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Outline ) 2=,

= The Waste Isolation Pilot Plant

= Project History

= “transuranic” Waste

= Repository design and site geology: isolation concept
= Performance assessment

= Recent incidents and current status

"= The formerly proposed Yucca Mountain Repository

= Spent nuclear fuel and high level waste: definitions and where it is
now

= Yucca Mountain location and geology
= Yucca Mountain Project Performance Assessment
= Submission of the site license application and current status




Disposal of Transuranic Waste:
The Waste Isolation Pilot Plant




Background .

= 1957 NAS report The Disposal of Radioactive Waste on Land
= focus is on disposal of liquid HLW

“Disposal in cavities mined in salt beds and
salt domes is suggested as the possibility
promising the most practical immediate
solution of the problem.” (NAS 1957, p. 1)

“In part of the area a zone of potash salts is
present which has been extensively developed
near Carlsbad, New Mexico. The zone is about
250 feet thick and contains four workable beds
of potash. The lowest bed is the thickest and
averages about ten feet in thickness. A large
area has been mined out since operations
began about 25 years ago. Above the McNutt
potash zone is a zone of halite about 500 feet
thick, which has been named the Salado.”
(NAS 1957, p. 121)
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Background (cont.) ) S,

= 1970: Atomic Energy Commission (AEC)
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Background (cont.) ) i,

= 1974: Oak Ridge National Laboratory begins
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= 1976: Project is named Waste Isolation Pilot : N
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= 1979: Congress limits WIPP mission to defense
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Background (cont.) - ) S,

= 1979-1993: Site characterization: Geological and
hydrologic investigations
= 1985: Extensive testing begins in the WIPP
underground: thermal tests, salt creep, brine flow
= 1992: WIPP Land Withdrawal Act
= Transfers land ownership to the DOE
= Establishes EPA as principal regulator
=  Precludes HLW and SNF from the WIPP mission
= 1996: DOE submits the WIPP Compliance
Certification Application to the EPA Heater Tests in WIPP Room B, 1985
= 1998: EPA certifies the WIPP for disposal from Matalucci 1987, SAND87-2382
operations
= 1999: First waste arrives at WIPP

= 11,894 shipments to date, all by truck
http://www.wipp.energy.gov/shipments.htm

= 2006 and 2010: EPA recertifies WIPP

= EPA action pending on 2014 Recertification
Application (delayed by recent incidents at the site)

First waste arrives at WIPP March 26, 1999



Major Elements of the WIPP
Disposal Concept




WIPP Transuranic Waste )=,

=  Derived from defense-related
activities
= Qutside the scope of NRC regulation

= Laboratory and industrial trash
contaminated with transuranic
radionuclides

= Primarily alpha-emitting radionuclides,
relatively little gamma emission and
low thermal power

= Fewer fission products than SNF/HLW
= Defined by law:

The term "transuranic waste" means waste
containing more than 100 nanocuries of alpha-
emitting transuranic isotopes per gram of waste,
with half-lives greater than 20 years, except for—
(A) high-level radioactive waste;

(B) waste that the Secretary has determined, with the
concurrence of the Administrator, does not need the
degree of isolation required by the disposal regulations; or

(C) waste that the Nuclear Regulatory Commission has
approved for disposal on a case-by-case basis in
accordance with part 61 of title 10, Code of Federal
Regulations. (WIPP Land Withdrawal Act of 1992, Section
2)




WIPP Transuranic Waste (cont.) UL

= Most WIPP waste is
“Contact-Handled TRU”
(CH-TRU), and requires no
additional shielding beyond
that provided by drums and
liners

= Some WIPP waste is
“Remote-Handled TRU”
(RH-TRU), with surface
gamma radiation dose
rates that require shielding

= Defined by WIPP Land
Withdrawal Act Section 2 as
“transuranic waste with a
surface dose rate of 200
millirem per hour or greater”

Images from http://www.wipp.energy.gov/Photo_Gallery_Images




Sandia

WIPP Transuranic Waste Transportation s

= Ten primary sites
ship waste to WIPP _

= All shipments by e
truck I -[

ha,
P 84,
i
Wy arsf .80/
IS VETT OTE ur =
qe', s i) v
T estSite

vy
HOCKIEIATE

¥
'y, IREETSY (5

LoE Alar'l:ms

vy M -

vy WIPP )

e
i
HE
3
1k

%1
i

T
Highway Legend

Interstate Highways 77
U. 5. Highways

20010

Images from http://www.wipp.energy.gov/Photo_Gallery_Images




WIPP Design UL

Sealing System Compornients:
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WIPP Design (cont.) =,

CH-TRU waste
shipped and
emplaced in
drums (55, 85,
and 100 gal) and
“standard waste
boxes”

Granular MgO emplaced above waste stacks to consume
CO, and buffer pH to reduce actinide solubility in brine

