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Why Geology Matters

* More than 126,000 sites across the U.S. require
remediation

 More than 12,000 of these sites are considered
"complex”

« “...due to inherent geologic complexities,

restoration within the next 50-100 years is likely
not achievable.”

Alternatives for Managing the Nation's

Complex Contaminated Groundwater Sites
National Academy of Sciences Committee on
Future Options for Management in the Nation's
Subsurface Remediation Effort, 2013

The Problem of Aquifer Heterogeneity

NATIONAL RESEARCH COUNCIL
OF THE NATIONAL ACADEMES

ALTERNATIVES FOR MANAGING
THE NATION’S COMPLEX
CONTAMINATED GROUNDWATER SITES




| US Air Force Critical Process Analysis (CPA) Project Review

Primary Finding was Improved CSM = Remediation Optimization
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Benefits of Geology-Focused Approach

Address the greatest uncertainty, the subsurface

« Start with using existing data...investment has already
been made by the client!

* Defines subsurface “plumbing”: Identifty groundwater flow
paths and preferential contaminant migration pathways

* Optimize data gap programs, groundwater monitoring
programs, and remediation design

gce)iynt Focus your site strategy to save significant time and money

GEOSYNTEC CONSULTANTS D




Paradigm Shift » Remediation Geology



| ESS Is a Geology-Focused Conceptual Site Model

Technical Disciplines Required

Contaminant hydrogeologists,
environmental engineers,
Contaminant numetrical modelers

Fate & Transport

hydrogeologists,
Groundwater Flow environmental engineers,
System numerical modelers

Geologists, including I
Stratigraphers, structural .
geologists, volcanologists (as
needed); hydrogeologists :
I

I

<«— Static —» <«—— variable over time

| = = =1

Ref: Murray Einarson, 2023
GEOSYNTEC CONSULTANTS D



Groundwater Production Industry

Traditional Approach to the Subsurface

Groundwater supply studies based on assumptions of
homogeneous and isotropic conditions, steady-state observations
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| Traditional Focus on Hydrology

State of the practice is to apply Darcy’s law,
assume homogeneous and isotropic conditions within layers of interest

Contaminant plume

Attenuation
Pond

Groundwater gradient = Groundwater flow
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Traditional Focus on Engineering

Unified Soil Classification System (USCS):

Standard Practice for Classifying Solls
(Chart from ASTM)

Ay D 2487 — 06

GROUP SYMBOL GROUP NAME
<E% ﬁnn? Cu6 and 1<Ce=03 - SW = T 15% gravel ———m Well-graded sand
= 15%gr nd wi
Cu<f and/or 125Ce>3 —T-‘—SP‘—-——-__.__________—-—#- {1:; :rm:_h——-- mi:ﬂ.ﬁi:n:“h arave!

T =15% gravel ————»= Poorly graded sand with gravel

- fines=ML or MH———=S'W —SM—T:-:HEE avel Wall i
Cuz=6 and 1£E:*=_13<: DFAVE] —- -graded tand with silt

=15% gravel ———» Well-graded sand with silt and gravel

san finas=CL, CH,— SW 'Sc—ﬁ “<15% gravel ———== Well-graded sand with clay {or silty clay)
o o {or CL-ML) Z15% gravel ———= Wall-graded sand with clay and gravel
sand == 5-13% fines {or gilty clay amd gravel]
% gravel

fimas=ML or MH——— SP‘SM? <15% gravel ———= Poorly graded sand with silt
Cu-6 andfor 1=Cc»3 “ Z15% gravel— = Poorly graded sand with silt and gravel
imes=0L CH, SP-S5 CT{IW gravel —— Poorly graded sand with clay [or silty clay)

for CL-ML} =15% gravel ——»= Poorly graded sand with clay and gravel
{or silty clay and grawel}

fines=ML or MH -SM ——————— > <15% gravel = Silty sand
) = 15% gravel———m= Silty sand with graval
=17% 1.m:</’_/‘:ﬁmﬂ:|. or CH =SC —_— <15% gravel———m Clayey tand
___________________L =15% gravel———= Clayey sand with gravel
fimes=CL-MIL

sc "SM T{TE% gravel— = Silty, clayey sand

T = 15% grevel ————a= Silty, clayey sand with gravel

FIG. 3 Flow Chart Tor ClassiIfylng Coarse-Gralned Solls (More Than 50 % Retalned on No. 200 Sleve)




