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Pacific

Northwest  Seminar Overview

Objective: Discuss web-based software for accessing and
analyzing data in support of environmental decisions

Challenge: Tools for environmental data access and analysis are
O required to meet needs for consistency, quality, communication, and
= decision-making.
Take-aways

from today's Approach: Web-based software provides rapid access and analysis
seminar: capabilities for disparate data from multiple sources.

Impact: Web-based tools effectively provide consistent analyses to
support quality requirements and remedy decisions for complex sites.
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Northwest  OQut|line of Discussion

* What is the nature of environmental data?
* Approaches to software tools for analysis

* Web-based applications using cloud
computing infrastructure

« Analysis as support for decision making

 Web-based a
 Web-based a
e Conclusions,
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oproaches for data visualization
oproaches for data analytics

penefits, broader perspective
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werwest  Disparate Data Sources

« Data inherently comes in
different forms and format

« Data access varies among
organizations

« Common when multiple agency
and organizational projects are
participating

= QOverlapping "authoritative" data
sources

'@ REMPLEX
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Northwest  Environmental Data Types/Sources

* Electronic Tabulated data R

The nominal values in the governing concentration equation for the analytes used in the Composite
Analysis are provided in Table 1. The values in Table | have been modified to have units of Cvm’. The

= Analytical chemistry P — el

The stochastic distributions associated with the nonzero coeflicients dofined in Table 1 are defined Elev. Depth Litholo. v g Completion
g the ollowiag et i 2 Stratigraphy ~ Total Gamma P

. - N (m) ® 7z,8,G) |1
o Varisble C, The triangular distribution will be used for all values of C,. The distribution will be ) DR v | 151 1] B 7 ent
= Well or waste site information S A SO e A1 0
will be CB . I T - 79|
Table 1. Nominal Coefficient Values for Backgrousd Coscentrations in the Columbia River Rt i i | : : : : { : . Bentonite
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e Sensor data
S 0] 1
X
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« Spatial data e
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= Point I
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Northwest  Nature of Data

. . Date |~ | AvgVa ~| StdDey~| MaxVa~| MinVa~| NumVc~ |
° ImpaCtS Storage, aCCesSs, and manIpUIatlon 12/18/2019  101.1904 1034665 124.566 82.68952 90
12/18/2019 47.39977 0.98256 48.8643 44.81337 90
12/18/2019 28.8651 27.91818 69.87847 0 90
° StrUCtured data 12/18/2019 407.5266 1.755548 411.603 403.2118 85
I I 12/18/2019 404.7679 1.518011 408.2755 399.7396 86
B Data flelds In a record 12/18/2019 163.6203 0.416473 164.3519 162.2685 78
| 12/18/2019 166.1039 0.432044 166.8981 165.0463 87
TabUIar data i . 12/18/2019 100.6407 0.102121 100.8391 100.4051 72
= Typ|ca||y stored In a relational database 12/18/2019  61.09903 0.126984 6134259 60.65538 79
) 12/18/2019 89.84978 0.101705 90.09694 89.62674 78
« Semi-structured q
"scenarioTitle": "Inga Site 3",
- Non'tabUIar "analysisConfigurationAlgorithms™: [
. L iferpP e
= Uses markers to separate semantic “Vetitle™s "Mquifer Porosity”, JSONS |
elements and enforce record/field hierarchies g BN ga"ea; t (I:\Ircl)pt;tion)
"aquiferThickness":
" e'g" ‘]SON aquit(iezleif gizzifef‘ Thickness",
"value": 100,
* Unstructured units”: "t
Js

= No pre-defined model/organization N M )
" e.g., text documents, audio, sensor data, etc. | ﬂ
L} REMPLEX [
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Northwest ~ Quality Assurance — Data and Software

* Data provenance
= How, where, when, why, and by whom was the data was produced
= Key information for trust, credibility, and reproducibility of data and results using that data

* NQA-1
= ASME Nuclear Quality Assurance standard

= Structured program of procedures
» Evaluating, reviewing, and documenting data and calculations

« Key quality concepts:
* Traceability
= Reviewing the work
= Software requirements and testing

'@ REMPLEX
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 Traditional
= Compiled executable for desktop
= Microsoft Excel-based tool

e |SSues

» |nstallation on desktop/mobile
platforms

= Users need to have specific
software (Excel)

= Potential version issues

» Less flexible data access

» |ess flexible geospatial functionality
» Indirect sharing of results

REMPLEX
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OF COMPLEX SITES

@PNNL

A B8 c (4] E F
Parameter | Permissible
Name Range Key Values and Notes
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Contaminant, C,, o M,..)