Images from DOE 2014 Appendix DATA and http://www.wipp.energy.gov




Site Geology UL

Carlsbad B WIPP éi 5
= WIPP is located in the
i Delaware Basin, which is the
I S cepu I Y _I mOderngeO|OglceXpreSS|On
of a Permian-age (~ 255 Ma)
topographic depression
Basin geology is broadly
characterized by carbonate
reef rocks (Capitan
N Formation) surrounding
1 evaporite rocks deposited in a
shallow sea




Site Geology (cont.) LR

Schematic West-
Guadalupe east East Geologic
s Mounais Cross Section of
Castile Formation Approximate Delaware Basin

Location

e of WIPP

Dackum Group &
Dewey Lake Red Beds

Rustler Formation
Delaware

Mountain Group Salado Formation Note extreme vertical

exaggeration

Capitan Limestone

Limestone and
Dolomite

Sandstone and
Siltstone

Halite Approximate Scale

300 m
Insoluble Residue from
Halite Dissolution 0

0 10 20 30km

BECNE

Anhydrite (gypsum near
ground surface)
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Local Stratigraphy at WIPP -
Elevation above
w Within the Salado Fm, ST
halite units are uerss |
separated by laterally e e = S
1000 persistent interbeds of
anhydrite, clay, and
a0 L polyhalite. :::Z::Z: -
—— 384,45
Anhydrites “a” and “b” EESb
500 - are thin seams 2to 5 V139 |04
| meters above the  —
disposal horizon, and
250 Marker Bed 139
(MB139) is a thicker Anhydrite ¢ 373.00
Sea interbed approximately 1
Lewed | m below the disposal
room.
258 b 383.12
Interbeds are planes of . m_f / / / / / / / / / / /
o structural weakness and / / / 58,73
- A Aehydite have relatively higher
¢m) ([N SitstoneandSandstane [ Halite permeability than intact
Mudstongand Siitstone 775 Limestone halite.
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Natural Resources at WIPP

Northarn Margin of the
Delsware Basin

L)L«—]— <& N L] !—A—L'rj Oil and gas exploration in the WIPP region,
\IE = NN from Google Maps 12/6/2016
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The Premise for Isolation in Salt ) s,

= |ntact salt is essentially impermeable
= |ntact salt does not contain flowing groundwater

= Water that is present in salt formations is salt-saturated brine, and
incapable of further dissolution

= Salt creep will
= (Close fractures

= Consolidate crushed salt backfill, and allow shaft seals to function like
intact rock

= Close disposal panels and eventually surround waste with salt

= Little reliance on waste packages for isolation

= For WIPP, no long-term post-closure function whatsoever is assumed
for packages

= Waste is assumed to be exposed to the host rock environment as soon
as the repository is closed




Conceptual Model for Long-term =
Performance: Initial Conditions

Sealed Waste and Dry Backfill

Introduced components Time - 0 years RaeY
Iron waste drums,
boxes
MgO backfill : : MgO Sacks

Cellulosic, plastic,
rubber waste

Metallic waste
Solidified waste
Actinide solids
Geologic components
Salado salt
Argillaceous anhydrite
interbeds (“marker
beds”)
Processes
Ground support
Ventilation
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Conceptual Model for Long-term
Performance: The Near Future

Rapid Salt Creep Partially
Encapsulates Waste

Processes
Salt creep
Floor heave
Roof fall

Collapse of salt into
waste

Disturbed-rock-zone
dewatering

Drum crushing

Porosity, permeability
reduction

Breaching of MgO sacks
Minor corrosion

Degradation of organic
waste

: nhydrite b 3

Time - 10-15 years




Conceptual Model for Long-term =
Performance: Final State?

Salt Creep
Encapsulates Waste Time - 1000 years +

Processes \ ‘a____/
Anhydrite b

Salt creep

Consolidation and healing
of fractures

Porosity, permeability
reduction

Extensive corrosion of
drums and degradation
of waste

Processes of gas generation,
brine inflow, and salt
creep are highly coupled

Uncertainty remains about
final extent of
consolidation and brine
saturation
I EEEEEEEEEE—————————




Scenarios for WIPP Performance Assessment: ()&,
Undisturbed Performance (no accidental drilling)
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Scenarios for WIPP Performance Assessment:

Disturbed Performance (drilling through repository)

EZ2 E1

This example shows
two intrusion
boreholes into the
same disposal panel.

