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Understand site subsurface heterogeneity by
reinterpretation of previous cross-section using
Site location sequence stratigraphy.

Data: CPT Logs, Core Description, « Identify high-permeability zones for optimal
Groundwater, Chemistry placement of biosparging tool for LNAPL
remediation.
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Accommodation and Sequence Stratigraphy

° Strat|g ra ph |C Accommaodation: Measure of the space available for deposition.
a I’Ch IteCtU re |S a p rOd u Ct Base Level: Equilibrium surfaces such as the sea level, water
. surface of lakes and/or the graded profile of rivers in
Of the Interplay between continental environments.

‘accommodation’ and
sediment supply

‘Negative’ Accommodation

* |n coastal settings,
accommodation is
controlled by sea-level
changes

Base Level

‘Positive’ Accommodation

E; ' aecom.com



Aggradation (Vertical Stacking)

Accommodation(A) = Supply(S)

Landward Basinward

Basin Accommodation

Shoreface Sand l:l Shoreface Sand & Silt - Offshore Mud
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Progradation (Seaward Stepping)

Landward

’[ Shoreface Sand

Supply (S) > Accommodation (A)

Basin Accommodation

Shoreface Sand & Silt - Offshore Mud

Basinward
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Retrogradation (Backstepping)

Accommodation(A) > Supply(S)

Landward Basinward

Basin Accommodation

Shoreface Sand |:| Shoreface Sand & Silt - Offshore Mud
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Aquifers in the LA Basin: Lithostratigraphic Approach

A lithostratigraphic
Formation (Layer Cake)
approach!

Recent
Alluvium

Lakewood

San Pedro

Aquitard (silt and clay)
Aquifer(gravel and sand)
[1 Heterogenous Aquifer (gravel, sand and clay)

Modified after Pollard et al,, 1956; CDWR, 1961
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Previous Site Cross-section

South
LNAPL LNAPL LNAPL .
A" OCCURRENCE-1 |OCCURRENCE-2 OCCURRENCE-3 « Excellent data coverage:

+— l——

CPT logs and borehole

lithology

» Detailed borehole description
showing shell fragments,
laminations, carbonate
cementations

* Good approximation of sandy

DISTANCE (METERS) intervals and muddy intervals

Does not have the resolution for accurate positioning of biosparging tools!
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Aquifers in the LA Basin: Sequence Stratigraphic Approach
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B.D. Edwards, 2014
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Aquifer Nomenclature Lithology and Markers
(CDWR, 1961, Zielbauer et al., 1962)

* +°2 Lynwood Sand (Not not named as aquifers) | ™ Site Stratigraphic
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Traditional Method vs. Sequence Stratigraphic Correlation
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Sea Level Applicable to the LA Basin
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Age-range of Sequence Boundary
wwww Sequence Boundary
Modified from Ponti et al. (2007)
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Sequence Stratigraphy as a Predictive Tool

A. Falling Stage Systems Tract (FFST)

High Sea Lev. Low Sea Lev.
«Initiation of sequence boundary

«Coastal sediment bypass

«Incised valleys and canyons

«Basin basin-floor fans

D. Highstand Systems Tract (HST)

High Sea Lev. Low Sea Lew.

Following maximum transgression
«Basinward shift of facies
-Aggrading and prograding deltas
sLarge fluvial systems

B. Lowstand Systems Tract (LST)

High Sea Lev. Low Sea Lev.
+Propagation of sequence boundary

«Basinward shift of facies

«Fluvial and prograding deltas

-Development of lowstand wedges

C. Transgressive Systems Tract (TST)
High Sea Lev.

<Initiated by abrupt drowing of coast
sLandward shift of facies

«Estuarine lagoons, tidal deposits
«Barrier ridges, backstepping deltas

Low Sea Lew.

Infer depositional facies in
relation to sea-level
accommodation —a
predictive way of
understanding deposition!

