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The Importance of
Understanding Subsurface
Geology
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Where Is the Water Flowing?

Water and contamination flow through porous sediments with
high permeability.

Drillers’ logs

Geologic Units Hydrostratigraphic Units
s aquitard
clay B
Fine sand Y
| LY Flow units
SR A > it
coarse sand

How are the flow units distributed in the subsurface?

Clay
Clay and sand
Fine sand
Coarse sand
Sand and gravel
Gravel

Spatial variability is limited.

Must understand the subsurface geology!
-
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The problem with traditional correlation methods

Traditionally, different geostatistical methods are applied (Kriging, Monte Carlo Simulation, etc.) in order to
address the lateral variability.

» Does NOT represent real-world complexity
» Poor at making ‘plume-scale’ predictions of flow-path

o | - - Cross-Section A-A’
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B Low permeability.
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Caers & Zhang, 2004 Example from Rockware Blog.

Slight parameter tweaks result in drastically e Very coarse approximation
different permeability projections! * Does not accurately depict geology
*  Where is the water flowing?
I
i Must understand the subsurface geology! ASCOM




Why do we need Environmental Sequence Stratigraphy?
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Why do we need Environmental Sequence Stratigraphy?
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What is Environmental Sequence Stratigraphy (ESS)?
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Correlate and determine local depositional environment
8 Predict contamination flow-path (hypothesis confirmation)
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Case Study: AFP 42
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Depositional Setting

San Gabriel
Mountains




Schematic block diagram
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Mechanics of an Alluvial Fan

Sheet-Flood /= i
Gravels BT,

Surfical
braided
channels
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Active
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lobe

Block model of an alluvial fan
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Alluvial Fan — Death Valley National Park
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Modern Analog

Modern Analog
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Relative Scales

Regional Scale =

[10' -10°m

Channel Belt Complex

Channel Belt

Lithologic Log

Channel
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Regional Scale
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Lateral Facies Across a Morphologic Fan

Lowest transmissivity
: Upper
Highest transmissivity Fan

Middle

Moderate transmissivity

Distal
Fan
Y. N N X
e
— -
Meandering
|2 &
NGRS

GR

16 A=COM




Cross Sections
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Regional Section A-A’
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Plant Site 1- annotated
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Plume Scale
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Channel Belt Mechanics

10' - 10° km

Suspended
Sand/G ravel bars clays/silts settling

out of water column
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Bar Connectivity

poor connection good connection

. Valley width 10s of km

|74|.'l m - Abandoned channels: 10s-1008 m Interfluves and floodplains 1008 m to km
m

| - Channel lags: 100s m B B Reservoir channel sandstone/congs: km
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Plume Scale Cross Sections
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Cross Section D-D’

D-D’

s ——aaa i
= =
=od |

2,250.0
I
|
I
2,250.0

Increasing Transmissivity 1000 e Scate
Interfiuve and loodplain- ines Geophysical logs E jk - contaminant ditected in well
1 £ g
Sheet flood! distalfines = =
3 B
=3 =" - 3951 Wikon Bivd, Su 500
B = ] ATighin VAZZIN, USA
- splay-fine sands and fines <, = ] A-COM I ety
& =
=B
Chwvdbar-smdma»dgads : AIR FORCE PLANT 42- PLUME SCALE CROSS SECTION D-D"
Gamma === = -
=== Al Foros Flant 42 - Paimdaie, Calllorria L/
24 =A B A=COM
80618813 = Mg 017 Figure X




ESS Conclusions

— Reqional Scale:

» Alluvial fan sediments are sourced from the uplifted San Gabriel Mountains to the south and
dip to the north-northeast.

» Despite variable grain-sizes, all units have at least some degree of vertical and horizontal
transmissivity.

» Water preferentially flows through braided channels (Middle fan facies) because they are the
most transmissive.

» Without the influence of pumping in the region, water would preferentially flow to the north-
northeast.

— Plume Scale:

» Water preferentially flows through coarse-grained channel bar deposits. Fine-grained
floodplain and interfluve deposits may act as flow barriers.

» Channel bar connectivity appears to be the predominant stratigraphic factor affecting the
shape of the contaminant plume beneath AFP 42 Plant Site 1.
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