Variants include single
intrusions with and
without penetration of
underlying brine
reservoirs, and with
and without potash
mining impacting
Culebra properties
within the site
boundary
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Release Mechanisms Contributing to the Overall ) e,

Laboratories
Radiation Release ————————
14 [|—=—=— Mean Spallings
] [ === bMean Direct Brine
|| =—=—= Mean Total From Cufebra
Undisturbed performance i | —-ehi
. o B (s S Koo
results in zero release a9 . :
23] et
@ : . N I
All releases are due to 2 ; M {
drilling intrusions > = . !
E
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material brought to the surface & G001 g M s ——
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L 0.0001 0.001 0.01 0.1 1 10 100
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Summary of Long-term WIPP ) =
Performance

= Geologic barriers provide long-term isolation
= Dry climate
= Very low permeability of salt
= No naturally-occurring disruptive events are sufficiently likely to
impact 10,000-year performance
= No radionuclide releases to accessible environment during
10,000-year performance period without human intrusion

= Hypothetical borehole intrusions as a result of future oil and
gas exploration are evaluated as part of the long-term
performance assessment

= Estimated releases due to multiple human intrusions are well below
regulatory limits



Recent WIPP Events

Mine haul truck fire Feb 5, 2014

Barrel of waste ignites and radiological release occurs
(unrelated to haul truck fire) Feb 14, 2014

Rock falls Sept-Nov, 2016

All images from http://www.wipp.energy.gov/wipprecovery/recovery.htmi




Haul Truck Fire and Waste Drum Breach ()&=,
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Rockfalls )

Salt creep requires that be filled rapidly after excavation, and that access tunnel walls and ceilings continuously be
“cleaned” to avoid rockfalls. Since the radioactive release incident, access restrictions have limited cleaning.

(1) Panel 4 (area closed 2010), identified Sept 27, 2016
(2) Panel 3 (area closed 2007), identified Oct. 4, 2016
(3) Panel 7 Room 4 (area active, proposed for waste emplacement upon restart), Nov. 3, 2016
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Rockfalls, cont.

Proposed Mitigations WIPP AREAS OFF-LIMITS AFTER COLLAPSES
» Potentially hazardous areas T
: Waste Disposal Panels Underground
are now restricted-access Each room is 13 . high, 33 ft Stjﬂage
wide and 300 ft. long, roughly 2,150 feet
e Seal off the south end of the length of a football field. below surface
Panels have seven rooms each.

facility where the two early
rockfalls occurred

Restricted/
prohibited access Y

« Stabilize room ceilings with areas in red
rockbolts in Panel 7 to allow
waste emplacement
(abandon panel if necessary)

Panel 8
Panel 7
Panel 6

Salado
Formation

Salt Beds
formed 225
million years ago

Pahel 5 Far south end

C. CUNNINGHAM/JOURNAL




The Path Forward at WIPP ) o

September 30, 2014:

“The recovery and resumption of TRU waste disposal operations at WIPP are
central to the Department’s mission.”

“WIPP recovery costs are estimated to be approximately $242 million. ...
Ad(ditionally, to restore WIPP to full operations, two capital asset project line items
are required: (1) a new permanent ventilation system, with an estimated cost
range of $65 million—-$261 million, and (2) a supporting exhaust shaft, with an
estimated cost range of $12 million—$48 million.”

July 31, 2015:
“In the light of the safety-related activities that must be completed
before waste emplacement begins, a new target date for the restart of

waste emplacement operations in 2016 must be established.”
Cleanup efforts continue...

August 19, 2016:
LA Times estimates final cost of the WIPP cleanup could be more than
$2B.



Spent Nuclear Fuel and High Level

Radioactive Waste Disposal: the Yucca
Mountain Project




Outline ) 2=,

= Project history

= Major elements of the disposal concept
= Waste
= Repository Design
= Site geology
= Long-term performance
= Undisturbed performance

= Disruptive events

= Quantitative estimates of annual dose

= Conclusions




Waste for Yucca Mountain

Commercial Spent Nuclear Fuel:
63,000 MTHM (~7500 waste packages)

DOE & Naval Spent Nuclear Fuel:
2,333 MTHM

(~400 naval waste packages)

y (DSNF packaged with HLW)

DOE & Commercial High-Level Waste:
= 4,667 MTHM
(~3000 waste packages of co-disposed DSNF and HLW)

DSNF: Defense Spent Nuclear Fuel

HLW: High Level Radioactive Waste

MTHM: Metric Tons Heavy Metal
-



1982-1987: The Siting Process under the NWPA

WA
@ Hanford Site

9 Potential Sites
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Hanford Site
( ]

th

The NWPA of 1982 (sec. 112) requires
DOE to consult with affected governors and
issue siting guidelines
The Secretary to nominate at least five sites
The Secretary to recommend 3 sites for
characterization

1986: Secretary of Energy
Nominates 5 Sites, 3 Approved

- for Further Study
.Hanford Site
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Yucca Mountain under the NWPA [z,

Hearings

Licensin .
Su ortg License Hearings Suspended 2010
pp Application
Network pp
Complete
2008

