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» OPTIMA Framework Overview - Overview of the integrated optimization approach.
» Modeling Components - Site model setup, surrogate design, and validation.
» Optimization Demonstrations - Single- and multi-objective results.

» Deployment and Next Steps — Web-based implementation and future use.
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Contaminant Plumes

. -

b

[
' Hanford Reach  *|
X ! National Monument -

B CCl,, Tc-99, 1-129. NO., etc., 7.

from plutonium separation
and radioactive waste
disposal (1943-1975).

P&T Operations

B Started in 2012, with ~70
extraction and injection wells
currently in operation.

Challenges

B More CCI, plumes detected
in the lower aquifer

B longer-than-expected half-life

Groundwater
contaminant plumes in
the Central Plateau
(DOE 2021)

2012

The Hanford 200 West P&T System

Carbon Tetrachloride (5 pg/L)
- Hexavalent Chromium (48 pgiL)
Il cyanide (200 pgiL)

lodine-129 (1 pCiiL)
I nitrate (45 mgil)

2020 Groundwater Contaminants on the Central Plateau

- Strontium-80 (8 pCi/L) Former Operational Area
Technetium-99 (900 pcirl) I Basalt Above Water Table (2020)

Trichloroethene (5 pg/L) = = Ringold Mud Unit Above Water Table (2020)

Tritium (20,000 pCifL) ? r % ? km
- Uranium {30 pgfl)

I 1
1 2mi

GW20L507 51172021

|

(~630 years) than estimated p A systematic, performance-based approach is needed to

when the RI/FS and ROD
were completed.

evaluate alternative scenarios and determine the most
effective well placement and pumping strategies
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» Model Domain of the 200 West Area

Basis for Training the Surrogate Model.

(a) CCl, Plume (b) TC-99 Plume
= _J-LII_.'I 5 W § Extraction well o -I' 'II;:'
% | .--IL'I"I'
= P Injection well | =
| ) o l ___.--" o = i = |' . I-' .
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| o i | s | - / 1% e ey
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: . : 2700 o
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Easting [m] ' B Easting [m] _ e =
i5itianY 568000 Northing [m] I 50 § O | ~ 568000 Northing [m] r] 500 §
: ~ 566000 3 -~ 566000 1200 2
182000 % 000 yig 132000 “564000 900 =

= Seven hydrostratigraphic layers with varying hydraulic properties.

= 83x80 grid model (100-m resolution) capturing plume distribution and flow pathways.

11/11/2025 11:48 AM
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» U-Net was originally developed
as a powerful tool for biomedical

iImage segmentation.

(Ronneberger
et al., 2015)

96x96x 8

N w}mﬁ I » Adopting U-Net for Groundwater/Plume Prediction
N ,— + Maps 3D hydraulic head and concentration images to
. predict future groundwater flow and contaminant
transport.

U-Net uses an encoder-decoder architecture  « An analytical solution enforces physical consistency,

with skip cqnnect/ons.to extragt features and enhancin g accuracy an d realism.
generate high-resolution predictions.
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» Prediction Accuracy and Stability Over 12 Years

Groundwater level CCl, (cleanup criterion: 3.4 ug/L) Tc-99 (cleanup criterion: 900 pCi/L)
RMSE 0.02 m — 0.07 m RMSE 0.28 pg/L — 1.61 pg/L RMSE 0.17 — 0.76 pCi/L
= + 1 Year o+ 7 Year + + 1 Year o+ 7 Year + + 1 Year o + 7 Year
+ 2 Year o + 8 Year + 2 Year 4+ B Year + 2 Year o 4+ 8 Year
o + 3 Year + 9 Year e 4+ 3 Year 4+ 9 Year e 4+ 3 Year + 9 Year
s o + 4 Year + 10 Year =T o+ 4 Year + 10 Year =1 o + 4 Year + 10 Year
= o +5Year + 11 Year 7:3:‘ o+ 5Year + 11 Year ) o <+ 5Year + 11 Year
= + 6 Year = o+ 6 Year = _ + 6 Year
£ 160 - ° 5 2000 - 5 6000 o
£ 140 £ 1500 7 @ 45001 »
© i # i
Z g V ]
=iy < 1000 - V4 & 2000
g
100 500 A Ff’f’; 1500 ~
80 T T T T D . T T T T D r T T T T
80 100 120 140 160 0 500 1000 1500 2000 0 1500 3000 4500 6000
eSTOMP Simulation [m] eSTOMP Simulation [ug/L] eSTOMP Simulation [pCi/L]

» U-Net predictions run in approximately 600 milliseconds per step on a single
CPU core, compared to 3—5 minutes per eSTOMP simulation on eight cores,

achieving a speedup of over 1,000 times.
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Current Time End of Pumping
2024 2026 2038
Scenarios ||
End-state Performance Criteria:
Baseline P&T Capacity (gpm) |:> Baseline 95" percentile
3400 concentration level in 2038
Opt. Goal #1 | Opt. Goal #2
Scenario-1 P&T Capacity (gpm) Minimize Maximize
3400 active total CTET
cleanup mass
timeframe recovery
Scenario-2 P&T Capacity (gpm)

