing for Underground Tour 
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Section 2  
Baseline  

2.1 PERFORMANCE BASELINE (SCOPE, COST 
AND SCHEDULE)  
Scope of Work. The CD-3A scope covers the initial construction work necessary 
to support installation of cryostats and cryogenic systems to be ready for the in-
stallation of two DUNE LAr detectors. The specific work scope includes: 

Underground Excavation (4850 feet below surface level) 

• Initial work to prepare the area around the Ross shaft to support excava-
tion. 

• Excavation of two detector chambers to support two 10kt fiducial cryo-
stats. 

• Excavation of a Central Utility Cavern to house cryogenics systems sup-
porting the detector operation and conventional facilities infrastructure 
(electrical power equipment, air-handling units). 

• Excavation of new drifts and ramps for access, egress, and cavern excava-
tion and enlargement of existing drifts from the Ross Shaft to near the 
LBNF site for construction and operations. 

4850L Underground Infrastructure 

• Utilities on the 4850L (i.e. 4,850 feet beneath the surface) and outfitting of 
chambers 1 & 2 and the Central Utility Cavern including industrial water 
for process and fire suppression, air handling and cooling systems, fire de-
tection and alarm, normal and standby power systems, water sump drain-
age and discharge system, cyber infrastructure for data communications 
and experiment and facility control and security monitoring, cellular 
phone access underground, and monorail cranes. 

Shaft Infrastructure 

• Installation in the Ross Shaft of utilities to support the facility, including: 
electrical power, water for fire suppression and process cooling, fiber optic 
lines. 

• Installation in the Yates Shaft of redundant fiber optic lines. 
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• Partial installation (50%) of the argon and nitrogen gas piping. 

Surface Building & Infrastructure 

• Installation of a waste rock handling system to crush and convey excavat-
ed rock from the Ross Shaft for transport and placement off-site. 

• Installation from existing substation of electrical power feed to the top of 
the Ross Shaft and to new surface facilities. 

• Construction of a new Cryogenics Compressor Building to house cryogen-
ic systems equipment to allow installation of cryogenic system compo-
nents.  

Total CD-3A Scope Cost. The Project Team’s cost estimate to complete the CD-
3A work scope is $302 million, consisting of $219 million in base costs and $83 
million contingency.  

Escalation. The estimate includes escalation at an annual rate of 3.4%.  LBNF 
uses escalation rates based on historical and predictive models from industry and 
other sources. In April 2013 the Project Team developed a methodology regarding 
the escalation rate to be used for the Far Site and Near Site conventional facilities 
scope. This approach was based on an independent report prepared by Jacobs En-
gineering (January 2012) that incorporated information from Engineering News 
Record, Turner Building Cost Index, Rider Levett Bucknall National Building 
Cost Index, and Jacobs’ own internal escalation tracking tools. The Project Team 
reviewed other escalation models that provided a prediction of future rates includ-
ing those from Gilbane, the University of Chicago, and DOE Office of Science. 
Based on the Jacobs report, it was decided to use an annual escalation rate of 
3.4% as the middle of the predictive models in the analysis. 

Schedule. The project schedule shows completion of CD-3A work scope by May 
1, 2022. 

Independent Cost Estimate.  The ICE was conducted in accordance with PM’s 
Independent Cost Review (ICR) and Independent Cost Estimate (ICE) Standard 
Operating Procedures (SOP), September 2013. The ICE is also consistent with 
guidance provided in DOE Guide 413.3-21, Cost Estimating Guide.  The ICE is 
conducted using the same ground rules and assumptions as the Project Team, and 
incorporates practices that produce a high quality cost estimate, in accordance 
with the criteria included in the GAO 12-Steps of a High-Quality Cost Estimating 
Process found in GAO Cost Estimating and Assessment Guide, GAO-09-3SP, 
March 2009. 

The ICE consists of a combination of Types II, III, IV, and V independent cost 
estimates, as described in Appendix D of this report.  
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The following list of Work Breakdown Structure (WBS) elements defines the 
CD-3A scope. The type of ICE performed for each element are shown below: 

Table 2-1: ICE Type by WBS Activity 

WBS Description Cost ($M)* ICE Type 

131.01.02.02.04.01 
FSCF Construc-
tion Management 

23 IV- Sampling 
V- Bottom-up 

 

131.01.02.02.04.02 
Buildings & Site 
Infrastructure 
(BSI) 

48 II- Reasonableness 
III- Parametric 
IV- Sampling 

131.01.02.02.04.02.01A 
BSI- General Condi-
tions 
 

8  

131.01.02.02.04.02.01B/1C 
BSI- Initial Work 10  

 
 

131.01.02.02.04.02.02 

BSI- Phase 1 
(Chamber 1, Central 
Utilities Cavern utili-
ties, Surface Bldg & 
utilities) 

22  

131.01.02.02.04.02.03 
BSI- Phase 2 
(Chamber 2 utilities 
& infrastructure) 

1  

131.01.02.02.04.02.04 BSI- Shaft Utilities 
(1/2 gas piping) 

7  

131.01.02.02.04.03 
Cavern & Drift Ex-
cavation (EXC) 

119 II- Reasonableness 
III- Parametric 
IV- Sampling 
V- Bottom-up 

131.01.02.02.04.03.01A EXC- General Con-
ditions 

42  

131.01.02.02.04.03.01B/1C EXC- Initial Work 21  

131.01.02.02.04.03.02 
EXC- Phase 1 
(Drifts, Chamber 1, 
CUC) 

47  

131.01.02.02.04.03.03 EXC- Phase 2 
(Chamber 2) 

9  

* Project Team’s Estimate (un-escalated) 

The ICE was structured similarly to the WBS developed by the Project Team and 
major assumptions used by the Project Team are adopted, as appropriate. Any 
concerns with the WBS or assumptions were reconciled during the onsite review 
meetings. Escalation is included, based on the midpoint of construction. 

The ICE also includes a reasonableness review of the proposed project schedule 
for CD-3A work scope. The team assessed the logic, critical path, and durations 
of the proposed activities, but did not develop a completely new schedule.  

The ICE Team performed an independent risk analysis of the cost uncertainty as 
well as the technical & programmatic (T&P) risks in order to generate an inde-
pendent contingency for CD-3A work scope. This was facilitated by review-
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ing/modifying the risk registers prepared by the Project Team, assessing the rea-
sonableness of the risks, and analyzing the probabilities and cost/schedule impacts 
for each risk. The ICE Team then used Monte Carlo probabilistic simulation tech-
niques to develop T&P risk contingency and cost uncertainty.  

An independent, Monte Carlo-based risk analysis was not performed for the 
schedule contingency. Since CD-3A work will be absorbed in the LBNF/DUNE 
CD-2/3 baseline, a more detailed schedule uncertainty analysis would not provide 
useful information and was omitted from the independent schedule development. 
Rather, the risk schedule impacts derived by the Project Team were reviewed for 
reasonableness and validity, and a very simplistic approximation of schedule float 
was performed by the ICE Team (see Section 3.4). 

The preceding discussion complies with GAO Step #4. 

2.2 GROUND RULES AND ASSUMPTIONS  
The ICE was developed to the highest level possible/practical given the state of 
the design, information available to the ICE Team and time/resource considera-
tions.  The type of estimate is determined based on two factors: 

1. Cost drivers on the project 
2. Available definition of work on the drawings and specifications 

Since the excavation elements of the project comprise over half the construction 
costs, the greatest time and effort was placed on the 40-plus excavations as de-
fined on the Project Team drawings.  Additionally, the Construction Management 
and General Contracting (CM/GC) costs were considered significant cost drivers 
and therefore considered for deterministic estimating techniques (Type IV/V).   

The excavations and CM/GC costs were developed as a Type IV/V estimate and 
are broken down into labor, material, equipment, and subcontract costs. 

The remainder of the project cost estimates are either Type III (Parametric esti-
mates) or Type II (reasonableness).  For the Type II costs, we accepted the Project 
Team costs in the tabulation of the ICE estimate.  Items included as Type II in-
clude: 

• Ross and Yates Headframe rehabilitation 
• Rock Crusher Rehabilitation 
• Cryogenic Piping Costs 
• Electrical Substation Costs 
• Cyber Infrastructure backbone 
• Control Room in the Ross Dry building 
• Waste Rock Handling - Underground 
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• Waste Rock Handling - Surface 

Items specifically excluded from the ICE, as this scope of work is outside of the 
CD-3A request, include the following: 

• Ross Dry Rehabilitation 
• Equipment in the New Cryogenic Building 
• Cryogenic Equipment in the Central Utility Cavern 
• Ross Shaft rehabilitation 
• All equipment associated with the DUNE experiment 

The ICE is based on FY2015 dollars. It includes escalation determined at the cen-
troid of cost expenditures.  This rate is 2.4% compounded annually. This rate is 
derived from several sources including OMB and DOE Office of Science (see 
Appendix E and Table E-1). DOE no longer publishes escalation projections and 
the last one available is from 2011.  This Budget Call guidance showed that the 
escalation rates in out years for the years in question for the LBNF/DUNE con-
struction would be 1.9% for Administrative/Warehouse, 2.0% for Remediation or 
D&D, 2.1% for Scientific Projects, and 4% for nuclear projects. The 
LBNF/DUNE site preparation efforts are somewhere in between these categories.  
As such, we referred to OMB Circular A-94 which also indicated rates in the 
1.9% range, as well as input we received from recent ICRs on other projects. The 
combination of data sources led to our selection of 2.4% 

Escalation was applied at the centroid of the CD-3A work scope. We established 
the 50% point for project expenditures to be in 2019. The ICE team did not gener-
ate an independent schedule, so the expenditure rate and timing is based on SME 
opinion and experience. Use of a compounded escalation rate at the centroid of 
the project expenditures is a common approach to determining the escalation costs 
to be added to a point estimate for a design and construction project. In addition, 
the spend rate in the Project Team documentation resembles a symmetrical Bell 
curve over the CD-3A life; therefore, any differences between a centroid approach 
versus applying the escalation to each year’s expenditures are minimal. Assuming 
the centroid to be approximately 2019, the compounded escalation rate to be ap-
plied in the point estimate is 12.59%. 

Additional assumptions used in the development of the estimate are contained in 
the Basis of Estimate (BOE) in Appendix E. 