Kendall C (2006) SEPMSTRAT.org,

6 ' aecom.com


http://sepmstrata.org

Facies Identification: Fluvial Facies

A) Modern Analog of Fluvial Pointbar Deposits B) Vertical Facies Model for Fluvial Pointbar C) Fluvial Facies Association at the Site

| 1 |si|vis|Fs Ms] s
— Cross-beds and ripple Crevasse Splay
cross-laminafions
Leticular beds, parallel and
nipple cross-beds

Levee

clay and silt, organic matter

(root marks, plant materials)
Overbank

A

Ripple cross-lamination

Fluvial Channel Pointbar

Sand with cross-beds, may
(c-f sand, gravels/mudclast at base),

contain gravels, minor
parallel beds Levee Deposits and Crevasse Splay
(silt-vf sand, coarsening up)

Overbank Fines (clay and silt with
high % of organic content)

Erosive base with massive, Increasing Cone

Cut-bank Pointbar Resist Ot
shows mudicasts esistance (1 ™\ Fining-up grainsize trend

clay and silt, organic matter
(root marks, plant matenals) Overbank

82m (MSL)

76m (M5SL)

Cl= Clay Fining-up

gi= Silt grainsize

Vfs= Very Fine Sand trend

Fs= Fine_ Sand + Coarsening-up
Ms= Medium Sand grainsize

Cs= Coarse Sand trend
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Facies Identification: Bayhead Delta Mouthbar Facies

A) Modern Analog of Bayhead Delta Mouthbar B) Vertical Facies Model for Delta Mouthbars C) Bayhead Delta Facies Association at the Site
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Sand with cross-beds,
parallel beds and ripple
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cross-lamination,
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& —
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(f-m sand, coarsening up) Resistance (Qf)
R

. c% Scale
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storm beds (sand)

deforhations,
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Vfs= Very Fine Sand
Fs = Fine Sand Coarsening-up grainsize
Ms= Medium Sand trend
Cs= Coarse Sand

Mouthbar. }

massive to parallel

Bioturbated clay,
laminations

Pensacola, Florida Courtesy of GoogleEarth
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Facies ldentification: Tidal Channel Facies

A) Modern Analog of Tidal Channel Deposits B) Vertical Facies Model for Tidal Channel Deposits C) Tidal Facies Association (Tidal Channel Bar) at the Site

. Grainsize increasing
| cl s vstsMsCs N

Bioturbated mud Qt Increasing

Mudflat

Lenticualr sand with
mud-draped ripples

Heterolithic deposits
of bioturbated mud
and sand beds with
mud-draped
cross-beds,
shell fragments
Mixed Flat

Sigmoidal cross-bed
with mud-drapes

Cross-bed with
mud-drapes

4 Shell Fragments
Rip-up clasts Channel bar

Tidal Tidal channel bar Increasing Cone
(mudy, vf-m sand, fining up) Resistance (Qt)
_—

Mudflat (silt and clay)
Bioturbated mud

Mudflat Carbonate cement

Shell fragments

Lenticular/flaser bed
CPT LOG
Tidal Flat — Fining-up grainsize
Cl= Clay Fining-up
Tidal Flat Si=  Silt grainsize
Recent Older Tidal Open Water Vfs= Very Fine Sand trend
Tidal Bar Channel Bar Fs = Fine Sand
Ms= Medium Sand
~145m

Cs= Coarse Sand
Dip Direction of Tidal Channel Bars
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Facies Identification: Tidal Bar Facies

A) Modern Analog of Tidal Mouthbar Deposits B) Vertical Facies Model for Tidal Mouthbar Deposits C) Tidal Facies Association (Tidal Mouthbars) at the Site

i . J 2 !.'. g, 4 2 3= |_C| ISi IVfSI FSIMS|C5| Grainsize increasing

—
Qt Increasing
—

Bioturbation, sand

lenses, shell
fragments Mtjtiflat

v

Root marks, massive
sand, cross-beds with
mud-drapes and mud
interbeds

Occasional bi-directional

ripples

Cross-bed

with mud-drapes/double  Bar Crest

mud-drapes, mud interbeds, A

massive beds,

occasional shell

fragments

\ Tidal mouth-bar Increasing Cone

Mudflat Cmrzzs_;jbr:’i::ith (crg:ril)e/,n \i/::-c sand, Resistance (Qt)
gup)

S Tidal annei\l e \ - Occasional massive beds
N, = —~ Mudflat and

prodelta (silt and clay)

Depth (m)
—

[T1 Carbonate cement

Bar Crest 5 Heterolithic deposits, Botton Set

v

Bar Slope * root marks may be present A & Shell Fragments CPTLOG

Lenticualr sand with

mud-draped ripples / Coarsening-up grainsize

S e Bioturbated mud, Mudflat
Mudflat occasional rippled sand-
Offshore/Prodelta Mud ~ lenses, shell fragments

(not to scale)

N,

L
Model modified .

