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Used DOE Managed HLW and SNF Research:
Fuel Preliminary Design Concepts for Selected Media
Disposition

OBJECTIVES:

Evaluate the preliminary design concepts for the inventory within select media.

Specific geologic media under consideration are those currently investigated within the Used Fuel Disposition
Campaign (argillite, crystalline, deep borehole, and salt).

SCOPE:

. Assess feasibility and applicability of Engineered Barrier Systems (EBS) concepts in select geologic media for
the technical challenges specific to the inventory.

. A particular emphasis will be placed on analyzing thermal conditions and their effect on the inventory’s
compatibility with EBS concepts/disposal media. (WP1)

. Investigate and evaluate options for both disposal overpack and waste package design. (WP2)
. Layout and emplacement. (WP3)

June 9, 2016 Design Concepts Work Package
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Used
Fuel 80% of DOE-Managed HLW volume is glass

Disposition

Projected volumes in m3
DOE-Managed HLW

Commercial and DOE-Managed DOE-Managed
HLW and SNF Treate:l sclbdium-bnnded
uel wastes

HLW and SNF
Vitrified Cs-Sr
T | 132
odium-bearing capsules <1% WVDP HLW glass
waste 453 245
721 9
2% 1%

3%
Germany HLW glass
3
<1%

DOE HLW
26,260 .
12% E:nl_s‘:\llngl SRS
Commercial SNF T.reated glass
Calcine waste 2,969
183,896

3,661 11%

85% ,

14%

Projected SRS
HLW glass
3,988
15%

DOE SNF
{includes naval SNF)
7-;,10:5 Projected Hanford
HLW glass
14,089
54%

from SNL 2014
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Used
Fuel
Disposition

Table 3. Waste groups and pertinent characteristics for SNF in the US nuclear waste inventory (source:

June 9, 2016

SNL 2014) ; ;
Number of Avg. thermal
gx:; Description Waste Form Eﬂfﬁ:‘:‘ﬂ Waste output per
Packages waste package |
TWGI CSNF in PBC "Purposn—h'u.ill
canister (PBC) <25 kW*©
Borchole 10.6" dia by 181.1" 470,063
Small 32.3" dia by 196.9" 89,364
Medium 50.8" dia by 202.0” 31,163
Large 63.0" dia by 202.0" 16,924
"WG2 CSNF in DPC | Dual-purpose .
canister 335,'_1“" by 197" to 11413 |<25kwe
(DPC)
WGS -
Metallic
Spent Fuels
WGhH - Multi-canister
Sodium Overpack
bonded fuels (MCO) 24" dia by 166.4" 413
WGT7 - DOE
oxide fuels Eff;?%:;;n; g S00W or less
WG9 - 18x10 18" dia by 10° 1,506
coated 18x15 18" dia by 15" 1,474
particle spent 24x10 24" diaby 10° 133
fuels 24x15 24" diaby 15° 27
WGl - Maval SNF MNaval SNF 66 dia by 1877 90 11.8 kW limit
Naval fuel canister 66" dia by 201.5” 310 4.25 kW avg.

W1 and WG2 are not under current consideration as DOE-Managed HLW and SNF. These WG's are included merely for
the purposc of comparison between CSNF and DOE-Managed SNF,

"Year 2048, if projected. Thermal output data correspond to thermal output per waste package in the year 2048,
© Stipulated by regulation 1o be <25kW

* Assumes only one size PBC is used for all the CSNF waste, such thai the number of wasie packages (solely for CSNF in
PBC’s) comesponds to the number of PBC"s, all of a particular size, that would be needed for all CSNF. For example, if all
CSNF were to be disposed of in borehole-sized PBC’s, 470,063 of these canisters would be needed o contain all of the CSNF

wasie,

Design Concepts Work Package



Used

Fuel
Disposition
SRS Glass
39 % of canisters <50W
6.1% 50-100W
51.4% 100-220W
3.5% 220-300W
Hanford Glass
83.9% of canisters <50W
11.1% 50-100W
4.7% 100-220W
0.3 % 220-300W
All glass
72.2% of canisters <50W
7.4% 50-100W
19.1% 100-220W
0.2% 220-300W
1.1% 300-500W

