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HtHANFoRDs = | What is Hanford?

* One of the sites selected for the » Largest nuclear cleanup project
Manhattan Project during World War I in the country

* Produced plutonium from 1943 to 1989

Central Plateau

National Monument
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HHANFORDSTE | History

« During World War Il and the
Cold War era, the government
built and operated nine nuclear
reactors along the Columbia
River to produce plutonium and
other nuclear materials

« Large chemical processing
facilities separated plutonium
from spent fuel rods

WASHINGTON
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Nuclear Reactors

Canyon Facilities




HHANFORDsE | Hanford Timeline

1940s 1944 — 1989 1990s — 2000s Present

. ] : Cleaning up near the Shifting focus to the
BU|Id|ng Hanford Plutonium Production IS River Caniral Pl
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HHANFORDSE | Tank Waste Mission

Single-shell tanks

e 149 built 1943-1965

« 20 retrieved

« 2in retrieval/approval

Double-shell tanks
28 built 1968-1986
« 1 retrieved
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HHANFORDSH=E | Tank Retrieval

December 2022

Inside Tank AX-101 prior to waste retrieval

March 2023

Modified sluicing inside Tank AX-101
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March 2023

Panorama of inside of Tank AX-101

January 2024
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HHANFoRDs= | What’s next after retrieval?

EVAPORATION to reduce water volume, remove organics:
« 242-A evaporator — in restart, built 1976

PRE-TREATMENT to make Low Level Waste:
1. Filter out solids, |
2. lon Exchange to remove Cs-137 & soluble Sr-90 s
3. Sample to verify compliant feed

* Tank Side Cesium Removal (TSCR) - operating
« Advanced Modular Pretreatment System (AMPS) — In progress

8




Pretreatment: Tank-Side Cesium Removal
(TSCR), followed by AMPS

THEHANFORDSTE |

Tank-Side Cesium Removal and
AP Tank Farm

"\\ \‘.f\\
Interior of Tank-Side Cesium
Removal Process Enclosure

Approximately 640,000 gallons treated

Tank AP-106 contents: Tank-side
cesium removal (TSCR) treated Waste

Modified Forklift to Safely Lift and al
Transport 27,000-pound Self-Shielded Twelve Loaded lon Exchange Columns on Storage Pad, Treatment and_ I_mmOb'"Zat'on Plant
lon Exchange Columns 587,000 curies of cesium-137 (WTP) low-activity waste (LAW) feed

|
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rtHANForRDs = | What’s next after pretreatment?
STABILIZATION to create a solid waste form for disposal:

* Vitrification:
o Suspension in Glass

o Waste Treatment Plant (WTP)
— Direct-Feed Low Activity Waste (DFLAW) (Onsite disposal)

— Direct-Feed High Level Waste (DFHLW) (Temporary storage onsite until an Offsite HLW
National Repository is available)

 Alternative Treatment for SLAW? (LLW portion > DFLAW capacity)

o Suspension in Grout for Offsite Disposal
— Test Bed Initiative (TBI)
— West Area Risk Mitigation (Depending on NEPA)

U.E. DEPFARTMENT OF
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Waste Treatment and Immobilization Plant

HHANFORDSTE |

* WTP is a 65-acre site designed
to encapsulate radioactive tank
waste in glass via vitrification.

* The low-activity waste
treatment portion is going
through commissioning

* The high-level waste treatment
effort is restarting design and
limited construction activities.

L] == Facites onginaly planted for HLW
o Focilies and syshams 10 repiace preveatment funztion
s Capabities and based on DFLAW lessons lsamed
w— TP suppon capability
« HLW construction footprint
w— DFLAW suppon fac iities footpent
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| National Academy of Sciences Reviews:
HHANFORDSITE | Engaging regulators, stakeholders, Tribal Governments

 Independent NAS review mandated
ey Tce of Management and by Congress, lasted 7 yrs

Budget
i — C . . .

e oreress . Open public sessions to review

technical information and results

Hanford Contractors Government Accountability Office

Hanford Tenant Organizations \ ‘\ Department of Justice
o L\ « Regulators, Stakeholders, and Tribal
Labor Organizations - Department of Interior .
' Governments had access & input
Energy Facility Contractors Group Department of Labor th roughOUt reviews

Occupational Safety and » - [nlependent scientific analysis &
ealth Administration i
evidence shared openly

Regional Communities

Tri-City Development Council Defense Nuclear Facilities

and Local Businesses Sately Board » Conclusion was broad acceptance of
Hanford Advisory Board \ Nuclear Regulztory Commission - g Alternate Treatment path for LLW
Press/Media L W, etonalLabe « Accelerates cleanup mission and
Key Special Interest Groups A 1 :\, - Environmental Protection Agency offers an opportunity for 70% of LLW
A jT"N'GI‘:‘:;“":"“ State of Oregon --=> WA State Department of Ecology : : : :
e oh State of WA Department of Health long lived radionuclides disposed out

A e Regulatory role at Hanford Washington

2 = o of state at operating disposal sites
with no path to potable water.
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HEHANEORHD= = | Energy Demands of the Hanford Mission

