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Part I: Overview of Previous Modeling
‘" Work at Sandia National Laboratories

* Various thermal modeling tasks have been carried out at Sandia
for disposal in salt.

*Thermal-only modeling using semi-analytical models was used in
the design of generic repositories to estimate repository footprint
and peak temperatures.

* TM numerical modeling was conducted to study thermal
conditions in the near-field together with mechanical processes.

*THM numerical modeling was done to study the effect of
hydrologic (including vapor transport) conditions in addition to
the TM processes.




;| Salt Disposal Concept for Standard Canisters

* Disposal concept considered includes a series of panels with
alcoves

* Access drifts included between panels
e Alcoves to be covered with crushed salt backfill

Access
Drifts
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Clayton (2010)



.1 THM Modeling for Disposal in a Salt Repository

* 3-D grid extending 30 m above and
below repository Intact salt

* Model includes intact salt host rock,
disturbed rock zone (DRZ) and SEETET
crushed salt backfill SSSETE== DRZ
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* Alcove with one canister/ waste ==Ssss==

. Teiisest' et Alcove
package with a diameter of 0.61 m 'f?ta‘{’f galt

and 2.7 m long =
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* Mesh with 175,520 cells EEsssa=

e Sandia’s Sierra suite of codes:

Adagio, Aria and Arpeggio were used Intact salt

Hadgu et al. (2013)




1 THM Modeling Results

* The TM simulations used a salt constitutive
model developed by Callahan (1999)

* Thermal conductivity of crushed salt backfill
as a function of temperature and porosity

* For permeability-porosity relations
experimental data used

* Initial conditions:
* intact salt and DRZ: 25 °C and 12 MPa

e crushed salt backfill: 25 °C and 1 atm.

* Boundary conditions:
* Constant temperature at top and bottom
* Constant pressure at top
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Direct Disposal of Dual Purpose Canisters

An Example of a dual-purpose canister inside a storage overpack (cask) (Hardin et
al., 2015, Modified from Easton 2011)

Dual Purpose Storage Cask*

Diameter: 98 in
Cask Lid

Steel Canister (0.5 in)

Bundles of used
fuel assemblies

Concrete Wall (26.75 in.)

(Holtec International

Overall Length: 197 to 225 in. HI-STORM 100)
Loaded Weight: 360,000 Ibs.
Typical Payload: 24 PWR Bundles * Storage and Transportation

The TM and thermal analyses assumed the in-drift emplacement mode
which is considered to be suitable for disposal of large, heavy packages




’ Lart Il: TM Modeling of Disposal in Salt

* For TM modeling Sandia based Sierra suite of codes were used.

* For the simulations creep models for intact and crushed salt
were utilized. The method allows for mechanical consolidation

of the crushed salt backfill which affects thermal properties of
the backfill.

* The simulation looked at emplacement of waste packages in
semi-cylindrical floor cavities and increasing out-of-reactor
period to meet target temperature limit (assumed to be 200 °C).




‘ Thermal and Mechanical Properties for TM
“" Modeling

Material Thermal Specific Heat Density
Conductivity (J/kg K) (kg/m?3)
(W/m K)

Waste 1.0 840.0 2200.0
Intact Salt Function of temp 931.0 2160(p,)
Crushed Salt Function of temp 931.0 Po(1-9)
Material Young’s Poisson’s Thermal

Modulus Ratio Expansion

(Pa) (K)
Heater 2.0E11 0.3 2.0E-06

e Intact salt modeled using the multimechanism-deformation (M-D) creep
model (Munson et al. 1989).

* Crushed salt modeled using the crushed salt creep model (Callahan 1999).

» Waste assumed to respond elastically using the properties of steel.




«1 Near-Field Alcove Grid used for TM Modeling

Hardin et al. (2013), Hadgu et al. (2015)




12‘ TM Modeling Results: Temperature Histories

e In-drift emplacement with 30-m waste package spacing, and fully

coupled thermal-mechanical solution. 60 GW-d/MT, 100 years out of
reactor. No floor cavity.
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s1 TM Results: Temperature Histories; Continued

e In-drift emplacement of 37-PWR size waste packages with 30-m spacing,

and fully coupled thermal-mechanical solution. 60 GW-d/MT, 100 years out
of reactor. run with floor cavity.
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PART Illl: Thermal-Only Modeling using the
Semi-Analytical Model

Semi-analytical model used to simulate emplacement of
DPCs.

The repository was assumed to be at 500 m depth.

Ambient average ground surface temperature of 15°C,
and a natural geothermal gradient of 25°C/km were
used.

The disposal concept is based on DPCs placed in
overpacks emplaced individually horizontally.