Lithostratigraphic Correlations

Connect sands to sands, clays to clays
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Why
Environmental Sequence Stratigraphy (ESS)?

The Challenge of Subsurface Heterogeneity



| Definition of ESS

Environmental Sequence Stratigraphy or ESS:

Refers to the application of the concepts of sequence stratigraphy and
facies models to the types of subsurface datasets collected for

environmental investigations.



Emergence of Petroleum Geology in the Oll Industry

« Early days of exploration and production, once * As production declined, geology became

oil reservoir was discovered, production was increasingly critical for economical operations
limited by facilities capacity (engineering * Billions of dollars have been invested in
focus) research and development of stratigraphic

controls on fluid flow

Kern Rwer Held

l‘\‘nn




| ESS: US EPA Best Practice — 2017

 Step-by-step guidance document for CSM
* Objective is to improve remedy performance

* 90% of mass flux moves through only 10% of
aquifer material...controlled by geology

=>...the geology controls where the groundwater flows and,
thereby, where contaminants migrate.

* Link to Groundwater Technical Issue Paper:
https://nepis.epa.gov/Exe/ZyPDF.cqi/P100TN2C.PDF?Dockey=P100TN2C.PDF

[} United States
-ﬁ EmEndmnmsml P
Agency

EPA/GOOR-17/293
September 2017

- Groundwater Issue

Best Practices for Environmental Site Management:

A Practical Guide for Applying Environmental Sequence
Stratigraphy to Improve Conceptual Site Models

Michael R. Shultz!, Richard 5. Cramer', Colin Plank', Herb Levine?, Kenneth D. Ehman?
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BACKGROUND

This issue paper was prepared at the request of the
Environmental Protection Agency (EPA) Ground Water Forum.
The Ground Water, Federal Facilities, and Engineering Forums
were established by professionals from the United States
Enwironmental Protection Agency (USEPA) in the ten Regional
Offices. The Forums are committed to the identification

and resglution of scientific, techinical, and engineering

issues impacting the remediation of Superfund and RCRA
sites. The Forums are supported by and advise Office of
Solid Waste and Emergency Response’s (OSWER) Technical
Support Project, which has established Technical Support
Centers in laboratories operated by the Office of Research
and Development (ORD), Office of Radiation Programs, and
the Environmental Response Team. The Centers work closely
with the Forums providing state-of-the-science technical
assistance 1o USEPA project managers. A compilation of issue
papers on other topics may be found here:

hittp:/ fwww. epa.gov/superfund/remedytechytsp/issue htm

The purpose of this issue paper is to provide a practical guide
on the application of the geologic principles of sequence
stratigraphy and facies models [see "Definitions” text box,
page 2) to the characterization of stratigraphic heterogeneity
at hazardous waste sites.

Application of the principles and methods presented in this
issue paper will improve Conceptual Site Models (CSM)

and provide a basis for understanding stratigraphic flux and
assodiated contaminant transport. This is fundamental to
designing monitoring programs as well as selecting and
implementing remedies at contaminated groundwater sites.
EPA recommends re-evaluating the CSM while completing the
site characterization and whenever new data are collected.
Updating the C5M can be a critical component of a 5 year
review or a remedy optimization effort.



https://nepis.epa.gov/Exe/ZyPDF.cgi/P100TN2C.PDF?Dockey=P100TN2C.PDF

Environmental Sequence Stratigraphy (ESS) and

Remediation Geology
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Research regional geology to - Leverage existing lithology data: Map and predict
determine depositional environment, vertical grain size patterns indicative of the subsurface permeability

the foundation of the ESS evaluation. genetic relationships. architecture away from the data points.




