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Hanford Historical Overview
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 1943-1964: 149 single-shell tanks (SST)
 1968-1986: 28 double-shell tanks (DST)

Tank Farm Mission

Safely maintain 56 million gallons of radioactive and chemical waste
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Generation of Hanford 
Tank Wastes

9 Reactors; 4 Fuel Reprocessing Flowsheets; 100,000 MT Fuel Processed
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Generation of Hanford 
Tank Wastes
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What’s in the Tanks

Water-insoluble metal oxides,
significant amount of interstitial liquid –

texture similar to peanut butter

Any non-interstitial liquid in the tanks –
similar to saltcake in composition

Mostly water-soluble salts; small
amount of interstitial liquid
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Pretreatment 
Facility

Analytical 
Laboratory

Low-Activity 
Waste Facility

High-Level 
Waste Facility

Balance of Facilities
(20 support buildings)

Waste Treatment and
Immobilization Plant (WTP)

Future Site of 
LAWPS Facility

Building 87

Effluent Management 
Facility Site
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Simulated vitrified waste
High-level waste (tall) and 

low-activity waste containers

Molten glass and waste in a melter

WTP Mission: Immobilize 
Waste in Glass

Simulated vitrified waste
in a container
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Underground 
waste tank

Pretreatment Facility

Low-activity 
radioactive waste

High-level 
radioactive waste

High-temperature Melters

Pretreatment

Vitrification

WTP Vitrification Process
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• Primary foam related to CO2 gas goes down, grows, coalesces, and creates a cavity in the 
foam layer.

• Secondary foam related to O2 gas goes up and accumulates under the cavity (or some foam 
maybe burst into the cavity) in the bottom of the cold cap.

• Gases in the cavity tends to move to the side of the cold cap and burst to atmosphere.

Enhanced Heat 
Flux By Bubbling
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High-Level Waste 
Vitrification
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30 min 45 min 60 min

30 min 60 min

Initial 
Formulation

Improved 
Formulation

Improvements confirmed in one-third scale pilot melter tests 
VSL-08R1360-1, Rev.0; VSL-10R1690-1, Rev. 0

Small-Scale Melt Rate
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• The melt is highly oversaturated with oxygen. Such a high oversaturation is 
not likely to arise solely from the iron redox equilibrium, but also from the 
oxygen “stored” in the feed from earlier batch decomposition reactions 
(mostly nitrates).

EGA and O2 partial pressure by RAPIDOX

Foaming Curve & Secondary Foam
• Detected CO2 in the foam layer as a residual gas from the feed reaction and 

involved in the primary foam. 
• Detected O2 gas was from iron redox reaction and involved in the secondary 

foam.
• Influence of Gibbsite, Boehmite and Corundum

Foaming in High Bi-P HLW Glass Melts
• Results were used to modify glass formulations to mitigate melt foaming

Melt Rate & Loading in High Fe Glasses
• Improved formulations have been developed with both high melt rates and 

high waste loadings
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Low-Activity Waste 
Vitrification



16

450 m
230 m

12.8 m

165,000 cubic meters

Water table = 200 m down 

Hanford cover cap

Sandy 
loam

• Average temperature: 60o F
• Rainfall: less than 7 inches per year 

Low-Activity Waste (LAW) 
glass will immobilize:
• Long-lived semi-volatile 

anions: 99TcO4 (half-life 
213,000 years) and 129I 
(half-life 15.7 million years)

• Toxic metals: Cr, Ni, V
• High alkali content (Na and 

K)

Low-Activity Waste Glass

Integrated Disposal Facility
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Sulfur and Alkali Limits

• The factors limiting LAW glasses are:
• Chemical durability as measured by 

PCT and VHT for high Alk:SO3 wastes
• Salt accumulation for low Alk:SO3 

wastes and high halide wastes

wt% Na2O in Glass
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BNI/WTP
Baseline 
Models

2008 TUA* 
Baseline

2013 TUA 
Baseline

2013 TUA w/ caustic 
and oxidative 
leaching eliminated

HLW Canisters 18,400 14,838 8,223 13,534

LAW Containers 145,000 91,400 79,465 65,151

Total Canisters & 
Containers

163,000 106,238 87,688 78,685

* The “2008 models” were altered in anticipation of our work

24590-WTP-RPT-PE-13-003, Rev 0, 2013 Tank Utilization Assessment (TUA) Part 1: Potential Impact of Advanced 
Glass Models on the WTP, 3 December 2013

Enhanced Glass Model 
Impact on Treatment Mission
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Schematic of 
Processing Window

Additives (GFC Blends)

LAW or HLW

Composition 
Uncertainty

Nominal/Target
CompositionLiquidus

Durability

Viscosity/
Conductivity

Minimum 
Waste Loading
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Composition Uncertainty

Mixing/Sampling

Analytical

Level Measurement

GFC Mass and Composition

Melter Volatility



21

Next Steps
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The GLAD Project 

Aim: To design a new test for LAW 
glass that is more representative 

of low temperature corrosion

The Hillfort Project 

Aim: To validate the chosen low 
temperature test against natural 
analogues from 2,000-year-old 

Swedish Hillforts

Apply test to Hillfort glasses and validate

Take glass samples from 
Swedish Hillfort 

Study corrosion and corrosion 
environment

Make glass of identical composition 

Develop a low temperature glass 
corrosion test

Confirm ease and reproducibility 
between three laboratories 

Exchange the controversial VHT 
test for the new test

Combined Project Objectives
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2.2.2.17.3 “The glass corrosion rate shall 
be measured using at least a seven (7)-
day vapor hydration test run at 200°C”. 

