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Northwest Overview

* Environmental management data

Hanford Site Central Plateau groundwater remediation
SOCRATES to support decision making

HYPATIA for P&T remediation system data
« ORIGEN for data visualization & communication

Socrates, ancient Greek
philosopher, c. 470 — 399 BC
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Pacific

notwest U, S. Department of Energy Hanford Site

| Hanford Reach National Monument
Hanford Operations Area

» Soil and groundwater contamination from = S
historical practices as part of plutonium == |
production
= Radionuclide, organics, metals, and inorganics ﬁﬁ ; 4 o
= \ery complex site . fn\}y)’ ~_$°£1\22'a
* River Corridor ti| ’ prsa e, N -
= Reactor operations | [fo? ° 5;51\_‘15%.
- Central Plateau \ \ =
» Nuclear fuel reprocessing L o A Tt '1
= Waste disposal and management e o
TS SRR %
5 1 b
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Nothwest  Groundwater Contamination in the Central Plateau
* Multiple groundwater e A
contaminant plumes in C

Groundwater Interest Areas

the Central Plateau

= See image (nitrate is
not shown, but is widely
distributed) 200 West Area

Carbon Tetrachloride

Hexavalent Chromium

lodine-129

Technetium-99
11A

200 East Area

 Remedy

* Pump-and-treat (P&T)
active remediation

= Followed by monitored
natural attenuation
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\?é’// Lots of Hanford Environmental Data —

Pacific

northwest —— Multiple Types/Sources

» Data inherently comes in different R I

The nominal values in the governing concentration oquation for the analytes used in the Composite
Analysis are provided in Table |, The values in Table | have been modified 1o have units of Cim". The

f d f t @veet  OncnowscX Roocs == 10kz28 == 100K oo’ mey Well
orms andformats i i O iy Tt G O
= Electronic tabulated data AR S — =
I f t' f t 507 s * i Concentrations in the Columbia River o _g?;%otij {4 camio o s o PR
= [nformation from reports o FRS
geso— L) \':’ . - ]
= Well IOg or geophysical data £ - ; — ooz Hanlord _
gZSO— 42
= Sensor data = | "Bt

100+

50

= Spatial data
= Data/model in 3 dimensions S
= Satellite/remote sensing

Unit E

__+—sandpack

Natural
backfill

* Multiple agencies may control data
= Qverlapping "authoritative" data sources

]31,

100 150 200 250 300 350 400 45C

= Data access varies across ¢ i o
organizations and time (e.g., with o ooy, o
changes in contractors) WWG:OM%
§ A I I'I JL:Iy Octtl)ber 20|16 A;;ril JL:Iy Oclé)ber 20I17 A[IJriI JI.Illy Oct(l)ber
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Northwest
Suite Of Comprehensive Rapid Analysis Tools for Environmental Sites

NATIONAL LABORATORY

* Web application to access, visualize, and ATk
analyze environmental data - @ES‘n?.f.zizﬁrzzfé’y’;?Lﬁz"’
= Multiple modules for specific data/analyses ' S

= Supports environmental decision-making

* [mplemented on Amazon Web Services for robust
performance, ease of maintenance, & user control

ARIUS

Remote-sensing image
visualization and analysis

ARISTOTLE

Waste inventory data
visualization for assessing risk
and prioritizing cleanup

ORIGEN

@ 3D visualization of the geologic
framework model

» Consistent, reproducible, and rapid analytics

« Based on standard statistical methods and
EPA / USGS guidance

* Developed under a QA program compliant
with the American Society of Mechanical
Engineers NQA-1 standard

CRATES

Time series and depth profile
visualization of groundwater data

GALEN

o Analysis of water level and
groundwater flow direction

PLATO
Analysis of contaminant

concentration data for

assessment of plume behavior

DEEP
- ; ; MARINuUS EUCLID
VADOSE ZONE EPA = U.S. Environmental Protection Agency D ) .g
_ . Custom mapping to support Custom plots to support
- PROGRAM USGS = U S. Geological Survey reporting and communication reporting and communication
@PNNL QA = quality assurance 6
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HYPATIA —
HYdraulic Pump-And-Treat Information Analytics

« Access to pump-and-treat (P&T) system data
= Sensors (flow, pressure, etc.)

