# PARSONS

LEVERAGING OPEN SOURCE
OPTIONS TO IMPROVE
GROUNDWATER MODELING
CAPABILITIES, VALIDATION,
AND VERIFICATION

Louie Manzella, James Schuetz P.G.
Parsons

Groundwater Modeling: Advancements and Applications



/ Sensitive / Proprietary 2




Cells with positive values have heads that are too high
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Steady state, heterogenous, anisotropic

Same inputs yield identical results

Sensitive / Proprietary 4



PROBABILISTIC

MODELS

Probabilistic (Stochastic) models
have multiple probable answers

Stochastic models implement
randomness and noise to obtain
numerous results

Models consider data sample
sizes, uncertainty in data
parameters, and intangibles
(inputs that can’t be quantified)
when solving for model outputs

Model outputs can be
“continuous” or “discrete”

Stochastic models will tell you
“Based off of your question, this is
a suite of probable answers”
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Probabilistic Results
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Synthetic Result

—— Derivative cos(x) + noise
= Derivative of cos(x)
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Hydraulic Conductivity
Storage and Storativity
Recharge (Infiltration)

Constant head boundaries

Image credits USGS
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PEST - Parameter Estimation Tool

Uses model parameters as inputs and solves
the model using a wide range of inputs and
reduces uncertainty in the model parameters

\4
PEST_HP - Highly Parallelized Environment

Similar to PEST, but has been optimized for
parallel model runs; allowing for faster
estimation of parameters and reduction of the
Vv uncertainty

PESTPP - Iterative Ensemble Smoother

Uses a Kalman Smoother, optimized for posterior
uncertainty analysis in cases where non-linearity
exists between model parameters and outputs -
creating a parameter field based off the uncertainty of
the prior
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ADVANCES IN
MODELING

User supplies samples of the prior
parameter probability distribution

PEST++ runs an iterative parameter
adjustment process

Samples become part of posterior
parameter probability distribution

Generation of a suite of random
parameter fields can be generated to
process a field of model outputs and
conduct uncertainty analysis
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PEST++ IES Phi Reduction
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ADVANCES IN
MODELING

A suite of results is obtained
using a stochastic model

Using this suite of results,
uncertainty can be derived
through model calibration

Evaluating uncertainty of multiple
possible scenarios can allow for
more succinct parameter
estimations
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Concentration versus Distance from Suite of Model Outputs

High Range Concentration

——Run 1-40 Year
——Run 16-40 Year
——Run 17 -40 Year
——Run 18-40 Year
——Run 20 -40 Year
——Run 21-40 Year
Run 22 -40 Year
Run 23 -40 Year
——Run 24 -40 Year
——Run 25-40 Year
——Run 26 -40 Year
——Run 27 -40 Year
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Site Example: Redirection of groundwater

plume parallel to River
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1.75 Ibs/ft3
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Graphical User Interface ~ Non Graphical User interface

v v
Uses buttons and drop down Uses command lines and coding
menus to select and input model IDE’s to input model parameters

parameters

Typically runs via an executable Runs via windows command
and can be easily navigated by prompt, Jupyter Notebook, or
following prompts other related IDE’s

Yield very similar/ identical model results
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Open Source Closed Source

COM PARING Expan.de;! flexilc_)ility in model Easier to pick up for non experts
OPEN SOU RCE TO omain discretization

Can have faster run times Background processes create data

CLOSED SOURCE files

Free to use and publicly available Improved visualization while

Different methods provide different .
creating model

results when creating a model
Model runs can be highly “One Stop Shop”

Open source methods are typically customizable

inexpensive/free but have learning
curves associated with their use

Effort
Closed source methods can be Spreadsheets GUI Interfaces
easier to pick up and provide
improved visualization, but sacrifice FloPy/ Fortran

usability of model features

Complexity

Darcy Columns Particle Tracking of model

2-D Modelling Fate and Transport Image credit LODE Publishing,
modified by Louie Manzella
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