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The Abundance of Site Analogs vs. Poor dataset

Reverse Engineer Analog
. . \ Information to Generate
When Site O ives /JJ food Barr . Data
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Ucayali River in Zoltan Fort Belvoir, Maryland Channel sand from ‘somewhere’
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Talking Points

- Why do we need stratigraphy?
- Why are most of our geological cross-sections so hopeless?
- Data challenges in the environmental world

- But is there still hope?

Understanding of regional geology
Facies Models

Site outcrops and outcrop analogs
Present-day geomorphological analogs

- Going forward with generating better cross-sections
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What’s the Big Deal with Stratigraphy?

A: Regional Water Table Map B: Stratigraphy-Informed Water Table Map

High

Surface Elevation

Low

]

Geological heterogeneity of the subsurface

Interval Contour -¢- Groundwater ]
________ Contour elevation (ft amsl) dictates ground water flow. Therefore,
3 Groundwater hydrogeology must be informed by geology
flow direction (stratigra phy) .
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The Stratigraphic Challenge

Diepth (m)

Geophysical Log CPT Log Borehole
(Gamma) Lithology
AP1Value Cone Resistence Q (MFPa)
C N O L

= silt

Clay

Fine Sand

1o S
Gravel
-,

{ 125

Depth {m)

Coarse Sand

Q, =Kii,
Q, = Kii,
Q, = Kii,
Q, = Kii,
Q, = Ky

e

Q is the mass discharge, K is the hydraulic conductivity,

and i is the hydraulic gradient

Life in 1-D is easy

Borehole Lithology

Coarse Fine to Silt and Coal
sand medium clay
sand

In 3-D...not so easy!

6‘ aecom.com




Even 2-D correlation can often be a non-
trivial challenge!
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Silent Quiz: Guess the Year!

The Layer-cake Model

| ) DLWl O 1825 (First railway line in the world in England)
IITR-SB' PP-SBI i 0
A
A O 2017 (Nasa announces its Lucy Mission to visit
_— asteroids)
i Layer e
= —— 1 —J O 1970 (Beginning of contemporary art)
: 0 Layer 6 0
N Layer 7 - K:: .
el O 1940 ('!'he flt.‘St Cheesecake Factory
e opens in California)
::: Layer 9 . —,, | r--\lu
¥ .0 + —— et gt : it ) ; e . - _"n-]_\\l
iNGVD o - o e ' ———p e fiNGYD
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Silent Quiz: Guess the Year!

The kite Model

¢ r EXPI-EBOSD SS25-uUAD4  EXP1-EBDED EXPI-EBOBD - o
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7m0 / —1— ————— - - 210
200 200
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ik bad
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O 1917 (Bolshevik revolution)

O 2005 (Xbox 360 released)
O 1515 (High Renaissance)

= 0 O 549 AD (First paper kites in China)

CROSS SECTIOM C-C

6' aecom.com




Silent Quiz: Guess the Year!

The Termite Model

SUSPECTED

RELEASE AREA —SOUTH
Me out of s )
:':Ef __E: E‘_____..;g- P = 140 . .
3 e I 2019 (England wins the World Cricket Cup)

1258 (Mongols conquer Baghdad)
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1940 (Discovery of the Lascaux cave
paintings in France)

O O OO

T 1978 (The first seminal paper on termites)
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Silent Quiz: Guess the Year!

o EH%L
I
/
/ 5 O 1977 (The first sequence stratigraphy paper)
S ' O 2009 (The Tesla Roadster is in the market )
BN © 2015 (The Rise of Deep Learning)
R
\\ ’ . . o e .
AN QO 3025 (Aliens take over human civilization)
Cal - Caliche J c ross?g:z_t
Horizontal Scale : 1" = 415' léSL - Léirr;\:slone
Mok 0 o Gor.-Goronat —Figar
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Why are our Cross Sections so Hopeless?

