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Site Background

m Fort Hall Mine Landfill, ID
m PCE, TCE in groundwater

m 128 wells, 221 reqgulated
analytes

m 1990 — Present; 3 events/year
m RCRA — 3 monitoring tiers

m Pump and treat since 2002 -
iIncomplete capture

m Groundwater monitoring
program, treatment system
O&M / optimization, site
characterization
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L
S p readsheet Workflow All Excel and PDF files are
organized by location and analyte

Database
Export Files

L]

Manual formatting,
notes, acronyms,
headers/footers

H444%1D

Quality checks Manual file naming, location
labels/bookmarks

v

v

v

Database Data load, Pivot table
. semiautomatic updates }” }” }Q .
) > g — Report
X%X%X%X% Qualit P
- h ky Manual file naming, location
= Access checks labels/bookmarks

Data load, l { { ﬁi ﬁi { PDF
»| run testsin —
macro file IManual file naming, locatior

labels/bookmarks
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Project Objectives

Overhaul existing spreadsheet workflow into scripts.
Develop a data analytics tool with...

Reusable
intellectual Accessibility
property (IP)

Comprehensive,
efficient, accurate
analyses

Flexible data
iInput options




AA_45545123456789
AB_34453695856789
AC_25145444864555

Development Approach
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Project Solutions

Overhaul existing spreadsheet workflow into scripts

Solutions:

SRR Flexible data in |

.- put Reusable intellectual e
efflc;enn;iyascgc;l:;rate options: oroperty (IP): Accessibility

API and flat _ _

Data analytics file data R scrzlpts and Sh_lny _web
tool coded in upload GltH_ub a_ppllcatlon for

R language options/data repository internal staff

management
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General Process e

TECHNOLOGY

ENVIRONMENT

SCIENCE

|dentify funding 2L

LY
DATA

Understand available tools MANAGEMENT

RESEARCH &
DEVELOPMEN

|dentify the team
Set up server and subscription
Development cycle

Expand users, incorporate feedback

N o a0 Db =

Release product

Test the product

COMPUTER

Cloud
Services
Model

End Users

SaaS

Tool

Application
Developers PaaS
Development

Infrastructure and laaS
Network Architects Storage

Development

Organize the
database/source

Map out functionality
(replicate and improve old
workflow)

Establish quality

control




R Shiny Application



Terminology

R

Programming language

Environment for statistical
computing and graphics

Free software

Wide range of packages
and extensions

Large user community

Shiny

Framework for building
web applications using R

R

Library(shiny) u

# Define UI for app that draws a histogram
<= fluidPage(

# App title
titlePanel("Hello Shiny!"),

sidebarlLayout(

# Sidebar panel for inputs

Application

The entire Shiny tool
What the developer builds

Interface for non-
programmers

Various functionality and
complexity depending on
how built.

Hosted on a Shiny server
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Features
1 Database export R Shiny
/IConnection Application

m Customizable organization
m Web-based, interactive

m Flexible data input

m Formatted outputs

m Protected code

Internal Operations

9 @@\ Screening —>
1 IL Statistics -

1 file
per group

;.j"' Graphing - E

1 file
per group

5| A
| PDF

All PDFs
compiled to
report with
bookmarks

9
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| PDF |
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Little to no manual formatting

Fewer files -> fewer QC steps
No manual bookmarking

m Automated, accurate, reproducible,

efficient
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Select Outputs

Statistics

Molar Concentrations (detected values only)

ProUCL
g Method
'_'g- SY5_LOC_CO Confidence Trend
i . DE CHEMICAL_NAME TS Intercept p-value Level % 5 Direction
= DMW21A 75-35-4 1,1-Dichloroethene NC NC NC NC NC  |NC NC NC
% DMW21A 16887-00-6  |Chloride (As Cl) -0.00141 34 0.00162 99.8| -166| 53.8| -3.06|Decreasing
= LR DMW21A 156-59-2 Cis-1,2-Dichloroethylene 0.00276 -237| 0000116 100| 207| 538 3.83|Increasing
E : DMW21A 74-84-0 Ethane 0.000317 -3.31| 0.00000102 100 267| 538 4.94|Increasing
S T N . DMW21A 74-85-1 Ethene 0.000498 -5.82 7.81E-07 100 270 538 s|increasing
DMW21A 74-82-8 Methane 0.0000279 -0.154 0.0191 98.1| 117| 537 2.16|Increasing
Molar fractions (detected values only) DMW21A 127-18-4 Tetrachloroethene (PCE) NC NC NC NC NC  |NC NC NC
4 . . €4 CDMWZ1A 156-60-5 Trans-1,2-Dichloroethene 0.0000466 -0.25 0.00479 995 146 53.8 2.7|Increasing
“ E] DMW21A  |79-016 Trichloroethene (TCE) NC NC NC NC NG |NC  |NC NC
DMW21A 75-01-4 vinyl Chloride 0.00315 -237| 0.000201 100| 198 538 3.68|Increasing
2
i
& 34
&
L]
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04
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Criornated Etenas