g Automated nightly updates @

rom authoritative source
Chemistry % AWS RDS

Database

» Chemistry (multiple parameters)
v Extraction wells and in-plant locations

Semi-Automated, from SCADA System

——C1—8

HYPATIA

¢ AnaIySIS Of P&T data AWS S3 AWS EC2 AWS
. . . SCADA (data processing) DynamoDB
= Aggregation, smoothing, sum/diff. -
o Lo . 95 SOCRATES HYPATIA =
- M aSS fI OW rate y I nJeCtIVIty metrl C - we @ Time Series Correlation Axis Options  Export  #kv - B 0O
v Parameters e @ Detect O Non-Detect  Rejects = AIT_Y10C pH « FIT_Y10 Flow Rate - cY10 - Y11
¥ Head @ Uranium = MF:Y10:7440-61-1 = MF:Y11A:7440-61-1
 Remedy performance G |
S| -9.5
assessment _ tAdParameter =2 [ §les
| | Sl gl
= Unit operations or overall system o 0 Leen® e
. Start 100 '-; | 20 E 6.5
= Extraction well performance o0 Elo0 [0
- | nJ eCtIO n Wel |S End o7 Dec22  Dec29  Jan05 Jan 12 IQTimeJar: 26 Feb 02 Feb 09 Feb16  Feb23 ’ e e
Month Da- (Lo Hour24. Ainute Map Schematic Statistics - F O
= Maintenance e o [0 ton . —
. v Measurement Point List o
* Future planning T I e T 1
Chemistry: cY10 ® Y11A2 Y11A3 E
) ° Uranium IX Uranium IX Uranium IX - 'o
DEEP Uranium Column A1 Column A2 Column A3 =
VADOSE ZONE Chemistry: cY 11 x i
PROGRAM N . Ko
@ rrrrr | Y Py g ey g iy S gy g Sy !
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Pacifi -
Notwest  HYPATIA Interactions

_ - . |rretation |_selectinterval || Axis Options [ — ot | = @ O
Analysis Options Extraction — Treatment Injection = o
User Mode 1 Wells ¢ -] Processes |mm—-  \\c|ls
—_—West v -
Overview [z 7| : . L)
[ . © OR e
w38 E Q OH mmmy
v Parameters & @F —
| [z ] © OH ees
Nitrate :&m.:&‘n_ﬁn . Vi E o] e @) ]
[ S ==
+ Add Parameter : e = W
[ g a3 |
EW-W'B—'I‘[‘I‘ ,- v, E t!D‘B-“!—dTl"H IF
w Date Range [ RESET TO DEFAULT l @ ® ¥ @
star e, @®<§Lﬁ [ ]
Month  Da ‘Year Hour24  Minute [mewneng |
j ity & @ _&F |
End mwAks - ©  all—e [© ® @
Month Da fear HourZ4  Minute @ : B *W%E*‘ @} % @ @ EF@
' ORIy =
w Data Frequenc m - ) Qo @
d y @ S Tt = @ ®E | 56a-47-76C 34 ]
‘ Days w ‘ i : © @@ @Em
———Jdo | Selection of specific types of data: |5 i ® %E
w Measurement Point List = Sensor (S) \? & ez ® @ E [=ae=en]
= ; 0 & o[ ]
1= Selected: 2 x = In-Plant Chemistry (C) o [g] g gﬁ [T ]
= Calculated Value (M) | b o HEEE
Well: 299-W15-225 x = Extraction Well Chemistry | 1o Q00 &8 :;_r
- L o I o0 Tl lo &% = oo H

—Calculated BParameter mYEQD e




vermwest  HYPATIA Data Analysis and Statistics

Chart Pane in Expert Mode
(time series / correlation)

- @ Time Series Correlation | W.thions l [ Data Options l [ Export l - B O
s !
o oo T @ Detect (O Non-Detect % Rejects 299-W6-15 — FIT_Y30 Flow Rate — TIT_Y30 Temperature = CY30
Suspect @ Nitrate == Y30 MF Nitrate
400,000 : r i F2.400
R aEET A = 7 Sy, S e e -1.800,000 70 ’
v Data Frequency m : Y \ WA A T L2200
350,000 . \/\/ \ 1
| 1,600,000 B
| O 60 2.000
‘ Days - 1 | ¥ ! =4
N 300,000 \ 1,400,000 el -1.800 -
, L 50 o
% 250,000 e N 1200000 & o [1600
v Measurement Point List = \ , Z Ly =140 o
} } 1,000,000 . © ©
— © 200,000+ e — = < 11200
1= Selected: 4 ® I 3 o x
= = 800,000 =30 £ -1.000 3
= 150,000 P £ G
) < Ls00.000 9 @ 800 I
Well: 299-W6-15 »® 100,000 © 20 | gop
-400,000 =
. | o [400
Nitrate 50,000 200,000 | 200
0 | ; - | 0 -0 L0
SENSOR: sY30 ”® June July August . September Cctober November
Time
Temperature (TIT_Y30) /,, - Map Schematic Statistics = & 0O
O Level (LIT_¥30) 4 — Meas. Point Parameter/Type Units Average Std. Dev. Median @ Max. Min. Count Area @
Flow Rate (FIT_Y30) 4 — sY30: FIT_Y30 Flow Rate gpm 1842 430.9 1845 2392 1115 153 406026130
O Pressure (PIT_Y30A) A — sY30: TIT_Y30 Temperature °F 6922 2119 70.06 72.08 63.06 153 10590
O] Pressure (PIT_Y30B) LA — cY'30 Nitrate ug/L 133500 19243 140500 152000 104000 6 17373660
O Pressure (PIT_Y30C) ! 299-W6-15 Nitrate ugiL 397000 14142 397000 398000 396000 2 42130800
mY30 Nitrate Mass Flow Rate g/d 1224410 211776 1208130 1860810 704963 153 187290290
Chemistry: cY30 »®
Nitrate L