* Not sure why the stratigraphic correlation needs to be done ( it is simply for the beautification of tech-memo,
no?)

* Incomplete dataset (most wells are less than 20ft deep, or the next well is 5 miles away)

* Poor resolution of data (it’s all a blob of sand!)

* No clear understanding of depositional environment (“if it is sand, then it got be a channel”)

e Alithostratigraphic approach ( “of course, sand matches with sand and clay matches with clay”)

* No clue of correlation length (does this clay connect with that clay 5000ft away?)
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Understanding your Site in Regional Context

&
‘\I~
r Y
L A 'l\

3 Googlc

Mitchell River Delta, Northern Australia

* Where do | see my site in the big picture?
* |s present the day geomorphology applicable to the subsurface interval of
my interest?
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Application of Facies Models

A) Coastal Environment

GROMEC (e CPT

GROrEC === CPT
L

Mam |

GROTEC dgmmm CPT

GR or SP

CPT
&

Barrier Bars/
Beach Ridges

Delta Mouth Bar
& Prodelta

B) Fluvial Environment

GROMEC e CPT

Tidal Channel Bar

Tidal Mouth Bar

GRorEC . CPT

|iE
o
| Erosionf]

k

GROrEC == CPT

Mam 1

Point Bar &
Overbank

Braided Bar &
Overbank

Crevasse Splay, Levee &

Overbank

Sedimentary Structures

Lithology & Permeability | GR: Gamma Log

High EC: Electric
D Massive Conglomeratic ) E Coarse !I;and Conductivity
: I = 1o grave - -
fed Ripple cross-lamination [~7{ Lithic fragments | S| 2 | €TP: Cone
2 ] Fine to coarse Penatromatar
) g - ,
ET] Pianar lamination  [S<] Mudclasts 3| & sand o
[[7] Cross-bed (gravelly) [<] Mud drapes & § a,'!lrtjéu fine &= Diraction of
- [ .
Cross-bed grain size
D L % Clay to silt increasing

C) Alluvial Fan Environment

GR Of EC g CPT

\ Bl ¢

GROMEC ofmmm CPT

GROrEC CPT

GROTEC g CPT

i1

Fan Delta Mouth
Bar & Prodelta

Proximal Alluvial
Fan (debris flow)

D) Glacial Environment

Middle Fan
(braided bar/sheet
flow deposits)

GRorEC €= cpT

GR or EC == CPT

GROrEC === CPT

=

Till (sandy diamicton) Till (clayey diamicton) Glacial Outwash

Distal Fan (point
bar & overbank)
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Relating Vertical Facies to Spatial Distribution

a) Horizontal distribution of facies in a fluvial b) Vertical stacking of A
deposit (point bar) facies over time QQQ' ,\QQ{\ ,\(5.'\
o Increase in Grain Size 1 00000 = ,../
Washita River, Oklahoma § mOdern COaStaI plaln
Ao - ] incised valleys
= . | _fw:t ~ 700) WA
— Vv
. 10000 = _modern channel "
c . Jbelts (wt ~70- 300)
% 1000 El modern channel
E 3 f-fills (w:t - 10-20)
. " Gibling (2006) Data
100 =1 dlstrlbutary channel belts
a , 3 meandenng channel belts
o= G d == Parallel-bedded u ancient coastal/alluvial valleys
aree o, ] Sivetetbeace ] ancient bedrock valieys
3 Cross-bedded E Mud and silt 10 . T T 111 ||||"' T T T TTT00] T T T TTTI0] T T T TT1T1T
" egiomm pand . : 1 10 100 1000 10000
— ) Direction of grain size R T R R e .
%gs:aggdded tc(?ggge from coarse A75 * Thickness (m)
Applying the Walther’s Law Consulting width-thickness ratios from

outcrop studies
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Application of 3-D Facies Models

Legend

ICoarse | Fine to

I Silt and clay I Coal
sand medium sand

Depositional environments provide a
predictable geologic framework for
better understanding spatial
relationship between boreholes.