3400 4500
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» Scenario-1 with well network optimization

, _ 2039
only (i.e., constant P&T capacity at 3400 - L 1
gpm) achieves ~ 8% reductions in active 310 cenario-
remediation timeframe Toosr| NPiPPiEGEiELCC
S D B B
B Total of 7 new wells are added to the network J< N EHo
S 2036 -
B Achieves the same 95! percentile c
concentration level as the baseline with 2 2035-
2 fewer years of pumping 5
ﬁ 20343 « & 8 % e e =
» Scenario-2 with well network optimization £, NESEERE R RE
and increasing P&T capacity is found to AU
- PR 520321 o Basell NN < :
have relatively more reduction in remedy o e e (3400 GPM) © Scenario-2
lifetime, ~24% 2031 © Optimal solution (3400 GPM)
- Realizations (4500 GPM)
B Total of 17 new wells added to the network O Optimal solution (4500 GPM)
B Achieves the same 95" percentile 30773 5 10 15 20 25
concentration level as the baseline with Number of new wells (-
6 fewer years of pumping Relation between # new wells added

versus pumping timeframe
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|
29750 L8 T@ 2033 Scenario-2
» Scenario-1 provides about ~ 4% REEE TIETS
reduction in pumping timeframe 295007 21tk X
B A total of 11 wells added to the network : ; ¥ ! :
B Achieves the same 95th percentile 5 = g i s
concentration level as the baseline with = A i !
1 year less pumping z 29000 4 1
£ 2037
EEB?SD— ,,-""?T'_—@
L . . 0 R B .
- Scena_rlo 2 provides about ~20 /o A0, [scenario-1
reduction in pumping timeframe 28500 - c{’g : ‘ | e
B Atotal of 13 wells added to the network i ! l | .. - Realizations (3400 GPM)
B Achieves the same 95th percentile 282501 "1'iijli; o Optimal solution (3400 GPM)
K :* % . Realizations (4500 GPM)
concentration level as the baseline with - O Optimal solution (4500 GPM)
5 fewer years of pumping = : 15 Te I na A

Number of new wells (-)

Relation between simulated total CTET mass
recovery and the number of new wells added




\‘7/ Multi-objective Optimization: Balancing CCl,
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o o 0.95 124 100
» Optimization Objectives 00
B Minimizing CCl, Cleanup Time 0.90 - |
B Maximizing CCl, Mass Recovery { % 80
— ; 24 an - 70
E 085 7] . :‘;“‘M‘ g}% -
. . o tf " :‘.‘-'-_\"i:..:f:-’";:'- - 60
» Key Findings g I i
.80 1 ' CIURE L - 50
B The Pareto front shows a strong E e,
correlation—greater mass recovery = TR - 40
generally accelerates cleanup. O 0751 L 30
B Variability exists—some well network
designs achieve similar mass recovery 0.70 1 i 20
but differ in cleanup time. T 10
B The final Pareto front highlights trade- 0.65 1, | | | - 1
offs, where improving one objective (e.g., 2034 2036 2038 2040 2042
cleanup time) comes at the expense of Time Reaching the Target Concentration [yr]
the other (e.g., mass recovery). Pareto front showing trade-offs between CCI, cleanup

time and mass recovery, with solutions evolving over
generations (blue — early, red — optimized).

Generation [-]



Pacific Example of Optimized P&T Well installation Plan

Northwest

NATIONAL LABORATORY

* Pumping strategy of * Predicted plume dynamics e Predicted mass recovery
the optimal solution

Time: 2022.00 year

30000
New extraction well — Baseline mass recovery

—— Optimal mass recovery

299-W11-106
299-W11-107
299-W11-49 4

299-W11-50
299-W11-90
299-W11-92
299-W11-96
299-W11-97
299-W12-2
299-W12-3 1
299-W12-4
299-W12-5
299-W13-5
299-W14-20
299-W14-21
299-W14-22
299-W14-28
299-W14-29
299-W14-30
299-W14-31
299-W14-32

g 299-W14-73 -
S 299-W14-74
= 299-W14-75
£ 299-W15-225 1
299-W17-2 1
299-W17-3
299-W19-111 4
299-W19-113
299-W19-114
299-W19-123
299-W19-125
299-W22-90
299-W22-91
299-W22-92
299-W5-1 1
299-W6-15 A
699-40-70A
699-48-70

28000

"""""""""""""""""""""" 0Old extraction well

Well type

- 4000

I 26000 -

[2ITIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII cStus
[IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII I
o IIITIIIIIIIIIIIIIIIIIIIIIIIIIIII NS

20000

3000

Mass recovery (kg)
Pumping rate (gpm)

I 18000
oo 2500

16000

Plume concentration (ug/L)

—— Baseline extraction rate
t 1 .