DETECT FLAG e ¥ O N
Headings Pages lts

Data filters
Graph notes
summaries
.

LI

e

msiata iaii Screening

inated Ethene and Daughter Product Mass

NanChisrinated Qrgani Products

inated Ethene and Daugk duct Mas:

Concentration {ugiL)

orinated Ethene and Daughter

Sample Name CMI-DMW-21A-20231025 CMI-DMW-21A-
well ID DMW21A DMW21A

Sample Date 2023-10-25
e and Daughter Product Mass
inated Ethene and Daughter Product Mas:

inated Ethene and Daughter Product

CHEMICAL_MNAME Unit Result Qualifier
Cis-1,2-Dichloroethylene

pa:ar:-:t;:ugmerPmuctm-lass . :.:.:mz . ;::[ . Trans-1,2-Dichloroethene He/L

inated Ethene and Daughter Product Mass (log10) Vi r11|f| Chloride 2 I.-LE)rL

inated Ethene and Daughter Product centration

W w206

. P oTE .
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ther Opportunities: ProUCL Eff

1 Database export

/Connection

R Shiny

Application

Automate input formatting — all data

RW-2076F 15 210 1 1
RW-2076F 12 150 1 1
RW-2076F 15 1

RW-2076F 6.4 90 1 1
RW-2076F 6.4 90 1 1
RW-2076F 15 130] 1 1
RW-2076F 190 1

RW-2076F 199 260 1 1
RW-2076F 290 290 1 1
RW-2076F 0.88] 6.9 1 1
RW-2076F 0.66 6.9 1 1
RW-2076F 0.24 231 1 1
RW-2076F 13 1
RW-2076F 24 230 1 1
RW-2076F 14 160 1 1
RW-2076F 12 160 1 1
RW-2076F 13 160 1 1
RW-2076F 0.67 1

Vo

iciency

ProUCL Output — 1 dataset

Mann-Kendall Trend Test Analysis

User Selected Options

Date/ Time of Computation  ProUCL 5.2 11/22/2023 4:46:46 PM

Full Precision  OFF
Confidence Coefficient 0.5
Level of Significance  '0.05

Trichloroethens-rw-2076f

General Statistics
Number or Reported Events Not Used ™ 0
Number of Generated Events " 47
Number Values Reported {n) F 50
Number Values Missing " 3
Nurmber Values Used ' 47
Minimum " 0.588
Maximum " 290
Mean "  67.05
Geometric Mean ™ 30,97
Median " 45
Standard Deviation " 71.08
Caefficient of Variation " 1.06

Mann-Kendall Test
MK Test Value ()7 405
Ciitical Value 0.05)7 -1.645
Standard Deviation of ST 109
Standardized Value of $7 -3.707
Approximate p-valus 1.0502E-4

Statistically significant evidence of a decreasing
trend at the specified level of significance