The preceding discussion complies with GAO Step #5 and #7. 
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Figure 2-1: Manlift at top of Yates Shaft 

 

Figure 2-2: Underground drifts and railway at 4850 Level
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Section 3  
Review Approach and Analysis 

3.1 COST ESTIMATING METHODOLOGY  
The LBNF project is in preliminary design for many of the facilities and near final 
design on the major sections of the project.  The excavation is the major cost ele-
ment of the project and is very detailed with plans, sections, detailed takeoffs for 
rock removal, surface areas for shotcrete and floor area for concrete floors.  The 
buildings and other site improvements are at a level of detail to allow a Type III 
estimate, including takeoffs of square footages and estimates of lighting and me-
chanical loads. 

The data available was sufficient to develop the ICE and the specialty elements 
(substation, electrical equipment, and mining equipment) were backed up by ven-
dor quotes which were made available to the ICE team. 

Deterministic methodology was used for the major portion of the construction 
work, providing detailed takeoffs of quantities and credible unit cost rates. The 
excavation was broken into labor, material, equipment, and subcontract costs. La-
bor rates were developed independently using regional area base salaries and 
building up the fully loaded cost rates with credible factors for fringes, taxes, 
overheads, general and administrative. 

The Project Team WBS was used as the structure for building the estimate with 
the following three major WBS elements:   

• Construction Manager/General Contractor 
• Buildings and Site infrastructure 
• Excavation for Drifts and Caverns 

The Construction Manager/General Contractor (CM/GC) and excavation costs 
were developed using Type IV/V deterministic methodologies.  The Buildings 
and Site Infrastructure (BSI) elements of the WBS were developed primarily us-
ing parametric estimating (Type III). Reasonableness reviews (Type II) were used 
in cases of specialized work or equipment. 

Roll up factors were used where necessary and included General Contractor in-
surances, bonds, and profit.  Excise taxes were included at 2% of the project costs, 
consistent with the approach used by the Project Team. 
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No costs were included for Fermi Lab personnel, DOE personnel or Other Direct 
Costs (ODCs). 

Historical data on excavation productivity was discussed with the Project Team 
and was included in the independently developed productivities for drilling, ex-
plosives placement/detonation, rock mucking, rock crushing, and lifting rock from 
the underground. 

Commercial rates were used for trucking costs, equipment operational costs, and 
general construction of building and systems.  There were no special factors ap-
plied as is often done on restricted DOE facilities and nuclear sites. 

The ICE for the CD-3A work is $270 million, including escalation and contingen-
cy. The base cost (escalated) is estimated at $207 million, and the contingency is 
$63 million. The contingency was derived using Monte Carlo techniques evaluat-
ed at the 90% confidence level, which is consistent with the methodology used by 
the Project Team. Results are summarized in Table i: Project Cost Estimate vs 
ICE. The ICE is about 11% less than the Project Team estimate.  

Table 3-1: Project Cost Estimate vs ICE 

Description Project Estimate, $M ICE, $M 
Base Costs 219 207 
Contingency 83 63 
Total CD-3A Request 302 270 

 

The preceding discussion complies with GAO Step #7. 

3.2 SCHEDULE ANALYSIS AND RESULTS  
The ICE Team reviewed the Primavera XER file (LBNF-
DUNE_10Schedules_20151202.xer) provided by the Project Team to evaluate 
whether or not it supports the proposed baseline. The integrated project schedule 
includes 10 separate Primavera projects, with five related to the Far Site (high-
lighted below). 
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Figure 3-1: Primavera XER File List 

A review of the CD-3A schedule was performed by the ICE Team to ensure the 
reasonableness and validity of the schedule. This review evaluated the schedule 
based on principles and guidelines found in the GAO Schedule Assessment 
Guide, NDIA PASEG, and the DOE EVMSIH. The Project Team noted that the 
current schedule will be substantially more detailed once a Construction Manager 
(CM) is brought onboard. The ICE Team believes this will impact durations, total 
float values, and lags currently observed in the schedule. The analysis findings, 
based on GAO’s four characteristics of a reliable schedule, are described below. 

Comprehensive. The complete CD-3A scope has been captured within the activi-
ties making up the schedule, along with resource assignments and durations. 
There is a traceable connection between the scope and cost described in the BOE 
documents, ARUP estimates, DOE cost book, and the activities in Primavera. 
Traces were completed between these artifacts. Alignment and discrepancy ex-
planations (scope changes) were satisfactorily documented in the ‘Arup P6 Cost-
Book FSCF Construction Estimate Reconciliation’ document.  

Durations identifying the time required to complete each activity have been estab-
lished, with longer durations indicating the schedule still needs to be detailed out 
into smaller pieces of work (see Appendix F). For example, an activity that is 100 
days in duration should be broken out into multiple activities with more definable 
scope. However, high durations were not unexpected given the pending detailed 
planning. 

Some activity names, such as “4850-34.1 - Heading 1”, should be better defined 
so that users easily understand the content. Activity names are most effective 
when they begin with a present-tense action verb and describe the scope in such a 
manner that clearly defines the intent. 
 
Well-Constructed. The schedule is a logic-driven, critical path schedule with 
work starting on January 3, 2017 and continuing through the completion of CD-
3A scope on May 1, 2022. Activities prior to CD-3A scope reflect procurement 
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actions. All discrete tasks are logically tied, having at least one predecessor and 
one successor, with the schedule logic producing a critical path that presents a 
true picture of the project plan (see Appendix F for details). In accordance with 
scheduling guidelines, the Integrated Master Schedule (IMS) logic has been struc-
tured with predominantly Finish-to-Start (FS) relationships, with the predecessor 
activity needing to finish before its successor can start.  

Negative float was not observed in the schedule, indicating that the work can be 
completed within the allotted time. In addition, there are no hard constraints ap-
plied to CD-3A activities, allowing logic and durations to establish forecast dates. 

The schedule appears to be largely well-constructed, though some shortcomings 
are expected to be improved once the schedule is detailed out, including high float 
and lag values. These schedule changes could potentially change the logic net-
work and critical path.   

Activities finishing significantly earlier than required, based on their successor 
paths (high total float) seem to be due to a lack of hard constraints applied to end 
milestones and a lack of schedule detail at this point. Alternatively, based on dis-
cussions with the Project Team, some instances of high total float accurately re-
flect a long period of time between the finish of an activity and its need date 
within the successor path. See Appendix F for details. 

Lags illustrate a delay between predecessor and successor activities. Since lag du-
rations are not represented as activities, these can hide detail in the schedule, po-
tentially affecting the logic and critical path. Thus, during detail planning and 
where appropriate, it is recommended that the durations represented by lags on 
CD-3A activities be converted into new activities, splitting existing activities into 
logical break points that will better model how the work is accomplished. See 
Appendix F for details. 

Half the gas piping, reflected in the Late Shaft Fit Out activities, is expected to be 
pulled forward and completed as part of CD-3A scope during pre-excavation, 
completing in the first quarter FY2021. The remaining half will be completed af-
ter all excavation is complete and will be part of CD-3c. The project schedule cur-
rently does not reflect this plan, but the Project Team plans to pull the related 
activity dates earlier. At this time, the CD-3A end date is shown as May 1, 2022 
in the project schedule. If the gas piping is completed early, the CD-3A work will 
complete in 1st Quarter FY2021. 

Credible. The schedule includes all detailed work that supports the completion of 
the second detector, which is linked accordingly so any slippage is apparent. In 
addition, the critical path seems to be complete and accurate. Overall, the sched-
ule is planned in a rational, logical sequence that accounts for interdependencies.  

The risk analysis approach and methodology used to determine schedule contin-
gency for the CD-3A scope were reviewed for reasonableness. A summary sched-
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ule derived from the full project schedule was used to model probabilistic risk 
events, with ranges of impacts, using Monte Carlo techniques. Separate risk anal-
yses were completed for the full project scope and the Far Site Conventional Fa-
cilities (FSCF) scope, since the latter directly relates to CD-3A. The schedule 
contingency for CD-3A was calculated at the 90% confidence level, based on the 
completion of all the excavation (four caverns) and included the 26 risks that im-
pact FSCF.  

The risks with the greatest potential schedule impact include the following: 
• PM-013, Changes to the funding profile 
• CFFS-4850L-1000, Cryogenics or FD changes impact layout/design of 

Far Site facilities 
• CFFS-4850L-010, Specialized construction labor is unavailable 

Controlled. At this time, the CD-3A schedule has not yet been baselined or sta-
tused since the work for CD-3A begins on January 3, 2017. Based on the proce-
dures outlined in the “Procedure 12.PM-006 Monthly Status Reporting” 
documentation that was provided by the Project Team, it is expected that the 
schedule will be updated regularly by trained schedulers, using actual progress 
and logic to forecast dates and compared to a baseline schedule to determine vari-
ances from the plan. Narratives for monthly status reports will be provided. In ad-
dition, changes to the baseline will adhere to the change control procedures 
outlined in the “Procedure 12 PM-007 Change Control” documentation. 

Although the schedule will be planned in more detail once a Construction Manag-
er (CM) is brought onboard, based on the schedule analysis, procedural documen-
tation and discussions with the Project Team, the ICE Team believes the schedule 
is reasonable and it is likely the work can be completed within the time allotted.  