Taking a Whole Flowsheet look at Sustainable Remediation

» Calculations performed to support Federally Funded Research and Development Center (FFRDC) analysis
for National Academies of Science, Engineering, and Medicine (NASEM) independent review of treatment
technologies for the fraction of LLW beyond WTP LAW capacity...

www.nationalacademies.org/our-work/review-of-the-continued-analysis-of-supplemental-treatment-of-low-activity-waste-at-the-hanford-nuclear-reservation
o Inputs — power, clean water, fuel, process chemicals, waste formers

o Outputs — stack emissions, liquid effluents, primary and secondary wastes
o Worker hazards — chemical and physical hazards

* Numbers pulled from actual facility flowsheets
o WTP LAW Vitrification Facility + Effluent Management Facility + Effluent Treatment Facility

o Savannah River Site Saltstone Facility

» Converted to same scale (per 1 million gallons pre-treated LLW feed)
« Tank waste mission has more than 100 million gallons of LLW feed

U.E. DEPARTMENT OF
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HHANFORDS = | Glass Mass and Energy Flow

Safety Picture:

2 medium-consequence
public hazards
(anhydrous NH; vessels,
spent carbon bed media)

38 high-consequence
worker hazards
(NO,, NH3, ACN, others)

Basis: DFLAW flowsheet,
Abated Stack emissions 38 metric tons COPCs (90% NH,) per 1.000.000 gallons feed

0.006 mrem (MEI, 99% 14C)

Ref: RPP-RPT-63328

SLAW would require new LERF/ETF

=
S
»

45,000 gallons grouted liquid secondary waste to IDF (onsite)

SLAW would require a new EMF

ns boiler fuel oil
-gal tankers)

fc?S%((::ii//LL?s 1,800,000 gallons decontaminated water to SALDS (onsite)
p 105 pCill. @, 1700 pCill. B (>99.9% 3H),

1.4 mg/L TDS, 0.3 mg/L TOC

76‘ .
’Q%b Liquid effluent Contains: 99Tc, 129]
e treatment
'S) c

trucks 50 mg/L TOC

ess chemicals)

SLAW Vit would be sized to keep pace

Offgas with HLW vit
Argelineins 47,600 gallons solid waste disposed onsite

(326 55-gal drums + 31 8’ x 4’ x 4’ boxes)
Contains: 99Tc, 129

ns glass formers
ric ton trucks)

27 mrem
(76% °°Tc)
102 metric

tons COPCs

(85% NOXx)

ns process water

1,000,000 gallons pretreated (via TSCR) 340,000 gallons primary vitrified waste disposed onsite (IDF)
tank supernate every 154 days Contains: %9Tc, 1201, Cr
Contains: 99Tc, 1291, Cr, NO,

U.E DEPARTMENT OF

ENERGY
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HHANFORDSE | Grout Mass and Energy Flow

Safety Picture: \ L - Basis: Saltstone flowsheet,

a Based on chemical exposure
at the Savannah River Site
boundary of =10 km.

1 high-consequence

worker and public? hazard Abated Stack emissions 8.72e-09 mrem , per _1’000’000 gallons feed
(SDU explosion) Particulates from dry feed additions Ref: RPP-RPT-63426

12 medium-consequence

worker hazards

SLAW grout plant

Vent System

16,600 gallons solid waste disposed at IDF or
Contains: 99Tc, 129]

1,600,000 gallons primary grouted waste disposed offsite
Contains: %9Tc, 12|, Cr, N

1,000,000 gallons pretreated (via TSCR)
tank supernate every 121 days
Contains: 29Tc, 12|, Cr, NO;

U.S. DEPARTMENT OF
0
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HHANFORDSTE | Mission Impacts

Vitrification Grout

Abated Emissions

per million gallons treated feed...

Pretreated Tank Supernate (gallons)

1,000,000

1,000,000

3
Process Water (gallons) 2,000,000 303,000 c’%e /o
Process Chemicals (trucks) 181 <1 e”’a,,d
Process Additives (metric tons) 5,155 4,600
Fuel (gallons) 3,000,000 = -:esS Pitions Secondary Wasteform(s)
Electrical Demand (GWh) 74 2.5
Abated Emissions (metric tons COPCs) 38 Particulates Prof = ——— Primary Wasteform
Abated Emissions (mrem) 0.006 8.72e-09
Estimated Carbon Footprint (MTCO,e) 32,000 67 [_safety Picture ]
Grouted Liguid Secondary Waste (gallons) 45,000 - c usi
onciusion:

Decontaminated Water (gallons 1,800,000 - .

: R A low temperature treatment alternative for SLAW
Secondary Solid Waste (gallons) 47,600 16,600 has fewer associated hazards to workers and the
Primary Wasteform (gallons) 340,000 1,600,000 pUb"C, lower energy and fuel demands’ less
Safety Picture — Public Hazards 2 med public SDU only — 0 for packaged effluent and secondary waste, and lower carbon

(consequence level, public, and worker)

Safety Picture — Worker Hazards

38 high worker

grout footprint and emissions.