Datd“ffom?eSrter et al. 2013

*Sumber | thermal
Waste Waste Package
Group Description Waste Form Dimensions :rl:::; :u .ip:t per
package
WG3 - Existing SRS HLW SRS canister 24" diaby 118" 3,339 0w <:
HLW Glass | Glass
Existing West Valley | WVDP canister 24" diaby 118" 275 238W
HLW Glass
FRG HLW Glass FRG canister 11.8" dia by 47.2" | 34 950w
Projected Hanford Hanford canister 24" diaby 1777 10,586 29W <:
HLW Glass
Projected SRS HLW | SRS canister 24" diaby 118" 4,485 0w
Glass <:
Calcine Waste Vitrified Calcine 24" diaby 118" 11,400 1.2-15.4
{vitrified) Waste Canister W
Cs/8r capsules at Vitrified Cs/Sr 24" dia by 1777 340 Q0EwW
Hanford waste in Hanford
{vitrified) HLW Glass
canister
WG4 - “ Metallic sodium Glass-bonded 24"diaby 118" 64 2,240W
other bonded sodalite from EMT
Engineered INL Metal waste 24"dia by 118" 64 neglible
waste from EMT
forms “ Calcine waste HIP canister 66" dia by 204™ 3,200 40-540W
Hot fsostatic (encloses 10 HIP
Pressing cans)
(HIP - A)
Calcine waste HIP canister 66 dia by 204” 1,600 g0-1080W
{HIP — B) (encloses 10 HIP
cans)
WGE —salt, | Merallic sodium Salt waste from 24"dia by 118" 6d 2,240 W
granular bonded EMT direct
solids, | disposal canister |
powders Calcine Waste Direct disposal 26" dia by 1217 4,900 2.4-36W
{Direct Disposal) canister
Sodium bearing SBW canister 26™ dia by 120" 6ER 2.5W
waste (SBW) at INL
Cs/Sr Capsules Untreated in 24" dia by 120" Cs- 267 | BOOW
{Direct Disposal) overpack/canister | (6 capsules per Sr-121 | 1,170W
canister)

“vear 2048, il projected. Thermal outpul data correspond Lo thermal outpu per waste package in Lhe year 2048,
" Final configuration nof selected. The canisters lisied in Table 4 could be disposed of ndividually or stacked 2 or 3 per container

" Metallic sodium bonded fiecls can be processed by elecoro-metallurgical reatment (EMT) to produce cither 1) metal waste and gliss-bonded
Besign Qoncepts:Wiork Package

“An alwernative wo HIP-B, HIP-A inchades ca

ne waste phas 5, Ti, and CaS0, 10 produce RCRA-compliam glass coramic waste form.



Used _ _
Fuel Creating a Design Concept
Disposition

Engineering Concept of Operations From Hardin et al 2011

Engineered Features

Inventor
1 y 1 . Waste package Mined disposal
[ ) D | m e n S | O n S Waste canister (disposal overpac K)

* Quantity

Emplacement mode

Multipurpose Long containment Short containment «In-drift
lifetime lifetime +Borehole
° - Transport/aging/ B} :
T h e rm al O Utp Ut disposal *Corrosion resistant -Steel —\I-:Z:Izc;r:lal
-Dual-purpose -Copper -Cast iron
canister -Steel .
-Other -Ni-alloy — Insert/basket Ex-container EBS
- Titanium +Enclosed
Pour canister -Cementitious -Steel -Buffer
-Coatings -Cast iron Prafabe .
Cementitious » Amorphous metal - Criticality control ‘Lirneefb"cated' envelope
elements N
i} quc]:::lear or -Heat transfer -Backfil .
Other Closur: elements dechards barrier
- - +Open
. +Corrosion allowance i i
D esi g n C once ptS ) Sleell Chemical conditioning '3;'5"3*"9'"
] ] - gfﬁ;:’on -Cast iron «Other EBS features
° - -Steel shot -Seals
Packing spacing -Insertlbasket DSy o
- g;e:l'imn -Other -Getters
- Criticality control )
elements Secondary waste disposal Other engineered structures
- ;:f:el:ﬁ:s‘e’ -Ground support
-Waste package
support
-Invert
-Conveyance