3.3 SENSITIVITY ANALYSIS  
As stated in Section 3.1, the ICE for the CD-3A work is $270 million, including 
escalation and contingency. The base cost (escalated) is estimated at $207 million, 
and the contingency is $63 million. The ICE Team performed the following sensi-
tivities around the base costs of the ICE: 

1. Escalation rate variation. 
2. Time Dependent Costs (CM/GC) costs. 
3. Excavation productivities. 

The base escalation rate used by the ICE team is 2.4% compounded annually.  We 
performed a sensitivity analysis starting at 1% up through 5%. The resultant esca-
lation costs are shown in Table 3-2.  
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Table 3-2: Sensitivity Analysis – Escalation 

Annual Rate % at Midpoint Escalation TPC +/- From Base 
2.4% 

1.00% 5.10% $9,384,855 $193,401,615 -$13,782,855 
1.50% 7.73% $14,224,496 $198,241,256 -$8,943,214 
2.00% 10.41% $19,156,145 $203,172,905 -$4,011,565 
2.40% 12.59% $23,167,710 $207,184,470 $0 
2.75% 14.53% $26,737,635 $210,754,395 $3,569,925 
3.00% 15.93% $29,313,870 $213,330,630 $6,146,160 
3.50% 18.77% $34,539,946 $218,536,706 $11,372,236 
4.00% 21.67% $40,042,047 $224,058,807 $16,874,337 
4.50% 24.62% $45,304,926 $229,321,687 $22,137,216 
5.00% 27.63% $50,842,831 $234,860,591 $27,675,121 

 

 

Figure 3-2: Sensitivity Analysis – Escalation 

 

The duration of the project was assessed from 2.5 years to 5 years.  The ICE is 
based on 3.75 years for the CM and 2.5 years for the GC (same contractor). The 
results are shown in Table 3-3.   
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Table 3-3: Sensitivity Analysis – CM/GC 

Years Total CM Cost TPC +/- from base 
3.75 Years 

2.50 $13,653,318 $200,815,963 -$6,368,507 
3.00 $15,912,459 $203,363,366 -$3,821,104 
3.25 $17,042,029 $204,637,067 -$2,547,403 
3.50 $18,171,599 $205,910,769 -$1,273,701 
3.75 $19,301,170 $207,184,470 $0 
4.00 $20,430,740 $208,458,172 $1,273,702 
4.25 $21,560,311 $209,731,873 $2,547,403 
4.50 $22,689,881 $211,005,575 $3,821,105 
4.75 $23,819,452 $212,279,277 $5,094,807 
5.00 $24,949,022 $213,532,978 $6,348,508 

 

 

Figure 3-3: Sensitivity Analysis – CM/GC 

 

The productivity for excavation of materials from the rock face to the skip hoist 
was examined.  The labor hours per CY to drill, blast, scale, muck, transport and 
lift were varied from 50% to 275% of baseline. The results are shown in Table 3-
4, based on adjusting only labor hour productivity.   
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Table 3-4: Sensitivity Analysis – Productivity 

% of Nominal Total Excavation 
$ 

TPC +/- from base 
Productivity 

50.00% $81,818,115 $188,630,910 -$24,902,068 
75.00% $92,885,736 $201,091,944 -$12,441,034 

100.00% $103,953,357 $213,532,978 $0 
125.00% $115,020,977 $226,014,012 $12,481,034 
150.00% $126,088,598 $238,475,046 $24,942,068 
175.00% $137,156,219 $250,936,080 $37,403,102 
200.00% $148,223,839 $263,297,114 $49,764,136 
225.00% $159,291,460 $275,858,148 $62,325,170 
250.00% $170,359,080 $288,319,182 $74,786,204 
275.00% $181,426,701 $300,780,217 $87,247,239 

 

 

Figure 3-4: Sensitivity Analysis – Productivity 

Inspection shows the estimate is most sensitive to labor productivity. A 50% dif-
ference in excavation productivity results in a 12% swing in base costs. A similar 
50% swing in escalation changes the base costs by about 5%. Finally, altering the 
project duration from a low of 2.5 years to a high of 5 years results in a 3% vari-
ance around the base cost. 

The preceding sensitivity analysis complies with GAO step #8. 
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3.4 COST RISK AND UNCERTAINTY ANALYSIS  
The risk register for the ICE is shown in Appendix G. This is patterned after the 
Project Team’s risk register, but one new risk was added and three were deleted.  
Deletion rationale is based on the following: 1) alterations to scope are normally 
handled through the Baseline Change Control process resulting in a new Perfor-
mance Baseline for the project, 2) there is no way to quantify scope changes for 
risk impacts until the change is known, and 3) this risk deals with damaged cryo-
stat equipment due to a rock fall, but this work is not part of the CD-3A scope. 

Deletions: 
• 1- Missing scope 
• 2- Scope increases due to changing codes or regulations 
• 3- Rock falls damage cryogenic equipment 

Additions: 
• Ross shaft rehab is delayed 

We also adjusted the cost and/or schedule impacts for some risks based on our 
independent assessment, and altered the probabilities of a few risks. 

Results from the independent risk analysis are shown in Table 3-5. The Technical 
and Programmatic (T&P) risk contingency, as well as the cost uncertainty, are 
determined using Monte Carlo probabilistic simulation techniques, evaluated at 
the 90% confidence level. 

Table 3-5: Independent Risk Analysis Results 

Description Contingency, $M 
Cost uncertainty 15.4 
Technical & programmatic risks 36.5 
Schedule contingency 10.8 

Total 62.7 
 

The estimate uncertainty is developed by taking the estimate details, establishing 
a low estimate, a most likely estimate, and a high estimate for each major WBS 
element.  The data is then run through a Monte Carlo simulation (see attached re-
sults) using 50,000 trials and a 90% confidence level.  The difference between the 
point estimate and the 90% certainty upper bound is identified as the estimate un-
certainty, which is $15.4 million. Figure 3-5 shows the results of the cost uncer-
tainty simulation analysis. 
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Figure 3-5: Estimate Uncertainty – Monte Carlo Results 

 

The T&P contingency is based upon the risk register shown in Appendix G.  The 
identified risks, along with their probability of occurrence and impacts, are then 
run through a Monte Carlo simulation using 50,000 trials, and the risk contingen-
cy is determined at a 90% confidence level.  This T&P risk-based contingency is 
identified as $36.5 million. Figure 3-6 shows the results of the T&P contingency 
simulation analysis.  

 

Figure 3-6: T&P Risk Contingency – Monte Carlo Results 
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The schedule contingency is derived using the 14.4 months of schedule float de-
termined by the Project Team, and multiplying that by the ICE Team’s hotel load 
of $750K per month. This results in schedule contingency of $10.8 million. The 
hotel load is independently calculated from the CM and GC staff required to re-
main onsite during schedule delays, as well as the temporary facilities, equipment 
and utilities.   The ICE Team did not simulate schedule contingency using proba-
bilistic techniques, but instead performed a very rudimentary check on the Project 
Team’s schedule float. This was done by averaging the best, most likely, and 
worst case schedule impacts (months) for each risk event, multiplying the average 
by the expected probability, and summing the resultant value for all risks. This 
yielded 15.3 months of float, which is very close to the Project Team’s 14.4 
months. 

As a percentage of base costs, the $62.7 million ($63M rounded) total contingen-
cy determined by the ICE represents 34.6% of the base costs. This compares with 
38% for the Project Team estimate. 

The preceding discussion complies with GAO Step #9. 
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Section 4  
Results and Findings  

4.1 SUMMARY OF RECONCILIATION  
Following completion of the first draft of the ICE, reconciliation telecons were 
held with the Project Team on February 3 and 5, 2016. The purpose was to ad-
dress variances between the two estimates. The total variance was $58 million 
(19%) between the Project Team estimate ($302 million) and the ICE ($244 mil-
lion). Based on the initial ICE, fairly significant variances (>15%) were observed 
for the major cost elements of Construction Management, Buildings and Site In-
frastructure, and Excavation. These were both positive and negative variances. In 
addition, large variances were observed for escalation and contingency. 

For the base estimate, discussions between the two teams revealed that 1) certain 
general conditions costs were binned differently, 2) different assumptions about 
the contracting approach were made by the Project Team and the ICE Team, and 
3) there was a significant variance in waste rock handling costs between the two 
estimates.  

Concerning the first issue, the ICE placed all costs for contractor overhead, profit, 
bonds, and insurance within the CM category, whereas the Project Team distrib-
uted these among the CM, BSI, and Excavation sub-elements. The ICE subse-
quently re-distributed the general condition costs to mirror the way the Project 
Team did it. This change did not affect the costs, only where the costs are collect-
ed. 

Concerning the second issue, the ICE assumed that the CM/GC contractor would 
self-perform all trade subcontracts for the project, whereas the Project Team as-
sumed the CM/GC would be managing multiple separate subcontracts, which cre-
ates some overlap in project management and project engineering personnel. The 
ICE added more management personnel to its GC staff in order to be consistent 
with the Project Team’s approach. However, there may be an opportunity to de-
crease costs if the CM/GC self-performs some or all of the subcontract work. 

On the final issue, the waste rock handling modifications represent specialty work 
not easily estimated. In fact, the Project Team used a specialty contractor to esti-
mate the waste rock handling costs. The ICE agreed to accept the Project Team’s 
estimate for this work, which increased the ICE by $8.3 million in direct costs 
alone. 
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Differences in escalation and contingency were not reconciled. The bases of both 
estimates are reasonable, but there tends to be much more subjectivity in calculat-
ing escalation and contingency costs than in estimating base costs.  Therefore, it 
was determined to show the unreconciled figures from both teams. 

During reconciliation, we also verified that the excavation scope of work was 
consistent between the Project Team and ICE. Results showed the estimates of 
mined rock agreed within 0.2%. 

The information provided here complies with GAO Steps #7 and #12. 

4.2 SUMMARY OF VARIANCE ANALYSIS  
Base Costs. Fairly significant variances are evident between the Project Team 
cost estimate and ICE at WBS level 6. However, these variances are largely at-
tributed to how each estimate bucketed specific work activities within each WBS 
element. For example, the ICE included rock handling-surface costs in the BSI 
work, whereas the Project Team included these costs in Excavation. 

More importantly, the total base costs show only 3% variance, which is agree-
ment. 

Escalation. The escalation variance is directly proportional to the escalation rates 
assumed by the two estimating teams (3.4% per year vs. 2.4% per year). The vari-
ance tightened up following reconciliation due to moving excise taxes into the 
base costs, adding more GC staff, and increasing the cost for waste rock handling 
modifications. The teams agreed that both rates were reasonable, and each team 
would maintain their respective rates. 

Contingency. The 24% contingency variance is attributed to the different ap-
proaches utilized between the Project Team and ICE Team. The ICE based its 
contingency on the combined costs of cost uncertainty, T&P risk, and schedule 
contingency.  

Part of the variance is due to differences in schedule contingency (burn rate) be-
tween the two estimates. Although the ICE Team used the same schedule float as 
the Project Team, it independently determined a higher hotel load based on re-
quired personnel and facilities. This results in a variance of $3 million between 
the two estimates. 

Further, the ICE Team deleted three scope-related risks from the Project’s risk 
register (see App G), and also adjusted some of the probabilities and impacts of 
remaining risks based on our independent analysis.  