Congress
Approved Site
2002

President
Recommended Site

Comprehensive basis, including 2002

DOE Environmental Impact
Statement, Site Suitability
Evaluation

Secretary
Recommended Site

2002

Viability
Assessment
Complete

Environmental 1998

Assessment

YM only site
to be characterized
1987

Nuclear Waste
Policy Act

1982 Action required by: |:| Department of Energy/President |:| Congress |:| NRC




Major Elements of the Yucca Mountain =
Repository Concept

= The waste:
= HLW and SNF from defense and commercial activities

= The repository design
= Waste packages emplaced in open tunnels in unsaturated rock

= The site

= Arid climate, topography, and geology limit water flow reaching the
engineered barriers and provide a long transport path before
radionuclides can reach the human environment

Long-term performance of the repository relies on natural and
engineered barriers working together to isolate the waste




The Yucca Mountain Mission

Current locations of spent Proposed Yucca Mountain Repository

nuclear fuel (SNF) and high-
level radioactive waste (HLW)
destined for geologic disposal:

121 sites in 39 states ' 1% "

United States Department of Energy
(DOE) Office of Civilian Radioactive Waste
Management (OCRWM) Mission:

To manage and dispose of high-level radioactive

waste and spent nuclear fuel in a manner that ot Rt st 2SS ISR ety
protects health, safety, and the environment; § B | fw“’w
enhances national and energy security; and ORI S——

merits public confidence. it




Yucca Mountain Subsurface Design @&

Emplacement drifts
5.5 m diameter
approx. 100 drifts, 600-800 m long
Waste packages
~11,000 packages
~ 5 m long, 2 m diameter
outer layer 2.5 cm Alloy 22 (Ni-Cr-Mo-V)
inner layer 5 cm stainless steel
Internal TAD (transportation, aging, and disposal) canisters
for commercial spent fuel, 2.5 cm stainless steel

g g
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N 238 000

B236 000
Drip shields
free-standing 1.5 cm Ti shell
N 234 000 Ground Support
(Rock Bolt)
N 232 000

)

Naval Long/Short grr:i';ld
Waste Package

Codisposal Waste
Package Containing
Five High-Level Waste
Canisters with One
DOE Spent Nuclear
Fuel Canister

Perforated
Stainless
Steel Sheet

Drawing Not to Scale
TAD Waste Package 1291DC_001a ai
(21-PWR/44-BWR)

TEV Rail

Emplacement
Pallet

Steel Invert




Yucca Mountain Exploratory Studies Facility




Long-term Performance of the Proposed )
Yucca Mountain Repository

= Water provides the primary release mechanism
= Precipitation infiltrates and percolates downward through the unsaturated zone
= Corrosion processes degrade engineered barriers, including the waste form

= Radionuclides are mobilized by seepage water and percolate downward to the
water table

= Lateral transport in the saturated zone leads to biosphere exposure at springs or
withdrawal wells




Groundwater Flow at Yucca Mountain (&=,

Capillary Barrier
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The Emplacement Environment at Yucca Mountain @ =

Friction Rock Bolts
(Stainless Steel)

Water Drips
(Inclqding Perforated
Colloids) \© A Stainless
Gas (H;0,0,, .~ \A\ 7%/ Steel Sets
CO,, Np) s -
P~ Basket Materials
DUStJ (Stainless Steel/

Drip Shield
(Titanium)

z (m)

~Waste Form

¢ (Spent Nuclear Fuel,
Waste Package Glass)
(Alloy 22,
Stainless Steel)

Invert Beam
(Carbon Steel)

Emplacement Pallet

(Alloy 22,

Stainless Steel)

- Invert Ballast
(Crushed Tuff)

Material testing and
models characterize
performance of the

engineered barriers
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Temperature at the Waste Package (°C)

Time (years)




Estimating Dose to Hypothetical Future Humans (/8.
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Postclosure Science Supporting the TSPA

TSPA-LA Model
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AD 01, Figure 6-1 (SNL 2008c)




Uncertainty in the Yucca Mountain TSPA (@ E=

Aleatory Uncertainty

— Inherent randomness in events that could occur in the future

— Alternative descriptors: irreducible, stochastic, intrinsic, type A

— Examples:
» Time and size of an igneous event

> Time and size of a seismic event

Epistemic uncertainty

— Lack of knowledge about appropriate value to use for a quantity assumed to have a
fixed value

— Alternative descriptors: reducible, subjective, state of knowledge, type B

— Examples:

> Spatially averaged permeabilities, porosities, sorption coefficients, ...

