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Motivation: Overview:

Simulating subsurface contaminant transport at the kilometer-scale often  An open-source software modeling framework is used to perform a sensitivity
entails modeling reactive flow and transport within and through complex  analysis on transport of two tracers based on 1-129 from a hypothetical

geological structures. These structures are difficult to mesh and as a radioactive waste repository in a shale host rock with uncertain geologic
result geologic structure is typically represented by one or a few structure. Uncertain flow parameters are sampled in addition to realization of
deterministically generated meshes for uncertainty studies. Uncertainty in  the geological structural model in a nested SA/UQ analysis. Concentration of the

geologic structure can have a significant impact on contaminant transport  tracers at monitoring points downstream of the repository are used as the

and should be fully incorporated within uncertainty quantification (UQ) quantities of interest for determining model sensitivity to input parameters.
and sensitivity analysis (SA) for subsurface contaminant modeling.
Workflow: Geological model:
. Single realization of a Pierre Shale Geological Framework Each 7 x 2.5 x ~1.2 km model with hypothetical radioactive waste repository
Model (GFM) 69 x 83 km. . Repository Ikm >km
. . . ow e e O )verburden €T
Il. Pseudo-uncertain models are generated by clipping 7 x 2.5 km direction
sub-models from GFM. Y .
: Lower Shale : R
I1l. To focus on unknown subsurface, a single known top surface SN Limestone Aquifer e epository
is used for all realizations. b
. . observation points .
V. Mesh and run simulation on models: — i el i sl
/ Clip surfaces from GFM (Python3) Create model volumes (LaGriT) \ Figure 2: Side profile for realization 1 (left) and y-z plane slice through repository for realization 50

(right) are shown. The flow direction is indicated along with the locations of the monitoring points.
100 geological model realizations created, with 1, 50 & 100 chosen for this

initial study.

* 30 samples of flow parameters on each realization via Dakota with Latin
Hypercube Sampling (LHS) .

 Simulate in PFLOTRAN using a Dakota tool, the Next-Gen Workflow.

m Distribution

Fully-automated (Python3) ,
7/ Create mesh (VoroCrust-Meshing) Create and run simulation (PFLOTRAN) S

-

Overburden Permeability 10-1>-10-13 og uniform
Limestone Permeability 10-17-10-14 m? og uniform
) Molerk D ) Silty Shale Permeability 10-17-101> m? og uniform
\ Partlally automated (Python3) D A / i i
———————————————————————————————————— - Host Shale Porosity 0.1-0.25 - uniform
(LaForce et al. 2022b)
Figure 1: Depiction of the workflow used to create and mesh each realization. Table 1: Sampled parameters and their distributions. (LaForce et al. 2022b)
Results:
Final tracer 1 concentrations for all observation points. Temperature at times 1000 & 10000 years.  Challenges
g Total Tracerl [M] overburden at repository 5 Total Tracerl [M] overburden at 1km E l'l;otal Tracerl [M] overburden at 5km T N O La rge UnStrU Ctu rEd mESheS ~106 CE”S.
. . 0 < B o g Ny m = B ae e A . o .
S Lm :: ] LS -,. i gm_u.: n_::' ,..n:::: A e SR S @gw,%?v:' o Statistically significant SA/UQ studies
RLEY AL L B S “"‘ - LA P " x® SRS sl et F o require a lot of time and computing
S0t mE i g X A 111 & . x| o *
g .tt l‘ ttt glo .tt lt ttt glo_la. . N Power.
% o X X (_‘; x % ~14 |
= w0 0 5 10 15 = 0 *é 10 15 = w0 (')A 5 10 15 Futu re Work
sample sample sample
= Total Tracerl [M] in repository = Total Tracerl [M] shale at 1km s Total Tracerl [M] shale at 5km . . .
5 7xi0|UNghuEmEEgAnnaaan| ¢ N . 5 1071 4 o Statistical analysis of results
£ 6x10- A g - “12. S Top o Additional geologic realizations (already
- = z 151 % x*_ ke x X ok XK e kK . .
CH. - R | Zaomlag,as a*Mags aaaa created) & geologic settings
g A 3 EEEEmEnnnnmdngnnn 8 10-19] R 6 BeaOn “r eqe
: | \ | B e ELD 4L | Figure 4: The temperature (C) of i o Improve flexibility and robustness of
= 0 5 10 15 = 0 5 10 15 = 0 5 10 15 . . kfl
sample sample sample realization 100, sample 8 through center of — 40 WOTrKTIOW