Summary. Table 4-1 compares the variances in the major estimate areas both be-
fore and after reconciliation. 
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Table 4-1: Variance Comparison 

WBS Description % Variance before 
Reconciliation 

% Variance after 
Reconciliation 

131.01.02.02.04.01 FSCF Construction Man-
agement 

+46 (16) 

131.01.02.02.04.02 Buildings & Site Infrastruc-
ture (BSI) 

(19) +27 

131.01.02.02.04.03 Cavern & Drift Excavation 
(EXC) 

(26) (13) 

 Subtotal (17) (3) 
 Escalation (30) (20) 
 Contingency (24) (24) 
 Total (19) (11) 

 

The information provided here complies with GAO Step #7. 

4.3 OVERVIEW OF RESULTS AND FINDINGS  
DOE’s Office of Project Management Oversight and Assessments (PM) prepared 
an Independent Cost Estimate (ICE) of the CD-3A scope request for the Long 
Baseline Neutrino Facility/Deep Underground Neutrino Experiment 
(LBNF/DUNE) project. The Project Team’s cost estimate to complete the CD-3A 
work scope is $302 million, consisting of $219 million in base costs and $83 mil-
lion contingency. The project schedule shows completion of CD-3A work scope 
by May 1, 2022.  

The ICE Team reviewed all CD-3A project documentation, met with members of 
the Project staff, toured the construction site, and conducted reconciliation meet-
ings with the Project Team. We found good support documentation for the CD-
3A work scope, which was complemented with excellent cooperation and respon-
siveness from the Project. 

The ICE was conducted in accordance with PM’s Independent Cost Review (ICR) 
and Independent Cost Estimate (ICE) Standard Operating Procedures (SOP), and 
used the same ground rules and assumptions as the Project Team. The ICE con-
sists of a combination of Types II, III, IV, and V independent cost estimates. The 
ICE also performed a completely independent risk analysis using Monte Carlo 
simulation techniques. 

Table 4-2 provides a comparison of costs between the project estimate and the 
ICE following reconciliation. Variance percentages are also indicated. 
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Table 4-2: Project Cost Estimate vs. ICE 

WBS Description Project 
Cost, $M 

ICE, 
$M  

Variance, 
% 

131.01.02.02.04.01 FSCF Construction Manage-
ment 

23 19.3 (16) 

131.01.02.02.04.02 Buildings & Site Infrastructure 
(BSI) 

48 60.8 +27 

131.01.02.02.04.03 Cavern & Drift Excavation 
(EXC) 

119 103.9 (13) 

 Subtotal 190 184 (3) 

 Escalation 29 23 (20) 

 Subtotal 219 207 (5) 

 Contingency 83 63 (24) 

 Total CD-3A Request 302 270 (11) 

 

The ICE Team concluded the following: 

• The proposed cost and schedule for the LBNF/DUNE CD-3A project scope 
are reasonable, well-documented, and supports CD-3A approval. 

• The 11% variance between the Project estimate and ICE drops to 3% when 
escalation and contingency differences are excluded, which is excellent 
agreement. 

• Differences in base costs between both estimates were reconciled. Differ-
ences in escalation and contingency were not reconciled, however the esca-
lation and contingency figures used in both estimates are reasonable and 
defensible. 

• The Project estimate conforms to the GAO Best Practices for Cost Estimat-
ing. 

The information provided here complies with GAO Step #7. 
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Figure 4-1: Ross Shaft Headframe 
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Appendix B  
List of Acronyms  

AD FNAL Accelerator Division 

A-E  Architect-Engineer 

ANSI  American National Standards Institute, Inc. 

ARR  Accelerator Readiness Review 

AS  Acquisition Strategy 

ASHRAE  American Society of Heating, Refrigerating and Air 
Conditioning Engineers 

BOE Basis of Estimate 

BCP  Baseline Change Proposal 

BCY Bank Cubic Yard 

BNL  Brookhaven National Laboratory 

BSI Buildings & Site Infrastructure 

CAM  Control Account Manager 

CD Critical Decision 

CDR  Conceptual Design Report 

CERN  European Laboratory for Particle Physics 

CH Chicago Office 

CM  Construction Manager 

COR Contracting Officer’s Representative 

D&D  Decontamination & Decommissioning 
DOE  Department of Energy 

DUNE  Deep Underground Neutrino Experiment 

DUSEL Deep Underground Science and Engineering Laboratory 

EA  Environmental Assessment 

EFIG  Experiment-Facility Interface Group 

EVMS  Earned Value Management System 

ES&H  Environment, Safety and Health 

FESS  FNAL Facilities Engineering Services Section 
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FNAL  Fermi National Accelerator Laboratory 

FPD  Federal Project Director 

FRA  Fermi Research Alliance, LLC 

FSCF Far Site Conventional Facility 

FY  Fiscal Year 

GC General Contractor 

ICE Independent Cost Estimate 

ISMS  Integrated Safety Management System 

IPT  Integrated Project Team 

HEP  High Energy Physics 

HEPAP  High Energy Physics Advisory Panel 

KPP  Key Performance Parameters 

LAr  Liquid Argon 

LBNC  Long Baseline Neutrino Committee 

LBNE  Long Baseline Neutrino Experiment 

LBNF  Long Baseline Neutrino Facility 

LI  Funding Type – Line Item 

LLP  Long Lead Procurement 

M&O  Management & Operating 

MOU  Memorandum of Understanding 

NEPA  National Environmental Policy Act 

NSF National Science Foundation 

NUMI  Neutrinos at the Main Injector 

ODC Other Direct Costs 

OPC  Other Project Costs 

OPSS  FNAL Office of Project Support Services 

OSHA  Occupational Safety and Health Administration 

P5  Particle Physics Project Prioritization Panel 

PARS  Project Assessment and Reporting System 

PD  Project Director 

PEP  Project Execution Plan 

PM  Office of Project Management Oversight and Assess-
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ments 

PME  Project Management Executive 

PMP  Project Management Plan 

PPD  FNAL Particle Physics Division 

QA  Quality Assurance 

QC  Quality Control 

R&D  Research & Development 

RLS  Resource-loaded schedule 

SC  Office of Science 

SDSTA  South Dakota Science & Technology Authority 

SOW  Statement of Work 

SURF  Sanford Underground Research Facility 

TEC  Total Estimated Cost 

TPC  Total Project Cost  

WBS  Work Breakdown Structure 
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Appendix C  
Bios of ICE Team Members  

Team Member Cost Schedule Risk Mgt 

Pete Bako, DOE Team Lead A A A 

Doug Gray, Contractor Lead A  L 

Dave Jansen, Contractor L   

Joy Sichveland, Contractor  L A 

L-Lead, A-Assist 

PETER I. BAKO, PMP, CCP, DOE 
Peter I. Bako has over 20 years of experience in program and project management 
and is responsible for successful completion of a wide variety of both construction 
and operations & maintenance projects. Having served over 20 years as a U.S. Air 
Force Civil Engineering Officer, he planned, programmed, designed, and man-
aged numerous facility and infrastructure projects throughout the United States, 
Honduras, Germany, England, Iraq, Kuwait, and Saudi Arabia. Mr. Bako has been 
with the Department of Energy for just over one year in his current position in the 
Office of Project Management Oversight and Assessments (PM) and recently be-
gan supporting the Office of Science capital asset program. Mr. Bako has a BS 
degree in Mechanical Engineering from the University of Connecticut and is a 
certified Project Management Professional and Certified Cost Professional. 

DOUGLAS A. GRAY, BS, PE 
Douglas A. Gray has 40 years of experience in program and project management, 
engineering supervision, and independent consulting. Work experience includes 
the chemical, mining, energy, nuclear, and environmental industries. Mr. Gray’s 
focus over the past 20 years has been in support of the DOE performing inde-
pendent cost estimates (ICEs), independent cost reviews (ICRs), and external in-
dependent reviews (EIRs) of major DOE projects and programs ranging in cost 
from $5 million to $60 billion. These reviews include independent assessment of 
baseline life-cycle costs, construction and operations cost estimates, D&D costs, 
work breakdown structures, risk assessments, and contingency analyses. Mr. Gray 
performed cost reviews for several DOE capital line-item projects such as the 
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Remote-Handled Low Level Waste Project at Idaho, and the Saltstone Disposal 
Unit #6 at the Savannah River Site. Independent cost estimates completed by Mr. 
Gray include the Highly Enriched Uranium Material Facility (HEUMF) Project at 
the Y-12 National Security Complex, and the Muon-to-Electron Conversion Ex-
periment Project at FermiLab. Mr. Gray was responsible for the cost review and 
risk assessment portions of the external independent reviews conducted for the 
DOE Environmental Management baseline programs at Brookhaven National La-
boratory, Lawrence Livermore National Laboratory, Pantex, Nevada Test Site, 
Lawrence Berkeley National Laboratory, Los Alamos National Laboratory, Han-
ford Reservation, Waste Isolation Pilot Plant, Idaho National Laboratory, Oak 
Ridge, and the Portsmouth/Paducah sites. He also co-authored the new Level 2 
and Level 3 risk management courses for DOE, as well as the new cost-estimating 
course. Mr. Gray has a BS degree in chemical engineering, and is a licensed Pro-
fessional Engineer. 