|
Disposal Media

June 9, 2016 Design Concepts Work Package 9



Used

Geologic Setting Classification (Baldwin et al.,

Disposition
No General Description Host rock Overlying rocks
Low permeability sedimentary rock
Stronger rocks with very low flow . formations
G1 of likely saline waters Crystating rock High permeability sedimentary rock
formations
Low permeability sedimentary rock
formations
Stronger rocks with higher water Crystalline rock | High permeability sedimentary rock
G2 | flow; probably relatively fresh formations
water Crystalline rock to surface
Carbonate Sedimentgrry rock fnqnatiuns
{permeability unspecified)
Indurated low Low permeability sedimentary rock
permeability formations
Weaker rocks with no effective sedimentary High permeability sedimentary rock
G3 flow and relatively saline waters in | rock formation | formations
pores (transport is dominated by Blastic low
diffusion with no advective flow) permeability Sedimentary rock formations
sedimentary (permeability unspecified)
rock formation
Weaker rocks with very low water | Indurated low Low permeability sedimentary rock
G4 flow and relatively saline waters in | permeability formations
pores (there is some advective sedimentary High permeability sedimentary rock
flow) rock formation | formations
Evaporite formations: plastic, with | Evaporites - . .
G5 | no water flow and little accessible | salt dome & Sedlmeng._e]t? Fock fnq;aélcns
water (brine) content bedded salt (permeability unspecilied)
June 9, 2016 Design Concepts Work Package
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Used
Fuel

Disposition

Geologic Setting Characteristics In
Baldwin’'s Schema

r G1 G2 G3 G4 G5
B Evaporite
c Stronger formations,
% G;“EE':I. ar:':k S:rﬂacnéer rocks, greater | Weaker rocks V:'s;l:ﬁer plastic, little
- properti water flow accessible
o water
= . . .
= Probable porewater . Relatively Relatively Relatively .
a_ salinity Safine fresh saline saline Bring
58

2 | Water flow . No effective Very little No effective

o
E 2| characteristics Very little flow Greater flow Ao flow flow
z Main transport Some Advection Diffusion, no Some Diffusion, no
w mechanisms advection advection advection advection
]
o Indurated low
E Crvstalline Crystalline permeability Ind:.;rited Evaporites -
o Host rock Wfﬂ ok rock or or Plastic low ermeabilty salt dome and
a Carbonate permeability 2 edimenta bedded

sedimentary Y

June 9, 2016
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Used Disposal Concepts in Baldwin’s

Fuel
Disposition Schema
Key feature Variants Cn;:gept
In-tunnel (borehole) Vertical borehole 1
Horizontal borehole 2
In-tunnel (axial) Short-lived canister and buffer 3
Long-lived canister and buffer 4
In-tunnel (axial) with Small working annulus 5
supercontainer Small annulus + concrete buffer 3]
Large working annulus [l
Caverns with cooling, Steel multi-purpose
delayed backfilling transport/storage/disposal containers (MPC) 8
+ bentonite backfill
Steel or concrete/DUCRETE container + 9
cement backfill
Mined deep borehole matrix 10
Hydraulic cage Around a cavern repository 11
Very deep boreholes 12

June 9, 2016

Design Concepts Work Package
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Used Potential Design Considerations
Fuel related to specific disposal
Disposition concepts

Operational impact:

B |ateral (horizontal) extent of host rock formation and/or easement/withdrawal
area

M Stability of excavations in the stress field
B Ensure quality buffer construction
B Shielding throughout emplacement operation

Safety Impact:

Minimize EDZ

Waste emplacement in relatively undisturbed zone (beyond access tunnel EDZ)
Cementitious passivation of metal components

Ensure compact repository footprint

Minimize excavation volume

Thermal Management — open vs. closed mode

June 9, 2016 Design Concepts Work Package 13
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Fuel
Disposition

Pt. 2, Waste Packaging Considerations

June 9, 2016
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Used _
Fuel Crystalline Waste Packages

Disposition

Standardized DOE Spent Nuclear Fuel
Canister

Mominal Qulside Diametars:
18 in. and 24 in.

Wall Thickness:
3/8 in. for 18 in. canister
1/2 in. for 24 in. canistar

Lifting
Ring
Optional
Plug
Backing
Ring

Naval Long Naval Short 21-PWR/44-BWR Impact

TAD Plate

Shallow
Dished
Head
Skirt
S

5,000 to 10,000 Ibs.

