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1) Overview 3) Waste Packages and Emplacement Details 5) Results Il — Thermal-Hydrology Model

Disposal in a deep geologic repository is one of the preferred option for long term 1solation of high-
level nuclear waste. Coupled thermal-hydrologic processes induced by decay heat from the
radioactive waste may impact fluid flow and the associated migration of radionuclides. This study

Disposal The study looked at thermal conditions in a domain extending over a portion of the repository as

shown in Figure 4-13. Selection of the smaller part of the domain allows detailed thermal analysis with a

e , swelling clay-based buffer material. The semi-analytical thermal analysis was carried out for single 0.80 (31.5) 4.57 (180) refined mesh. Symmet.ry.condltlons on three faces of the domgm .allow reduced computatlon.bur(.ien. The

looked at the effects of those processes in simulations of thermal-hydrology for the emplacement of ack (existing canister or waste package) and multi pack (5 glass canisters in a waste package) 0.61 (24) 3.05 (120) geometry of the domain is 180 m x 1116 m x 1000 m, extending into the host rock in the y-direction and to the

- - P g Wasle packag ulttp g Waste packag 0.61 (24) 3.05 (120) surface in the vertical direction. The mesh shown in Figure xx, includes unstructured grid with extensive

U. 5. Department of Energy managed high-level waste and spent nuclear fuel. Most of the high-level disposal options. The canister size for each waste type for single pack disposal is given in Table 1 : SUTE 2%, : & .

waste sources have lower thermal output which would reduce the impact of thermal propagation. In (Carter et al., 2012, Table 3-7). For DSNF, the canister diameter is 0.61m: in this study th I 0.61 (24) 4.57 (180) refinement near drifts and waste packages. The mesh size 1s 910,585 grid blocks. The selected domain covers 9
~ imits thi - e e ’ D y the tota 0G0 (@) 152(60 drifts with 9 kages in each drift. The drift di is 4.5 m with 2m DRZ ding the drif

order to quantify the thermal limits this study concentrated on the higher thermal output sources and rifts with 5 waste packages 1n each dritt. The drift diameter 1s 4.5 m with 2m surrounding the driits.

on spent nuclear fuel. Each waste package is surrounded by buffer material. The domain includes a 10.5 m wide access drift.

The disposal setting and dimensions are specific to each disposal concept and waste type. For the
crystalline rock concept waste packages are emplaced individually horizontally, encapsulated in

DSNF waste package diameter will equal 0.80 m, as there is additional diameter owing to the use . . .
of an overpack. For crystalline rock, the overpack will be a corrosion-resistant material, while the Table 1. Sizes of single pack canisters for

salt design will utilize a steel overpack disposal in crystalline and salt repositories.
The study assumed a generic nuclear waste repository at 500 m depth. For the modeling a DSNF = Defense Spent Nuclear Fuel

representative domain was selected representing a portion of the repository layout in order to conduct : - : : e : SRS = Savannah River Site
pres , ) p gap posItoty lay Input for thermal analysis of repository in crystalline rock with single pack canisters HS = Hanford Site 1x10-18 0.01 2.5 800.
a detailed thermal analysis. A highly refined unstructured mesh was utilized with refinements near

. . 1 x 10-16 0.01 2.5 800.
) i i ] i i ) Drift diameter — 1.5 m 1x 1019 0.2 0.6/0.85 800.
heat sources and at intersections of different materials. Simulations looked at different values for

: : , : , Drift spacing — 20 m (base case), 10 m 1x10% 0.47 46.0 493.
properties of con?poner%ts of the engineered barrier system (i.e. buffer, Fhsturbed rock zone and the Waste package spacing — 10 m (base case), 5 m R
host rock). The simulations also looked at the effects of different durations of surface aging of the Buffer thermal conductivity: 0.6 (base case), 1.43 W/m-K I Table 2. Base case material properties for TH calculations
waste to reduce thermal perturbations. The PFLOTRAN code (Hammond et al., 2014) was used for Surface storage time — 10, 50, 100 years
the simulations. Modeling results for the different options are reported and include temperature and

. . . . . . | 1 ' oA R z 120 Thermal-Hydrology Modeling: Granite Repository, Surface Storage = 0 Years Thermal-Hydrology Modeling: Granite Repository, Surface Storage = 0 Years
fluid flow profiles in the near field at different simulation times. Input for thermal analysis of repository in crystalline rock with multi pack waste packages [HH Waste Package prs

Drift diameter — 4.5 m ] — A o
Clallldding tube Spenllt nuclear fuel Bentonite clay Surface porﬁ of rllaJ repasitory Drlft Spacing _ 20 m (base Case), 10 m : < _ ‘ __‘ : g v . K ——— _TTSR;T:.::;“‘
\ - =4 5y | Waste package spacing — 10.31 m (base case), 20 m, 7 m | N |
Buffer thermal conductivity: 0.6 (base case), 1.43 W/m-K “ ] el

Surface storage time — 10, 50, 100 years , : i ~— . 5.,
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il e vl T i i E— Figure 10. Temperature history at an observation point for disposal with no surface storage of:
| LA o i Tystaling - l ergrou_ portuon o . . . . . .
S e digticn e badeonk el ooy left - multi-pack waste packages containing 5 SRS glass canisters, 5 HS Glass canisters, 5 calcine

4) Results | — Semi-Analytical Thermal Analysis Figure 10, Pl o o s ot ek 55 oy s s nd SN st ks vt

pack waste packages containing 5 SRS glass canisters.