» Rates defining Poisson processes

ENVS 101 8 December 2016 45



Treatment of Epistemic Uncertainty (@)=,

Epistemic uncertainty incorporated through Latin hypercube sampling of cumulative
distribution functions and Monte Carlo simulation with multiple realizations

* Uncertainty in external process models incorporated through multiple
realizations (e.g., multiple infiltration maps for different climate states lead to
multiple maps of seepage entering the repository drifts)

» Approx. 400 uncertain epistemic parameters incorporated directly in Total
System Performance Assessment for the License Application
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Example of Epistemic Uncertainty (@&,

Composition of water contacting the waste package

Graph summarizing 23 million of the over 600 million water compositions
generated by the Waste Package Degradation (WAPDEG) model.
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Interpreting the Importance of Epistemic )
Uncertainty on Performance Assessment Results

Monte Carlo estimates of overall

performance

(Example dose histories from Yucca
Mountain Total System Performance

Assessment for the License Application,
total expected dose from all scenarios)
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Treatment of Aleatory Uncertainty: Defining i) e
Scenarios Based on Unlikely Events

Four scenario classes divided into seven modeling cases

Nominal Scenario Class Igneous Scenario Class
* Nominal Modeling Case * Intrusion Modeling Case
(included with Seismic Ground * Eruption Modeling Case

Motion for 1,000,000-yr analyses)

Early Failure Scenario Class

» Waste Package Modeling Case
* Drip Shield Modeling Case

Seismic Scenario Class
* Ground Motion Modeling Case
* Fault Displacement Modeling Case




Potential Disruptive Geologic Events at ) i
Yucca Mountain

= Volcanism

= Photo taken looking SW
from Yucca Mountain
crest shows small
volcanic cones
approximately 1 Myr old.

- 36.92°

- 36.83°

= Seismicity
= Map shows Quaternary age
faults (<1.5Myr) in the Yucca

Mountain region

-36.75°




Sandia
lgneous and Seismic Activity in the Yucca Mountain Region @mm
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Consequence Models for Igneous
Disruption at Yucca Mountain

Dike Intrusion

N {3 Strombolian
gl Activity

Two Release Scenarios

= Volcanic eruption of contaminated ash

= Releases limited to waste packages

intersected by the volcanic conduit

= Mean number of waste packages
intersected = 3.8

= Mean fraction of waste package

£, . content ejected = 0.3

et e T = Ash redistribution by fluvial processes
after deposition

Activity

= Groundwater transport from damaged
packages that remain in the repository

= All waste packages in the repository
assumed to be sufficiently damaged to
provide no barrier to flow and transport

=  Groundwater flow and radionuclide
transport assumed to occur as in nominal

Drawing Not To Scale
00264DC_LA_0370a.ai

Schematic Drawing of an Igneous Event at Yucca .
Mountain (DOE/RW-0573 Rev. 1, Figure 2.3.11-5) scenario




Modeling Consequences of Volcanic Eruption @&z
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Model results showing representative ash deposition
following an eruption at Yucca Mountain (wind from west)
(DOE/RW-0573 Rev. 1, Figure 2.3.11-16)

Uncertain variables include:
Eruption properties, including power and duration
Conduit diameter (controls number of waste packages) Low: 842
Wind Speed and direction 530000 535000 540000 545000 550000 555000 560000 565000 570000 575000 580000

Ash particle size Easting (m) LA 554
Fraction of waste entrained in ash (vs. lava) Model domain for surface redistribution of ash (DOE/RW-
0573 Rev. 1, Figure 2.3.11-5)
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Consequence Models for Seismic Disruption

at Yucca Mountain

= Two Release Scenarios
= Direct fault displacement

ruptures waste packages
= Minor contributor due to low
probability of new fault formation

= Ground motion damages

packages through
= Vibratory motion and impact
= Rockfall impact
= Accumulated loading of rockfall

= \Waste package damage is a

function of:
= Event magnitude
= Type of waste package
= Time-dependent package
degradation

Right
Modeled Waste Package
Damage and Stress
Contours following vertical
loading (DOE/RW-0573
Rev. 1, Figure 2.3.4-91)

Below
Model for Rubble-Waste
Package Interactions (DOE/RW-
0573 Rev. 1, Figure 2.3.4-88)

a) Drift Scale

b) WP Scale




Summary of the Quantitative
Estimates of Long-term

Performance Presented in the Yucca
Mountain License Application




Long-Term Performance of Yucca Mountain

(@)
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DOE/RW-0573 Rev 1 Figure 2.4-10

10,000 years

10,000-year Standard:
Mean annual dose no more than
0.15 mSv (15 mrem)

TSPA-LA estimated 10,000 yr maximum mean
annual dose: 0.0024 mSv (0.24 mrem)

1,000,000 years

1,000,000-year Standard:
Mean annual dose no more than 1
mSv (100 mrem)

TSPA-LA estimated 1,000,000- yr maximum
mean annual dose: 0.02 mSv (2.0 mrem)



Sandia
Modeling Cases Contributing to Total Mean Annual Dose ) el
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Radionuclides Contributing to

Estimates of Total Dose from Yucca
Mountain




Commercial Used Nuclear Fuel Decay

Activity (Ci)
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DOE/RW-0573 Rev 0, Figure 2.3.7-11, inventory decay shown for an single representative Yucca Mountain used fuel waste package,
as used in the Yucca Mountain License Application, time shown in years after 2117.
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Qualitative Summary of the Long-Term =
Performance of Yucca Mountain