W. DAVID JANSEN, CCP, PMP, LGC 
W. David Jansen is a professional manager with over 40 years’ experience in engi-
neering, construction, estimating, scheduling, and project management. He has 
managed hundreds of projects start to finish, including conceptual design devel-
opment, design programs, independent reviews, independent cost estimates, and 
project schedules. Mr. Jansen has worked on numerous projects that required im-
plementation of DOE-O 413.3B related to completion of the various Critical De-
cision Points (CD-0 through CD-4).  As a certified cost professional, Dave has 
been lead estimator for numerous large-scale DOE projects including in the last 
year, the National Interim Storage Facility for commercial spent nuclear fuel and 
the Permanent Ventilation System (including drifts and shaft) for the WIPP TRU 
waste repository. In addition to his many assignments on DOE projects, Mr. Jan-
sen has worked extensively with major industry leaders including Intel, Honey-
well, Motorola, Southwest Airlines, Bechtel, Parsons, Shaw, CB&I, Orbital 
Science, and numerous city, county, state and federal agencies. He has spent 
much of his career managing high-tech, design–build projects. As a key manager 
in the commercial construction industry, along with his strong experience in the 
DOE complex, Dave has been intimately involved with developing construction 
contracting strategies, preparing budgetary/planning assessments, conducting life 
cycle cost analyses, performing bid/proposal analysis and performing monthly 
performance assessments on multiple projects. Mr. Jansen is a Certified Cost Pro-
fessional (CCP) through AACE-International, Professional Project Manager 
(PMP) through Project Management Institute, and is also a Licensed General 
Contractor, having held licenses in several states. Mr. Jansen holds a Master’s 
Degree in Mechanical Engineering from Drexel University and has a strong civil 
engineering background.   
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JOY SICHVELAND, BA, MS 
Joy Sichveland is a project management consultant specializing in scheduling and 
earned value management, with over ten years of experience. She is proficient in 
advanced scheduling techniques using Microsoft Project and Primavera. She has 
developed, maintained, analyzed and reported on large, complex DoD, DOE and 
NSF programs, including engineering, construction and information technology 
schedules. She has hands-on experience in all aspects of EVMS implementation, 
evaluation, validation, and surveillance and is proficient in EVM policy and guid-
ance, including the EVM Implementation Guide (EVMIG), ANSI/EIA-748-B and 
the Planning & Scheduling Excellence Guide (PASEG). She has been selected as 
an EVMS subject matter expert and a key team member for EVM implementation 
for multiple DoD contracts. She has also served on program reviews for DCMA, 
DoD and DOE. As a scheduling and EVMS specialist, Ms. Sichveland has trained 
and coached Control Account Managers (CAMs) in all facets of project manage-
ment, such as establishing baselines, preparing for major reviews, understanding 
CPRs and interpreting schedule data analysis. She has also authored various train-
ing guides for SRAs, IRAs and IMS assessments for Air Force SAF/AQXC, 
DCMA and NAVAIR. She has helped develop policy and guidelines through her 
work to establish requirements for Air Force risk management policy, process, 
training, advocacy, and enabling. In addition, she has been a team member in the 
EVMIG update effort to reflect current policy documents and contributing author 
to the PASEG that follows the Generally Accepted Scheduling Principles 
(GASP). Ms. Sichveland holds a BA degree in Psychology from Emory Universi-
ty in Atlanta, Georgia and a MS degree in Mental Health Counseling from West-
ern Washington University in Bellingham, Washington. 
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Appendix D  
Types of Independent Cost Estimates 

Following is a general description of the various types of independent cost esti-
mates. 

Type II (Reasonableness Review). For this review, the ICE Team reviews all 
available project documentation; receives briefings from and holds discussions 
with the Project Team; completes sufficient analysis to assess the reasonableness 
of the project assumptions that support the cost and schedule estimates; ascertains 
the validity of those assumptions; assesses the rationale for the estimating meth-
odology used; and checks the completeness of the estimate, including appropriate 
allowances for risks and uncertainties. The Team addresses the following review 
areas and associated lines of inquiry.  

• For selected WBS elements (see Section 2.1), review the detailed basis for 
the cost estimate and schedule duration. 

• Identify and assess key cost estimate assumptions and evaluate the reason-
ableness of these assumptions, as related to the quality of the cost esti-
mates for each WBS element selected for detailed review. 

• Examine the cost estimates for completeness without omission or duplica-
tion. 

• Ensure the cost estimate reflects the selected methods, processes and 
schedule for its implementation. 

• Review allocated resources to determine appropriateness of the costs. 
• Review estimates of level-of effort work to determine if discrete work is 

inappropriately classified as level-of-effort work. 
• Review and assess the estimating methods used (historical data, paramet-

ric estimating, vendor quotes, etc.). 
• Review the reasonableness of project management and project support 

costs compared to the overall project costs. 

Type III (Parametric Estimating Approach). This approach, in addition to in-
corporating all of the activities needed for a Reasonableness Review, utilizes par-
ametric techniques, factors, etc., to analyze project costs and schedules, and is 
usually accomplished at a summary WBS level.  A parametric estimate comprises 
cost estimating relationships and other cost estimating functions that provide logi-
cal and repeatable relationships between independent variables, such as design 
parameters or physical characteristics and cost, the dependent variable. Capacity 
factor and equipment factor are simple examples of parametric estimates; howev-
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er, sophisticated parametric models typically involve several independent varia-
bles or cost drivers. Parametric estimating is reliant on the collection and analysis 
of previous project cost data in order to develop the cost estimating relationships. 
A key in the use of parametric techniques is the occurrence of valid statistical re-
lationship, or CER, between historical costs and program, physical, and perfor-
mance characteristics established and how logical is the relationship between key 
cost drivers.  

Type IV (Sampling Approach). This review also begins with the activities need-
ed for a Reasonableness Review, but in addition requires the ICE team to identify 
the key cost drivers.  A “cost driver” is a major estimate element whose sensitivi-
ty significantly impacts TPC.  Detailed, independent estimates will be developed 
for these cost drivers.  Such estimates will include vendor quotes for major 
equipment, and detailed estimates of other materials, labor, and subcontracts. The 
approach for developing detailed ICE estimate of the cost drivers is similar to 
what is described below for Type V estimates. Cost elements which are not cost 
drivers are evaluated by a combination of methods that entails a detailed evalua-
tion of specific cost elements. This detailed review might include quantity checks 
against the design/approach, price comparison to historic or published data for 
specific elements, etc.  

Type V (Bottom-up Estimating Approach). This is the most detailed and exten-
sive ICE effort. It begins with the activities needed for a Reasonableness Review. 
In addition, this approach requires a detailed bottom-up independent cost esti-
mate, a schedule assessment, and an independent cost/schedule risk analysis. This 
requires quantity take-offs/development, vendor quotations, productivity analysis, 
use of historical information, and any other means available to do a thorough and 
complete estimate of at least 75 percent of the project’s cost. Cost estimates shall 
be developed utilizing current pricing and best available data relative to the local 
area and work on the site. Davis-Bacon wage rates or local prevailing wage rates 
shall be used for construction Subcontractor activities. Installation unit rates shall 
be adjusted for site construction impacts, if necessary. Equipment and construc-
tion equipment and required material cost shall be included. Subcontractor over-
head including FUI (Federal Unemployment Insurance), SUI (State 
Unemployment Insurance), miscellaneous taxes, profit, bond, and general re-
quirements shall be detailed in the cost estimate. Estimated construction labor 
hours shall also be determined in order to estimate the duration for general re-
quirements. 

It may not be possible to do a completely independent estimate on some portions 
of the project estimate, and for those portions – which should not exceed 25 per-
cent of the total estimate – the project estimate may be used if it has passed the 
test of reasonableness.  
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Appendix E  
Basis of Estimate 

LBNF–DUNE CD-3A Conventional Facilities 

The LBNF-DUNE project is initiating site work at the Far Site in Lead, South 
Dakota to house the neutrino detection experiment portion of the DUNE pro-
ject.  As part of the review process to determine project readiness to proceed, 
DOE is conducting an Independent Cost Estimate (ICE) for the conventional fa-
cilities in South Dakota. 

The scope of this estimate includes four major categories/areas. 

1. Construction Management 
2. Pre-Excavation 
3. Excavation of the Large Detector Caverns 
4. Buildings & Site Infrastructure (BSI) at the surface and below grade 

The basis of estimate is developed in accordance with the project team WBS 
structure which will provide a clear roadmap should reconciliation be required 
between the Project Team estimate and the ICE. 

The scope of the conventional facilities is extensive, and the ICE effort is devel-
oped at various levels of detail commensurate with the work involved and the risk 
to the project.  

Type II estimates (Reasonableness Assessment) are used on some of the WBS 
elements that are not cost drivers and represent limited risk to the success of the 
project.  Type III (Parametric) estimates are used where the design is reasonably 
advanced and quantity takeoffs can be performed.  Examples of this type of esti-
mate include building costs, utility costs, and common construction systems (no 
unique or experimental systems).  The most detailed estimates are Type IV/V 
(Deterministic) and have been used for the excavation work and BSI systems be-
low grade as well as the Construction Management costs. 

Work Breakdown Structure (WBS) 

The initial WBS was provided by the LBNF Project Team and was used to struc-
ture the ICE data.  The original WBS is shown as follows: 

131.01.02.02.04  FSCF Construction 
131.01.02.02.04.01  FSCF Construction Management 
131.01.02.02.04.02  Buildings & Site Infrastructure (BSI) 

131.01.02.02.04.02.00  Milestones and Procurements 
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131.01.02.02.04.02.1A  General Conditions 
131.01.02.02.04.02.1B  Phase A 
131.01.02.02.04.02.1C  Phase B 
131.01.02.02.04.02.02  Phase 1 BSI 

131.01.02.02.04.02.02.1  BSI – Surface 
131.01.02.02.04.02.02.2  BSI - 4850L 
131.01.02.02.04.02.02.3  BSI - 4905L 
131.01.02.02.04.02.02.4  BSI – Shaft 

131.01.02.02.04.02.03  Phase 2 BSI 
131.01.02.02.04.02.03.2  BSI - 4850L 

131.01.02.02.04.02.04  Phase 3 BSI 
131.01.02.02.04.02.04.3  BSI - Ross Shaft 

131.01.02.02.04.03  Cavern & Drift Excavation (EXC) 
131.01.02.02.04.03.00  Milestones and Procurements 
131.01.02.02.04.03.1A  General Conditions 
131.01.02.02.04.03.1B  Phase A 
131.01.02.02.04.03.1C  Phase B 
131.01.02.02.04.03.02  Phase 1 Excavation 

131.01.02.02.04.03.02.01  Ventilation and Blast Con-
tainment 
131.01.02.02.04.03.02.05  Underground: Excavations 
131.01.02.02.04.03.02.06  Underground: Additional 
Items 

131.01.02.02.04.03.03  Phase 2 Excavation 
131.01.02.02.04.03.03.01  Ventilation and Blast Con-
tainment 
131.01.02.02.04.03.03.02  Underground: Excavations 
131.01.02.02.04.03.03.03  Underground: Additional 
Items 

131.01.02.02.04.03.04  Phase 3 Excavation  (EXCLUDED–
FUTURE) 

131.01.02.02.04.03.04.01  Ventilation and Blast Con-
tainment 
131.01.02.02.04.03.04.02  Underground Excavations 
131.01.02.02.04.03.04.03  Underground: Additional 
Items 
131.01.02.02.04.03.04.04  Additional 

131.01.02.02.04.03.05  Phase 4 Excavation EXCLUDED – 
FUTURE) 

131.01.02.02.04.03.05.02  Underground: Excavations 
131.01.02.02.04.03.05.03  Underground: Additional 
Items 

  
The WBS was restructured by the Project Team after the start of the ICE work, 
but does not affect the data or results developed by the ICE team. 
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WBS 131.01.02.02.04.01 FSCF Construction Management 

The LBNF/DUNE Project Team expects to retain the services of a Construction 
Manager/General Contractor (CM/GC) to manage the entire scope of construction 
services as well as self-perform a number of the construction activities. As such, 
the estimate developed for CM/GC services was broken into two levels. The Con-
struction Management Services are contained in this WBS. 

