A New Hydrostratigraphic Framework Model (HFM) of Pahute Mesa, Nevada - 1

Hydrostratigraphic Units HSUS , Faults and Calderas. T1odd Kincaid, Ph.D., Kevin Day, P.G., Tim Vogt, Greg Ruskauff, PHg., Sig Drellack, Lance Prothro, Dawn Reed
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A new HFM has been developed for the Pahute Mesa region of the
Nevada National Security Site. The model encompasses an area of more
than 2,700 km2 to a depth of more than 9 km. The model was
constructed from geologic contacts defined in 194 boreholes, fault traces
and geologic descriptions derived from outcrops, and field geologist’s
interpretations. It includes 53 HSUs, 33 normal faults, 11 transverse
faults, 2 detachment faults, 1 thrust fault, and 7 calderas. The model
uses structural surface and isochore grids to describe the elevations and
thicknesses of the wunits and to ensure that the units balance
appropriately across all of the mapped faults. An iterative development
process was created to foster rapid model construction, error checking
and correction at all borehole and outcrop data points. The model
matches 98% of 4,633 thickness values and 96% of 1,072 structural
surface values to within +/- 10 meters where more than 50% of the
errors are attributable to conflicting data and the model resolution. All
development, output, and QA procedures were automated allowing the e R 25 £ S ,
model to be readily revised to accommodate new data and modified or | i* K i N '8 s Bk Lesiiderc 7
alternative interpretations. The new HFM will improve both groundwa- B GO R RAR Te e | b dre 1R N &

ter flow and contaminant transport modeling efforts because it
incorporates the most up-to-date data and interpretations, and because
any aspect of the model framework can be revised as part of the

Aerial photograph showing the Pahute Mesa HFM domain relative to
the Nevada National Security Site and nearby towns and cities.

groundwater model calibration process in a reasonable timeframe and —_—

with transparent quality assurance. —
B—B'

MODEL CONSTRUCTION DATA
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Drill hole in line of cross section.
Tick marks represent tops of
hydrostratigraphic units determined
from drill hole data. Dashed line
indicates drill hole projected into

line of cross section (up to 1000
meters).

Fault with half arrows indicate sense
of displacement. "T" indicates sense of
movement is toward the reader.

"A" indicates sense of movement is
away from the reader.

TIE LINE 3" Tie line indicates the location where

ATS -
- Area 20 caldera structural margin
BMS -
BRT -
CCS -
GCS -
RMS -

A20S

another cross section intersects
this cross section.

Ammonia Tanks caldera structural margin

Black Mountain caldera structural margin
Belted Range thrust fault

Claim Canyon structural margin

Grouse Canyon structural margin
Rainier Mesa structural margin

Note: Water table is from [T (2000), written communication

Cross-sections were provided by the NSTec geo-
logists that compile knowledge gained from the
field, boreholes, and geophysics to interpret the
most probable hydrostratigraphic configuration
at depth throughout the model domain.
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A Model ang for the Flow and Transport Model of Corrective Action Units 101 and 102 Central and Western Pahute Mesa, Nye County, Nevada (DOE/NV/11718--706)

West to East Hydrostratigraphic Cross Section C-C’ through the Black Mountain Caldera and the Silent Canyon Caldera Complex
Scale - 162,500
No Vertical Exaggeration

Elevation (meters)

10000 15000 20000

South to North Hydrostratigraphic Cross Section G-G' through Oasis Valley and Black Mountain Caldera at Wells ER-EC-4 and ER-EC-8
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Isochore Grids
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Isochore grids define a unit's thickness (X,Y,Thickness). They are preferable for
laterally localized and/or discontinuous units because pinch-outs can be defined
from thickness trends and fault offsets need not be defined if the unit thickness

is intended to balance across faults. The unit'ssurface is defined by adding or

subtracting the thickness to or from an underlying or overlying reference horizon.

poinls modified by iterotive slack process

Surface & Thickness Data Matching
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Geologic map from Slate and others (1999) and locations of boreholes
from which geologic data was used in the construction of the HFM.

HSU contacts and fault traces delineated from the geologic map rela-
tive to borehole and detonation locations in the PM HFM domain.

3D Extent of Knowledge Derived Directly From Data
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MODEL CONSTRUCTION PROCESS
Fault Planes and Intersections
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The fault tree (above left) defines the heirarchy of fault plane intersections

(above) where the space between the fault planes
defines the fault blocks (left).

The new PM HFM contains 47 faults and 7 caldera structural margins
(above) resulting in 101 fault blocks (left). Seventeen of these faults
were added since the construction of the initial PM HFM.

® 1 thrust fault (Belted Range Thurst), which is represented
as a repeated sequence of LCCU and LCA.