No significant releases for many tens of thousands of years if the site is
undisturbed

= Dry climate, little groundwater flow
= Corrosion-resistant waste packages

= QOver hundreds of thousands of years, estimated mean and median annual doses
are well below natural background

= Future disruption by unlikely geologic processes could cause releases and doses
to humans; probability-weighted consequences are evaluated

= Site geology indicates probability of volcanic disruption is on the order of one
chance in 10 million to one chance in 1 billion per year (mean 1.7 X 10%/yr)

= Disruption by seismic activity is reasonably likely over very long time periods;
consequences meet regulatory requirements

= All estimated radiation doses are within regulatory limits



Yucca Mountain Milestones ) S

= 1982: Congress passes the Nuclear Waste Policy Act (NWPA)
= Tasks Environmental Protection Agency (EPA) with promulgating regulatory standards for disposal

= Tasks Nuclear Regulatory Agency (NRC) with regulating repositories containing HLW and SNF, consistent with EPA
standards

= Tasks DOE with managing storage and disposal of HLW and SNF
= Characterization of 5 sites as a possible repository location begins. Upon the recommendation of the U.S.
Geological survey based on several years of study, unsaturated rocks at Yucca Mountain (NTS) are included
= 1987: NWPA amended to focus on one site on the edge of the NTS, Yucca Mountain
= 2002: The Site Recommendation is issued, finding Yucca Mountain to be a suitable site.
=  Per NWPA, Nevada utilizes state veto power to veto the site

= Per NWPA, both houses of Congress vote to override the veto

= 2008: DOE submits the Yucca Mountain License Application to the NRC

= 2010: DOE decides Yucca Mountain is not a suitable site, and attempts to withdraw the license application
= Atomic Safety and Licensing Board declines to let the DOE withdraw the application
= But DOE terminates the safety review by the NRC

= 2013: Following lawsuits by states with nuclear waste, the U.S. Circuit Court mandates that the Yucca
Mountain License Application safety review by the NRC be resumed.

= 2015: NRC competes its review, and concludes that Yucca Mountain could meet the technical requirements.
However, DOE did not complete all the required steps, such as land withdrawal or completion of hearings on
contentions filed by Intervenors.

= 2016: Completion of the Yucca Mountain Supplementary Environmental Impact Statement (SEIS) by the NRC.

= 2016: Yucca Mountain licensing process remains suspended, and approximately 300 technical contentions

remain to be heard before a licensing board can reach a decision.
I ——————



What is in a License Application? Wi

. General Information

- Safety Analysis Report

General Description

Proposed Schedules for Construction,
Receipt and Emplacement of Waste

Physical Protection Plan

Yucca Mountain Repository License Application

GENERAL INFORMATION

Material Control and Accounting
Program

Site Characterization

Repository Safety Before Permanent
Closure

Repository Safety After Permanent
Closure

\

U.S. DEPARTMENT OF ENERGY

Yucca Mountain Repository License Application

Research and Development Program to
Resolve Safety Questions

Performance Confirmation Program
Management Systems

Repository Safety after Permanent Closure is
addressed in 3,456 of the 8,646 pages in the
2008 Yucca Mountain License Application

’SAFETY ANALYSIS REPORT
- A

~ f{ - JF = Chapter 1:
- . Repository Safety
Before Permanen t Closure




What Does a Repository License ) S,
Application Look Like?

The 2008 Yucca Mountain License
Application (LA) included
« 17 volumes; 8,646 pages
» 198 supporting documents (~38,000
pages) submitted with the application

Nuclear Regulatory Commission (NRC)
staff issued approximately 673 formal
requests for additional information

Approximately 305 contentions admitted
for adjudication by the NRC Atomic
Licensing and Safety Board

(nearly all remain unresolved)

NRC Licensing process originally
anticipated to take 3-4 years for a decision
on construction authorization



Sandia
Laboratories

Backup Slides




Spent Nuclear Fuel and High Level
Radioactive Waste:
Current Status




Spent nuclear fuel and high-level radioactive 7| Moo
waste comes from three major sources

Commercial
Nuclear Energy

Wastes from the
Production of Nuclear
Weapons

Ongoing Defense
Programs




Spent Nuclear Fuel and High-Level =
Radioactive Waste in the United States

Symbols do not reflect precise locations

121 Sites in 39 States
Research Reactors including:

Commercial Reactors and/or Sites including:
A - operating reactors

@ - operating reactors

R - shutdown reactors at operating reactor sites - i i
X - SNF from shutdown reactor at operating reactor sites A - shutdown reactors with SNF on site
{reactor no longer &t sites) W DOE-Owned SNF and HLW

