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Fig. 1.1 Steps in a protocol for model application.




are values of hydraulic conductivity along the x, y, and z coordinate axes, which are assumed
to be parallel to the major axes of hydraulic conductivity (L/T);

is the potentiometric head (L);

is a volumetric flux per unit volume representing sources and/or sinks of water, with W<(0.0
for flow out of the ground-water system, and W>0.0 for flow into the system (T");

is the specific storage of the porous material (L™'); and
is time (T).
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Figure 2-2. Indicies for the six adjacent cells surrounding
cell ij,k (hidden). (Medified from McDonald and Harbaugh,
1988.)
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Number of water level observations

Mean error

Mean absolute error

Root mean square error

Range in observed water levels 216 feet
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Non-Unique Solution
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Figure 6. Summary of the advanced PESTPP-GLM analysis for the enhanced Freyberg model. A, B, and C show the observed (red) values
versus simulated (blue) values for each of the posterior realizations. These results, taken with D (the objective function distribution for the
filtered posterior ensemble) show a good level of agreement between the FOSM-based Monte Carlo realizations and the observed states used
for history matching. E, F, and G show how both the FOSM prior (gray gaussian curves) and posterior (blue gaussian curves), as well as the
Monte Carlo results (blue histograms), cover the true forecast values (red vertical bars). (sw, surface water; gw, groundwater, ft, feet; d, day; ft2,
cubic feet)

ajdwex3 W19-dd1S3d

Sl







PURPOSE Technological Advancement Cycling

Aspirations of better
problem solving and
assumption

elimination
Why is this project relevant - What it means to you!

= Complicated: geological / hydrogeological /

= Technological advancement cycling Advancement advancement
= Advancement begets advancement

= Demonstration of continual improvement in CSM -
increasing resolution and studies

= Complexity can be resolved
Advancement
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GEOLOGICAL / HYDROGEOLOGICAL / ANTHROPOGENETIC

Multilayered Aquifer System

= Semi-confining - discontinuous aquitards

Gradational transitions
= Marker horizons

= Changes in redox

Downward gradients

Tidal Influenced

Density Driven Flow

Static and pumping head data
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IMPROVE SITE CONCEPTUAL MODEL

Pri

Desire to move out of pump and treat

Additional characterizations

Highly detailed stratigraphic geological review
Geophysics - surface and downhole

Cone Penetration Testing

Tidal Studies

Pumping Tests

3D Modeling - SEAWAT

hciple of Parsimony

Parsons Corporation

Typical CPT Logs (not fo scale latteral)
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PLUME OVERLAP AND DOWNWARD MIGRATION -




PLUME OVERLAP AND DOWNWARD MIGRATION
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WORKFLOW

Regional River Head Hydrogeol. Boring logs Site

information and Salinity Testing and CPT Geology

Model Structure and

Solver

MODFLOW MODFLOW Initial
Runs and Testing

MODFLOW Non-Density Manual
Calibration

River
Concentrations

|n|t|a| De S|ty
a d FES )ri en V‘l()(le h[“ )F O ar](l
13.6 = I W
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MULTIPLE CALIBRATIONS
* Non-density
* Density
* Active Pumping
 Fate and Transport

Parsons Corporation

Phase 1 - Technical
Memorandum
Active
Active Pumping Model Calibration PurTwspgng -

Particle Tracking Corrections

Fate and Transport of 1 COCs

Phase 2 - Technical
Memorandum
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Stress Periods Descriptions Site
Numerical SEAWAT Model

* 500 Years
Helpl=NIEI{antls  « Development of density
1) Natural wedge

Conditions e Calibration Point

] » ~42 years
Site e Similar Non-pumping
2) historical conditions

OISO« Beginning of release

o 12 years - 2006 - 2018
Initiate Pumping from three aquifers
Ul REal0 B, Recovery of plume
Treat Calibration point
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CALIBRATION EXAMPLE - TRIAL / ERROR AND PEST

Model Error During Calibration Process
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Simulated (ft)

Stat?c and Pumping Model Calibrétion Calibration Statistics
Simulated vs Observed - Density )
Residual Mean -0.12
° Absolute Residual Mean 0.64
Residual Std. Deviation 0.81
. Sum of Squares 221.04
RMS Error 0.82
® Weighted Min. Residual -3.20
5 RW Max. Residual 2.62
o AL SP2 Number of Observations 327.00
Range in Observations 12.23
A AL SP3 Scaled Residual Std. Deviation 0.07
Scaled Absolute Residual Mean 0.05
x UC SP2 Scaled RMS Error 0.07
-2 Scaled Residual Mean -0.01
e UCSP3
! B LC SP2 Static and Pumping
Calibrations Pumping
6 A LCSP3 Calibration with Density
" 4 2 0 2 4 6
Observed (ft)
—1:1

Numerical SEAWAT Model
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Salt Concentrations 500 years with MODPATH .
Particles after non-pumping period (42 year)

LC Salt Conc.
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Salt Concentrations (500 years) with MODPATH Particles after non-pumping .
period (42 years) / pumping conditions (12 year)
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Plume Results 1,4-Dioxane .
42 Years of Plume Development

- U then 6 years of Pumping

o Numerical SEAWAT Model
I A MW-131 .

MW-140 [ MW—; -

I MW-143 _ (REF_ONLY_MW-156

e ——— ]
1000 et ——— :
ILCRW-1 wwte  LERW-A MW.130 o - \

1000 feet

MW-101

MW-25R

MW84 LGB

)t
_ w5
Notes:

Color shading minimum is 5 pg/L
Minimum Contour 10 pg/L

M

6 years of recovery represents half of the total system time, noting that early years
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Concentration Verses Distance in Model versus 2017
Groundwater report

1000
Evolution of groundwater modeling
allows for: g
= 100
 More detailed geological structures é
« Fate and transport in complex flow fg .
regimes 5
* Advanced thought processes and
site analyses 1
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Advancement begets advancement
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QUESTIONS

1) What is the purpose of calibration?

2) Why is understanding tidal influence on groundwater levels important?
3) What is PEST?

4) Is groundwater modeling witchcraft?

5) What is the Principle of Parsimony?
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Unraveling Complexity through Fate and Transport Numerical
Simulations in a Tidally-Influenced Heterogenous, Multi-System,
Density Driven Regime
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