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1st KEY BREAKTHROUGH: HIERARCHICAL
MATERIAL PROPERTIES FOR FE ANALYIS
Associate material properties with volumes, facets and
edges of a numerical discretization to represent thin,
strong targets of geophysical interest.
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for complex problems.

Project Objective: To integrate the latest discoveries in understanding material complexity
into the laboratory’s evolving needs for subsurface imaging and characterization.

Variational formulation for Poisson Eq:

/ Vv-(o-Vu) dz® = / vf dz®
EXPLOITATION OF INFRASTRUCTURE FOR THROUGH-THE-EARTH TELEMETRY,
2nd KEY BREAKTHROUGH: NON-LOCAL IMAGING AND RECONNAISANCE

EFFECTS FROM SUB-GRID DETAILS
1. Compile metadata for infrastructure and
earth resistivity %

Weiss, Geophysics, 2017
USPTO Application 15/871,282

AGD oil reservoir example

parameters using the architecture of fractional calculus.

Replace the exquisite discretization of infinitely complex,
2. Create Earth/infrastructure model with
Application to Maxwell’s Equations.

multi-scale materials with an economy of model
CUBIT. Translate output to HFEM format.
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describe complexity of
material property .
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In simple, 1D media... . Execute HFEM to compute fully coupled

Earth and infrastructure.
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... a fractional Helmholtz equation emerges. Weiss et al., AGU, 2018
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RESOLVE THE INTERFACE BETWEEN
MACRO- AND MICRO- WORLDVIEWS

Hierarchical FE simulations provided first-ever look at
electrical response of large, arbitrary fracture systems.
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CAPTURING NON-LOCAL EFFECTS IN NATURAL SOURCE MAGNETOTELLURIC DATA

fractional Helmholtz MT sounding curves

USArray Station KSP34 Ep (.. — 001 8/m Tanalytic
PHYSICAL SYSTEM DATA REDUCTION 65 - ° 0.9
SPACE raw time series < il ° 8
Exceptional " Bu(t) By(1) = .
- EL(t) By(t) Z 0.7
g Z 00
service N filter and transform Z:‘o‘ 1 E 0.6
EARTH og, FroswlBa(8)] Y g f =gl T E 5
X L = e, (w) etc... 5 Zrom kL o« 0.5
in t/]e A/a//' 9 g S e ;Hmu
Py B, impedance, Z 3 E 10° 10 10
Vot S Mmm— I (61) z (b:r) frequency, f = w/27 [Hz)
national R S P ) = \by 1 -
® o fEEEE 2y -
Zyx
interest B e B 8Ol gy =001 8/m
frequency, f = w/2 [Hy) resistivity, p [Ohum] 70} z* = 1000 m

— o}
SITUATION AWARENESS IN URBAN/INDUSTRIALIZED SETTINGS g sol
§ prys s = 1 analytic
ACTIVE OIL FIELD SIMULATION 2 zz
10
(¢ 10-1 10 1
<, B T frequency, f = w/2m [Hz|
%\ potential (V)
)
m |
E \ ) s - oo s ion —vee | 122 cased wells, 300 m deep
a E | W electric field (vV/m) 5 km surface pipes
“ \w Wy e ~35 km pipeline/casing modeled at 10 m grid
‘\ | ‘“ | ‘L ! 3500 elements
| | ditional FEM requires ~7e6 el per km of

s owsssmsss  pipeline/casing.
oo ';fer:,zgns:;f;,:,:g '™ HFEM decreases computational burden by ~4 orders
of magnitude in this example (10 min vs 2 mo, est.)

sl sy s ronernsn i st 3, DuranTINO Le TV A =3
e
, e @; ENERGY #VA'~A"s

.’.é LDRD " i NatonlLabratoe 58 i

Sandia National Laboratoriesis amultl mission laboratory managed and operated by National Technology & Engineering Solutions of Sandia, LLC, awholly owned
subsidiary of Honeywell International Inc., for the U.S. Department of Energy’s National Nuclear Security Administration under contract DE-NA0003525.