External Lengths:
Short Canister: 118.11 in.

Long Canister: 179.92 in.

Material:
Canister Body: SS316 L

GTooong

5-DHLW/DOE SNF Long 5-DHLW/DOE SNF Short 2-MCO/2-DHLW

June 9, 2016 Design Concepts Work Package 15



Used
Fuel

Disposition

Crystalline Waste Packaging
Options, 1/2

Average Granite
W " Thermal Disposal Number Granite
aste V Package of Emplacement
Waste Group Description Waste Form Package N un:.her output “. £ . P
Dimensions of Waste per Type Disposal Mode
Packages | package Packages
Existing SRS HLW SRS canister 24" dia by 3,339 30 Co-dispesal 668 Horizontal
Glass 118" Packapge Borehole
(short)
Projected Hanford HLW | Hanford canister | 24" dia by 10,586 29 Co-disposal 2,118 Horizontal
Glass 177 Package Borehole
WG3 - HLW Glass ilong)
Projected SRS HLW SRS canister 24" dia by 4,485 30 Co-dispesal 297 Horizontal
Glass 118" Packape Borehole
(short)
Calcine Waste Vitrified Calcine Co-disposal Horizontal
{vitrified) Waste Canister 24" dia by 11,400 1.2-154 Package 2,280 Borehole
118" (short)
Cs/3r capsules at Vitrified Cs/Sr Individual
Hanford waste in Hanford | 24" dia by 340 905 disposal 340 Vertical
{vitrified) HLW Glass 177 overpack Borehole
canister
* Metallic sodium bonded | Glass-bonded Copackaged
sodalite from in 24" dia 148 Individual Wertical
EMT by 118" total 2,240 disposal 148 Borehole
Metal waste from | canister combined overpack
EMT
WG4 — other ? Calcine waste HIP canister Individual Horizontal
Engineered HLW forms | Hot Isostatic Pressing (encloses 10 HIP | 66" dig by 3,200 40-540 disposal 3,200 Borehole
{HIP - 4) cans) 204" overpack
Calcine waste HIP canister Individual Horizontal
{HIF - B) (encloses 10 HIP | 66" dia by 1,600 20-1080 disposal 1,600 Borehole
cans) 204™ overpack

June 9, 2016

Design Concepts Work Package
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Used

Crystalline Waste Packaging

Fuel .
. " Options, 2/2
Disposition ’
b Number Average Disposal Number of Granite
Waste Description Waste Form WB.StE Pn.c:kﬂge of Waste Thermal ]‘ackﬂge.T}'pE Disposal Emplacement
Group Dimensions Packa output per {(Granite) Packages Mode
ackages
package (W)
WG5S
Metallic
Spent Fuels
WGhH Individual
Sodium Multi-canister " " 413 disposal 413 Vertical
bonded fuels Overpack (MCO) 24" dia by 166.4 nvcl:pack Borehole
(Na Heterogeneous 500 or less
removed) mix of DSNF
WGT - DOE
oxide fuels — s
WG9 18x10 o ﬁ 0| 1s06 Tndividual 1,506 Vertical
coated 18x15 24" gi_j_gb}l 10° 1,474 disposal 1,474 Borehole
: ¥
particle spent 24x10 24" dia by 15" 133 overpack 133
fuels 24x15 Y 27 27
WGE —salt, Metallic sodium Salt waste from Individual Vertical
granular banded EMT direct 24”dia by 118" 25 2,240 disposal 25 Borehole
solids, disposal canister overpack
powders Calcine Waste Direct disposal RH-72B 4,900 2.4.36 Co-disposal 1,225 Horizontal
{Direct Disposal) | canister 26" dia by 121" Packape Borehole
Sodium bearing SBW canister 26" dig by 1207 GRE 2.5W Co-disposal 172 Horizontal
waste (SBW) at Packape Borehole
INL
Cs/Sr Capsules Untreated in 24" dig by 1207 Cs- 267 &00-1170 Individual Cs- 267 Vertical
{Direct Disposal) overpack/canister (6 capsules per Sr-121 disposal Sr-121 Borehole
canister) overpack
WG10 MNawval SNF MNawval SNF 66" dig by 1877 =1,000 Maval SNF Horizontal
Naval fuel =1000W canister 66" dig by 201.5" 11 canister 11 Borehole
June 9, 2016 Design Concepts Work Package 17