°- sﬂ#idovgnN?actolgs !fet shmdo:;n rﬁeactor sites .
ere coul removed after repository opening .
® - shutdown sites that no longer have reactors V' Commercial HLW
where SNF could be removed after repository opening
Y/ Surplus Plutonium
@ Commercial SNF Pool Storage
(Away-From-Reactor)

OCummerciaI Dry Storage Sites Highly Enriched Uranium at Shutdown Site
As of January 2008

W Naval Reactor Fuel




Where Commercial
SNF is Stored Today
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Where DOE-Managed SNF and High-Level ) e
Radioactive Waste (HLW) is Stored Today

Hanford
~9,700 Canisters (Projected)

West Valley
275 Canisters (2010)

DOE-Owned HLW
<: ~20,000 total canisters
(projected)

Idaho
~3,590-5,090 Canisters (Projected)

Savannah River
~2,900 Canisters (2010)
6,300 Canisters (Total Projected)

TOTAL
~3,175 Canisters (2010}

- . ] Hanford
19,865-21,365 Canisters (Total Projected )
i (U e ~2,130 MTHM Idaho MTHM - Metric Tons Heavy Metal
Canisters — HLW Canisters for Disposal Defense: ~2,102 MTHM ~280 MTMM Other Domestic Sites
Defense: ~36 MTHM ~2 MTHM

Non-Defense: ~27 MTHM
- Non-Defense: ~246 MTHM

Defense: <1 MTHM
Non-Defense: ~2 MTHM

DOE-Owned SNF ~J

Fort St Vrain, CO

~2,458 Metric [ s L2
Tons

Savannah River
~30 MTHM
Defense: ~10 MTHM

Source: Marcinowski, F., “Overview of DOE’s Spent Nuclear Fuel and IS,ISASLMTHM Non-Defense: ~19 MTHM
High-Level Waste,” presentation to the Blue Ribbon Commission on Defense: ~2,149 MTHM
America’s Nuclear Future, March 25, 2010, Washington DC. Non-Defense: ~309 MTHM

~3,500 DOE Canisters
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Deep Geologic Disposal Remains the Preferred
Approach for Long-Term Isolation of Nuclear Waste

“The conclusion that disposal is
needed and that deep geologic
disposal is the scientifically
preferred approach has been
reached by every expert panel
that has looked at the issue and
by every other country that is
pursuing a nuclear waste

management program.”
Blue Ribbon Commission on
America’s Nuclear Future, 2012

With the abandonment of the Yucca
Mountain Project, the U.S. currently
has no path forward for repository
disposal. Current plans call for

development of a repository by
2048. Where is the waste now? i o o




Standard Industry Practice for SNF )

On-site storage of spent nuclear fuel
is the only option available

Pool Storage: essential to reactor operations,
but nearing capacity, ~ 80% of existing US
reactors have dry storage facilities on site

Dry Storage: horizontal and vertical concepts
are in use. R&D in progress to support the
technical basis for license extensions
beyond original 20-yr period




Future Projections UL

ororected Imventors of Soent Nuclear Fuel Projected Volumes of
rojected Inventory of Spent Nuclear Fue .
SNF and HLW in 2048
160000 -
HLW
140000
7165
120000 | DOE 3%
SNF
Projection 100000 |
assumes full =
license renewals = 80000 7
and no new
reactor 60000 1
construction or
: 40000 |
disposal
20000 Commercial
SNF
P et S S S SN SO SN (RN SN S~ Sy Volumes shown in m?,
1995 2000 2005 2010 2015 2020 2025 2030 2035 2040 2045 2050 2055 2060 assuming constant rate of
Year nuclear power generation and
packaging of future
commercial SNF in existing
—Total Inventory ——=5NF in Dry Storage —5NF in Pools designs of dual-purpose
canisters

Approx. 80,150 MTHM (metric tons heavy metal) of SNF in storage in the US today
= 25,400 MTHM in dry storage at reactor sites, in approximately 2,080 cask/canister systems
= Balance in pools, mainly at reactors

Approx. 2200 MTHM of SNF generated nationwide each year

=  Approximately 160 new storage canisters are loaded each year because reactor pools are essentially at capacity
I EEEEEEEEEE—————————




Ongoing Research Specific to Storage i)
and Transportation of SNF

= Spent fuel integrity during extended
storage

= Will the fuel cladding retain its integrity Photo energy.gov
during storage?

= Storage system integrity

= Will the storage canisters retain their
integrity?

= Spent fuel transportability following m-—

extended storage

= Will stresses associated with normal
conditions of transport cause cladding
failure?




Understanding High Burn-up Cladding ) i,
Performance

= Ductile/Brittle Transition Temperatures:
Tests indicate that cladding is more ductile at
cooler temperatures than previously thought.
Lower rod internal pressure results in fewer
radial hydrides.