Calculated Parameter: mY30 *®

Mass Flow Y30:Nitrate A — Statistics




Pacifi -
notwest  HYPATIA — Well Performance Overview

Interval
Monthiy v
Quarterly
[ ) Well perfo rmance E - ) Well Performance 'I vearly 1‘[ Mass Removal Interval ” Axis Options ][ Data Options ” Export ] - 0 O
= -m\@
+=—Congcentration = Pumping Rate =— Water Level | Mass Removed Cumulative Mass Removed
for selected
E rt 0 . Uranium X Uranium X
. Xpe verview 299-E33-268 299-E33-360
contaminant, group I\
v Parameters I IS B = | o T == o [©
o1 Wells, an dale e | ] m P e R o L
] p H . .
|Uran|um ‘ Pl s o] g™ et |, I PR T | .
ra n e E 10k é 10k DE B % E 10k é L] ém'm I " g
g + Add Parameter P ol ol 1. T Y MR | Eons P §owd {m L
3 e 800 - L | L. 3 o aoo 80,000 ‘W’A""‘ Mo A . L,
* Panel of plots - s o A S el
v Site Groups = ! i e r i T
1
o ac i Lo o o Lo
. Extraction Transfer v o h JI”' o o
= Normalized scales
or Map Schematic Statistics - 00 O
u Easy con Iparlson E _ E o + — [ 200-West v | [ 20210817 v
| + Add Site Group | = — 12} SACANEE % RO T
[z } o ® vent : © &l p -
» Key datasets are (e 0O O L | o | 7,
v Date Range [ RESET TO DEFAULT ] ooz (23) Qe ®© T . ©
Start N A T 2183
Iotted | [EE—— 2@ @ 5 B Q@ @
Month  Day Year Hour/24  Minute proy—p——— @ = @ IT_I‘!E & 0 299-VY18-41 (08)
NS AN S S
=, - &
= Flow rate End 29 @ g
o 0% © e (27 | 10 Pleooo.m—m
Month  Day Year Hour/24 Minute @ Transter g ! 6618T3 &)
o1 [ 2025 0 - e |0® © | |
|| a er eve 299-E33-361(32) f 200 East Area S Uranium 1X 9@ @ &)
5 o .- __ .......... Uranum f Column A2 Column A3 3 _zssrwmrss (21)
_ | i ©Q
= Concentration [ -2 e | & O, Sy
A
| MaSS rel I Ioved Map Schematic Statistics - 0 O
Meas. Point Parameter/Type Units Average Std. Dev. Median @ Max. Min. Count Area @ s
v Monthly, quarterly, yearly 209-E33-360 Concentration (Uranium) uglL o7.85 3.560 97.60 105.0 93.70 8 32330
299-E33-361 Concentration (Uranium) ug/L 14.30 0.6899 14.35 15.00 13.10 6 4599
eEEPosE ZONE 299-E33-268 Mass Removed (Uranium) g 152.1 27.71 157.7 183.8 80.26 12 50550
pROG RAM 299-E33-360 Mass Removed (Uranium) g 1707 274.9 1807 1969 905.7 12 568890
@PNNL 299-E33-361 Mass Removed (Uranium) g 0.02101 0.03422 0 0.09842 0 12 5.683
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Pacific
Northwest

-wewe Qnline Retrieval Interface for GEologic iNformation

* Interactive 3D visualization of selected area
» Hydrogeological units / geology

= \Well locations,

depths S @ ORIGEN v6.0.0-Alpha
- s | Y o«
= Cross sections ° |Nalv|n)

This determines which objects are available for selection

= Soil sample
data +~ Hanford South GFM, Version 6

Hanford 100 Area GFM, Version 7
* Plume data

CHRIS.JOHNSON s

Model Selection

US 395

DEEP — ) i
VADOSE ZONE K_\ West hiand/': |
gg&?RAM e — {{ichla d ,hﬂ T () n
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natwet  ORIGEN 3D View of Geology and Wells

SWITCH TO 2D RESET ORIENTATION Layers i

multiple screens.
Geological Layers

@ © WM Hanford formation
7 © HE Cold Creek unit

SR

& © HEM Ringold Formation member of...