c spl Oxbow Lak jeeend
revasse a Xbow Lake . .
X play . Sedimentary Structures Lithology
Deposits-II Deposits High
> Massive with pebbles Root marks Coarse sand
>
9 3 DMasswe Elmuddasts = Fine to medium sand
: % ross-beds = Very fine to fine sand
2 g Parallel lamination S| M sitand clay
z s
X o E] Ripple cross-lamination ~y I coalpeat
Low

Median Crevasse
Channel

Crevasse
Mouthbar

Crevasse Splay Deposits-I

Son
OM@}@r} N

6

Cmsto
few meters

Crevasse Distal Crevasse Median Crevasse Proximal Crevasse

Mouthbar Channel Channel

Channel

Point Bar Deposits

"3 2 1
Distal Median Proximal
Pointbar Pointbar Pointbar

several meters

6‘ aecom.com




Application of 3-D Facies Models

Suh?..maI:a". Subaqueous Part De pOSitiona I
Distributary Channel Side Bar .
W i t || environments
SBv £¢| providea
g 2 .
g ss | predictable
- "~ 1| geologic

framework for
better

Mouthbar sand :
triangular-
ellipsoidal, wit ratio

" Landward several kms to 10s of km Seaward of 1000:1
Sedimentary Structures Distributary Channel understandin g
Massive with pebbles El Haorizontal beds Root marks bar wit ratio 100:1 1 .
l:]Massi\fe Hummocky cross-beds [s,_';]SheII fragments e range 70:1 to 125:1 S p at I a I
. g
[ Trough cross-beds [E<Jripple cross-lamination Il Peat/Coal E
Planar cross-beds . M
= relationship
Lithology & Facies '-.E
]
Low Grain Size Increasing b
op etween
= Prodelta/ Offshore mud
f: Lower delta plain (clay-dominated) " P
E Upper delta plain (silt and clay) Middle Triassic Caley Member O re O e S
v o " a o
5 gltly levee d::om:s . " of the Bedout Sub-basin, Western
= elta mouthbars (very fine to very coarse san . " .
High Distributaty channel bars (coarse to pebbly sand) Australia, A”gower & Lignum, 2019
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as Correlation Data

gt

Site Outcrop

|

" Bar boundaries Bed-set qudaries ia
- ‘ -l " %‘ 4= B "-_;3' %_&F bi) I"' ° °
A = A e Point Bar Deposits
IR T S T e—— .
(Interpreted) from site
outcrop

Can my measurements be a

20ft
'WA N BEVE

proxy for valid data?

* What important lessons can
be learned from the outcrop
that is not reflected in the

boreholes?
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Site Outcrop as Correlation Data
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Present Site Geomorphology as Site Analog

SR : R v e wem w2 Often, the

Average Individual Pointbar widt 5, | L ‘ ' e log f

| Average Individual Pointbar S e . analogiora

R Y i e S e s R o ke A contaminated

‘ i — NG site is right
there on the

surfacel®

*Small font disclaimer:
Check regional
geological history to
confir n no major change
in depasitiorlig

4

- environment in t)x‘
e .o alls  subsurface
IR ry s e
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Barrier Bar Case Example

Understand su
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Dealing with Poor Lithologic Data

Barrier Bar Case Example

_ 651/ Q>’ & o Arfhtofrsa}a
e ] g
107 ] 0 ] a3H . ..,
i 10 — E 10
10 me clay 7] E 0 ¢ sand
7 B 20 E
T & N:) F .
famy 204 —
e H n
& -10- : 10 5
“\C_/ 30-§ H\g
2 = S
T -20- --20 ©
Q@ Qo
- |
Site Example dataset

* Very poor resolution of facies changes in well lithology data
* Mostly shallow boreholes
* No geophysical logs available
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Using Site Model for Understanding Heterogeneity