Notice SVEET HLC

G

&

S
3

M 1 i
SVEET 2 (Soil Vapor Extraction Endst

Descnbed it SVEE T2 User Gusde [docurment rumber TED)

User Input = Source/Transport Parameters
Scenano Name
Contamnant ¥
Temperature
Avg Recharge
Avg. Soi Moisture Content
Total Porosity
Dry Buk Density
Vadose Zone Thkkness
Depth 1o Top of Source
Source Thkkness
Source Width (= Length)
GW Darcy Velocity
Complance Well Screen Length
Distance 10 GW Complance \Well

Pfen-

—_
-

Calculated Parametersintermediate Values

Source Gas Concentration  [ppev]
Source Mass Discharge  [g/day]

Traditional Approaches to Software Tools

J K L M N

ate Tool)

[*C

S, Residual Saturaton.  [-) 0.481 0060 0.060
STR Source Thickness Rato* [~ 0.167 0167 0.167
RSP Relatve Source Posibon®  [-] 400 525 525
SA Areal Footpnnt of Source*  [m] 2500 225 25
L2 Dsst from Source Bottomto GW.  [m)] 10.00 400 400
H Henry's Law Constant™  [-] 0902 0316 0316
Results = £ 4c c = Soll Gas and Groundwater
C, Final Soi Gas Concentration  [ppdwv] 340 2630 11400
Ce Final Groundwater Conc'n.  [pgL) 13 1 46
Color Code Legend
* Soe labie Delow for perrresnble ranges of - Priman ameter
calculated valuss [STR. SA. RSP, and L2) x:,,“c‘::“n
** See the MLL worksheet for detals of e Result - Intermediate’Unscaled
termpec shure-dependent calodshon of M Result - Final
.WPWWNNOIYCIW
Parameter is Not Needed'Used
".:':" ";.';."' Koy Vahoes () Parameter Value is Outside Suggested Range, But Calculations
= ©08.075 | 00803088078 Will Proceed
SR | 01.07% 01.025.05.075 1) 1nput Parameter Value is Outsice Permitied Range or an Invalid
L 01-% 01,1, 9.9 Combination of Parameter Values is Used (see footnote “e”)
G YT - B Errorin diate Calculation of Intermediate Vakue is
SA | 100 19,000 | %90, 400, 900, 3500, 10000 Outside Permitted
[ Erroc in Final Result (due 10 input problem of intermediate
calcutation error)

®

(Truex et al., 2013; Johnson et al., 2021a)
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» Geospatial based | g

= Esri ArcGIS Online

» Intuitive, programming knowledge not
required

» Free and subscription-based hosted
applications

= Kepler.gl

» Open-source geospatial analysis tool
for large data sets

 Analytical — with some geospatial _
= Tableau = gt

e | sze | Lave X QO - S .....o < B o°
, 0. "‘ O ."::i:"'.‘:. 7
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Northwest  Jse the Approach that Fits the Need

Spreadsheet tools are suitable when
= Users have the spreadsheet software
» Quick development is needed

= Familiar interface is useful
= External data and geospatial needs are minimal ."/-
» Use exploratory data analysis when \/\-,\)) 2> 4
= Very little is known about the data 3 g
= Objectives are vague — mainly about data capture / S
and discovery B
« Power user type tools used when 7

= Analytics are independent and fragmented
= Expertise in the tool already exists

But...web-based applications have advantages

l‘@a’ EEEEEEEEEEEEEEEEEEEEEEE
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\"7/ Web-based Applications that Leverage

Pacific

Northwest g Modern Cloud Approach

NATIONAL LABORATORY

18 SOCRATES ) GALEN patRickROvER [ =

« Domain knowledge coupled with
computational and development expertise

« Custom web applications with emphasis on
cloud-based architecture

 Managed cloud services
= AZURE, AWS, and Google Cloud
» Government, Gov Cloud

= Support from internal cloud team to guide
application developers

« Modular and extensible platform translated
to different domains
= Environmental management
= Electrical grid — emergency and response
= Chemicals of mass destruction throughout Asia