® 33 normal faults (representative of extension)
e 11 transverse faults
® 2 detachment faults

e 7 caldera structural margins

Iterative Grid Stacking Process

The Phase Il HFM modeling approach relies heavily on the use of isochore grids

to provide a balanced and defensible geologic model. Most thickness data is
derived from borehole logs. Boreholes that do not fully penetrate the model
domain produce a minimum thickness for the lowest HSU encountered and un-
constrained thicknesses for the underlying HSUs. Stacking thickness grids can
therefore produce errors in the unit surface elevations. The illustration on the
right demonstrates an iterative stacking correction process that was developed
for the PM HFM. The process distributes errors at partially penetrating bore-
holes (Before Correction) into the isochore and surface grids as control points
according to the amount of real data describing the surface and thickness in

each of the impacted HSUs (After correction) such that the unit thicknesses and

the surface elevations match the borehole data. The iterative process is fully
automated and configurable to address different geologic scenarios.
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Simulated unit surface elevations and thicknesses were compared to observed
values at the borehole data points. Significant error was considered deviation
greater than 10 meters.The model acceptably matches 98% of 4,632 reported
thicknesses and 96% of 1,038 reported structural surfaces (upper regression
plots). The errors are due to borehole and/or outcrop points within 200 meters
of each other that have different unit assignments at nearly the same elevation.
Another level of QA/QC was attained by exporting cross-sections along the 10
initial transects (above & left) for the NSTec geologists to compare to their initial
interpretations. Deviations sometimes resulted in model alterations and other
times revisions to the interpretations. All QA/QC output and checks were auto-
mated such that several intermediate model realizations could be evaluated and
thereby adapt the model development process accordingly. The result is sub-
stantial improvement in the reasonableness of the model structure particularly
with respect to unit balance across faults.
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The depth of our direct knowledge of the subsurface is limited to the zone intersected by the boreholes and the surficial outcrops.
Boreholes reach deeper into the subsurface than do the outcrop measurements. Fault traces and dips can be confidently extended deeper
into the subsurface than can unit contacts. Collectively, these data don’t reach nearly as far as is considered necessary.

The gaps must be filled in with interpretations of the most reasonable unit and fault configurations. These have been developed by the
NSTec geologists based on years of field work, interpretations of the outcrop and borehole data and correlations with deep geophysical surveys.
Most of this work has been published independently over the years and subjected to considerable peer review and scientific scrutiny.

The top plot shows the vertical extent of the Pahute Mesa model domain that can be interpreted directly from borehole and outcrop data.
The bottom plot shows the remainder of the model domain that is defined from interpretation and inference where the red lines show the
projection of the fault planes into the subsurface.

f
550000 560000 570000

Easting (meters)

earthVision

by Dynamic Graphics®

Both the Phase | and Phase Il PM-OV HFMs have been constructed with the EarthVisionTM (EV) modeling software developed by
Dynamic Graphics Inc. (www.dgi.com). EV is a family of integrated software applications specifically designed to render digital 3D
framework models from a wide variety and any combination of spatially projected geologic data including: unit elevations and thick-
nesses from borehole data and outcrop traces; strikes and dips of units and faults from geologic maps; and geophysical data describing rock properties or unit
boundaries; as well as interpretive controls derived from cross-sections and structural contour maps. A particular strength of EV is the ability to automate nearly all
construction and output development processes. This automation capacity was heavily used in the Phase || PM HFM development process wherein the model was
constructed and modified 1000's of times to achieve the best possible match to data and the professional judgement of the geologists.

Reference Horizons

17_PBRCM Surface Data & Modeled Structural Surface Contours
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References horizons are stratigraphic surface grids defined by data describing
the elevation of a unit surface above sea level. They are modeled indepenently
from other surfaces with particular focus on fault offsets. The surface grids are
used as elevational references from which overlying and sometimes underlying
surfaces are defined with isochore (unit thickness) grids. The three main refer-
ence horizons were PBRCM, CH, and TMLVTA, which were chosen because they
are some of the most continuous HSUs in the model domain, and are compara-
tively well constrained by data and interpretations. Some other HSUs were also

defined as reference horizons to preserve imbalances across faults. The intrusive

plutons that originate below the model domain were also modeled as reference

horizons because they were largely defined from interpretations of geophysical
data and have not changed substantially from the Phase | model.

Zone Color Key (from Phase || HFM)

PCM 1A uccu
CPA CFCM LCA
PBPCU CFCU LCCU
BA KA scicu
UPCU SWA RVICU
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| PVTA PBRCM ccicu
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1. Full domain of Oasis Valley - Pahute Mesa Phase Il HFM, viewed toward north with post Timber Mountain deposits removed, showing extent polygons for next
three figures. 2. HFM viewed toward northeast with chair cuts exposing post Calico Hills volcanics, water table (Fenlon & Others, 2010), boreholes, and exchange
volumes @ 2rc (Pawloski, 1999). 3-D cross-hairs centered on the Tybo test (U.S. DOE, 2000). 3. Northern section of HFM with chair cuts elevations (west to east;
high to low): topography, just above water table, 500 meters below mean sea level, and -2300 meters. Exchange volumes @ 5rc (Pawloski, 1999) colored by the
surrounding strata. Callout shows a map view of the HFM with the same z-slices as well as groundwater surface elevation contours (Fenelon & Others, 2010),

groundwater flow direction arrows and the same exchange volumes. 4. HFM subdomain viewed toward southwest with chair cut at the PBRCM surface, vertical

slices through Silent Canyon Caldera Complex volcanic deposits, boreholes and exchange volumes to scale based on maximum announced yield (Pawloski, 1999).

SUMMARY

Methodologies applied to the development of the OVPM Phase Il HFM represent substantial advances since the Phase | HFM, including integration of advanced
scripting and automation. These procudures have significantly improved the degree to which the model matches measured unit surface elevations and thicknesses
and to which the units balance appropriately across faults. Automation has provided for rapid model updates, which has fostered exploration of alternative interpre-
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tations and identification of inconsistencies that have improved the model and its application.
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