2 LT TTTTTTTTITTTTTTOT i = New extraction rate

xt_3 .

O 9 2000
t 5

t 6

14000

e ] 2022 2025 2030 2035 2038

2015 2020

2025 2030 2035 Year
Time (year)

» Integrated optimization identifies efficient well configurations that achieve
faster/higher mass recovery

11/11/2025 11:48 AM




Pacific
Northwest

NATIONAL LABORATORY

OPTIMA Web-Based Tool

@ User.Name

Data Provenance

© ® oPTIMA

Simulation Overview

+/ Untitled Simulation 1.4

1. Set Parameters

2. Narrow Results 3.

. Compare Solutions

< NARROW RESULTS

Run simulations to inform long-term plume mangg e OPTIMA Data Provenance | @ User.Name
l Q. Search
Set Parameters
Simulation Name Define operational constraints. Then set objectives and chol
E OPTIMA Data Provenance | @ User.Name
Simulation 1 Enable Custom Values
. . Showing 117/117 possible solutions. Narrow the set to 16 or fewer solutions to proceed.
Wello on2s Well Network Operational Constraints
‘ell Optimization 2.
Cost Estimate ($ USD) 9 OPTI MA Data Provenance = € User.Name
Total capacity (units?)
Really long name and it might go on and on and ejv¢ 20,000 40,000 60,000 80,000 - . . v .
vlong {might & @ o o o [o] 1 CostEstimate  Mass Removed Te-99 Area Remedy Time Pump"]g Schedule Technetium-99
$USD kg km?
Frequency of Installation Years (up to 5 wells/installation year) @ $1.5mil 8.8 45 2045 — — Current Position on Timeline Pinned X
2 s — ExistingWell ==+ Planned Well ot Installed Install (M) Retire
July 10 2025 Simulation for T Farm Removal ® everyyear QO everyotheryear (O every 3rd year 1 g e l!‘ lJ 2042 solution s X 2038 solutions
Max. number of wells per Installation Year & 3 2027 2030 2035 * 2040 ' 2045 closer to surf closer to surface
@5 O4 4 299.W11-106 _(i\ urther from surfa further from surface
P&T System retirement year (3 299-W11-106 —(!l & .
® 2037 02050 O 2060 O 2070 O 2080 . 001106 0
Simulation years after retiring P&T System :l 1
@+ O+25 O+50 O+75 O +100 7 299-W11-106 ‘L!
. = ’
8 299-W11-106 {m]
Individual well max flow rate (unit/time) N
@200 O400 O600 Os8w0 O1000 O1 R 9 299-W11-106
10 299-W11-106
Min. distance between wells (m) ’ &
®s0 O10 O150 0200 O20 O 300 1 299-W11-106
o 12 299-W11-106 —{ W) 2
+ Untitled Simulation 142 | 1. Set Parameters 2. Narrq 0 A
13 299-W11-106 =i W]
Max 1.5 $0.25 mil 2.1 31 2035
14 299-W11-106  E——
Min I 25 \ 15 Salution 5 299-W11-106 (w} & )
~ Untitled Simulation 14 | 1. Set Parameters 16 Cost Estimate 1,000,000 susD 299-W11-106 \E
Mass Removed 6.0 /145.0 kg « |299-W11-106 El 3 -/
Tc-99 Area 3.8 km? - X Heatmap Legend
« o = = [T LT T — ;|
2027 030 2035 2040 2045 34 10 100 500 1.5k

DOWNLOAD

» Integrated, web-based interface to set operational constraints, launch and manage
optimization runs, and review multi-objective trade-offs with interactive visualizations.
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» OPTIMA supports rapid scenario
evaluation and transparent trade-off
analysis, informing end-state—driven
strategies for P&T capacity and well
configuration.

» Results demonstrate shorter cleanup
timelines and reduced lifecycle effort,
while maintaining performance and
compliance requirements.

Yearly O&M Costs

» Deep-learning surrogates provide the
speed needed to apply this framework
routinely across scenarios.

25

20

15

10

25

20

15

10

Cumulative Cost = $224M

M

Cumulative Cost = $202M

2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037
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Groundwater level simulation results from P2R MODFLOW model

Thiem Estimation vs. Numerical Model Simulation
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Time = 2037.76 (yr)
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3 ¥ a4 a v
10> 137000 / A -
= v
£
100 © 136000 A A v
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5 Vv
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15

r 10

-15

-20

-25

-30
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Groundwater level simulation results from Thiem estimation

thickness, hydraulic conductivity, and baseflow gradient

» Discrepancy due to oversimplified assumptions in Thiem solution regarding aquifer
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