CCCLLL L
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\"7/ Web-based Applications Leveraging Modern

Pacific

Northwest  Cloud Approach

NATIONAL LABORATORY

» Targeted vertical applications
= Meet enterprise-scale analytic objectives

= Extensive user experience (UX) and
user elicitation outreach

Tightly coupled with regulatory requirements
Transferable to different cloud accounts

 Build and deploy modern, focused
analytic and data services
= Analysis as a Service (AaaS)
* Data as a Service (DaaS)

* Role based access and profile
management

CCCLLL L
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7 Migration to Cloud? Shifting to Cloud

Pacific

Northwest ~ Architecture with emphasis on Serverless

« Serverless computing

= Machine resources allocated on-demand
opposed to virtual machine paradigm Sorvorloss

Computing
= Cost-effective

= Maintenance assumed by cloud
provider and customer

= Elastic scalability
= Improved productivity

 When to use virtual machines

 Implications for migrating from an
on-premise server to the cloud

» Legacy to modern —"lift and shift”

.5 EEEEEEEEEEEEEEEEEEEEEEE
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Northwest ~ Amazon Web Services (AWS) Components

« S3 — Simple Storage Solutions
» File storage "bucket"; shared access, like FTP

» EC2 — Elastic Cloud Computing Amazon S3
= Virtual machine; can be used for automated processing

 Lambda — serverless compute service; automated
processing

Amazon Lambda Amazon EC2

e RDS — Relational Database Service
= e.g., SOL Server

 Cloudwatch — monitoring services & applications Amazon RDS — Amazon DynamoDB

« Cognito — authentication and user management .
'@ REMPLEX v
O OF COMPLEX SITES " Amazon

@PNNL CloudWatch Amazon Cognito

« DynamoDB unstructured/noSQL key-value data
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Northwest ~ Automated Workflow Example

 AWS and cloud architecture for automating complex, multistep workflow

API Gateway + Lambda

R
-

D
P!

Application

|

PNNL G

S3 bucket

Cloudwatch Sentinel-1

S3 bucket
LINUX RHLVM GeoServer

REMPLEX
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%/ Exposing the Application Programming

Pacific

Northwest  |[nterface (API) Directly for Power Users

- - ENDPOINT EXPLORER @ Endpoint: calculateFragilityCurves
e Lompining roie-pasead aCCess coeropycnes ot =
getAllitemsInMongoDBCollection Calculates fragility curves based on database.
- - - Route:
t h r n t I t n calculateFragilityCurves apifdynamicContingencyAnalysis/calculateFragilityCurves
WI Va yI g O a a S O u I O S getDynamicContingencyAnalysisAssets Parameters:
. getPointofInterestindex returnResultsInCall: O

calculateFragilityCurvesFromInputs storeResultsInS3Bucket: .

an irec aCCesSsS retumaCSY: 0
getPointOfinterestData s30utputID: [tragiity CurveOutputaliSubstationsAndTowers

calculateFragilityCurvesMonteCarlo
getTechnologyIndex

 Data integration and

getCategoryIndex

@ Results

assimilation :

IV o

« Custom, input-driven API

Extract near real-time implementation of expert judgement rules used to identify optimal back up power sources for recovery of critical end use
loads, which include hospitals, police stations, drinking water treatment plants and ports. This module has enables users to query and interact with
relevant geospatial data such as point based population estimates and electrical grid topology. It is also used to display reliability indicators by

- circuit as characterized by the Puerto Rico power authority. This includes The System Average Interruption Duration Index (SAIDI), System

. F i I i t t | I r t i Average Interruption Frequency Index (SAIFI), Customer Average Interruption Duration Index (CAIDI), and total number of clients out of
E’(: El ‘EE; (:() Eal)() a ‘)II service.

@ storm Analysis

. n
Simulate storm impact on critical grid infrastructure from NOAA storm track and storm database. This module estimates windspeed at critical
e We e n O r a n I Z a I O n S assets and related fragility curve failure probability for each asset along storm track. Users can refine temporal resolution from 15 minute to 6 hour
intervals and retrieve all pertinent information at the respective time lap. This module also includes more sophisticated Monte Carlo simulation for
predicting outage period.