Environmental Sequence Stratigraphy (ESS) and

Remediation Geology

o Research regional geology to
determine depositional environment,

the foundation of the ESS evaluation.
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vertical grain size patterns indicative of
genetic relationships.

3

Map and predict
the subsurface permeability

architecture away from the data points.

« ===REMINDER, it’s all about the K!

Treatment Train Components
(e.g., Air Stripper, Granular Activated Carbon)
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Benefits to Remedial System

Design and Operations



Expertise of the Practitioner

Geology

mineralogy ~ economic geology geophysics @atigrap@ marine geology

volcanology geochemistry  structural geology ~ sedimentology

paleontology seismology hydrogeology  petroleum geology  tectonics

engineering geology geomorphology  igneous petrology = metamorphic petrology




Geosyntec’s
Environmental Sequence Stratigraphy (ESS) Practitioners

Mike Shultz, phD Colin Plank, cpG Stone Urban Ken O’Donnell
Stratigrapher, Sr. Principal Stratigrapher, Sr. Principal Stratigrapher, Stratigrapher,
Minneapolis, MN Office Grand Rapids, Ml Office Professional Geoloist Professional Geologist
mike.shultz@geosyntec.com colin.plank@geosyntec.com Lakewood, CO Office Washington DC Office

stone.urban@geosyntec.com ken.odonnell@geosyntec.com
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ESS Is About Pattern Recognition




| ESS Is About Pattern Recognition

Glacial Depositional Systems

@ OLACIATED VALLEY
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Proximal Zos
channel deposits, amalgamatec
and interconnected

Distal Zone: shee! sandstone
terminal splays, small channels
doj

|:| Floodplain
Levee

I splay

[ channel fill

Floodplain

? ; Splay
Levee

Channel fill, point bar

Alluvial Plain
SPlog scale
ft m
100}30
odo Piedmont V. System

Coastal Plain
Incised-Valley System




| ESS Is the Means to Optimize Existing Data

Examples of Lithology Data
CPT Logs Geophysical Logs
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| ESS iIs About Pattern Recognition (cont.)

Alluvial Fan
fine coarse

Meandering
Fluvial

3
Tt
—

Offshore

y

, Alluvial Fan Lak Meandering
Glacier J a\ e Shraat

\ \ - Tidal Flat

Beach/Barrier Island

Arid;
Restricted
Circulation

Depositional environments
have distinctive vertical grain
size distributions



| ESS iIs About Pattern Recognition (cont.)

Alluvial Fan

fine coarse

Meandering
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Fluvial

Offshore
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| ESS iIs About Pattern Recognition (cont.)

Alluvial Fan | , Meandering
fine coarse | Alluvial Fan Lake
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| ESS iIs About Pattern Recognition (cont.)

Alluvial Fan _ Meandering
fine coarse Glisciar Alluw‘al Fan Lake Stream
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A \ Tidal Flat
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Depositional environments
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Getting more from existing data

EM:?M Wo9o
0] | sm * “All we have are these lousy USCS boring
ol logs”
N « USCS is not a geologic description of the
M ithology
- sw::m * Different geologists
soq [ ML/cL » Different drilling methods
— - Different sampling intervals
= R - Etc.




Getting more from existing data

M8EMWO9
7 Graphic Grain-Size Logs (GSLS)
el - Alternative to the standard of posting
ol L USCS symbols
SW g HERL
. r s_ufsand;sa;ft_  Existing data Is re-formatted for
o rosns stratigraphic interpretation
4014 | sM/ML Medium Sand |
cL e
504 ML/CL - Gravel, Sand w/gravel
SV Reveals the “hidden” stratigraphic
4] sc information available with existing
b thology data
4 :* SM Clean Sands
E >F S | [ d




Why would you manage your remediation project with an
iInferior understanding of the subsurface?