- | Representation of the Semi-Analytical Method

o Thermal-only analysis based on semi-analytical solution

o Based on method of superposition
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Representation of the Semi-Analytical Method,

Contd.

o

o

o
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MathCad-based semi-analytical transient thermal model
Based on analytical solution of heat transport (i.e., Carlslaw and Jaeger, 1959)
Model includes other processes such as radiation heat transfer and ventilation

Thermal conduction solution: linear superposition of components
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-1 Input Parameters for Thermal Analysis

* Waste includes 37-PWR waste packages with 60 GW-d/MT burnup.
* Base Case Data:
e drift diameter: 6.1 m
e waste package diameter of 2.0 m with 5.6 m length
e Drift spacing: 35 m
* Waste package spacing: 10 m (center-to-center)
* Thermal conductivity of intact salt: 3.2 W/m K
* Thermal diffusivity: 1.57 x 10® m2/sec
* Thermal Conductivity of backfill: 3.2 W/m K
e Surface storage time: 100 years
* For parametric study the following variations were made:
e Surface storage time: 50.0, 150.0 years
* Backfill thermal conductivity: 1.0, 2.0, 5.0 and 10.0 W/m K
e Drift spacing: 50.0, 70.0 m
* Waste package spacing: 15.0, 20.0 m




s1 Results of Thermal Simulations: Base Case

Base Case: Waste Package and Drift Wall Temperature
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Results of Thermal Simulations: Surface
+1 Storage Times

Effect of Surface Storage Time
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» 1 Results of Thermal Simulations: Drift Spacing

Effect of Drift Spacing
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Results of Thermal Simulations: Waste
» 1 Package Spacing

Effect of Waste Package Spacing
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Results of Thermal Simulations: Crushed Salt
» 1 Thermal Conductivity

Effect of Backfil Thermal Conductivity
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1 Conclusions

* Presented results of TM and thermal-only modeling for
disposal of DPCs in a salt repository.

* Direct disposal of DPCs would result in high thermal loads.

* The high thermal conductivity of intact salt helps to reduce
peak temperatures.

*The predicted results showed that a combination of a larger
repository foot print, a longer surface storage time and an
engineered backfill would be required to control peak
temperatures.




24

References

° Ejlagrglgn)w H. S. and Jaeger, J.C. Conduction of Heat in Solids, 2nd Edition, Clarendon Press, Oxford

o G.D. CALLAHAN, Crushed Salt Constitutive Model, SAND98-2680, Sandia National Laboratories,
Albuquergque, NM. (1999).

o D. J. CLAYTON, “Thermal Analysis of a Generic Salt repository with High-Level Waste”, Proc. Waste
Management Conference, Phoenix, AZ., March 7-11 (2010).

o Easton, E. 2011. “Developing a Regulatory Framework for Extended Storage and Transportation.”
Presentation for the National Transportation Stakeholder Forum. May 10-12, 2011. Denver, CO.
energy.gov/sites/prod/files/em/Easton _NTSF_2011.pdf.

o Hadgu, T., D. Clayton and E. Hardin 2015. Cavern/Vault Disposal Concepts and Thermal Calculations
for Direct Disposal of 37-PWR Size DPCs. FCRD-UFD-2015-000715. U.S. Department of Energy, Office
of Used Nuclear Fuel Disposition.

o Hardin, E., T. Hadgu, D. Clayton, R. Howard, H. Greenberg, J. Blink, M. Sharma, M. Sutton, J. Carter,
M. Dupont, and P. Rodwell, “Disposal Concepts/Thermal Load Management (FY11/12 Summary
?Zeoplozr)t)", FCRD-UFD-2012-00219, Milestone: M3FT-12SN0804032, Work Package: FT-12SN080403,

o Hardin, E., D. Clayton, R. L.Howard, J. M. Scaglione, E. Pierce, K. Banerjee, M. D. Voegele, H. R.
Greenberg, J. Wen,, T. A. Buscheck, J. T. Carter, T. Severynse, and W. M. Nutt. 2013. Preliminary
Report on Dual-Purpose Canister Disposal Alternatives (FY13) 2013. FCRD-USED-2013-000171,
Rev.1. U.S. Department of Energy, Used Fuel Disposition R&D Campaign.

o Hardin, E., L. Price, E. Kalinina, T. Hadgu, A. llgen, C. Bryan, J. Scaglione, K. Banerjee, J. Clarity, R.
Jubin, V. Sobes, R. Howard, J. Carter, T. Severynse, and F. Perry. Summary of Investigations on
Technical Feasibility of Direct Disposal of Dual-Purpose Canisters. FCRD-UFD-2015-000129. U.S.
Department of Energy, Used Fuel Disposition R&D Campaign. May, 2015.

o D.E. MUNSON, K.L. DEVRIES, and G.D. CALLAHAN, “Comparison of Calculations and In Situ Results
for a Large, Heated Test Room at the Waste Isolation Pilot Plant (WIPP)”, Proc. 31st U.S. Symposium
on Rock Mechanics, Colorado School of Mines, Golden, CO, June 18-20, W. A. Hustrulid and G. A.
Johnson (eds.), A. A. Balkema, Rotterdam, pp. 389—-396 (1990).