@ Endpoint Explorer

Direct access to all underlying algorithms for the EGRASS platform and limited set of Sandia National Laboratory algorithms and programmatic
logic. Users can run the API's from data that is natively stored in EGRASS database or upload files into share folder to run algorithms against
custom data. API explorer is critical to sharing and socializing our analytical approach with collaborating entities. It enables more succinct
alignment between datasets and approach and is more in line with modern data era data as a service (DaaS) and analytics as a service (Aaas). It
also enables the user to integrate different analytics in a stream lined workflow which vary from the user interfaces provided.

@ File Share

The file share systems sits on top of Amazon Web Services Simple Storage Solution (S3). Access and permission are managed with Role Based
Access (RBAC) and can be refined at much higher granularity than simple file shares. This provides the opportunity to work more fluidly with
collaborating partners. File share also supports multi-factor authentication for managing documents in OUO categorization. File share can be used

RE M P EX interactively with the API explorer to run analytics on custom data and is beneficial when collaborating entities are working against the same data
@ I set.

CENTER FOR THE REMEDIATION
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Northwest  Profile Management

Export Analysis Scenario

User login allows user-specific customization

The Analysis Scenario Title will be used for the file name. Be sure to
allow your browser to download/save multiple items at once.

O Allitems - Scenario/inputs file, map image, and plot images

Control user access based on role, organization, etc.
= Data access o

= Functionality =3
* Pre-defined styles x

Load Inputs from a File

Select an analysis scenario file (*.json) to load into the application.

Define and maintain user-specific options
= Favorite contaminants, waste sites, etc. B

= Colors, styles, analysis options, etc. =2

Save scenarios Saved Sessions
[ | Record Of Work’ reprOdUCIblllty All  ARIUS CRATES GALEN HYPATIA ORIGEN PLATO

SESSION

. . o = TAGS = DESCRIPTION = SAVED DATE = APPLICATION ACTIONS
* For sharing with colleagues
) Central Plateau and No description given 01/27/2021 ORIGEN i <
North Open Delete Share

-@ REMPLEX e conn g o onee 3 8 <
|

EEEEEEEEEEEEEEEEEEEEEEE
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Northwest ~ Analytics for Environmental Decision Making

* Web-based applications provide
= Availability, convenience, rapid assessment
= Consistency and reproducibility in analyses
= Inter-operability of tools and data

* Vehicle for communication with technical, management, and regulatory personnel
» Sharing, reporting

= Basis for supporting environmental decisions
» Feeds into approaches such as adaptive management of complex sites

« Examples of tools to support decision making
= Analysis based on published guidance (e.g., EPA) and standard statistical methods
= Data access and visualization
= Rapid data analytics

'@ REMPLEX
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0 ST EPA = U.S. Environmental Protection Agency




7 Web-based Tools for Environmental

Pacific

Northwest  Decision-Making

* Environmental aspects
= Groundwater
= Wells
= \Waste sites
= Remedies

= Remote sensing s gy v
* Supports «Jlt VA
. . . SaL S b 1
= EXit strategies/endpoints Sy
o NGO Y
= Optimization R Ul

