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Objective and Scope of this Talk

• Demonstrate the use of site-specific, 
transient data for automatic calibration 
of a TSF infiltration model

• (A bit about data pitfalls)

Illustration generated by AI
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Site Setting and 
Study Objective
• Multiple closed mining facilities – 

TSFs, WRDs – near a dry wash and alluvial 
aquifer

TSF

WRD

TSF

WRD

Illustration generated by a 
human mining consultant

Effect of infiltration on TSF 
stability?

Close mass balance loop on 
entire watershed – how 

much do facilities “leak” to 
groundwater?

Geotechnical 

Environmental

Presenter Notes
Presentation Notes
Renewed interest in stability of facility despite being closed, given recent CPT data that indicated high moisture content within one of the TSFs
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Numerical Simulator

Raoul 
Collenteur

Jirka 
Šimunek

HYDRUS-1D

PHYDRUS

“SRK-PHYDRUS”

Presenter Notes
Presentation Notes
HYDRUS-1D is a free simulator developed by University of California Riverside and Jirka Simunek
Recompiled HYDRUS-1D to remove limitation of output times
Used python interface developed by Raoul Collenteur, but we improved portions of the code, pre-processing, post-processing, stochastic simulations in parallel and IES
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State of Data

• Hydraulic stress:
– No site-specific PET

• Calibration data:
– Facilities are completely 

drained down 
(unsaturated)

• Characterization data:
– No hydraulic properties 

(almost)

• Hydraulic stress:
– Daily precipitation data

• TSF stratigraphy:
– Detailed CPT

Presenter Notes
Presentation Notes
Hydraulic properties:
How many folks here obtained unsaturated hydraulic property data in-situ? From a lab?
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Fast Forward…

Presenter Notes
Presentation Notes
We ran the model, varied hydraulic properties, we wrote a report, but we were frank about the data shortcomings.
It was actually a member of the ITRB who recommended installation of an eddy covariance tower.
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Calibration Data
• Eddy covariance tower:

– Potential evapotranspiration
– Actual evapotranspiration

• Soil moisture (3’’ bgs)

https://www.tern.org.au/news/what-is-an-eddy-covariance-flux-tower/

Presenter Notes
Presentation Notes
Stress that these were not installed by us
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Soil Moisture
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Presenter Notes
Presentation Notes
PET in black line
AET in dashed line. Note that AET never exceeds PET. Why? Because technically PET is the maximum that can be evaporated
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Evapotranspiration

PET

AET

Precipitation

Presenter Notes
Presentation Notes
PET in black line
AET in dashed line. Note that AET never exceeds PET. Why? Because technically PET is the maximum that can be evaporated
Precipitation record doesn’t match AET record – we ended up using precip record from a nearby NOAA station
PET compared to prior estimate – between 20-50% higher than previously estimated.
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Model Calibration:
IES – Iterative Ensemble Smoother

Calibration Attempt

K = 2
n = 1.2
α = 0.1
K = 2.5
n = 1.2

α = 0.01
K = 2.5
n = 1.4

α = 0.05

K = 3.5
n = 1.5

α = 0.07

K = 4.5
n = 1.5

α = 0.07

R
M

SE
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IES Calibration Results: RMSE
R

M
SE

IES Iteration
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IES – Modeling Approach

Conceptual Model

Numerical Model

Range of 
Parameter Values

0.5 < K < 50
1.1 < n < 1.7
0.01 < α < 3

Run IES

Do Useful Things

Review Results

Write Report

Presenter Notes
Presentation Notes
Run IES: run the model 100 times, evaluate results, run 100 times again, evaluate results, run again etc.
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IES Calibration Results: 
Observed vs Simulated

Simulation Time (d) Simulation Time (d)

Simulation Time (d) Simulation Time (d)

Water Content:
Uncalibrated

AET:
Uncalibrated

Water Content:
Calibrated

AET:
Calibrated
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Simulation Time (d)

IES Calibration Results: 
Observed vs Simulated

Simulation Time (d)
Cumulative AET:

Calibrated

Cumulative AET: 
Uncalibrated
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Exclude Water 
Content Data?

https://www.tern.org.au/news/what-is-an-eddy-covariance-flux-tower/

Presenter Notes
Presentation Notes
Pit dug up – soil disturbed, and also AET represents a wider coverage
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Simulation Time (d)

IES Calibration Results: 
Excluding Water Content Data

Simulation Time (d)

Cumulative AET:
Calibrated with WC

Cumulative AET:
Calibrated without WC
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IES Calibration Results: 
Additional Conceptual Models

Simulation Time (d)

AET:
Calibrated with WC

Simulation Time (d)

AET:
Calibrated without WC

AET:
Calibrated without WC

80% PET

Simulation Time (d)

Presenter Notes
Presentation Notes
Where do we go from here?�Well, we can say we’re happy with the results, re-run previous simulations or move on to predictive simulations
We can also test additional alternate conceptual models. 
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Practicality of IES
“What’s the worst case?”

Recharge to Groundwater

Presenter Notes
Presentation Notes
Parameter combinations may be non-unique, so we may not necessarily understand what model parameters would result in worst case
Alternatively, I can produce a “worst case”, but is it going to be an alarmist result that is not grounded in reality.
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Summary
• “Upgraded” HYDRUS-1D:

– Pre / post processing
– IES calibration

• Eddy covariance data can be used to:
– Infer hydraulic properties (shallow subsurface)
– Constrain infiltration rates to mining facilities

• IES allows quick exploration of alternative models
• Scrutinize data
• Scrutinize data
• Scrutinize data
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What the “l”??
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IES Calibration Results: 
Parameter Value Evolution
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