GEOSYNTEC CONSULTANTS D



Case Study #5 from USEPA Technical Issue Paper

* 996-acre site in Santa Clarita, California

« Complex geology, more than 600 feet of
stratigraphy, dipping beds

» Impacted mainly with perchlorate (CIO,),
but locally CVOCs, including TCE

« Awarded contract to implement
containment pilot study for agency-
approved RAP based on existing CSM

 But wait...




Cost of Oversimplifying Subsurface Heterogeneity

-l - | 125’ extraction
7 - | interval
(includes non-

impacted strata) Slgnlflcantly reduced
guantity of extracted
groundwater (by 75%)

“ Significantly reduced cost
_— o> extraction  of remediation (by >$50

interval

(impacted mllllon)

strata only)




Case Study #1 from USEPA Technical Issue Paper

* Former semiconductor manufacturing site
with VOC groundwater plume

* Geology changed the regulatory direction
of the project

» Definition of co-mingled plumes and
related source areas

* Scale: 10-acre study area

* Depositional Environment: Meandering
river
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Case Study #1 from USEPA Technical Issue Paper

Lithostratigraphic correlations using USCS

GEOSYNTEC CONSULTANTS D



| Case Study #1 from USEPA Technical Issue Paper

T ZoneB2

Lithostratigraphic correlations using USCS

Groundwater flow interpretations assuming
homogeneous/Isotropic conditions

Q
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Increasing
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Case Study #1

Grain Size Trends and Graphic Grain Size Logs

Depositional Environment —
Meandering River

I:I Floodplain

4
Levee

B splay {{?‘,’”’
[] channel fill }} ‘i

SP log scale
ft m
100 30

i

Floodplain

? Splay

Levee
Channel fill, point bar

¥ o

45

LL

{

50

s5

Boring Log

H {Contact - drifer - cutings)

Gravery SAND (SW); brown; medium donse;
<5% clay: 5-10% sili; very fine 10 very coarse

sand; 30-40% fine subangular gravel to 1/4*
diamoter; high est K

Sity CLAY (CL); brown mettlod black; stiff;
30-40% silt; <5% very fine to fina sand; vary
low as1 K

(Contact « ariler - cuttings)

Sandy SILT (ML); blue-gray: stiff; $-10% clay;
20-30% very fine lo fine sand; low est K

Sity SAND (SM); blue-gray: medium dansa;
5-10% clay: 20-30% sit; vary fine to medium
sand; <5% fino angular grave! to 1/8"

..... B

T-12C (cont.)
,, GRAPHIC LOG DESCRIPTION

Sandy GRAVEL (GP); blue-gray; ¢ense 10 ven
denso; 5-10% clay; 10-15% silt: 20-30% very
fine to very coarse sand; fine subangular to
subrounded gravel 1o 1/2° diamatar; high est ¥

(Comact - deller - cutings)

Sandy GRAVEL (GP); mutlicolored; very
dense; <5% finas; 10-20% medium 1o very

coarse sand; 40-50% fine subangular 1o

subrounded gravel; 30-40% coarse
subrounded %o rounded gravel to 17 diameter;

very high est K

5-10% finas; 30-40% medium to very coarse
sand; 40-50% fine subangular gravel; no

coarse gravel below 54 3/4°

Clayey SILT (ML); very ight gray: stifl 10 very

stiff; 20-30% clay; 5-10% very fine to fine v




Case Study #1 2. WEST

.
Posting GSLs/Channel F e S S 3 &
S 4 e o
g o & & 2 & @/;c & & ')@o,@ W
A BN A b o o < oy 4

