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U.S. Nuclear Regulatory Commission

ATTN: Mrs. Deborah A. DeMarco

Office of Nuclear Material Safety and Safeguards
TWEN Mail Stop 8 A23

Washington, DC 20555

Subject: Submittal of Posters: (1) Synthetic Layer Dip Adjacent to Normal Faults, and (2) Influence of
Fault Geometry on Reservoir Connectivity

Dear Mrs. DeMarco:

Attached are two posters for presentation at the American Association of Petroleum Geologists (AAPG) 2001
National Meeting. These posters describe work performed for the Japan National Oil Corporation. The work
described did not use any NRC funds, and the posters are sent for information only.

Let me take this opportunity to point out how these work for other projects benefit NRC. The first poster,
Synthetic Layer Dip Adjacent to Normal Faults, describes and characterizes five models that provide a basis for
interpreting the synthetic dip panel that shows up in the Day et al., cross sections through Solatario Canyon fault
system. Also, the fault block impingement and contraction faulting mechanism may explain the four contractional
faults mapped in the Yucca Mountain normal fault system. In summary, this work provided additional ideas
regarding faulting at Yucca Mountain that could not have been obtained exclusively at Yucca Mountain without
significant additional expense.

The results described in the second poster, Influence of Fault Geometry on Reservoir Connectivity, are not as
directly applicable to current NRC work except that they provide a broader base to consider structural control
of hydrologic flow.

In addition, both posters provide an opportunity to receive peer comments on the work and resulting
understandings of the origin and significance of geologic structures. This work and its presentation also enhances
the reputation and credibility of the CNWRA staff and, thereby, their usefulness to NRC.

If you have any questions please contact Dr. David Ferrill at 210-522-6082 or me at 210-522-5252.

Sincerely,

Budhi Sagar
BS/rae Technical Director
Attachment
cc: J. Linehan E. Whitt J. Piccone P. Justus D. Ferrill
W. Reamer B. Meehan S. Wastler W. Patrick D. Sims
B. Leslie J. Greeves T. Essig CNWRA Dirs/EMs D. Waiting
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Abstract

Fleld and analog modeling studies of normal faulting illustrate the
importance of synthetic layer dip assoclated with normal faults. These
synthetic dip panels are developed where layers on upthrown,
downthrown, or both sides of a normal fault dip In the same direction as
the fault. Synthetic dip panels adjacent to normal faults should be
expected at some scale in all normal fault systems. In addition to faults
developed in strata with a regional dip, five fault-related mechanisms for
the development of synthetic dip are: faulted monocline, antilistric fault
mmmusmmmmmmwyww
segmented faults (L.e., relay zone), and fault block Impingement and
contraction.

of throw by tilting or folding, thereby reducing the offset or true
displacement on the related normal faults. Fault block deformation Is
strongly dependent on the mechanisms that produce synthetic dip
| panels, and may influence fault zone and fault block permeability.
Depending on stratigraphic and structural relationships, synthetic
panels can produce downthrown closure for hydrocarbon trapping,
provide fluid migration and/or production communication pathways
across faults, or produce barriers to fluid communication across faults.

Mechanisms for development of synthetic layer dip
adjacent to normal faults

8  Faulted Monociine b Antiistric Fault Bend
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Example 1: Big Brushy Canyon
Monocline, Sierra Del Carmen, Texas

Panel 1 of 3

Influence of stratigraphy on structural style:

- Fault displacement in massive Santa Elena Limestone

is damped by the overlying Del Rio Clay.

- Displacement at the Buda Limestone level is
accommodated by formation of a monocline.

Note thinning of
Del Rio Clay at top
of fault scarp

Layer Exsansion fomj

BrEsz2zss

Fomation of 0.5 - 15 em-thick, leysr-parpendicular cosrse
calcite veins accommodated 2% extsnsion parallef to leyering
{in dip dirsction). Diation along vein margins accommodated
an 0.5% lay

. 5% layor-paraiel

Bedding Plans Slip:
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Example 2: Mesa Quebrada, western  |# rwra~ Example 4: Cedar Pocket, Arizona e Example 6: Bobby's Hole fault, Utah & ot ok irpigerant
Rio Grande Rift, New Mexico = r— * R
2 * iy i ook direciion for "f i "_'-'5‘%"“.- _'“I ; .-"[

W stratigraphic Control: Faulting in the
14 Dakota Sandstone above very weak
& shale of the Morrison Formation.

Strata dip consistently to east, faults
cutting Dakota Sandstone in
monocline dip both east and west.

—a

i\ Distributed shear produces envelope
dip that is synthetic to overall fault
dip.