= Adaptive remedy decisions

= Decisions related to protecting
human health and the
environment

67 =

REMPLEX

OOOOOOOOOOOOOO

19



Pacific
Northwest

NATIONAL LABORATORY

Access and Visualization of Groundwater Data

* Time series and depth

Analysis Type - D Area River Gage
. . . . : — . Show Data on Chart (or Not)
r Ofl | e VI S u al I Z atl O n S @ Dotect O non-Detect X Relects [Witrate vl @ Show Reject(R) data points
O Y i
’ - estrict Max ShJ.Z"éZ:Emﬁ F)n::?d?arr:lsfal:a:a
v Head . Carbon-14 . Nitrate R M 100000 P
. Show Results for Unfiltered Sampl
i Barameters A Tritium Restrict Min 10000 L OK d th H:;lrjauhc Legd: Data fo?rga(;?WeII
- |Carhon-l-1 | Scale : Linear (@) Logarithmic
e Show data In chart an Ep—
|Nil|ale ] 450 4 -——V v v —y 1205 L 1,600 :32::
A - 1200 [ re
| Tritium | o i b= 1,400 L Ge+d
350 119.56 | etd
— = 1.200
+ Add Parameter S 300 - —& 180 = _|aera
- -3 \‘_/PAT’A— tes =100 2 =
= Multiple measured : . e e Eeed
. " § 200+ . N A = E 2
w Date Range RESET TO DEFAULT £ 150 | " — h'\/\k I/\ ~ 7 J}\/ v \J V- ,\’m\' = SN it 2 Leoo ;.E [ g
arameters e ) R R | IR Vi pamem Ve 40 3§
Month Day  Year bl PATANAY AN Date: 02-15-2017 14:12 - 1165
sod | V Nitrate: 21700 ug/L | 1160 200
- : (] mil Pt 124 (uDL) wes Lo Liew
I l | I I I . i L - 1e+
. S p e C I fl e d tl e fra e End Oclclaber Nmelmher Deceimber 20‘1? Febrlua Iﬁ% f'D April
Month  Dar Year Time
= Filtering based on attributes gaiea - == S
Date 4 Source: EnviroDB ~ LO S L ROS L VOS CR= ROl Fitered = | Hydraulic Head= Head Source =
) « Well Selection 09128/2016 |y ate Date: 2021-Feb-22 D R 124 (MDL) N 120.199 HEIS
B[Q [Seecionia v ]9 102112016 | processing: DS-Proc-001 D R 124 (MDL) Y 120.199 HEIS
® ate r ta e rlve r eve S —— - hrecs 10/21/2016 D R 124 (MDL) N 120.199 HEIS
8-K:140 LR e - 11/10/2016 22600 D R 124 (MDL) N 120.34 HEIS
. D 1-\'.0_’“ 11/10/2016 22100 D R 124 (MDL) Y 120.34 HEIS
° EX O rt fl u re S/d ata for 199"_‘{;1,;&4 el 78 3 12/07/2016 23500 Dz R 124 (MDL) Y 120,362 HEIS
p g R 'S 12/07/2016 23500 DZ R 124 (MDL) N 120.362 HEIS
. | 199-K-224 3 02/02/2017 23500 D R 124 (MDL) ' 120.495 HEIS
re p O rtl n g : 199-K-223 ,/ 02/02/2017 23500 D R 124 (MDL) N 120.495 HEIS
02/15/2017 23000 ZD H R 124 (MDL) N 120.548 HEIS
v Wel List 02/15/2017 23000 zD H R 124 (MDL) Y 120,548 HEIS
° l | d t t f d 1= Selected: 1 x 02/15/2017 23000 ZD H VP 124 (MDL) N 120.548 HEIS
S e I n CO n eX O re I I I e y 190.K224 N 02/15/2017 23000 ZD H VP 124 (MDL) Y 120.548 HEIS
. Carbon-té 02/15/2017 21700 ZD H VP 124 (MDL) N 120.548 HEIS
an d g u I d an Ce (e g E PA 20 13) - 02/16/2017 21700 0 H VP 124(MDL) Y 120,548 HEIS
n =y ] 4 »

REMPLEX
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* Time series and depth

. . . . Analysis Type 2
profile visualizations @i Otomes X = ke
. ' Head . Hexavalent Chromiu
« Show data in chart and v pamours
, 1205
tab | e Hexavalent Chromium ‘ 11(1)8: ._._
M It_ I d +Add Parameter = gg: oo
- uitiple measure 9
5 40-
parameters o Dats Rage ;3
m SpeC|f|ed “me frame j::: N 3 50 100 150 200 250 300 350 400 450 500
. . . Hexavalent Chromium (ug/L
* Filtering based on attributes Spothl = & O
Yea, Date 4+ 199-K-224 Hexava v = ([ E = | E PQL= | Fil...= | Hydr... = | Head...= | Aver... =
o ble/ri | | 10 ][0 2016 | 06/21/2016 c - Y 076 =
Water table/river levels -
. oo 06/27/2016 128 ci — Y 92.45
« Export figures/data for v | o co— v
. 09/28/2016 160 V.. 15(.. N 120199  HEIS 93.41
re pO rtin g _ 09/28/2016 160 Vo 15(.. % 120199 HEIS 93.41
_ v Wellst 09/28/2016 140 V.. 15(. N 120199 HEIS 107.13
° Used IN context Of remedy IZ Selected: 1 * 09/28/2016 140 Voo 15(. Y 120199 HEIS 107.13
. 199-K-224 x 09/28/2016 130 R 15(.. Y 120199  HEIS
and g[“dance (e_g_, EPA, 2013) Hexalent Chromium _| oorer016 130 R 15(. N 120199 HEIS .