Interpretation it KR T P 1 1
I

i 42y

g
&
channel deposit consisting of
' coarse-grained sand, gravelly sand typically
fining-upward from gravel-bearing base
channel margin or splay deposit consisting 5
of coarse-to fine-grained sand, silty sand :

Floodplain deposits consisting of clay, silty
clay, and sandy clay, often with root
structures, caliche nodules (soil horizons)

0o 200.0 400.0 600.0




| Case Study #1 from USEPA Technical Issue Paper

Source area

remediation
ON-SITE , OFF-SITE

82 81 81 81 81 81 Bl 8
> > N >

O = Off-site seurce
area

Groundwater flow interpretation based on
ESS definition of hydrostratigraphic units

ESS-based correlations based on graphic
grainsize logs

ESS-based CSM

Site boundary
HSU-2 channel 4

o Areaofincreasing




Air Force ESS Projects from 2010 to 2023

e
 Applied to over 80 Air Force ...,
Facilities o g
«  AFCEC conducted an N g
enterprise-wide study -
_ _—
« 58 ESS reports at active N
Installations in the library = o
.. . S Aescemy Prctenonnss’ ecomstass
* Lead remediation engineer ; L —
concluded, remediation e e
- - S-S P . '
design requires an ESS- i
Davis Monthan AFB (e . A oo ) euam (@BC-Weapons
based CSM to adequately ond N | =
represent the subsurface ot g e
@ Installations with Completed CSMs ‘”“""“").dwme-ms

e Installations with Newly Awarded and Ongoing CSMs



Why would you not do a geology-focused evaluation of your
groundwater project?

GEOSYNTEC CONSULTANTS D



New Areas of Focus: Groundwater Management (SGMA)

and Geotechnical Support

GEOSYNTEC CONSULTANTS D



ESS Application to Groundwater Management

CONJUNCTIVE USE OF WATER RESOURCES: AQUIFER STORAGE AND RECOVERY
OCTOBER AMERICAN WATER RESOURCES ASSOCIATION 1997

APPLICATION OF SEQUENCE STRATIGRAPHY TO EVALUATE
GROUNDWATER RESOURCES

Kenneth D. Ehman and Richard S. Cramer'

GEOSYNTEC CONSULTANTS D



California Groundwater Basin Characterization Program

Before ESS

South
Depth (m)

1000 m o
[ Aquitards (clay and silt)
[1 Aquifers (sand and gravel)
£ Layer cake geology

>

- 300

(after Poland et al. 1956; CDWR, 1961)

Elevation - Feet MSL

g g

5
2

A -
13
South 3 3 North
“w O % :,g.; E, 8
P 2 0
- - t s 9
g Lang Deach Navbow P & % ‘i UsGs 3
UsGs UsG LACOPW LACOPW UsGs LACDPW  LACOPWLACDRW LALD";AWEB LACDPW Aquer Stratlgrap hy
LBPF Lepc WiF 10 LBCH WP ATMQ bV sseeA 8857 COWR (1861)

Zielbauer and others (1962)

Fovares
. Gaspur 'y
‘oil-b'a L

Carwe o ~p iy
<Sitverado
e
e Horizontal Scale
‘:3 0 1000 FEET VAAAAAAAY
uw -
) > 1 |
Cross section comelation between 4
LBPF and LBPC based on seismic

stratigraphy (see Figure 7)

From Ehman and Edwards (2014)

Detailed permeability architecture defined through the application of Environmental Sequence Stratigraphy

GEOSYNTEC CONSULTANTS D



| The State of the Practice

V/
qu,t,f'ws,t [2] Between 200 Areas - Quasi-3D ERT Inversion

Elevation where bulk EC = 0.0025 S/m

Elev (m)
175

Advanced Methods of Data Advanced Methods of CSM

“Marry” Geophysics
Interrogation and Visualization: Delivery: Interpretations to Geologic Model
» Mapping Software and Database » Digital CSMs » Geophysics have helped
- Increased use of legacy and regional « XYZ data and Strat Surface Files of subsuriace structure
data » Increasing direct connectivity with > Nleed_a tl)etter understanding of
» 3D visualizations of HRSC data numerical modeling approaches electrical properties vs.