Predominance of west-dipping faults
in monocline indicates that monocline
faulting is not simply accommodated

Example 3: Galera Point, Trinidad
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Antithatic cip

fetnrbedded
o locaily dip in the seme direction as the
Tt

Distributed shear is accomplished by
slip on discrete faults at more than
one scale.
Example 5: Moab Fault, d e Zone
Bartlett Wash, Utah }
Fauit geometry control:
Relay zone in vertically
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Fault geometry control: Fault block
and contraction faulting
in normal fault hanging wall.

Steep fault at ground surface.

Predominant antithetic dip of hanging
wall strata indicates listric fault
geometry.

Synthetic dip panel locally developed
In uppermost hanging wall strata -
restricted to hanging wall.

Synthetic dip panel contains reverse
faults that are antithetic to the

Bobby's Hole fault.
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Example 7: Sandbox Model of Rotey Zons Importance of Synthetic Dip Panels for Hydrocarbon — Summary
Fuli-Apart Basii / Stratigraphically controlled - presenc
Pull-A rtn Development Movement and Accumulation i of
i * The following characteristics apply to all five mechanisms (a through e) of relatively thick weak mechanical layer.
J synthetic dip panel development :
! Folding before faulting.
/ 1. Total throw includes both folding and faulting components - fault throw =
may under-represent fotal throw. Synthetic dip panel contains distributed folding-
related deformation features.
2. Seismic data may image total throw rather than actual fault throw,

especially on small-displacement faults.
3. Synthetic dip panels show up as displacement minima on distance-

|
|

Fault-geometry controlled - assoclated with
antilistric (downward steepening) fault.

Fault shape may be stratigraphically controlled -
failure angle controlied by mechanical layering.

Folding during faulting.

|

|
:

Structurally or stratigraphically controlied.
Folding before or during faulting.

Common in zones of displacement transfer
between fault segments.

1

]
]

Displacement transfer between fault segments.
Folding during faulting.

Fault-geometry controlled - associated with rigid
fault block above listric (upward steepening)
fault.

Listric fault with long straight segment and
relatively small radius of curvature.

]
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INFLUENCE OF FAULT GEOMETRY ON RESERVOIR CONNECTIVITY
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Abstract:
wnalog axp pravide new insights into the sffects of structurs| geometry on
F £ dormation of the models indicates that the potentisl for hydrocarbon
trapping and and that the potential for
eteime mature, For ample, e i
TR simple faults nuciasty st 8 largs number of sites.
biind faults ritial

Shroughout the deforming reglon. Iniiay, relay ramps and fo .
P raliaf L
o soverad as faults merge by latersl and upward propagation of ramp

This progressively crastss more opportunities for trapping snd
resarvoir vity. The

compartmentalization, snd results in decreased
this geometric svolution occurs st many scales. Large- show clear, large-scals
sxampies of this geometric maturstion of y #

potantiat hy {8.5., breached reley ramps or faults merged by lstersi
propagation). in the models, th P s within the at smaliar
scales. Anslog models of strike-slip betwean

1) Cross sactions (d) and (s} ab how domino app of ¥
devalopad as relay structures.,
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section, with lsal points, spill points, or traps located up or down emp-dip.

1 em (model) = 2 kim (nature) |

1 slip rate = & avhour |

T L 1e ok 1 and footwall is focallzad or terms
geomatries.

Z) Relay structures sxist st various scales and
ncum“hmmu*mwdumﬂmm

Not all faults seal: whike the axampios shown are interpreted for the case of sealing faults,
umw-mmumummumm

1) Horizontal sections (f) and (g) show snastomosing pattem crestad by fault
2) Results from the modsiiing reveals that tha potential for rock mass

1) Faults form by linking of initially separsts fault ssgments.
) Rabary ramps snd sarve Ty the
‘baain and scross basin- in

axists at all stages of '
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{a) Fault systams, including relay structures, occur st a range of scales within a basin.
Figure (b) is the mﬂzhﬂmﬂlﬂ*m H_I_ﬂl‘.ﬂ_idl';ﬁ-h

D oupan: Eppil
structures appear as cverdapping e echeion fault treces.
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Strike slip:

'Rq shears

Conclusions:

1) Fault systems form by nucleation of geometricaily simple faults
at a large number of sites throughout the deforming region.

2) As fault systems grow by segment Interaction, relay structures
and forced folds over blind faults form potential hydrocarbon
pathways.

3) As faults lengthen by segment linking or lateral propagation,
structural rellef Increases and, in the case of sealing faults,
potential hydrocarbon communication pathways are severed.

4) Structural evolution progressively creates more opportunities for
trapping and reservoir compartmentalization, and, in the case
sealing faults, progressively decreases reservoir connectivity.

5) Simllar structures occur at various scales within the deformation
system.
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