7 © M Ringold Formation member of...
@ © B Ringold Formation member of...
7 © B Ringold Formation member of...
& © MM Ringold Formation member of...

\\\ ' m'" I

q( “I“[ “

Cross-section Tool

Discrete Depth Samples

Well Info

Mini Map

' Vertical
Exaggeration

x11 42% Data Visualization
Ly o . Options / Geologic and
ol g Well Info / Tools

DEEP (cross-section, etc.)
VADOSE ZONE
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~7~  ORIGEN — Numerical Model

Pacific

Northwest 3D Carbon Tetrachloride Plume Data

* Visualize 3D scatter data for carbon tetrachloride (CT) plumes

» P2R simulation results at years:

v 2016, 2029,
2040, 2066, Layers RESET ORIENTATION

Geological Layers

21 1 5, 21 37 % [l Hf - Hanford formation

® [l CCU - Cold Creek unit

a

© [ Rtf - Ringold Formation memb... E

a

QA

@ [ Rwie - Ringold Formation me... .
& Contaminant Plume Data

a

Il Rim - Ringold Formation mem...
Data Visual
Il Rwia - Ringold Formation me...

a a

; : . Carbon Tetrachloride Time Step
I Rwia-smd - Ringold Formation...

Select a timestamp

A

Rwia-lgd - Ringold Formation ...

P2R = Numerical flow & 2 i il
transport model covering S Permeaple Bl i gl ]\
® [l Basalt }

Central Plateau east/south F1L
. . Map Style . J : ] . '
to the Columbia River o o - € w |

350100 250 500

a a

O satellite

567150.0000000006

Vertical Exaggeration ‘ .
B8 - ‘ yCoordinate 135849.99999999162

DEEP = T

VADOSE ZOI“E Texture Opacity | 30 ‘ % elevation 77.441
. ‘ value 993.5150418985927
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?{/ ORIGEN - Interpolated
nortwest 3D Carbon Tetrachloride Plume Data

AAAAAAAAAAAAAAAAAA

* Visualize 3D scatter data for carbon tetrachloride (CT) plumes
» 2023 Interpolated 3D plume
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Elevation ()

Pacifi -
votwest  ORIGEN — Cross Sections

« Geologic cross sections B o e

 Wells in the cross section
= \\Vell screens

¢ Ca rbO n ADJUST Y-AXIS B iy BACK CLEAR SELECTION EXPORT

Layers +

tetrachloride g

Geological Layers
I d t . 7 © HEEl Hf- Hanford formation
p u m e a a I n 7 © HEM CCU - Cold Creek unit
@ © HEM Rif - Ringold Formation memb...

cross section B A

0 © Il Rim- Ringold Formation mem..

Ba
Basalt Base

Data Provenance

| Model Packsge Repart CP- 4.0, The 100 Area GEM (ver:
006, Rev 0. el co i 1 from the Hanfard Er

O © Bl Rwia- Ringold Formation me.

[ © B Rwia-smd - Ringold Formation...

™M & Rwia-lod - Rinenld Farmatian

Wells & Well Screens

Mini Map

DEEP - w . | - ‘ L Well Info
VADOSE ZON E | Vertical Exaggeration: 4.09
PROGRAM
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:’f/ Using HYPATIA and ORIGEN Information with

Northwest  Machine Learning and Optimization Approaches

* Machine learning (deep learning) to determine
optimum well locations and pumping scheme

* Machine learning based on
= \Well performance data
* Plume distribution data
= Geology data
* Numerical model simulations

* Objectives for optimizing mass removal,
decreasing remediation time, etc.

Conceptual rendering of how Al
might recommend optimal

DEEP : i
VADOSE ZONE extraction well locations
PROGRAM .
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Thank You

https://socrates.pnnl.gov
(for non-Hanford guests, CRATES only)

Contact:
Christian Johnson
cd.johnson@pnnl.gov

socrates@pnnl.gov
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