Barrier Bar Case Example

Relict Transgressive Barrier Bar System Modern Transgressive Barrier Bar System

A
Y

Site Locality

Encinal Peninsula (Eemian Sands) Padre Island

Dune/Beach

Marsh/Back Barrier Organics

Modern
Back Barrier
Lagoon Overwash Lagoon Overwash_

Oso Bay Gulf of

Mexico

Tidal Channel Bars

Laguna Madre
Lagoonal Mud

Beaumont Clay

relative sea level height (m)

+20

=]

-20
-40
-60
-80

-100

-120

-140
0

Holocene

Pleistocene

Tarantinian

lonian

Tyrrhenian

maodern sea level

L B B B B B B B B B N N

L A B A |

200
time (Kyrs BP)

Regional depositional Model

Quaternary sea level changes

Late Quaternary sea-level curve based on Wright (2000),
Waelbroeck et al. (2002), and Peltier (2005)
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Identifying a Regional Analog

Barrier Bar Case Example

A [ ] Alluvium (Qal) T\

Holocene [ Barrier/strandplain (Qgb) XA 1
[_] Eolian sand (Qs) N e

P !

CA

[ ] Beaumont Fm. (Qb)
[ Lissie Fm. (Ql)

Pleistocene

4 S A
, 7%=~ Ingleson Barrier Bar
. (Powderhorn

area)
v

Corpusg.]géh,risti j

Nueces River

Site Location

S
1Qs!

R
|

[————

Qgb Gulf of Mexico

100 mi The analog is more than 100 miles north of the site. But both
Teokm belong to the Ingleside Barrier Islands of South Texas, and show
similar settings

Qb

Brownsville®

oTO

https://www.beg.utexas.edu/prga-geology
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Using Facies Information from the Regional Analog

i 10 Gamma activity ) )
f | (counts/s) Geologic Interpretation
_N 0 50
mMat%gi?gga o4 O : : : :
e | = Ingleside barrier sand
1020 S \ 40 T 77T =TT T T Marine
_ . == Bay or estuarine mud
20 | ST S
i 4 - Delta lobe (coarsening upward) Delidic
-30-+ T e i
- | J Point bar (fining upward)
E o {7 =7
= , - Point bar (fining upward)
o
§ S04 SOT -~ =5
UQJ | _ Point bar (fining upward)
| 25e) : : ] 504 I T T T =="""" Fluvial
e AATN R B == N | = Flood-plain mud
A SR o o 1 = o
| A | O Geophysical log [] TDEM sounding | 4 == ] Point bar (fining upward)
. Shem aod 4 e Point bar (fining upward)
_ 1 : Point bar (fining upward)
@ Borehole location at analog site 0]
| Borehole
-100J 100 Lithology
https://www.beg.utexas.edu/prga-geology Gamma log interpretation at the borehole
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Understanding Barrier Bar Ridges from Research

Barrier Bar Case Example

Bayward slope  Crest

(foreshore) Landward slope
Ridge toe

Intertidal (wave breaking point)

sand ridge l 4 i"

|

Substrate

(Alveolar foam covered with geotextile)

Flume base

Back-barrier
dépression

Lab flume experiment showing stratigraphic features of beach Ridges

Depth (cm)

i~ 0
03 &

303

60 3

1003

1103

403

504

1203

1309 .

1405

Beach ridge wave-built facies

Coarse sand and pebbles - UQ
o — 0 €M

I

w

—_
o

%)
[=

ho
(9]

FTTTTT T T T I T T T T I T T T T T T T T T ]
v

w
o

Mostly coarse to medium
sand, with shell fragments

6‘ aecom.com




Barrier Bars in Modern Geomorphological Analogs

Barrier Bar Case Example

UTM Easting (km)
531 532 533 534 535
¥ =V .

=
-
S

Swale

Narrow swale

LT Modhing (km)

Latitude (deg.)