12 med worker

U.E DEPARTMENT OF
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Tank Waste Stabilization by Grout:
THEHANFORDSITE | Test Bed Initiative, 2,000 Gallons, SY-101

Concept for proposed Test
Bed Initiative demonstration at
Tank SY-101

. Approximately 2,000 gallons
of pretreated mixed waste in
certified containers for
off-site shipment

Tank SY-101

Tank 241-SY-101
Field Deployment

Status

» Published Final Waste Incidental to Reprocessing (WIR) Evaluation (DOE/ORP-2022-02) and corresponding WIR Determination in support of
requirements for DOE radioactive waste management

* Published Final Environmental Assessment (EA) of the TBI Demonstration (DOE/EA-2086) and corresponding Finding of No Significant Impact
in support of requirements for the National Environmental Policy Act

+ Transmitted a Research, Development, and Demonstration Permit application in support of regulatory requirements for the RCRA
* Published the final rule on the EPA Land Disposal Restriction treatment variance in the Federal Register
+ Equipment was refurbished/fabricated and completed factory acceptance testing before delivery on-site

U.E.  DEPARTMENT OF |1
21 CONE-
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e Proposed Tri-Party Agreement
e S on Future Tank Waste Cleanup

DOE, WA Dept of Ecology, and EPA signed a settlement agreement and proposed new and
revised cleanup deadlines (Public comment period was May 30th, 2024 - Sept. 1st, 2024)

Proposed TPA Modifications:

« Maintaining existing timeframes for starting treatment of both low-activity and high-level waste by
immobilizing it in glass via vitrification

e Using a direct-feed approach for immobilizing high-level waste (HLW) in glass, similar to the Direct-Feed
Low-Activity Waste (DFLAW) Program

o Building a vault storage system and second effluent management facility to support treating HLW
o Designing and constructing 1-million gallons of additional capacity for multi-purpose storage of tank waste
o Evaluating and developing new technologies for retrieving waste from tanks

e Retrieving waste from 22 tanks in Hanford’s 200 West Area by 2040, including grouting the low-activity
portion of the waste for offsite disposal

U.E. DEPFARTMENT OF
© ENERGY 2




THEHRANFORIS 1

= | Site Sustainability Goals Progress — Net Zero

Emissions MTCO2e/yr

Annual Carbon

Hanford Historic and Projected Scope 1&2 Carbon Emissions MTCO2e/yr
SLAW-Vitrification

m Hanford (hon-WTP) WTP- Baseline

Hanford Historic and Projected Scope 1&2 Carbon Emissions MTCO2e/yr

MTCO2e/yr

Annual Carbon Emissions
-

DFLAW  mSLAW Vitrification

SLAW-Grout

mHLW

50,000
[o] _
2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037

NET ZERO Goal per Executive Order 14057:

Net-zero emissions building portfolio by 2045, including a 50% emissions
reduction by 2032; a 65% reduction in scope 1 and 2 greenhouse gas
emissions, from Federal operations by 2030 from 2008 levels...

« Hanford’s 2022 Net Zero study quantified largest
potential reductions

« Depending on NEPA, Alternative Treatment for SLAW
has potential to avoid increasing site carbon emissions
by 58,300 MTCOZ2e/year (also saves almost $9B in life
cycle costs, completes SST retrievals 9 yrs sooner, per
NAS/FFRDC review)

« Electrifying WTP boilers is included in DFHLW project,
which will reduce carbon emissions significantly (winner
of a DOE $5M clean energy grant)

U.E DEPARTMENT OF

ENERGY
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HHANFORDS = | WTP Electrode Boiler plant...60% design

* To support the One Hanford Net-Zero effort WTP is

preparing to transition from diesel fired steam generators
to an electric steam plant.

* Requires a substantial upfront investment but represents
a considerable greenhouse gas emission reduction and
lifecycle savings.

> Transitioning to an electrically powered steam plant
will save millions in fuel costs annually.

> Greenhouse gas emissions reduction by as much as
43,300 MTCO2e per year.

 WTP awarded DOE grant for electric steam plant effort.

|
U.E DEPARTMENT OF
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HHANFORDS= | Benefits of Electric Steam Generators

« Zero Local Emissions — 100% emission-free and well suited for
decarbonization or site-emissions-reduction projects

« No Combustion Equipment Required — Reduces installation
costs by eliminating the need for gas/oil piping, combustion air
supply and exhaust stack.

» Flexible Fuel Supply — Electricity is readily available from several
sources, including renewable sources such as wind, nuclear, and
hydroelectric power.

« High Efficiency — Nearly 95-100% efficient at all operating points.

» Flexible Turndown Capabilities — Use only the amount of
electrical energy required in response to system demand.

« Does not need treated water — Uses raw vs. sanitary water,
reducing water treatment demand.

U.S. DEPARTMENT OF Picture courtesy of: Thermon Precision HVJ electrode boilers
ENERGY 25 HVJ High Voltage Jet Electrode Boiler - Precision Boilers
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