“The measured glass alteration rate shall 
be less than 50 grams/(m2 day)”. 

 

Specimens Deionized water 

Pt wire 

Stainless steel support 

Vessel 
closure 
Teflon 
gasket 

Stainless steel lid 

Stainless 
steel vessel 

0 days 15 days

The Vapor Hydration Test (VHT)

High variability between labs

High variability between operators 

Inconsistent with assessment of glass durability 
under the anticipated disposal conditions

Large uncertainties in dissolution rate

Durability Tests to 
Qualify Wastes
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• Determine the long-term durability of Broborg hillfort glass to support putting Hanford low-
activity waste (LAW) glass in the Integrated Disposal Facility (IDF)

• Provide further insight into the anthropological and archeological interpretation of the 
Broborg Hillfort Site, Sweden 

Glass analogues can be used to assess 
performance LAW glass for storage of 
radioactive waste for 10,000+ years

Broborg Project Objectives
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Broborg Hillfort Project Team
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• Excavating down to original 
structure to obtain 
information on: 
o Broborg construction 

and history 
o Glass samples 

transecting wall to study 
thermal history, 
alteration and microbial 
impacts 

o Oriented glass samples 
for paleomagnetometry

o Carbon dating charcoal 
and bone fragments 
from cooking fires  

Broborg Excavation 
Phase 2, Fall 2017
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Summary & Conclusions

• Broborg glasses fulfill several important 
prerequisites for good analogues for nuclear 
waste glass:

• Similar chemical composition
• Similar mechanisms of corrosion
• Alteration in similar, known environmental 

conditions
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Questions?
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Backup
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Hanford History, cont.
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For a given waste composition (wi),
determine mineral addition (ai),
to obtain glass composition (gi),
with optimized properties (P),

and maximized waste loading (W)
The selection of properties to be optimized depends on melter 

technology and glass acceptability criteria 

Formulating Glass
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Q is delivered through the 
cold-cap bottom and transferred 
through the foam layer. 

Reaction layer

Foam 
layer

Materials 
move down 

Feed is 
converted 

to glass

The feed-to-glass conversion 
heat is related to the rate of 
melting: 

Melt

Q conversion heat flux 
ΔH reaction heat 
CP heat capacity
ΔT cold cap temperature difference
j melting rateHeat (Q)

flows up 

Negligible 
heat 
consumption

Reactions 
consume 
heat

Heat Transfer
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• Many attempts have been made
to predict Nepheline (NaAlSiO4)
formation

o Most successful was the
Li et al. 199713 Nepheline
discriminator:

Nepheline Precipitation
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Sulfur Tolerance in HLW Glass
• At concentrations above the sulfur tolerance limit, a sulfate containing salt 

accumulates on the melt surface
• About 22% of the projected HLW feed batches to the WTP are expected to be 

limited by sulfate (WTP Contract Minimum 0.5%)

Crystal Tolerance 
Two approaches considered: 
• Matyas et al. 2013 model for predicting the accumulation rate of spinel in the 

pour-spout riser at 850°C
• Limit the crystal fraction in the melt

Spinel [Fe,Zn,Mn][Fe,Cr,Mn,Al]2O4 Eskolaite Cr2O3
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Selection of Feeds

10 µm

50 µm

AZ-102

AN-102

(AN-102)

(AZ-102)

AN-102 and AZ-102 feeds with large 
difference in Re/Tc retention from DM10 
tests were selected for initial set of crucible 
tests
 AN-102: medium sulfur, high nitrates
 AZ-102: high sulfur, low nitrates

Data and plot from VSL-11R2260-1, Rev 0

“Na2O + K2O” wt% versus SO3 wt% for 7 representative 
LAW feeds (WTP LAW glass formulation rules)

Based on Re and 99mTc Retention Data 
from small-scale melter (DM10) Tests 
by Vitreous State Laboratory (VSL)
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• Stage I: Hydrolysis of the silicate network, followed by rapid dissolution and ion exchange 
between the glass and altering medium. 

• Stage II: Dissolution rate decreases and levels out as gel-like alteration layer is stabilized, 
pseudo equilibrium between formation and dissolution of alteration layer

• Stage III: Glass alteration rates increase concomitant with the precipitation and growth of 
crystalline secondary phases (zeolites, magnesium silicates, iron silicates, etc.). 

 Stage I and II testable by short-term accelerated aging experiments, but Stage III less well 
understood  

Glass Corrosion: 
Accelerated Aging Tests
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• >10,000 Hillforts in Northern Europe (most from Iron Age 400-850 AD but some from 450 BC)
• Many are vitrified: Destructive? Incidental? Constructive?
• Iron beneficiation knowledge (burning charcoal/wood and controlling air flow) may have been 

used to achieve high vitrification temperatures at Broborg (800-1100°C)?

V.G. Childe and W. Thorneycroft, Proceedings of the Society of Antiquaries of Scotland, 72, 44-55 (1937)

Broborg Construction



38

Summary & Conclusions
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