~0.25- 0.50 miles

* Ridges are shore-parallel sand dominated high-k units with
good lateral continuity
RE i * Swales are depressions (wetlands subject to tide) between
-80.8 -80.7 -80.6 -80.5 -80.4 . .
Longitude (deg ridges and ridge sets.
NOAA Digital Coast website: https://coast.noaa.gov/dataregistry/search/collection).
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Better Correlation using Site Model and Analog

Barrier Bar Case Example

Landward Bay-ward
20- 20
. A ;iéfgi:?_ Barrier Beach Ridge Sand
oo Wl e 1o ;Sz- Delta Mouth Bar Sand
£ @ Tidal Channel Sand
0 -0 @21 i Overwash Sand and Silt
W]
= . — at Aeolian Sand Sheet
[77] & ]
E 04 L 0 & - Swale and Ponded Clay & Silt
F%" aof E” - Estuarine Clay (Beaumont Clay)
% 20- ~-20 %
L L
Reasonable and testable
-30 30 ) ) .
interpretation with the

same original data!

6‘ aecom.com



/— - g FOINT 52080 AND
V)| N MIEANDER SCARS
s ”": (KIS IRIVET,
4 ¥ il o

RN Vi

Fluwal Case Example

=) NS

ldentify subsurface heterogenelty 4
Determining Flow vs. Confining Storage Units =

Guide remediation strategy
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Dealing with Poor Lithologic Data

Fluvial Case Example

015-116812

015:5311Z

0151117122/
TU50904

off-
017:125922 A
017124142 oo

017-9634Z

)Y
017:128662
017:128252, / 2
017:65912

o15-115552% (G2

Proposed cross section map based on “best”
lithologic data and areas of concern

ELEVATIIN ™ FEET MSL

TRANSVALLEY PROFILES

P cLar SAMDY CLAY

CLAYEY SAND SILTY CLAY
H{lf sar SILTY SAND
] sanp GRAVEL

EFET BEDROCHK {MOSTLY TERTIARY!

-/I_A-,\ BORING REFERENCES, CEOLOGY

\BC/ BRAAMCH FILES

i - i ¢
K Clos“teo.?&;@ the site are

; 3
[ ] r
’ . |
o 7 77

ELEWATION IN FEET MSL

SECTION EE’

GEOLOGICAL SECTIONS
ENTREMCHED VALLEY FILL
CADDO -BOSSIER PARISHES. LA
SEALE

a5 [N 1]

Previous cross section example

From Geology of Red River, Corps of Engineers, US Army (Dr. H.

N. Fisk), 1950
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Document Research for Regional Understanding

Fluvial Case Example

GEOLOGICAL INVESTIGATION
LOWER RED RIVER-ATCHAFALAYA BASIN AREA

DISTRIBUTION OF ALLUVIAL DEPOSITS]
BOSSIER CITY, LA.

STATE o LoumANA
BEPARTHENT 0 PUALE NORKS
BaTon Rooos

TACTS BASED ON La.
EOLOGICAL SURVEY BULLETIN
; arpE T Ao

55, ot
ARISH BY CHET SWITH OBTAINED FROM

THE FILES OF THE LA. GEQLOGICAL
RVEY WITH PERMISSION OF L

IOUGH, L&. STATE GEOL

[T

Launnon cx vos on TanTARy
A
Ly souss wpees.
S

GEOLOGICAL INVESTIGATION
LOWER RED RIVER -ATCHAFAL AYA BASIN AREA

DISTRIBUTION OF ALLUVIAL DEPOSITS
CASPIANA, LA,

(S E—

Technical Report S-
74-5 - Geological
Investigation Of The
Lower Red River-
Atchafalaya Basin
Area,

Smith and Russ,
1974
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What is a Channel Belt?

Fluvial Case Example

=
SN bankfull

channel fill
(a deposit)

Channel belt Boundary Braided River Channel

Modern Meandering River Channel Belt Modern Braided River Channel Belt

6‘ aecom.com




What is a Channel Belt?