Depth profile information — can help target
'@ REMPLEX optimization or adaptive remedy approach

OF COMPLEX SITES
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Northwest ~ Access and Visualization of 3D Geology

Hydrogeological :
u n ItS '— Select Inerefted Area |

Point elevations

Cross section
viewer

Well |
construction
Information

Link to other
tools

= Provides b
relevant context k-

EEEEEEEEEEEEEEEEEEEEEEE
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Northwest ~ Access and Visualization of 3D Geology

» Hydrogeological ’

@ Geologic Information € LAYERS

-
units ' ——
rese ice Z ‘v 3D Object
. . o o DECTHIED WRTER Hanford * i
o b B B i 71.19m e
SNEIE § E Gerey SERAFTI o~ O =2
» Point elevations i e e
‘ i i i [ o —
: { LI J a1 et 73.08m O water Table - ﬁ
. \ i ’ " - :;':‘:TO“““ O Taylor Flats - i
 Cross section " | / ; o =
@ = 3! = DEPTH TO RINGOLDLE Ringotdie e
. .- | : 64.06m ® Ringoldim == ﬁ
viewer Ve e S gesite ‘ seomi o amcouu ®cacatt ~
> = L B X 1 =
Ry . A \‘.‘ L

DEPTH TO BASALT

v 144.27m
° e
POSITION (LAT,LONG)

(46.5803, -119.6469)

construction e
Information

Link to other
tools

= Provides
relevant context

EEEEEEEEEEEEEEEEEEEEEEE
OOOOOOOOOOOOOO
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Northwest ~ Access and Visualization of 3D Geology

» Hydrogeological
units

Point elevations

Cross section
viewer

* Well |
construction
Information

Link to other
tools :

= Provides
relevant context

Distance (m)

EEEEEEEEEEEEEEEEEEEEEEE
OOOOOOOOOOOOOO
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 Groundwater
elevation data

= Key for plume
understanding

* Where Is
contamination
going?

 What seasonal
effects exist?

 How fast Is water
and contaminant
migrating?

0

CENTER FOR THE REMEDIATION
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B4EN DR

Data Analysis

(Rl O Selected

Chart

Table

Clear

Summary

Flow Chart

Flow Direction and Gradient

Analysis of Water Level and Flow Direction

64

Average
Flow
Direction

50
:46.77
las

5.12e-5 15

eeeeeeee

aaaaaa

FFFFFF

April

,/.
/
s 4,'/ .

g J/
/" Specific

Month
Flow
Direction

Selected Time
Gradient: 5.128e-5
0 Azimuth: 46.8
= % 1.00000005
FE fiest NA
o E
‘N Average
<
5

Gradient: 7.406e-5
Azimuth: 21.1

0.00040
0.00030
0.00020
0.00010
0.00000

0.00000 0.00010

25
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o CO ntal I “nant E - Y wel §) Map O StudyArea: 9 O Filtered: 9 O Selected: 2 Export Info for Selected Wells

atte Nu a_tl on Cap acC | ty’) Plume Analysis Type W Mep Pen oY et Name e 190N
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= Distance/time and St e = o
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« Based on guidance w07 L Dstar ()
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'@ Compliance point target concentration =5 ug/L
REMPLEX Thus, attenuation capacity - source concentration must be 35.5 pg/L to meet target
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* Plume behavior
over time

e Temporall
consistent well
set

 Trend/
attenuation

* |Is remedy
working?
= Optimize?
Done”?

* Based on
guidance
= EPA, 2002;

Truex et al.
2015
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Plume Analysis Type
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* Plume behavior
. - Map O StudyArea: 56 i O Selected: 30
over time I S
~
Plume Analysis Type W Map Pan . L mWeH Name (i.e 199-N...