Used

Fuel Salt Waste Packages

Disposition

Nominal Nominal
15 ft Length {long) 10 ft Length (short)
24 in. Outer Diameter 24 in. Outer Diameler

Hanford Savannah River Site,
West Valley, and
ldaha National Laboratory

Standardized DOE Spent Nuclear Fuel
Canister

Lifting
Ring
Optional Nominal Qutside Diameters:
Plug 18 in. and 24 in.
Backing Wall Thickness:
Ring 3/8 in. for 18 in. canister
1/2 in. tor 24 in. canister
Impact
Plate I

£,000 to 10,000 Ibs.

Shallow
Dished
Head External Lengths:
Short Canister: 118.11 in.

Long Canister: 179.92 in.

Material:
Canister Body: 58316 L

GTo0 0118

Design Concepts Work Package
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Used

Disposition

Salt Waste Packaging Options, 1/2

Average Salt
, b Thermal Disposal Number Salt
Waste Number output Package of Emplacement
Waste Group Description Waste Form Package ; tp & . P
Dimensions of Waste per Type Disposal Mode
Packages | package Packages
W)
Existing SRS HLW SRS canister 24" dia by 3,339 30 As 3,339
Glass 118" Packaged Horizontal
Projected Hanford HLW Hanford canister | 24" dia by 10,586 29 As 10,586
Glass 177" Packaged Horizontal
WG3 - HLW Glass
Projected SRS HLW SRS canister 24" dia by 4,485 30 As 4,485
Glass 118" Packaged Horizontal
Calcine Waste Vitrified Calcine As
fvitrified) Waste Canister 24" dia by 11,400 1.2-15.4 Packaged 11,400 Horizontal
118"
Cs/Sr capsules at Vitrified Cs/Sr. As
Hanford waste in Hanford | 24" dia by 340 905 Packaged 340 Horizontal
fwitrified) HLW Glass 177"
canister
< Metallic sodium bonded | Glass-bonded 24 dia by 148 As
sodalite from 118" total Packaged Horizontal
EMT combined
Metal waste from | 24"dia by As
EMT 118" negligible | Packaged Horizontal
WG4 - other
Engineered HLW forms | 4 Calcine waste HIP canister As
Hot Isostatic Pressing (encloses 10 HIP | 66" dia by 3,200 40-540 Packaged 3,200 Horizontal
(HIP — 4) cans) 204"
Calcine waste HIP canister As
(HIP — B) (encloses 10 HIP | 66™ dia by 1,600 80-1080 Packaged 1,600 Horizontal
cans) 204"

June 9, 2016

Design Concepts Work Package
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Used
Fuel

Disposition

Salt Waste Packaging Options, 2/2

Average
Waste o ? Waste Package " '.\'ur?nb er [ Thermal Disposal .\'u.mher of Salt
Group Deseription Waste Form Dimensions of Waste | output per Package Disposal Emplacement
Packapges package Type (Salt) Packages Mode
(W)
WG5S
Metallic
Spent Fuels
WG6 Multi-canister
Sodium Overpack 24" dia by 413 413
bonded fuels (MC 166.4" As Packaged Horizontal
(Na . 500 or less
removed) Hetnmgem:nus mix
WG7_DOE | o DSNF
oxide fuels
WG9 1,506 1,506
coated 18x10 18" diag by 107 1,474 1,474
particle 18x15 18" dia by 157 133 As Packaged 133 Horizontal
spent fuels 24x10 24" dia by 10" 27 27
24x15 24" dia by 15"
WGE —salt, Metallic sodium Salt waste from
granular bonded EMT direct 24"dia by 118" 4 2,240 As Packaged 6d Horizontal
solids, disposal canister
powders Calcine Waste Direct disposal RH-72B 4,900 2.4-36 4,900
{Direct Disposal} canister 26" dia by 1217 As Packaged Horizontal
Sodium bearing SBW canister 26" dia by 1207 6E8 2.5W GRE
waste (SBW) at INL As Packaged Horizontal
Cs/3r, Capsules Untreated in 24" dia by 1207 Cs- 267 800-1170 Cs- 267
{Direct Disposal) overpack/canister | (& capsules per Sr-121 As Packaged Sr—-121 Horizontal
canister)
W10 Naval SNF Maval SNF 66" dia by 1877 <1,000
Navwal fuel <1000W canister 66" dia by 11 As Packaged 11 Horizontal
201.5"
June 9, 2016 Design Concepts Work Package
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Used
Fuel
Disposition

