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INTRODUCTION —WHY?

Big Data

The Digital Universe: 50-fold Growth from the Beginning of
2010 to the End of 2020
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Decimal

Value Metric
1000 kB kilobyte
1000° MB megabyte
1000° GB gigabyte
(Exabytes) 1000* TB terabyte

1000° PB petabyte
1000° EB exabyte
10007 ZB zettabyte
1000° YB yottabyte
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Source: IDC's Digital Universe Study, sponsored by EMC, December 2012




INTRODUCTION —WHY? f

Big Data CPU/Algorithm/Cloud

Microprocessor Transistor Counts 1971-2011 & Moore’s Law

e Simultaneously
- SR e increases in

e = algorithm
efficiency.

100,000,000

curve shows transistor
count doubling every
WO years

Transistor count

A
5 ) 'g e e r-
4m:?-i -uo::a::z >

1971 1980 1990

Date of introduction




¢!

N

Scientist Skills

INTRODUCTION —WHY? f

Big Data CPU/Algorithm/Cloud

Anatole France (1544-1 !3-1}

Then Now

The law, in its majestic equality, forbids the rich and poor alike to sleep The Internet, in its majestic equality, allows every scientist to analyze
under bridges, to beg in the streets, and to steal bread. massive data sets using web services and cloud computing.

Originally posted 2014-03-07 by Greg Wilson in Opinion.

Greg Wilson

The Mozilla Foundation - open internet _
Software Carpentry > http://software —carpentry.org > A
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A INTRODUCTION —WHY?

Big Data CPU/Algorithm/Cloud

Some of the challenges are:

« Capacity to store raw data
« Capacity to search, aggregate, filter, Qa/Qc, and

cross-reference data sets
* Repeatability
AND

» Clients, regulators, stakeholders expectations.



WORKFELOWS FOR DATA INTENSIVE
GROUNDWATER ASSESSMEN OOLS/ '
FROM SOFTWARE ARCHITECTURE AND

SOFTWARE ENGINEERING

— Databases

— Python Scripts
— Matrix’s PEST Graphical User Interface (GUI)
— Cloud Computing

— Version Control System
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ALBERTA WATER WELL INFORMATION
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MATRIX'S - PHYSICAL HYDROGEOLOGY |
DATABASE y

The Australian National Groundwater Data Transfer Standard Web Site
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MATRIX'S - PHYSICAL HYDROGEOLOGY ;|
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MATRIX’S - PHYSICAL HYDROGEOLOGY
= DATABASE
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raulic Head (masl)

i

, P . Drag a column here to group by that column

HOUSE CROSSING 77-15-161 (MW13A):

607.64T _‘ Hydraulic Head (masl) Well Name Date | Pressure
i 607.721949126048 HOUSE CROSSING 77-15-161 (MW134) | 10/24/2013 9:00 AM | 128.51112093536

607.706486878183 HOUSE CROSSING 77-15-161 (MW13A) 10/24/2013 10:00 AM 128.35943627498

19 12913& 607.695944435844 HOUSE CROSSING 77-15-161 (MW13A) 10/24/2013 11:00 AM 129.25601491563
080ct2013 100ct2013 12 Oct2013 14 Oct 2013 160ct 2013 18 Oct 390CE2013)013 27 0ct 2013 24 Oct 2013
D a ta 607.691727458008 HOUSE CROSSING 77-15-161 (MW134) 10/24/2013 12:00 PM 120.21464637189

) Chart Controls 607.685401993505 HOUSE CROSSING 77-15-161 (MW134)  10/24/2013 1:00 PM 129.15259355628
* Data Point and Axis Controls | Interactive Chart Options | Chart Overview | 607.683996334526 HOUSE CROSSING 77-15-161 (MW134)  10/24/2013 2:00 PM 129.1388040417

General Left Click Beaviour Panning controls Cheat Sheet: 607.681887846058 HOUSE CROSSING 77-15-161 (MW134)  10/24/2013 3:00 PM 129.11811976983
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PYTHON SCRIPTS

e Used for:

Calibration

Predictions

Database query
Data QA/QC
Data filtering

Data Manipulation to
Input/Output files
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PYTHON SCRIPTS |

L] FIGURE A-2: Station - 06AC001 / JACKFISH CREEK NEAR LA COREY
e Used for:

— Database query
— Data QA/QC
— Data filtering

— Data Manipulation to
Input/Output files
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PYTHON SCRIPTS

e Used for:

Calibration

Predictions

Database query
Data QA/QC
Data filtering

Data Manipulation to
Input/Output files

|=| PumpingFa

2000.00 |-

@® @ Sample Elevation= 593.37 masl|

# X Weekly average




Sy

PYTHON SCRIPTS

GOCAD

4
5

a3

m b

-1
(=]

-]

FeFlow




MATRIX'S PEST GUI

e PEST (Model Independent Parameter Estimation)

Model

Calibration




MATRIX'S PEST G

— Python / Qt
— Reads Descriptive File (Spatial + Temporal Information)
— Automated generation of PEST files

-- PEST RESULTS --- GRAPHI USER. INTERFACE

Input Files | WM Tag | Transient_Charts | Skatic_MisFit | Transienk_MisFit Parameter_Charts PST_Reveighting Ciptimisation_Surnnmary

IMFUT FILES
Cpen | IDescriptiveFiIe(ie: "o ipython/Descripkive_Files, xsx)

Open | IPEST file: fie: "c:/pythonfELA_Cptimized . pst) [T ICOSAVEITH, REISAYEITH, PARSAVEITH (Check this box iF you have these results Files From your optimisation.)

a Run P5T_Generator STEF 1 {Ophional): Generates a *.pst file using information found in the Excel Descriptive File.

a Run 5¥N_Tag STEP 2 (Opkional): Activake the SYR tab, Use this if vou've managed vour files through Tortoise Sk,

'5} Run Results_Charts STEP 3a: Generates Steady-state and transient charts From the * res File, To activate iteration selection, run step 3b,

9 Run Parameter_Charts STEF 3b: Generates Parameter Charts, IF 'ICOSAVEITM, REISAVEITH, PARSAVEITM' checked. Will read resulks for each iterat
9 Run Optimisation_Summary STEF 3c: Yiew objective function and RMS results for each observation group.

9 Run P5T_ReWeighting STEF 4: Inker-group reweighting kool based on iteration O {initial run) results, Can't select a specific ikeration results at this tir




MATRIX'S PEST GUI
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MATRIX'S PEST GUI
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— Plugin for Quantum GIS
— Shapefiles automatically

Calibration

generated

MATRIX'S PEST GUI
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CLOUD COMPUTING
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VERSION CONTROL SYSTEM

e Repository with binary Incremental changes

 Keep log of changes and versions

e Extremely useful for collaborative work and script
development/deployment/testing (TDD)

Discontinued
development branch

Calibration




SUMMARY

Data intensive groundwater assessment becoming the norm
Multiple challenges

Database development and python scripting has allowed fof,
efficient data management and QA/QC

Linking PEST files to Python visualization, GIS, and a
QT GUI has helped in making subjective weighting and
regularization choices when calibrating highly
parameterized models with PEST

Version control provides a efficient workflow
management and tracking to allow efficient
collaboration and repeatabllity.
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