() Te m p O ral | Single Well Well Pair .
consistent well e ;
Set richloroethene

> Y (4) UNKNOWN % LOWER SAND %

) re n d/ w Date Range
I Start End :

1 |1 Hzon H12 Hzms ‘ 1A v B n
attenuatlon 01/2011 1212018 @] EE :

L 1 |T| L I |T||

¢ I S reme d y o1rz008 Gl Dot Analysis ChartExport ChartOnly) %% = @ O
WO r ki n g ’) v Well List IE EV [ ] ~——— Trend Line ---- 95% Confidence Interval ---- 95% Prediction Interval Temporal Coverage: 100.0% Regression Trend
n

Selected: 30 ¥ 504 Linear Exponential
. . 1/2011 1212018 Meaningful slope? Yes
45+
u Opt“ | IIZG'7 T T - 04 (p = 6.80-4)
D one P MW-01 E, 35 Slope (1/yr) -0.1267
) MW-02 = 30+ r 0.8726
B o Mann-Kendall Trend
MW-04 o 254 :
c Trend Decreasing
* based on M08 5 2o |
MW-12 = 154 Kendall's tau -0.8571
d MW-15 © 104 RSD (COV) 0.3149
g u I an C e MW-17 5 M-K Confidence 99.9%
MW-20 0 } ! | i : : | “Note: Calculations and Plots include
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* Injection of AIM Toolbox ...
p I’Od u Ced Water Analysis Configuration ~ [

Analysis Mode Warning: 1 assumption(s) viclated

(t ] I I b = ) Injectate Extent Pressure Front Natural Hydraulic Gradient: Input value value > 0.0001 (assumption of negligible natural hydraulic for volumetric methods).
ypically a brine o
-

Disclaimer Open User Guide

Quick Reference

Applied Algorithms

o =}
Radial Violumetric [ ] di
O radiasl Valumetric with Dispersion
— "\

* What Is the radius

B D 20 Radial + Flow + Dispersion : - = L ; .
\ #"
or area of Impact? |k -.
L} b -~
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- PRI 337181.9727055204 -
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I S aC e e n LECnE I 4733316,.547683944 - .
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= Groundwater flo T =
W W Aquifer Thicknesa AE Details <}t 1000 8
A
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[ ] D e n S It d I I I e re n CeS Radial Extent Time Series v o ft v Calculation Results Table v ft v
Aquifer Porosity [T E:‘
1,600 3
Algorithm Radius, Major/Top Radius, Minor/Bot. Area
ity (R fid v 14004 /
¢ U Se d fo r asseSS I n -~ 12007 Algorithen: Radial Volumetric Radisl Vokmnatric 722404 0.06 mP
1,000 = Year: 20
o Radius: 722.40 {f1)
. f t - £ 800+
[ ) g
aq u I er exel I l p IO n 600 - " . Vol. wi Den. Displ. 529.35 ft NEAT R 0.09 mi®
b
I " - 400 - —— e . -
app Ications -
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GW Specific Gravity or Density q. o 2 4 & & 1 12 14 18 18 =20
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o Satellite,
airborne data

= Automated

processing API| Gateway + Lambda
» Thermal data $ A
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o Satellite,
airborne data

= Automated
processing

 Thermal data
to assess
groundwater
flow Into river

 Subsidence
detection

= Automated
alerts
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Remote Sensing Analyses
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o Satellite,
airborne data

= Automated
processing

 Thermal data
to assess
groundwater
flow Into river

e Subsidence
detection

= Automated
alerts
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LAYERS
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Remote Sensing Analyses

\
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* Environmental professionals and managers need tools
= Access to environmental/remedy data
»= Consistent and quality-approved approaches for analysis
= Communication with other technical, management, and regulatory personnel
= Supporting remedial decisions

* \Web-based applications for subsurface remediation and long-term management
= Minimize complexity associated with large data sets and analytics
= Maximize consistency and productivity
* Promote technical communication through sharing, reproducibility, and availability
* Provide robust and reliable performance
* Provide a technical basis for environmental decision-making
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« Data management resilience/adaptability
» Large volumes of data (e.g., satellite, sensor, climate)
= Variety of analytics
» User experience — adapting to changing human interaction patterns

* Cloud computing/serverless architecture
* Robust and rapid analytics — from analytical methods to complicated machine learning
* Big data processing
* Integrating disparate data types, relational and unstructured data

* \Web-based tools can support decision making in a range of contexts
= Water and other natural resources
= Climate resilience
* Disaster response
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Technical Leadership

Independent technical resource with proven track record of
supporting deployment of advanced technologies and
alternative strategies

Multi-institutional Collaborations
Integration and leveraging across federal
and private partnerships to facilitate
solution development
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Solution Development

Leverage existing capabilities spanning all TRLs to
provide solutions in adaptive remediation and long-term
stewardship that enable risk-based remediation
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