Pt. 3 — Salt Disposal Concept

June 9, 2016
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Used Disposal Concepts for a DRep in Salt:

[F)lijserl,osition Identify Candidate Concepts for Evaluation

B Objectives for Review: safety, cost, portability

B Disposal Concept = WF + geologic setting + concept of ops.

— Waste form:
e Mostly HLW glass, low heat output, SS pour canisters
e DSNF of various types, pre-canistered

— Geologic setting:
— Concept of operations?

June 9, 2016 Design Concepts Work Package 22



Used Disposal Concepts for a D-rep:

Fuel t
Disposition Defense Waste Characteristics

B Low-thermal (up to 1 kW per 3- or 5-m canister)
B Long-lived radionuclides (~¥106-year assessment)

B Large numbers of canisters (data from Carter et al. 2012)
— 3,542 DSNF (99.4% < 1 kW in 2030)
— 23,032 HLW (SRS, Hanford & Idaho; all < 1 kW)

B Small canisters (mostly 18- and 24-inch diameters)
— Neglecting Naval SNF which is most similar to CSNF
— (Assume ldaho calcine is package in standardized canisters.)

B Relatively lightweight (canister + contents; no overpack)
— DSNF 5,000 to 10,000 Ib
— HLW 5,512 yt0 9,260 Ib

B Material: stainless steel (welded, no heat treat, sensitized)
B All require some shielding (%)

June 9, 2016 Design Concepts Work Package 23



Used Disposal Concepts for a DRep in Evaporite (Salt):

Fuel i i
Disposition Salt Geologic Settings

M Plastic formation
— Creep behavior impacts concept of operations
e Excavations will close due to creep
e Just-in time drift construction
* Self-healing
M Brine pore water
B Virtually impermeable media (diffusion dominated)
B Ramp Access only in domal salt
— For bedded salt, shaft access only

June 9, 2016 Design Concepts Work Package
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Used
Fuel Salt D-Rep Design Considerations
Disposition

Bedded or Domal Salt Constructability
e Opening stability
e Salt backfill
= Superior Heat Dissipation
= Nominal and Disturbed Performance
e Releases dominated by human intrusion
= Natural Barrier
e Insignificant groundwater abundance and mobility (nominal)
e Brine saturation (esp. human intrusion)
= Engineered Barriers
e Backfill and seals
 Robust containment during operations
e Emplacement borehole behavior (e.g., heavy liners)

March 2016 25



Used
Fuel Salt D-Rep Disposal Concept

Disposition

= Direct Disposal of Pour Canisters

 HLW glass stability in operational environment
Robust Overpacking of Other Waste Forms

e Carbon steel overpack (e.g., DSNF)
Just-in-Time Drift Construction

 Minimize handling of crushed salt
In-Drift Emplacement (axial or transverse)

e Relatively small, lightweight canisters (e.g., 6 MT HLW)

* Immediate backfilling with crushed salt
Constructability Challenges

e Remote operation in unshielded environments

March 2016 26



Used

Fuel Salt Concept lllustrated

Disposition

|

%

|

GENERIC SALT REPOSITORY LAYOUT
(ALL DIMENSIONS ARE IN WETERS)

June 9, 2016 Design Concepts Work Package




Used
Fuel Salt Concept lllustrated (cont.)
Disposition

Active Room | Q\Ir Flow |

June 9, 2016 Design Concepts Work Package 28



Used _
Fuel Conclusions
Disposition

B Preliminary Design Concepts WP is focused on disposal concepts for salt and
crystalline host media

— Characteristics of DOE-Managed Waste
* Thermal, volume, waste groups
— Design considerations specific to host media

B Waste packaging options specific to crystalline and salt concepts
B Preliminary Salt concept
— Bedded salt formations

— Shaft access
— Axial or transverse emplacement with crushed salt backfill

June 9, 2016 Design Concepts Work Package
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Disposition
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