Circumferential and
Radial hydrides in High
~ . Burn-up ZIRLO

~  cladding subjected to
peak temperatures of
350°C and 92 MPa
hoop stress. (Billone,
2015. ANL)

=  Thermal analysis: More realistic modeling
indicates that peak clad temperatures may be
lower than previously thought. This reduces the
risk of forming radial hydrides.

78 | 247 | 244 | 234
24 | 57 | 209 | 268 | 256 | 2%
241 | 268 | 255 | 211 | 260 | 248
247 | 268 | 268 | 260 | 269 | 247 beﬁg‘i fjnjetgegﬁg
238 | 255 | 269 | 260 | 257 | 238 (Wang, ot al., 2016,

%0 | 248 | 246 | 235 ORNL)

Maximum cladding surface temperature (°C) for

each assembly in one type of licensed cask.
(Hanson, et al, 2016. PNNL)

= Strength and Fatigue: Cyclic bending tests of
irradiated fuel segments identify increased

Strength due to pe”et/dad and pe”et/pe”et Stress distribution in fuel showing the fuel pellets supporting
bonding effects the clad due to cohesive bonding.(Wang, et al., 2014, ORNL)




Obtaining Data on High Burnup Cladding ) e
After 10 Years of Storage

The DOE/EPRI High Burnup Confirmatory Data Project
Goal: To obtain data on physical properties of High Burnup
Spent Fuel after 10 years of dry storage.
= Steps:
1. Loading a commercially licensed TN-32B storage cask
with high burn-up fuel in a utility storage pool (planned

for 2017)
1. Loading well characterized fuel of four common cladding
alloys

2. Instrumenting cask outfitted with thermocouples. Gas
samples taken before going to the pad and periodically
during storage.

Drying using industry standard practices
Storing at the utility’s dry cask storage site for 10 years
Transporting to a laboratory for opening

Testing the rods before (“sister”rods) and after storage Prairie Island Dry Storage
to understand their mechanical properties.

LA LD



Understanding Canister Performance: [@g

Primary Concern is Stress Corrosion Cracking (SCC), which
requires three concurrent conditions:

Corrosive
Environment

Susceptible
Material

Dust on canister surface at

Calvert Cliffs (EPRI, 2014) Weld zone, 304 SS plate.

Photo: Ranor

Mock-up Canister

Photo: Enos and
Bryan (2016), SNL




Understanding Canister Performance: (s

Do We Have a Corrosive Environment?

DOE and EPRI collected limited dust samples at Calvert Cliffs, Hope Creek, and Diablo Canyon.
Chloride was found in some areas which could provide the chemistry needed for crack initiation and
growth. Need more sampling to determine which areas of the country are at greater risk.

Examples of sea-salt aerosols found on canisters.
Photo: Bryan and Enos (2014), SNL

Conclusion: Need to
determine higher
risk areas both
environmentally and
on the canister.




Understanding Canister Performance: (@)=,
Is there Tensile Stress Through the Canister Wall?

Full-diameter canister mockup undergoing residual stress testing. Preliminary results
indicate through-wall tensile residual stresses along welds and exacerbated at weld
repairs that could allow for cracks to grow through the canister wall.

— 300 r
________________________ r —— Axial
250 [
£ © 200
] Three % [
5 ; longitudinal - [
welds, 180 ® 450 .
degrees apart o r A
-
0 L
/ S 100f
Y. “ .g L ;
. o \/ ‘0 i 2
e > _ S 50 5
' Three 48 in. sections ' Two weld repairs [ I )
of o
r o
L 3
[ °
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3

Depth from Outer Diameter (mm)

Measured Stresses, Circumferential weld HAZ, Sandia
Canister Mockup. Enos and Bryan (2016), SNL




Transporting Spent Nuclear Fuel: )

How do Stresses on Fuel During Normal Conditions of Transport
Compare to Failure Limits?

Three series of tests using a surrogate PWR
assembly

1. Truck data on a vertical acceleration shaker
table

2. Over-the-road truck test

3. Truck and rail data on a commercial seismic
shaker with six degrees of motion

)

McConnell et al, 2016, SNL and PNNL




Transporting Spent Nuclear Fuel: ) =

How do Stresses on Fuel During Normal Conditions of Transport
Compare to Failure Limits?

Stresses during truck
transport are small, and
are unlikely to damage

120 -
the fuel.
-
.—m R Failure point
80~ | Yield poin :
o SO Wi
S Stress plastic region
5 |/ Strain a‘j'
B I
= 0 1,000 || MAXIMUM STRAIN DCLSHAKER TESTS
- (TRUCK NCT SHOCK SIMULATION) Stresses relevant to
o / Mﬂ;ﬁgﬁmﬁﬁﬁs ship and rail transport
will be measured in
B | MAIJ(IMUMSTF:AINTRUCKITEST I—— e | 2017 (SpaniSh
N e o - QWA 1 transport cask test
carried out by SNL).

McConnell et al, 2016, SNL and PNNL




