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Environmental Impact of Nuclear Waste
Insights from US Nuclear Weapon sites
What Can We Learn from Existing Nuclear Contamination?
Haruko Wainwright
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Nuclear Waste and Contamination

John Oliver, August 20, 2017
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Nuclear Waste and Contamination

“One out of three Americans
lives within 50 miles of
nuclear waste”

“Nuclear Waste” Sites: Former Nuclear Weapon Production Sites

Deadly Plutonium: Half life of 24000 years é 11X S—
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Nuclear Waste and Contamination

lov 14, 1957, 451 drums, 213 tons
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Nuclear Waste and Contamination
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Nuclear Waste and Contamination

MAY 21, 2017

The Post and Courier

“... Tritagator and Dioxinator
— after two of the wastes,  §
radioactive tritium and toxic
dioxin?”
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Nuclear Weapon Production Sites
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Tritium Production
(Mercury)

Mining/Milling

Plutonium
Production
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The Hanford Site
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Waste Isolation?
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Waste Isolation?
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Hanford Site: Thick Vadose Zone

Technical Document on Waste Disposal, 1943
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Kd: Partition Coefficient

recipitation/ mol
Solid Conc. (—)

Kd =
aqueous Aqueous Conc. (T)
radionuclide . . T
species & * Assume linear isotherm and equilibrium

@ ransporta
i Mobility/Velocity of Each Species

mrptiom-’- 7

Groundwater Velocity

1+£ K,

v =

Heuel-Fabianek, 2014
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Kd: Partition Coefficient
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Elements Kd
H-3 0
i 1-129 4.5
fening Tc-99 0.14
8 = T Sr-90 20
s Uranium 33
o Cesium 4.4 x 10
Plutonium 1.2x103

Yucca Mountain Assessment, Biosphere Model
Heuel-Fabianek, 2014
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Environmental Remediation: Evolution

—~ Maturity
: s“_nf Sustainable Remediation
' Trade offs:
Contaminant removal vs
Recyele: D\ Cost
Reuse - - Waste
. Transform L
i Pursg Biodegrade - CO2 emission
Birth gury R - Energy Use
Discarded. —— i - Ecological Impacts
Intensi Sustainabl . ; ; :
Wastes i n;‘et::; L Noise, Air pollution

1960 1990 2020
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Long—term Institutional Control

o Attractive Re-development
Planning
o Restrictive use but added value
o Solar farms, parks, factories

o Longer Institutional Control

o Long—term monitoring will be a
major life—cycle cost

Rocky Flats National Wildlife Refuge
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Importance Of Long—Term Monitoring

THE DENVER PosT

Activists ignore the science that says Rocky
Flats National Wildlife Refuge is safe
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Information Bias @ Environmental Events
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Agriculture

Tourism
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Information Bias @ Environmental Events
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« Develop Long-term Monitoring Strategies for Nuclear
Contaminated Sites

o Fukushima region

o Savannah River Site F-Area
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Fukushima Dai-ichi Nuclear Power Plant Accident

March 11, 2011
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Environmental Recovery
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Inside Fukushima ghost town that has laid abandoned
since nuclear disaster forced everyone to leave SO G P BIG THINK'

Take hope: This Fukushima disaster
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What is Fukushima?
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Fukushima Prefecture
13784 km?

~ Connecticut

Fukushima Dai-ichi
Nuclear Power Plant

J@%' v Evacuation Designated Area:
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Multiscale Radiation Data Integration

Walk Survey Car Survey Airborne Survey Axillary Data
@,
. k0
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s ~100 m . ~600 m
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Most Accurate & Least Accurate

Limited Coverage ) Best Coverage
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Multiscale Radiation Data

. Gar Survey LAirborne Survey
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Bayesian Data Integration for
Radiation Monitoring (BDIRM)

Synthetic Example
True field and point measurements

L
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Integrated
__Radiation Map

1 !X‘{I;! AOGNY  HOOO0
Adopted by Japan Nuclear Regulatory Agency
Wainwright et al., 2017; 2018, Takemiya et al., 2019
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* Reduce # and cost ML methods: Monitoring
» Capture heterogeneity Importance Map
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Savannah River Site F—Area

» Disposal activities:

— Disposal of low-level radioactive, acid
waste solutions (1955-1989)

— Acidic plume with radionuclides (pH 3-3.5,
U, 90Sr, 1291, 99T¢, 3H)

* Many datasets - Technology Test Bed
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Current Groundwater Monitoring

* Groundwater Sampling - Mass Spec
* 10s — 100s of wells
« Contamination issues (requires training, equipment)

« Temporally sparse: every quarterly, annually - Miss anomalies
» Compliance only (no analytics)
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New Paradigm of Long—Term Monitoring

* Low-cost in situ sensors, wireless network, cloud computing
- Autonomous continuous monitoring
- Detect changes real-time = Early Warning
- Reduce monitoring cost

data |Ogger phone tower
& modem
— / Sensors sl
ntaminan
- Water Table Conta a_t
concentrations
- pH
Redox

|_[wen - Electrical Conductivity (EC)
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Data Analytics Workflow
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New Algorithm Provides Resl-Time Manitoring Of Groundwater
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David Moulton

Scientists develop new method
to track groundwater
pollutants in real-time
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Algorithm provides early warning system
for tracklng groundwater contammatlon
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Machine learning improves
contamination monitoring

Y RATT LEONARD | 4G T8, 008
Becaise GioaAdwater is o tlom from automative fuel, fertilies or
ik iroe, the Emvirons Protection Agency and its
state-level counterparts conduct annual of Guarterty sampling and analysis
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Driver

Flow and transport
- Richards’ equation
- Mimetic finite element method

Enforces a signature for
geochemical subroutines
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SRS F-Area: Geochemical Model
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SRS F-Area:
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3D Uranium Plume Evolution

B Dl ottt Uranium Plume:

Residual contaminants
- Under the basins
- Within Tan Clay

s Usie
Sun Apr 14 10:34:15 2019
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In situ Variables vs Contaminant Concentrations

Nitrate (SC)
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3D Simulation Result - Reduce # wells

effectively
- Capture the spatial
Plume Map heterogeneity of the
plume with minimal #
wells

Interpolation Error

I
Algorithm ! e ‘
- Gaussian Process o]\
Models A \
- Greedy Algorithm -

- e H
Remote sensing
L - Wetland
AI - Surface Barrier
A - ET
“i)\ FORSCIENCE /7
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ML/AI Sensing
Geophysics

Fiber optics
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Nuclear Waste DisposalSite
()

Engineered barrier system:
* Canister
- Buffer (Clay/Bentonite)

Natural barrier system:
* Deep subsurface
» Host rock (low permeability rock)

[=t12m- oam

FIacomont Koo Usad Fusl Fuel
Horzontal Tunnzl Container Bundies

+ What can we learn from existing nuclear contamination for nuclear waste?
» Environmental mobility of radionuclides is critical
» Engineering solutions for isolation could be possible
* Nuclear sectors: more awareness, tighter regulations
* Net environmental impact or broader environmental perspective is needed
* Rads vs others; contaminant removal vs side effects
* Long-term monitoring is important for public assurance
* New paradigm for long-term monitoring based on new sensors/ML/AI

— Multiscale data integration and monitoring placement optimization for long-
term monitoring: — B-DRAM and machine learning

— Real-time monitoring of groundwater contamination

— Public assurance, early warning, cost reduction
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Thank You!

Contact

Haruko Wainwright

HMWainwright@LBL.gov

* Summer internship positions and exchange programs at LBNL
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