hydraulic properties vs geologic

constrained by stratigraphic data: features

* Fence Diagrams and “dummy points”
- Stratigraphic Flux type approaches



| Geophysics and CSMs

“While many seem to think AEM provides the definitive ‘x-rays’
and nothing further is nheeded, | have suggested that AEM only
provides about 30% of the ‘answer’in the quest to better define
the regional hydrogeologic architecture. There remain some
massive hydrostratigraphy research and characterization
opportunities in CA, especially in the Central Valley.”

- Dr. Graham Fogg, 2024
Professor of Hydrogeology, UC Davis
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Collect More Accurate, Representative, and Useful Geologic Logs
Using a Graphical Approach (ER23-7659)

Jessica R. Meyer', Colin Plank?, Richard S. Cramer?, Michael R. Shultz?, Charles J. Newell}, David T. Adamson?®

! University of lowa; 2Bums & McDonnell; * GSI Environmental Inc.

Introduction - Problems with
Standard Borehole Logging Forms

A commaon problem for the remediation field is that remediation performance does not
match remediation expectations (McGuire et al., 2016). Much of this discrepancy can be
attributed to conceptual site models (CSMs) that fai to properly represent back diffusion
from low permeablity zones. Geology (and the related permebility architecture) is the
primary conrod on groundwater flow and dissusive mass transfer; therefore, highly
accurate representations of the subsurface geclogy are crifical to developing accurate
CSMs to drive remediation sucess. The basic steps for building accurate geclogic models
nclude (Fig. 1):

1. Determine the deposSonal
environmentis

2. Use geslogic data fo idensty 3. Infegrate steps 1 and 20
bodies of sedimentirock map and predict e geoiogy In
distinguished by Charactersics O

reiated to the proceszes that

formed fem
Fig. 1 - Basic steps for building an accurate geologic model.

One of the largest, and anguably most important, data gaps existing in nearly al
groundwater remediation studies regardiess of geologic setting is the lack of high quality
subsurface geclogic data in digital formats. This gap is due to collection of the wrong
types of data in an inefficient format leading to a poor return on the investments in
drilling. Traditional borehole logging forms caphure primary geodogic data in a paragraph
format along a depth scale bar and often emphasize the Unified Soil Classification
System (USCS) description of the materials (Fig. 2).

[ =] The paragraph style of geclogic logging is flawed
| - H ! and results in

it
iR A
E fraesa "‘;:-x .| -Lenglogging times (or incomplete log)
e an et | -in tent data capture
4 ,umt.ﬁ--:-"'-?"’ e Lonsis! cap o )
4 — AT - Loss of data for thin intervals (missing matrix
'M n-.:rh [ diffusion)
E _ﬁ,ﬁ__,,mp.;, [“| - Test format does not facilitate real time decision
FJ e making
.‘ Bep k) L: -« Digitization is so inefiicient it is nearly impossible
" %I -_Mss ng critical data needed for accurate geologic
4] d}“b‘;ﬁﬁ L~  interpretations
",,,;-M’m
I
? g A
Ba| SEiemaey

FA -
Fig. 2 - Standard paragraph format borehole logging form.

nconsistent, inaccurate, and incomplete geologic data combined with a lack of advanced
geologic training result in wnrealistic geologic interpretations. These interpretations often
focus on connecting like lithologies, or in many cases USCS dassifications, at simiar
elevations. This results in interpreted sediment bodies with unrealistic dimensions,
continuity and geometries. Consequently. predictions of the geclogy and associated
hydrogealogic properties away from borehode locations are highly uncertain.