Automate output summaries — grouped datasets

General Statistics

Mann-Kendall Test

M-KTest  Approximate p-
Minimum  Maximum Value (5) value Result
2076f 90 -405 1.05026-4 Decreasing
21400 4 78 38.77 74 [4.9505€-4 Decreasing
richloroethene-rw-2151h 79 250 74.59 57 3.098164 Decreasing
[Trichloroethene-rw-2172f 16 0358 0246 1 05 No trend
2172h 6 2071 72.08 36 8358664 Decreasing
2203h 3 50 865 -0 00116 Decreasing
2213F 16 358 0.283 -4 217 No trend
[Trichloroethene-rw-2237h 3 43 19.25 11 106 No trend
Trichloroethene-w-2879m 16 .398 0.246 1 B |No trend
[Trichloroethene-rw-5898b1 026 669 3397 a5 [0.00125 Decreasing
6998p 012 02 0175 1 o5 No trend
[Trichloroethene-rw-7070b 29 3.4 3.167 1 0.5 No trend
7200p 0.16 0.3 0.253 2 0.27 No trend
[Trichloroethene-rw-7244p 0.16 0398 022 3 0.186 No trend
[Trichloroethene-rw-7350p 0.16 0398 022 3 0.186 No trend
[Trichloroethene-rw-7505p 016 25 o511 B0 0155 No trend
[Trichloroethene-rw-7549p 016 55 1095 51 [0:0285 Decreasing
7586p 0.16 0398 022 3 0.186 No trend
Trichloroethene rw-7588p 0.16 0398 022 3 0.186 No trend
w-7677p 295 la_z_x 14.43 39 [0.00979 Decreasing
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Lessons Learned and Takeaways
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General Success Factors
m Understand available tools

m Align professional resources

m Collaborate

m Develop quality control procedures
m Data management and preparation

m Intellectual property protection and storage

BUSINESS
TECHNOLOGY

i®

ENGINEERING

ENVIRONMENT
SCIENCE

COMPUTER
SCIENCE

RESEARCH &
DEVELOPMENT

Tools

SPREADSHEETS

& quickbase @ esri

7 dataCAST.
DATA COLLECTION

@ «QciIs

ArcGIS

' dataCAST.
SPATIAL

. \; PostgreSQL
SQLServer .
@ o

CDM Smith

—_—

24 leapfrog | works

SEPA WGSI

ENVIRONMENTAL
ProUCL

Tools

PROGRAMMING LANGUAGES

PROPRIETARY

RELATIONAL DATABASES | NUMERICAL MODELS STATISTICAL
& pava : ) GWsDAT
python @ ™ dataCAST., python i R

OPEN-SOURCE

Application
Developers

Infrastructure and
Network Architects

End Users

SaaS

Tool

PaaS

Development

laaS

Storage

Cloud
Services
Model
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Environmental Data
Analytics Practice (EDA)

We don’t build these tools in a vacuum.

We need an EDA practice.
Applicable Al/ML.
Opportunities through collaboration

Focus growth areas:
- Cloud services
- Quality

- Intellectual property

Define terminology

Accommodate varying \
levels of expertise \

Advocate and provide opportunities
for staff and client education
Understand

/ digital tools

Oversee improved data ——— Develop +—————Overhaul spreadsheet

management and analytics

Integrate disciplines for ————— [ s TP o

collaboration

workflows

«————Redefine quality
control practices

Leverage recent 4/‘ Protect and reuse intellectual
graduates’ experience property (IP)
Advise proposals and Adapt to client expectations

contracting language

Improve the economy,
efficiency, and efficacy of our daily work

Communication

<% Education

Research and
Development

Advocating for
e EDA Options

Internal Collaboration

freerage Canlaminaiian fverage al

Aesuit by Coliecton Date a=d Canlaminan

Escesdances By Cortamnani

"R B RN
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dataCAST Tools

% dataCAST..

AFCEC
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When optimize data analytics workflow?

e
0"‘. ”

High volume of Frequent, periodic data
data collection, analysis,
reporting

Multiple lines of evidence
feed into interpretation

Complex decision-
making process

v—
v -
V' —

Various regulatory/
comparison criteria

00
aae
Engaged or questioning
clients or stakeholders
(need for

clear documentation, robust

rationale)

-

Ny
o -
QpLrNg

Multiple dataset
groups/categories

—(

Fam

Client/stakeholder
demands for

interactive platforms

It’s time to optimize our data analytics workflows for staff and clients.
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Benefits of Optimizing Data Analytics Workflows

Schedule

Significant time savings

Reproducible
Reload, fix, adjust; then re-run Reusab|e |P

analysis with one click for Proiect Kflow | i bl :
consistent outputs roject workflow is easily reusable as is
or transferable to similar projects

Budget
Significant cost savings
Accuracy

Minimize any potential user
error by streamlining workflow

Dataset Options

Support various data input formats
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Thank you!

To learn more, contact:

Emma Ehret, PE
CDM Smith
EhretEL@cdmsmith.com
208-417-2279
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