The project anticipates completion in 1st quarter 2021, marking the completion of 
construction services. While the Project Team intends to bring on a CM/GC in 
mid-2016, the bulk of services will be delivered during the actual construction, 
which begins in 2018. Consequently, the duration for the CM services is assumed 
to be 3.75 years. Included in these CM services are the following functions: 

• Project Management 
• Construction Management 
• ES&H 
• QA/QC 
• Project Controls 
• Estimating 
• Scheduling 
• Subcontract Administration 
• A/E support 
• SDSTA support staff 
• Temp Facilities 
• Temp Utilities 
• Temp Services 
• Security 
• General Services 

This scope of services does not include direct supervision of the work or the man-
agement of direct hire craft. These items are contained in a WBS element associ-
ated with the execution of the work. 

WBS 131.01.02.02.04.02 Buildings & Site Infrastructure (BSI)  

The Building and Site Infrastructure is a myriad of improvements to the facility at 
the surface, within the Ross shaft, and at the 4850L of the laboratory.  

The following items are included at the surface: 

1. Expansion of the electrical substation 
2. Construction of a new Cryogenics building 
3. Refurbishment of the Ross and Yates head-frame structures 
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4. Rehabilitation of the rock crushing equipment 
5. Construction of a rock handling system to transport crushed rock to the 

truck loading station 
6. Cryogenic piping at the surface 
7. Cybernetic backbone and distribution at the surface. 

Where information is common conventional construction, the ICE Team prepared 
a Type III estimate. This would include the buildings and miscellaneous surface 
systems. Where the work is specialty work, the ICE team prepared a Type II rea-
sonableness assessment and accepted the Project Team’s estimate of the cost of 
the work. These items included: Substation, Rock Crusher rehabilitation, Shaft 
head frame rehabilitation and cryogenic piping and cybernetic backbone. The pro-
ject team data is supported by numerous supplier and subcontractor quotations 
and is deemed by the ICE Team to be reasonable for purposes of recommending 
approval of the CD-3A costs. 

At the 4850L area of the laboratory, the following items are included: 

1. Fire protection throughout 
2. General lighting 
3. Electrical distribution 
4. Communications distribution 
5. Structural support for all distributed services 
6. Electrical substation and switchgear 
7. Central Utilities Cavern (CUC) fit-up (exclusive of cryogenic equipment) 
8. Backup generator and fuel tank 
9. Cryogenic piping to the CUC but not from the CUC into the detector cav-

erns 
10. Nitrogen vent piping to the surface 
11. Laboratory offices 
12. Concrete mixing station 
13. Concrete receiving Station 
14. Specific equipment required for construction of the drifts and caverns 
15. Ventilation bulkheads and blast pressure protection 

Where the Project Team has specific quotes from suppliers and vendors, those 
costs were reviewed for reasonableness (Type II). This included the cryogenic 
piping, communications distribution, electrical equipment, and specialty equip-
ment. The ICE Team accepted these costs as reasonable and included those costs 
in the ICE TPC. 

The ICE Team developed Type III estimates of all other services throughout the 
drifts and caverns.  These costs included fire protection distribution, structural 
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supports, laboratory offices, and generator/fuel tank, concrete stations, and mis-
cellaneous. 

131.01.02.02.04.02.04.3  BSI - Ross Shaft 

The Ross shaft is being rehabilitated under a separate contract and is not part of 
the LBNF CD 3A scope of work. The shaft will, however, be the path for execu-
tion of all of the work in the underground and will be the conduit for much of the 
piping, electrical and communications required for the future DUNE experiment. 

The following items are included in the Ross Shaft BSI: 

1. Relocation of the existing de-watering lines to eliminate conflict with cry-
ogenic piping to the 4850L. 

2. Installation of a new fire line from the 4100 level reservoir to provide fire 
protection at the 4850L throughout the laboratory 

3. New Cryogenic piping (Argon and Nitrogen) to support the LAr detectors 
and their experiments. 

4. New cybernetic backbone 

The ICE Team prepared a Type II estimate for these scope items and accepted the 
costs as prepared by the Project Team and deemed them to be reasonable. 

Per discussions with the Project Manager, only half of the cryogenic piping will 
be included in this CD-3A portion of the total project. The remainder will be part 
of a subsequent release. 

131.01.02.02.04.03 Cavern & Drift Excavation (EXC) 

The Cavern and drift excavation is the most complicated and costly portion of the 
CD-3A scope of work. The ICE Team performed deterministic estimates for this 
portion of the project and prepared a Type IV/V estimate for all drift and cavern 
excavation. While the excavation is segregated into discrete phases, we have pre-
pared a single BOE for the entire excavation process. Included in this WBS ele-
ment are: 

131.01.02.02.04.03.00  Milestones and Procurements 
131.01.02.02.04.03.1A  General Conditions 
131.01.02.02.04.03.1B  Phase A 
131.01.02.02.04.03.1C  Phase B 
131.01.02.02.04.03.02  Phase 1 Excavation 

131.01.02.02.04.03.02.01  Ventilation and Blast Con-
tainment 
131.01.02.02.04.03.02.05  Underground: Excavations 
131.01.02.02.04.03.02.06  Underground: Additional 
Items 
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131.01.02.02.04.03.03  Phase 2 Excavation 
131.01.02.02.04.03.03.01  Ventilation and Blast Con-
tainment 
131.01.02.02.04.03.03.02  Underground: Excavations 
131.01.02.02.04.03.03.03  Underground: Additional 
Items 

131.01.02.02.04.03.04  Phase 3 Excavation  (EXCLUDED–
FUTURE) 

131.01.02.02.04.03.04.01  Ventilation and Blast Con-
tainment 
131.01.02.02.04.03.04.02  Underground Excavations 
131.01.02.02.04.03.04.03  Underground: Additional 
Items 
131.01.02.02.04.03.04.04  Additional 

131.01.02.02.04.03.05  Phase 4 Excavation EXCLUDED – 
FUTURE) 

131.01.02.02.04.03.05.02  Underground: Excavations 
131.01.02.02.04.03.05.03  Underground: Additional 
Items 

  

The drifts, rooms or caverns contained in each phase are fully detailed in the de-
sign drawings. The neat line dimensions are defined and the volumes of rock to be 
excavated are calculated. 

A significant factor in the cost of the excavation is the over-break included in the 
volumes of rock to be removed. The over-break is assumed to be one foot in all 
directions beyond the neat line dimensions. This is to ensure that the neat line is 
not violated and that all equipment will have sufficient space to be moved and that 
estimates of the volume of rock to be disposed are adequate. 

In developing the ICE data, we used a deterministic technique wherein the re-
quired cost elements were built up from productivity factors, primarily based on 
Costs/BCY. For labor we used MH/BCY. For materials we used a $$/BCY for 
items such as drill bids, explosives, machinery maintenance materials, etc. For 
equipment we used $$/CY for some equipment operations and $$/Hour for unit 
operational equipment such has haul trucks, dozers, and the like. 

An average labor rate was developed and applied to all hours of work within the 
mine. This blended rate was comprised of first shift and second shift, with a shift 
differential of $2.00 per hour. Additionally, each shift is 11 hours and is com-
prised of eight regular time hours and three overtime hours. The overtime premi-
ums were built into the blended average rate for work in the underground. 
Additionally, it was anticipated that much of the work force will be travelers and 
will be reimbursed for travel and per-diem; a premium of $10 per hour was added 
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for the TM&E expenses. We made no attempt to differentiate between first and 
second shift hours and addressed all labor hours using the blended rate. 

Man-hours, material costs and equipment costs were developed for each identified 
separate excavation and costs were developed for each of the following tasks: 

1. Drilling 
2. Explosive placement and detonation 
3. Rock mucking 
4. Rock crushing and movement to the Ross shaft skips 
5. Raising the rock up the Ross shaft 
6. Loading and hauling to the disposal site 
7. Ground controls (drilled/epoxy rods, wire mesh and end plates) 
8. Floor concrete – unreinforced except in the caverns 
9. Shotcrete over all surfaces. 

To provide a direct comparison to the project team estimate, all rock was assumed 
to be hauled by truck to the Gilt Edge Mine, a six-mile one way haul. The Project 
Team is considering alternative disposal methods, but these were not evaluated in 
the ICE. 

Quantities: 

All BCY quantities were taken from the engineers’ drawings. A swell factor of 
1.5 was applied to a BCY to achieve loose CY quantities. Tonnage was estimated 
using a factor of 1.5 tons per loose CY of rock. 

Escalation Factor: 

The project costs will be expended over the several-year duration for the project. 
The point estimate in the ICE includes a single number, which escalates the entire 
cost of the project to the centroid of cost expenditures. This rate was 2.4% com-
pounded annually (see Table E-1 for basis). We established the 50% point for pro-
ject expenditures to be in 2019. The compounded escalation rate at that point is 
12.59% and this rate was included in the ICE point estimate. 

 

Table E-1: Annual Escalation Rate Forecast for LBNF/DUNE CD-3A Costs 

Candidate 
Annual Esca-
lation Rates1 

Source 

3.00% DOE ICR of Pantex Admin Support Complex, March 2015 
2.80% IHS Global Insight,  Nonresidential Construction Cost Index, Mean Forecast 

2016-2024 
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Candidate 
Annual Esca-
lation Rates1 

Source 

2.40% Engineering News-Record, July 2015 Building Cost Index 
2.30% DOE Guidance to the Strategic Petroleum Reserve, July 2015 
2.10% Engineering News-Record, July 2015 Construction Cost Index 
2.10% The Budget and Economic Outlook, Fiscal Years 2013-2023, Congressional 

Budget Office 
2.09% Energy Information Administration 

http://www.eia.gov/forecasts/steo/report/us_eco.cfm 
2.40% Mean of candidate rates 
2.30% Median of candidate rates 
1 Office of Management and Budget Circular A-94, Guidelines and Discount Rates for Benefit-
Cost Analysis of Federal Programs, p. 8, paragraph b., Recommended Inflation Assumption. 
When a general inflation assumption is needed, the rate of increase in the Gross Domestic Product 
deflator from the Administration's economic assumptions for the period of the analysis is recom-
mended. For projects or programs that extend beyond the six-year budget horizon, the inflation 
assumption can be extended by using the inflation rate for the sixth year of the budget forecast. 
The Administration's economic forecast is updated twice annually, at the time the budget is pub-
lished in January or February and at the time of the Mid-Session Review of the Budget in July. 
Alternative inflation estimates, based on credible private sector forecasts, may be used for sensi-
tivity analysis. 