Fluvial Case Example

Meander belt sand

—

-
— \
]
—

Internal bounding surfaces

Meander belt boundary . Palaeosol: clay and silt
From Lageweg et al., 2016
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Applying the Channel Belt Concept to the Site

Fluvial Case Example

I
015-116812

01553112/,

Bossier City
Reservoir:

Older Fluvial Terraces

Fluvial Channel Belts

Levee/Floodplain Area

017-125927 \
017'1“1‘1‘\015-597

-~
o
017-65912 o

015117882 <

015-101962

I

Cross section map overlayed on physiographic Cross section map overlayed on channel belt map
map




Site Model Developed from Channel Belt Map

Fluvial Case Example

RECENT

MATURAL LEVEE
I roinT Bar
-

BACKSWAMP

ABANDOMED CHANNEL

=
|::| ABANDOHED COURSE

UNDIFFERENTIATED ALLUVIUM
OF SMALL STREAMS

Beene Point Bar

Borssier City Point Bar

Flat River

--.__‘W

..t

WF_
- kL
D Red River Valley ”
. L.
il Ll

Red River Flat River
Channel Belt Channel Belt

Legend

Surface Geomphology
Channel Belt

. Floodplain (Backswamp)

&~ Ox-bow Lake/

Active Channel

. Older (Pleistocene-Paleocene) Terrace éﬁggﬂzred

Subsurface Geology =
Point Bar Deposits (Sand-dominated) A E
Levee Deposits (Sili-dominated) é

. Floodplain Deposits (Clayey to Silty) E—:

. Wetland (infilled Ox-bow Lake) é
Deposits (Clay-dominated) £

. Older Terrace Deposits (mixed clastic lithology)
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Extracting Data from Outcrop Analog

Fluvial Case Example

= T

g
HORIZONTAL FEET
SIiLT LAMINATION

IN SAND
I GRAVELLY SAND

aan EEEY

Beene Point Bar Block Diagram

e - - Beene Point Bar
Major pomt Bar Locatlons Aerial Photomosaic

TROUGH - SHAPED SETE{

Point Bar Planview
Geometry

* The width of the river at bank-full stage:~800 feet
* Thickness of the Beene point bar: 18ft
* Approximate thickness: width: length ratio for the x-sets is 1:5:20+

-

Trough Cross stratlfled Sand in Pomt Bar
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Developing Cross Sections from Acquired Knowledge

Fluvial Case Example

" Point Bar Deposits (Sand-dominated)
: Levee Deposits (Silt-dominated)
[ Floodplain Deposits (Clayey to Silty)

. Wetland (infilled Ox-bow Lake)
Deposits (Clay-dominated)

F Y

Increasing Transmissivity

>

017-12592Z

» 90993 (0.111 GPM)
> 99116 (1.331 GPM)

1358 (0,149 GPM)

& [
s A
s —
_ 2 s
Cross-Section A-A" % B
m - 2
@ & 2
_ Do E-E'_ E —_— 2 i ™
= | Fightiine Area | = - &% s 83 %
] - ] § (G g E a g
8 g 3 55 58 g 3 28 2
~w -3 oo 2 g S > 2 m =
ﬁ DE “% o~ "a’ 2 o
[ E e ] - “ o
: 24 s B P g
- o - ™ = -~ B &
& (=T Y - - -+
E - = ] - Py y
| ]
- i

||||||||||||||||||

Cross section reflects geologically rational assumptions based on regional
understanding, outcrop and facies models in areas of sparse data.
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Major Conclusions

- There is a dire need for better data in the environmental industry
(geophysical data/CPT/better logging)

- While waiting for better data we can add value to existing dataset by
iIncorporating:

* Regional understanding

* Facies Models

* Present geomorphology (Satellite image study)
» Outcrop analog measurements

@ aecom.com
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