1
Fig. 3 - Cross Section of borehole data comrelation based on similaf'lithology
and no incorporation of the depositional environment and genetic relationships

Graphical Geologic Logs - A Solution

The purpaese of this ESTCP technology transfer project is to introduce the groundwaber nemediation
community o a better way to collect and record geclogic data by using graphical geologic logs. The
elements of a graphical geclogic log are described by Fig. 4

Benefits of Improved Geologic Data and
Interpretations

Understanding of the depositional e cmmra
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Fig. 4 - Elements of a graphical geclogic log

1. Adepth scale runs aleng the far left side of the log

2. There is a vertical panel for each parameter being logged. Essential parameters for sedimentary
systems typically include general lithelogy, color, grain size, serting, sedimentary strucutres, and
bedding. Other parameters of interest (e.g.. grading. sediment distrubance, bulk mineralogy. etc.) are
included by adding additienal vertical panels.

3. Within each parameter panel there are columns containing the acceptable values for each parameter.

4. For each depth interval representing a consistent set of geologic materials the data is captured by
shading in the comect cell-value for each parameter. Variations in shading (e-g.. solid, hatched, cress-
hatched) can be used to dencte the relative proportion or intensity of a parameter.

Graphical geoclogic logs were developed and tested over the past 15 years during ongoing research at

contaminated groundwater sites. This graphical style of log has been used to capture geclogic data from

siliciclastic (Fig. 5) and carbonate sedimentary rocks and unconsolidated sediments deposited in a variety

of settings (Meyer et al. 2022).

Advantages of graphical geologic logs indude

= Easly leamed

= Senves as a road-map to guide loggers and ensure consistent collection of all mportant geclogic
parameters

= Facilitates efficient collection of geclogic data

= Log is prepared to scale so its immediately useful to suport real time decision making

= |s more efficient to digitze; data can be stored in complementary database

= Data is amenable o guantitative analysis

Fig. 5 Exarnple graphical genlnglc lag for siliciclastic sediments depmsted inan
inland sea on a broad shallow ramp

that form subswrface strata
enables prediction of the 3-D0 distribution of
sedimentary characieristics, geometry, and
connectivity away from areas with detaded
subsurface data (Fig. ). This method of
developing accurate 3-0 geologic models
has been honed specifically for groundwater
remediation investigations and is refemed to
as Environmental Sequence Stratigraphy
(ESS) (Shultz et al., 2017). Robust geclogic
MOOeEs Mmprove:
= Hydrostratigraphy, the framework for all
CSMs
= Well construction to minimize blending and
reduce uncertainty in hydrogeologic
measurements
= Evaluation of the impact of diffusion on
transport and remediation in source zones
and phumes

Fig. & - Revised cross-section-shown in Fig. 3 created by
trained siratigrapher applying geologic interpretation of
glacio-acustrine, deltaic sands and density current
derived sediments. The revised cross-section shows the
geometry, orientation, and connectivity of the sand and
clay bodies

Coming Soon - Learn How to Use Graphical
Geologic Logs

This ESTCP project indudes creation of two types of open access educational materials designed to

teach others how to capture peobogic data using graphical geologic logs: 1) templates and tutorials.

prepared for current professionals and 2) a core logging laboratory activity for post-secondary courses.

The tutorial (Fig. 7) will nclude:

= presentations and videos describing the issues with traditional kepging formats and graphical shading leg
techniques,

= templates for graphical shading logs designed for common depositional environments,

= access database templates to store the geobogic data and interpretations,

= examples of how improved geologic data can be used 1o develop improved geclogic models using ESS

= exmaples of how improved geologic data and models can be wsed to evaluate the influence of diffusion on
transport and remedation

Fig. 7 - Example home
page for the graphical
geologic log tutorial
prepared for current
professionals
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Thank you!

Rick Cramer
rick.cramer@geosyntec.com

/ REMIEC_
#RemTEC EMERGING CONTAMINANTS
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