Haul Size: 

A haul size of 10 loose CY or 15 tons per load for truck was used to calculate the 
number of trips. The haul capacity of the Ross skips was taken as that provided by 
the Project Team at 3,000 tons per day maximum. 

Exclusions: 

The following items are excluded from the ICE determination: 

1. Equipment within the new Cryogenics building that support the experi-
ment (except cooling towers which were included in the ICE) 

2. Half of the cryogenic piping to the 4850L down the Ross shaft 
3. Equipment to support the experiment in the Central Utilities Cavern 
4. Backup generator and day tank 
5. Any of the equipment or materials associated with the Experiment itself. 
6. Ross shaft rehabilitation 
7. Ross dry rehabilitation (except the control room where finishes are includ-

ed but control equipment is not) 
8. Mezzanine structures in the caverns 
9. Conveyance to the open cut, which is an alternative being considered by 

the Project Team 

file:///C:%5CUsers%5CPeter.Bako%5CAppData%5CLocal%5CMicrosoft%5CWindows%5CAppData%5CLocal%5CMicrosoft%5CAppData%5CLocal%5CMicrosoft%5CAppData%5CLocal%5CMicrosoft%5CWindows%5CTemporary%20Internet%20Files%5CContent.Outlook%5C2PQ73RGB%5CEnergy%20Information%20Administration%20http:%5Cwww.eia.gov%5Cforecasts%5Csteo%5Creport%5Cus_eco.cfm
file:///C:%5CUsers%5CPeter.Bako%5CAppData%5CLocal%5CMicrosoft%5CWindows%5CAppData%5CLocal%5CMicrosoft%5CAppData%5CLocal%5CMicrosoft%5CAppData%5CLocal%5CMicrosoft%5CWindows%5CTemporary%20Internet%20Files%5CContent.Outlook%5C2PQ73RGB%5CEnergy%20Information%20Administration%20http:%5Cwww.eia.gov%5Cforecasts%5Csteo%5Creport%5Cus_eco.cfm
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Appendix F  
Detailed Schedule Analysis 

Lag values are expected to be converted into activities to represent durations. 
There are also large lag values not included in the CD-3A scope but are within the 
logic network for these activities. 

Lag values for CD-3A scope: 

 
 

High durations are expected to be reduced once additional activities are added to 
represent smaller pieces of work. 
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CD-3A activities with high durations: 

 

Total float values greater than two months are attributed to multiple reasons. It is 
expected that some high float values will be reduced once more detailed activities 
representing different phases of work required/expected throughout different 
times of the project are added to the schedule.  

Other activities with high total float values seem to be LOE in nature but are iden-
tified as Task Dependent in the schedule.  

Examples of Task Dependent activities that seem to be LOE in nature: 

 

Successor paths for CD-3A activities go to other areas of the schedule which have 
not been fully built out or logically tied. For example, T0 MS - CD-4 Approval 
(DOE Completion) does not have a successor or constraint applied, causing high 
total float values for CD-3A activities that are within the logic path to this mile-
stone.  
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T4 MS - FSCF - Completion & Closeout is on the successor path for some of 
these CD-3A activities and may be a better fit to apply a constraint to, rather than 
T0 MS - CD-4 Approval (DOE Completion) which represents the overall comple-
tion of the LBNF/DUNE project and is logically tied to all ten schedules. 

Examples of logic networks with high total float that go to T0 MS - CD-4 Ap-
proval (DOE Completion). These logic networks also go through T4 MS - FSCF - 
Completion & Closeout. 

 

Other logic networks that include CD-3A activities are tied to T0 MS - CD-4 Ap-
proval (DOE Completion) through other activities/milestones (not T4 MS - FSCF 
- Completion & Closeout, as mentioned above).  
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Example of a logic network with high total float that goes to T0 MS - CD-4 Ap-
proval (DOE Completion): 

Note that this network does not include T4 MS - FSCF - Completion & Closeout. 

 

All CD-3A activities with high total float values: 
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The critical path for CD-3A starts with A1000, FSCF-EXC-WRH at Surface De-
sign, which is driven by funding availability that is scheduled to be available Jan-
uary 1, 2018. The critical path for CD-3A ends with 131122.0403.MB02MS4, T4 
MS - FSCF - Beneficial Occupancy - Cavern 1 & Central Utility Cavern. The Far 
Site CD-3A scope is not on the critical path of the overall project. The program 
critical path reflects the longest path for the Near Site. A constraint of December 
26, 2025 was added to 13122.01.02.87MS4 in order to calculate the Far Site criti-
cal path. This reflects the completion of the second detector to align with the 
KPPs at the Far Site.  
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CD-3A Critical Path: 
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There is potential for the critical path to change once fixes are put in place to re-
duce high float values since this could change the logic network. In addition, there 
are three lag values associated with the last activity on the CD-3A critical path, 
131122.0403.MB02MS4, T4 MS - FSCF - Beneficial Occupancy - Cavern 1 & 
Central Utility Cavern. Since these durations are not represented as activities, 
these can hide detail in the schedule, potentially affecting the critical path. 

Lag values associated with T4 MS - FSCF - Beneficial Occupancy - Cavern 1 & 
Central Utility Cavern: 
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Appendix G  
ICE Risk Register 

Risk 
ID 

Risk Event Probability, 
% 

Cost Impact, $M Schedule Impact, 
Months 

Basis of Impact Model Results 

   Best Most 
Likely 

Worst Best Most 
Likely 

Worst  Cost Schedule 

            
1 Escalation 

rate greater 
than ex-
pected. 

50 0 5 25 0 0 0 Most likely based on 3% escalation; 25% higher than base.  0.0 

2 Specialized 
construc-
tion labor 
not availa-
ble. 

50 0 6 12 0 2 6 Risk is mitigated by assuming all labor is brought in from 
outside the region. Labor rates include per diem. Labor should 
not be a problem due to 11-hour days and 7 days/week, which 
is attractive to workers. Most likely impact assumes 10% 
higher cost; worst case assumes 20% higher cost. 

 1.3 

3 Cryogenics 
or detector 
changes 
affects de-
sign/layout 
of FS facil-
ities 

50 0 1 2.5 0 2 6 Accept project assumptions on impacts.  1.3 

4 Funding 
delays 

75 0 0 0 0 4 12 Accepted project team assessment of schedule impact.  4.0 

5 Adverse 
conditions 
in far site 
under-
ground 
excavation 

15 0 20 40 0 3 6 Accept project assumptions on impacts.  0.5 

6 Shaft venti-
lation path 
is blocked 

10 0 5 10 0 6 24 Reduced cost impacts. $50M seems excessive for worst case. 
Increased probability to 10%. 

 1.0 

7 Blasting at 
far site 

15 0 3 7 0 1 5.5 Accept project assumptions on impacts.  0.3 
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Risk 
ID 

Risk Event Probability, 
% 

Cost Impact, $M Schedule Impact, 
Months 

Basis of Impact Model Results 

   Best Most 
Likely 

Worst Best Most 
Likely 

Worst  Cost Schedule 

causes 
damage or 
distress 

8 Missing 
scope 

25 N/A   N/A   ICE does not consider this a risk.  0.0 

9 Multiple 
contractor 
interface 
problems 
cause de-
lays/claims 

10 0 1 7.5 0 1 6 Accept project assumptions on impacts.  0.2 

10 Additional 
costs for 
waste rock 
disposal at 
Gilt Edge 

40 0.25 0.5 1 0 0 0 Agreement with DENR establishes maximum exposure at 
$500K for design and $500K for construction. 

 0.0 

11 Lower 
costs for 
waste rock 
disposal 
(O) 

80 -1 -0.5 0 0 0 0 FNAL did comparative analysis showing a potential $1M cost 
decrease by using open cut. 

 0.0 

12 Litigation 
to resolve 
contract 
disputes -
REAs 

25 0 3 6 0 0 0 Requests for equitable adjustment need to be considered, es-
pecially for any fixed price work. Worst case of 10% of labor 
costs is not unreasonable. 

 0.0 

13 Scope in-
creases due 
to changing 
codes or 
regulations 

5 N/A   N/A   ICE does not agree that this should be a risk. There is no way 
to approximate what the costs might be due to changing regs 
or codes. 

 0.0 

14 Rock falls 
damage 
equipment 

1 N/A   N/A   ICE does not consider this a risk. It pertains to a damaged 
cryostat, which is outside the CD-3A work scope. 

 0.0 

15 Waste rock 
disposal 
deadline at 

15 0 0.5 1 0 0 0 Accept project assumptions on impacts.  0.0 
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Risk 
ID 

Risk Event Probability, 
% 

Cost Impact, $M Schedule Impact, 
Months 

Basis of Impact Model Results 

   Best Most 
Likely 

Worst Best Most 
Likely 

Worst  Cost Schedule 

Gilt Edge 
canot be 
met 

16 As-built 
conditions 
are differ-
ent than 
drawings 

50 0 0.5 1 0 1 2 Accept project assumptions on impacts.  0.5 

17 Construc-
tion activi-
ties impact 
community 

20 0 0.5 3 0 0 0 Cost impacts based on SME opinion. Worst case fixes to 
community concerns could be in the $M. 

 0.0 

18 Delays 
obtaining 
regulatory 
approvals 

25 0.1 0.25 0.5 0 3 12 Increased schedule impact.  1.3 

19 Dam-
age/delays 
caused by 
theft or 
vandalism 

25 0 0.1 1 0 3 6 Project impacts largely accepted. Increased probability to 
25%. 

 0.8 

20 Water in-
undation 
under-
ground 

1 0 0.2 1 0 1 6 Cost and schedule impacts increased over project team esti-
mate. 