Model modified after Mutti et al., 1985. Mutti et al., 1985. le Clay Cogrsgmng-up

Si= Silt grainsize

Vfs= Very Fine Sand trend

Fs = Fine Sand

Ms= Medium Sand

Cs= Coarse Sand

6 ' aecom.com




]

VEZ-diLdOIaNY

A

WEZZ-dIi LD/ dNY

€O ANFLSDINY

Z0 M- LIl

SEYMESETIANY o oo

' WIZ LD NY

Landward

WOZ- - LDl NY
T ZOS/ANY

WL LD NY

VB - LN

BL 1IN LIDINY
i O Y0SiINY

WO - it LdOIaNY
SBOLIANY -

QSOWANY

oL oI

WYL LD dNY

VE - LADIaNY

! S 60L/aNY

WZL- AW LD NY

G OZL/dNY

14VvyQ -snjejs anssj

i O L9GINY -

60/05-ME-ScT/dNY  TLOT/ANY

GEOS/dNY =

TSN -

(s98 14) H1d3a

¢« ® ® ® 8 8§ % § % ® 8 88 3 R B 8§ 3
LK LN
M '
M 5 L YN
1
W )* !
#r - S
- |k v - H
—=ca~ 12 : AL
7 % —X )t ATl
- . 4 L | 4N & mﬂ/‘
L LV
SNV i
]
1
)
L N L ]
L \
P

Coastal onl

_—-—__’
Iy

WL LEDINY &

BOL AN LeOiINY

TEEOENY

VB0 LIO/dNY

W80l N LD/NY

TEOLINY

VL0 L VN

VB0 LDk NY

WSO dN-Ld ANV

BITIANY =

Seaward downl

b

- -

VO LN

]

V2O M- Ad NNV

Q0RUANY -
< VI0-dIN- L DVNY

-Seaward

QLLVANY =
!

8 £

Erosional truncatis

(1SN 1) ZO_._.(>m.._W

8 8 g ¥ 8 8 g

V€ X ZZ Q ISNV T pasouddy

DN PENORUD

WS seuliseq s wewsbeuey Paloid

ZLWA 08 OL | SL'9L0L8L0Z'D3S SSOHD IDUVESOIE dNY XX OLAGHW!

<€

> | € >



Sequence Stratigraphic Correlation
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S

Site Depositional Model

Sea Level

Delta Mouth Bar
. Barrier Spit
: Fluvial Channel Bar

|:| Crevasse Splay & Levee

. Continental Deposits

i Tidal Channel Bar
' Tidal Mouth Bar

. Coastal Plain/
Estuary
. Prodelta/Offshore

Data Coverage for Site
(Semi-perched Aquifer)

HST: Highstand Systems Tract

TST: Transgressive Systems Tract
LST: Lowstand Systems Tract

Landward Movement
of Sediments

W Seaward Movement
of Sediments

6 ' aecom.com



Lithostratigraphy vs. Sequence Stratigraphy

Before
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* Not based on known facies models
* Heterogeneity is unpredictable
* Permeable zones poorly identified

South +——
LNAPL
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Not based on known facies models
Heterogeneity is predictable
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Groundwater Movement Over Time at Site
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— Change of water level with time
- === Trend-line of water level change
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LNAPL Contamination in Relation to Stratigraphy

South (Seaward) North (landward)
«— —>

A’ LNAPL LNAPL OCCURRENCE-2 LNAPL A

OCCURRENCE-1 OCCURRENCE-3
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Thank You!

Contact: Junaid.Sadeque@aecom.com

Sadeque J. and Samuels R. (2023), ‘The application of
sequence stratigraphy to the investigation and remediation
of LNAPL contaminated sites’, in Advances in the
Characterization and Remediation of Sites Contaminated

with Petroleum Hydrocarbons. Springer Nature (in press)
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