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Total Projected U.S. SNF and HLW Inventory (2014)

Source: SNL (Sandia National Laboratories) 2014. Evaluation of Options for Permanent Geologic Disposal of Spent Nuclear Fuel and High- Level 
Radioactive Waste  in Support of a Comprehensive National Nuclear Fuel Cycle Strategy. FCRD-UFD-2013-000371, Revision 1 (3 volumes). 

 Normalized based on 
estimated volume

 Assumptions
– All commercial SNF 

disposed in DPC-based 
packages

– Based on existing NPPs 
with 60-yr life extensions 
(140,000 MTU total)

– Calcine waste is hot-
isostatic pressed with 
RCRA additives

– ~3,500 m3 of naval SNF 
remains to be generated
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• CALVIN-TSL logistics simulator (Nutt et al. 2012)

• Existing power plants with 20-year life extensions (60-yr total life)

• Burnup increase  to maximum 5% enrichment

• Transfer to dry storage during operations and at reactor shutdown

• EIA reference case → Some new builds

Projected Commercial Spent Fuel Accumulation in the U.S.
Pool Storage and Dry Storage
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Estimation Methods (1/5)
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 Government (Department of Energy) orders & guides*

– Management & Operating contract model

– Engineering/procurement/construction model

 Engineering build-up ← Work Breakdown Structure

 Risk/uncertainty analysis

– Technology readiness level (TRL; NASA, ESA, API, et al.)

– Contingency (typ. ±30% on engineering estimates at conceptual level)

– Monte Carlo analysis for contingency or management reserve

* DOE G 430.1-1, Cost Estimating Guide

DOE Order 5700.2, Cost Estimating, Analysis and Standardization

DOE Order 4700.1, Project Management System

DOE Order 413.3B, Program and Project Management (PM) for the Acquisition of Capital Assets (>$50M)



Estimation Methods (2/5)
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 Four types of cost estimates (capital projects, E-P-C):
– Preliminary/feasibility (support critical decision CD-0)
– Budget/conceptual design at 10% to 15% complete (cost ±30%, CD-1)
– Title I preliminary design at 25% to 35% complete (cost ±20%, CD-2)
– Title II final design at 60% to 100% complete (definitive cost –5% to +15%, CD-3)



Estimation Methods (3/5)
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 Environmental management/restoration projects:

– Assessment phase estimates
• Planning -50% to +100%

• Preliminary -30% to +70%

• Detailed -25% to +55%

– Cleanup phase estimates
• Planning -50% to +100%

• Feasibility -30% to +80%

• Preliminary -30% to +60%

• Detailed -10% to +25%

Objective: Generate point 
estimates for each phase, such 
that these range limits are 
equally probable

 More similar to geologic repository development than conventional E-P-C

– Historically not used for Yucca Mountain Project



Estimation Methods (4/5)

Technology Readiness Level
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 Mapping to cost uncertainty is item/process/project specific
Source: DOE Guide 413.2-4, Technology Readiness Assessment Guide



Estimation Methods (5/5)
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 Monte Carlo Analysis

– Fully integrated schedule (all activities in internal milestones tied)

– Resource loaded (key resource availability vs. time across all activities)

– Budget allocated to schedule items

– Define uncertainty functions for duration and cost, for every activity

– Adjust  WBS level for analysis, and define correlations among activities

– Generate successive realizations of schedule/cost sampling all functions

– Central Limit Theorem: Result converges to normal distribution 

 Example: Yucca Mountain science program ~12,000 schedule lines



WIPP Funding History
Phases thru 5 years of disposal operations

TRU waste capacity: 175,000 m3 Approx. cost thru 2016: $9B (2016$)
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Yucca Mountain Project Development Funding (1/3)
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Yucca Mountain Project Development Funding (2/3)



13 Hardin, E.L.,  Geologic Disposal Cost Estimates (SAND2016-*****)

Yucca Mountain Project Development Funding (3/3)

Total appropriation $11.8B ($ in year of expenditure)



Yucca Mountain Project Development: Community Impact Funding
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U.S. Nuclear Waste Fund Status
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Yucca Mountain Total Cost Summary (1/3)
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Yucca Mountain Total Cost Summary (2/3)
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Yucca Mountain Total Cost Summary (3/3)



Cost Estimates for Disposal of U.S. Commercial SNF (1/2)
Generic (non-site specific) Cost Analysis
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# Waste Packages Required
4-PWR/9-
or 12-BWR

12-PWR/
21-BWR

21-PWR/
44-BWR

DPC 
Direct

“Enclosed”

Crystalline Based on KBS-3V (SKB 2011) 82,583 (Note 1) (Note 2) (Note 2)

Argillaceous

Based on ANDRA (2005) (for SNF 
in horiz. boreholes)

82,583 (Note 1) (Note 2) (Note 2)

Based on NAGRA (2002, 2003)
(for in-drift, self-shielded pkgs, 
with immediate backfilling)

(Note 3) 28,792 (Note 2) (Note 2)

Salt U.S. reference (in-drift) 82,583 28,792 16,157 ~10,000

“Open”

Hard Rock (e.g., 
Crystalline)

Unsaturated, unbackfilled, open 
(YM concept, DOE 2008a)

(Note 4) 28,792 16,157 ~10,000

Saturated, backfilled, open (Note 4) 28,792 16,157 ~10,000

Argillaceous Backfilled, open (Note 4) 28,792 16,157 ~10,000

Notes:

1. Tpeak> 100C; canister handling problematic for borehole emplacement.

2. Tpeak>> 100C.
3. Assume cost is similar to borehole emplacement.
4. Open-mode ventilation not needed to meet thermal goals (use enclosed concepts).



Estimated Life-Cycle
Repository Cost (2016 $B)

4-PWR/9-
or 12-BWR

12-PWR/
21-BWR

21-PWR/
44-BWR

DPC Direct

“Enclosed”

Crystalline Based on KBS-3V (SKB 2011) $63 – 85B

Argillaceous

Based on ANDRA (2005) (for SNF 
in horiz. boreholes)

$83 – 116B

Based on NAGRA (2002, 2003)
(for in-drift, self-shielded pkgs, 
with immediate backfilling)

$51 – 69B

Salt U.S. reference (in-drift) $44 – 60B $30 – 42B $25 – 34B $32 – 44B

“Open”

Hard Rock 
(e.g., 
Crystalline)

Unsaturated, unbackfilled, open 
(YM concept, DOE 2008)

$60 – 80B $44 – 59B $44 – 59B

Saturated, backfilled, open $57 – 76B $42 – 57B $40 – 54B

Argillaceous Backfilled, open $60 – 81B $46 – 62B $44 – 60B

Sources: 

Hardin, E. & E. Kalinina 2016. Cost Estimation Inputs for Spent Nuclear Fuel Geologic Disposal Concepts (Rev. 1). SAND2016-0235.

SRNL (Savannah River National Lab) 2015. Generic Repository Cost Estimates. FCRD-UFD-2015-000740 Rev. 0.

Cost Estimates for Disposal of U.S. Commercial SNF (2/2)
Total Inventory 140,000 MTU        Range ~200 to 800 k$/MTU
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