 0.0 

21 Spontane-
ous com-
bustion of 
timber at 
far site 

5 0 0.25 2 0 2 6 Cost impacts based on design/construct new safety or other 
systems to correct problems. Fixes could be $2M. 

 0.1 

22 Union 
work stop-
page 

30 0 0 0.25 0 0.5 2 Worst case cost impact of $250K to satisfy union.  0.3 

23 ESH inci-
dent shuts 
down pro-
ject 

10 0 1 3 0 3 12 ESH incident could delay the project by a year. There would 
be some cost impact. 

 0.5 
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Risk 
ID 

Risk Event Probability, 
% 

Cost Impact, $M Schedule Impact, 
Months 

Basis of Impact Model Results 

   Best Most 
Likely 

Worst Best Most 
Likely 

Worst  Cost Schedule 

24 Protests 
from 
CM/GC 
bidders 
cause delay 

25 0 0 0 0 3 6 Only schedule delay. Could affect critical path.  0.8 

25 Ross shaft 
rehab is 
delayed 
(new risk) 

50 0 0.75 3 0 3 12 Escalation impacts only - $250K/mo  2.5 

         Total 0.0 15.3 
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Appendix H  
Risk Analysis Details 

Included in this Appendix are the probability distribution histograms generated 
from the Monte Carlo analysis of cost uncertainty and T&P risks. 

Cost Uncertainty Charts 

 

Figure H-1: Estimate Uncertainty – Frequency View 
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Figure H-2: Estimate Uncertainty – Cumulative Frequency View 

 

 

Figure H-3: Estimate Uncertainty – Split View  
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T&P Contingency 

 

Figure H-4: T&P Contingency – Frequency View 
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Figure H-5: T&P Contingency – Cumulative Frequency View 

 

 

Figure H-6: T&P Contingency – Split View
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Appendix I  
GAO 12-Step Best Practices for Cost Estimating 

In executing its federal government oversight responsibility, GAO has identified 
best practices for cost estimating and scheduling that can be used across the fed-
eral government to “develop, manage, and evaluate capital program cost estimates 
[and schedules]”. The intent of these best practices is to improve federal govern-
ment and agency “stewardship” of public funds consistent with fiscal accountabil-
ity. DOE recognizes these practices as a minimum acceptable standard for 
performance.  

In this Appendix, the ICE team identifies specific report sections that discuss the 
topical areas shown in the GAO’s 12-step best practices for cost estimating. The 
purpose is two-fold: (1) to provide a “map” for easy reference and (2) to ensure 
and demonstrate compliance with the GAO best practices. 

Table I-1: GAO 12-Step Process for Cost Estimating 

Step Description Associated Tasks Report Section 

1 Define estimates purpose 

1. Determine estimate's 
purpose, required level of 
detail, and overall scope. 

Section 1.1 

2. Determine who will 
receive the estimate. 

2 Develop estimating plan 

1. Determine the cost esti-
mating team and develop 
its master schedule. 

Section 1.1, Appendix C, 
and Appendix D 

2. Determine who will do 
the independent cost esti-
mate; outline the cost es-
timating approach. 
3. Develop the estimate 
timeline. 

3 Define program charac-
teristics 

1. Identify the program's 
purpose and its system and 
performance characteris-
tics and all system config-
urations. 

Section 1.2 

2. Any technology implica-
tions. 

3. Program acquisition 
schedule and acquisition 
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Step Description Associated Tasks Report Section 
strategy. 

4. Its relationship to other 
existing systems, including 
predecessor or similar 
legacy systems. 
5. Support (manpower, 
training, etc.) and security 
needs and risk items. 
6. System quantities for 
development, test, and 
production. 
7. Deployment and 
maintenance plans. 

4 Determine estimating 
structure 

1.  Define a work break-
down structure (WBS) and 
describe each element in a 
WBS dictionary (a major 
automated information 
system may have only a 
cost element structure). 

Section 2.1 

2. Choose the best estimat-
ing method for each WBS 
element; Identify potential 
cross-checks for likely cost 
and schedule drivers. 

3. Develop a cost estimat-
ing checklist 

5 Identify ground rules 
and assumptions 

1. Clearly define what the 
estimate includes and ex-
cludes. 

Section 2.2 

2. Identify global and pro-
gram-specific assump-
tions, such as the 
estimate's base year, in-
cluding time-phasing and 
life cycle. 
3. Identify program sched-
ule information by phase 
and program acquisition 
strategy. 
4. Identify any schedule or 
budget constraints, infla-
tion assumptions, and 
travel costs. 
5. Specify equipment the 
government is to furnish as 
well as the use of existing 
facilities or new modifica-
tion or development. 
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Step Description Associated Tasks Report Section 
6. Identify prime contrac-
tor and major subcontrac-
tors. 
7. Determine technology 
refresh cycles, technology 
assumptions, and new 
technology to be devel-
oped. 
8. Define commonality 
with legacy systems and 
assumed heritage savings. 
9. Describe effects of new 
ways of doing business. 

6 Obtain data 

1. Create a data collection 
plan with emphasis on 
collecting current and 
relevant technical, pro-
grammatic, cost, and risk 
data. 

Section 1.1, Appendix A, 
and Appendix E 

2. Investigate possible 
data sources. 
3. Collect data and nor-
malize them for cost ac-
counting, inflation, 
learning, and quantity 
adjustments. 
4. Analyze the data for 
cost drivers, trends, and 
outliers and compare re-
sults against rules of 
thumb and standard fac-
tors derived from histori-
cal data. 
5. Interview data sources 
and document all pertinent 
information, including an 
assessment of data relia-
bility and uncertainty. 
6. Store data for future 
estimates. 

7 
Develop point estimate 

and compare it to an in-
dependent cost estimate 

1. Develop the cost model, 
estimating each WBS ele-
ment, using the best meth-
odology from the data 
collected, and including 
all estimating assumptions. 

Sections 2.2, 3.1, 4.1, and 
4.2 

2. Express costs in con-
stant year dollars. 
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Step Description Associated Tasks Report Section 
3. Time-phase the results 
by spreading costs in the 
years they are expected to 
occur, based on the pro-
gram schedule. 
4. Sum the WBS elements 
to develop the overall 
point estimate. 
5. Validate the estimate by 
looking for errors like 
double counting and omit-
ted costs. 
6. Compare estimate 
against the independent 
cost estimate and examine 
where and why there are 
differences. 
7. Perform cross-checks 
on cost drivers to see if 
results are similar. 
8. Update the model as 
more data become availa-
ble or as changes occur 
and compare results 
against previous estimates. 

8 Conduct sensitivity anal-
ysis 

1. Test the sensitivity of 
cost elements to changes 
in estimating input values 
and key assumptions. 

Section 3.3 

2. Identify effects on the 
overall estimate of chang-
ing the program schedule 
or quantities. 
3. Determine which as-
sumptions are key cost 
drivers and which cost 
elements are affected most 
by changes. 

9 Conduct risk and uncer-
tainty analysis 

1. Determine and discuss 
with technical experts the 
level of cost, schedule, and 
technical risk associated 
with each WBS element. 

Section 3.4, Appendix G, 
and Appendix H 

2. Analyze each risk for its 
severity and probability. 
3. Develop minimum, most 
likely, and maximum rang-
es for each risk element. 
4. Determine type of risk 
distributions and reason 
for their use. 
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Step Description Associated Tasks Report Section 
5. Ensure that risks are not 
correlated. 
6. Use an acceptable sta-
tistical analysis method 
(e.g., Monte Carlo simula-
tion) to develop a confi-
dence interval around the 
point estimate. 
7. Identify the confidence 
level of the point estimate. 
8. Identify the amount of 
contingency funding and 
add this to the point esti-
mate to determine the risk-
adjusted cost estimate. 
9. Recommend that the 
project or program office 
develop a risk manage-
ment plan to track and 
mitigate risks. 

10 Document the Estimate 

1. Document all steps used 
to develop the estimate so 
that a cost analyst unfa-
miliar with the program 
can recreate it quickly and 
produce the same result. 

Section 4.3 

2. Document the purpose 
of the estimate, the team 
that prepared it, and who 
approved the estimate and 
on what date. 
3. Describe the program, 
its schedule, and the tech-
nical baseline used to cre-
ate the estimate 

4. Present the program's 
time-phased life-cycle cost. 
5. Discuss all ground rules 
and assumptions 
6. Include auditable and 
traceable data sources for 
each cost element and 
document for all data 
sources how the data were 
normalized. 
7. Describe in detail the 
estimating methodology 
and rationale used to de-
rive each WBS element's 
cost (prefer more detail 
over less). 
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Step Description Associated Tasks Report Section 
8. Describe the results of 
the risk, uncertainty, and 
sensitivity analyses and 
whether any contingency 
funds were identified. 
9. Document how the esti-
mate compares to the 
funding profile. 
10. Track how this esti-
mate compares to any pre-
vious estimates. 

11 Present estimate to man-
agement for approval 

1. Develop a briefing that 
presents the documented 
life-cycle cost estimate. 

To be done. 

2. Include an explanation 
of the technical and pro-
grammatic baseline and 
any uncertainties. 
3. Compare the estimate to 
an independent cost esti-
mate (ICE) and explain 
any differences. 
4. Compare the estimate 
(life-cycle cost estimate 
(LCCE)) or independent 
cost estimate to the budget 
with enough detail to easi-
ly defend it by showing 
how it is accurate, com-
plete, and high in quality. 
5. Focus in a logical man-
ner on the largest cost 
elements and cost drivers. 
6. Make the content clear 
and complete so that those 
who are unfamiliar with it 
can easily comprehend the 
competence that underlies 
the estimate results. 
7. Make backup slides 
available for more probing 
questions. 
8. Act on and document 
feedback from manage-
ment. 
9. Request acceptance of 
the estimate. 
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Step Description Associated Tasks Report Section 

12 
Update the estimate to 
reflect actual costs and 

changes 

1. Update the estimate to 
reflect changes in tech-
nical or program assump-
tions or keep it current as 
the program passes 
through new phases or 
milestones. 

Section 4.1 

2. Replace estimates with 
EVM EAC and independ-
ent estimate at completion 
(EAC) from the integrated 
EVM system. 
3. Report progress on 
meeting cost and schedule 
estimates. 
4. Perform a post mortem 
and document lessons 
learned for elements 
whose actual costs or 
schedules differ from the 
estimate. 
5. Document all changes 
to the program and how 
they affect the cost esti-
mate. 
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