Total Tracerl [M] silt at repository Total Tracerl [M] silt at 1km Total Tracerl [M] silt at 5km

% sihh Ak ads sk % b A, aks a2, % - A model show for times 1000 years (top) and .

5 o K R gwoe A A 4 Em—u A 10000 years (bottom). References

§ § 10~° X ** * * 4 § | *

§ 109 % KKK K sk KK Ak e kKK % § o] Ml * S 107151 . Summary: |.  LaForce T, Basurto E, Chang K W, Ebeida M, Eymold W,
- - x _xgl o oxFm* | T * : :

I o] m™® s = 2 10-18 . : Faucett C, Jayne R S, Kuchinski N, Leone R C, Perry F
%10 L LT LTI ,_*; m = " g l.f- g LA 'n!"'“" Over.b.urden layer concentrations ar_e (2022b) GDSA Repository Systems Analysis

- : : sample10 = - ’ ’ sample10 " - : : sample10 = SenSItlve to ﬂOW parametersl espeCIa”y investigations in FY2022. Technical report, Sandia

% 10Tf>1t4gl TrAacerlA[i/I] IiAmAestoneAat rAepOjitory % 10-14T_Ota| TracirAl [IVl]AIimestoAne it 1km % 10_15T_0ta| TraAcerl iM] Iimis:one at 5km for realization 50 National Lab.(SN LN|V|), A|bUQUEFQUE, NM

2 A A A, 2 A A A A, A 9 . . . . -

; . ol IS P SN - L * Tracer 1 concentration levels are more I '[\)/'a;':jL:'rE;]ch;”'GE'ER'('Z';T?)QZS“; ;nt/'es /Sne\cl;c:jcl)agr;c >

Y 10716 8 107101 Y 10-171 . o i . , G. k. .

E ***************** § - ************ * % § * * * K SenSItlve tO VarlathnS IN fIOW paramEterS Disposal System Mode/ing and Shale Reference Cases.

§ 102, . % wm . mm g P ‘*___.._.. L R x for realization 1 than the other two SFWD-SFWST-2017-000044 / SAND2017-10304R. Sandia
= m iy g E¥E g g - a | " mm s EEE E® .ll. EEEEE . . . . . i i _

I R R R realizations at observation points in the RNat'O”a' Laboratories, Albuguerque, NM

: ' esources
A Realization 1 B Realization 50 * Realization 100 Sllty Shale (Sllt)r Host Shale (Shale) and

. — . — Limestone Aquifer (limestone). pflotran.org, vorocrust.sandia.gov,
Figure 3: Semi-logarithmic plots of Tracer 1 concentration at final time, 10° years, at all - h di g IVSi | g dak di
observation points for 17 samples. urther studies and analysis are planned. akota.sandia.gov

National
Laboratories

Sandia National Laboratories is a multimission laboratory managed and operated by National Technology & .
Engineering Solutions of Sandia, LLC, a wholly owned subsidiary of Honeywell International Inc., for the U.S. Sandla
Department of Energy’s National Nuclear Security Administration under contract DE-NA0003525. .

E] Sandia National Laboratories Sandia National Laboratories is a multim' I boratory managed and o p d by nal Technology & 'ng Solutions of Sandia, LLC, a wholl
R owned subsidiary of Honeywell In I ., for h u. S epartment f ergy's nal Nuclear Sec ty dm inistration under contract
@ENERSY NOISH DE-NA0003525.