Figure 1. Nuclear Waste Repository design Figure 2. Nuclear Waste Repository design

concept — Bedded Salt Host (DOE 1986). 20}33662%1; (Ij:’iyit;‘é”g_’f 1)%“ Media (Source: Thermal-only, semi-analytical analysis was conducted for the disposal of DOE-managed waste types in crystalline and salt host rocks. The semi-
719 ' analytical method is based on the approach developed for enclosed emplacement modes by Hardin et al. (2011, 2012). The method was used to

calculate the temperature histories for combinations of disposal concept and waste type, assuming a particular emplacement layout for each

concept. Thermal responses for DOE-managed waste forms were investigated for disposal concepts in two generic host media (crystalline rock 6) C on CI us i ons

2) Wa St e I nven t 0O and bedded salt). The output of interest to this work is temperature history at the surface of the waste package and at the drift wall. The general
ry approach for closed systems is based on heat transfer by conduction only, neglecting convection and thermal radiation. These simplifications are
reasonable for low permeability media and enclosed emplacement modes (Hardin et al., 2012).

waste forms. The DHLW includes Savannah River Site (SRS) glass, Hanford Site (HS) glass, HS Cs-Sr glass, and Idaho calcine. For the crystalline host media, it was shown that unsaturated clay buifer material (of low thermal conductivity)

: . o . .
Thermal data for each waste form was obtained from Wilson (2016). Thermal power per canister as function of projected total DHLW Hard Rock Backfilled Enclosed: Single Pack, 10 Years Surface Storage Hard Rock Backfilled Enclosed: Single Pack, 50 Years Surface Storage resulted.m. satisfactory peak temperatures (<100 °C) for all cases considered (high and low buffer thermal
and DSNF number of canisters are shown in Figure 3. The same data are plotted in Figure 4 in the form of thermal power per canister rift dia. 1.5 m, spacing 20 m; WP spacing 10 m; backill th 0.6, 1.43 prft fa. 1.5 m, spacing 20 m; WP spacing 10 m; bacfl (th 0.6, 143 conductivity and10/ 50/100 year surface storage), for all waste types,

as a function of percentage number of canisters. Figure 4 illustrates that the majority of the DHLW (>70%) canisters have thermal s

The semi-analytic approach was compared with a TH model, and proven to capture the thermal behavior
Waste inventory included in this analysis looked at both defense high level waste (DHLW) and defense spent nuclear fuel (DSNF)
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power less than 50 W. A sizable number of DSNF canisters (nearly 50%) are also in this category. . — A notable exceptions to the previous bullet being the Cs/Sr waste and SRS HLW glass for 10 years surface storage

— Calcine

[y
N
o

——Cs/Sr — — - SRS Hi BF Kth

and low thermal conductivity buffer. These two case were shown to produce satisfactory peak temperatures by either

Il utilizing a longer surface storage time, or a higher buffer thermal conductivity.
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Decay heat curves for DHLW and DSNF waste types with highest range of thermal power are shown in Figures 5. For DSNF, only

waste packages with thermal power less than 1 kW were considered. Decay heat curves of DHLW and DSNF waste types with lowest
range of thermal power are shown in Figure 6.
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For the salt host media, all waste types and all cases resulted in peak temperatures below design specifications (< 200
°C).

[=2]
o

In this study, the focus is to investigate the magnitude of thermal extremes. Thus, for both semi-analytical and numerical simulation
decay heat curves from the highest thermal range were used (i.e. the decay curves shown in Figure 5).

'
o

20 a0 S0 60 70 om0 %0 1000 20 0 a0 s0 0 70 s Overall, these results suggest that, on the basis of conservative, bounding-case thermal analysis, thermal management

Time (year) Time (year)

rojected DHL anl DSNF Number of ConetersBinned by of DOE-managed wastes considered (SRS and Hanford HLW glass, DSNF, Calcine waste, and Cs-Sr glass) is

Average Thermal Power Projected DHLW and DSNF Percentage of Canisters Binned by

100000 Average Thermal Power achievable, even for the highest thermal output canisters/waste packages for each waste type. For cases where peak
m DSNF 80

H DSNF

Hard Rock Backfilled Enclosed: Multi Pack, 10 Years Surface Storage Hard Rock Backfilled Enclosed: Multi Pack, 50 Years Surface Storage temperatures exceed design speciﬁcations thermal management solutions — de-rating for multi-packs (fewer
| m DHLW = DHLW Drift dia. 4.5 m, spacing 20 m; WP spacing 10 m; backfill Kth 0.6, 1.43 )
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Figure 3. Thermal bins by total # of canisters for Figure 4. Thermal bins by % of canisters for 1986.
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. . | . . Figure 9. Temperature histories at waste package surface after surface storage of 10 and 50 years for multi-pack waste packages containing Sandia National Laboratories is a multiprogram laboratory operated by Sandia Corporation, a Lockheed
Figure ; I htei’m;I dgg{ ;;U’Vi; Dlg ]\f[}llf highest Figur e;- I hte’” m;l dg‘}z ;;”’V i; D”; ]\t[i; lowest DHLW waste types, for a repository in salt medium. The dashed lines represent the case where the high buffer thermal conductivity value of Martin Company, for the United States Department of Energy’s National Nuclear Security Administration
range of canisters for an : range o canmsters jor an ' 3.2 W/m-K is used. under contract DE-AC04-94AL85000. SAND2016-xxxx




