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Secondary Waste Form Testing

Purpose: Conduct a testing program to support a waste
form down selection and the long-term durability
evaluation of a waste form(s) for the solidification of
secondary wastes from the treatment and immobilization
of Hanford radioactive tank wastes.

Client: Washington River Protection Solutions

Phase 1. Identify and assess viability of waste form
candidates

Phase 2. Develop, optimize, and characterize waste
forms to support down selection

Phase 3: Provide data on the selected waste form to
support Integrated Disposal Facility (IDF) performance
assessment and Effluent Treatment Faclility (ETF) facility

upgrade design 7
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What are Secondary Wastes?

Process condensates and scrubber and/or off-gas
treatment liguids from the pretreatment and ILAW melter
facilities at the Hanford Tank Waste Treatment and
Immobilization Plant (WTP).

Sent from WTP to the ETF for treatment and disposal

W Treated liquid effluents under the ETF State Wastewater
Discharge Permit

m Solidified liquid effluents under the Dangerous Waste
Permit for disposal at the IDF

Solidification Treatment Unit to be added to ETF to
provide capacity for WTP secondary liquid wastes
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WTP LAW Flow Diagram

Feed will be prepared
from pretreated
supernatant and glass
forming chemicals

Treated LAW Concentrate
From Pretreatment
CRYV batch volume of 9K gal

Waste Loading: Ranges from
3wt % to 14 wt % Na20

LAW Concentrate
Receipt
9 Kgal

CRV Sample Hold Point
H  Agitate for 30 minutes

H  Hold Point: Sample turnaround 11 hours

H 16 Hour tank capacity

Treated LAW Concentrate
From Pretreatment

LAW Concentrate L?W (I:\illglter 2
Receipt (B 1P
9 Kgal Slkgal
| mmissioning: Hot Commissioning:

20 days @ 30 MTG/day with
5 day sprint run of 36 MTG/day

Print in Blue Indicates
Contract Driver

NOTES:

All Volumes are batch sizes
<> = Hold Points

A = Throughput Constraint

CRV Sample
Hold Point

Batch Size: 340 ft’ - 415 ft*
Glass Former Materials:
Silica

Zinc oxide

Titanium dioxide

Ferric oxide

Zirconium silicate
Lithium carbonate

Boric acid

Aluminum silicate
Magnesium silicate
Calcium silicate
Sucrose

Fas | Melter 1
Glass Former
Feed Hopper
= 3 Kgal

Batch transfer
MFV: 3 Kgal

— >
== Melter Feed

3 Kgal

CRV sample
Hold Point

Melter Feed

188 containers in 47 days

: X
- ﬁ Melter Feed 2.5 - 3.2 gpm
>

Buffer Store

(D6 eoE
®e0® @o
jolelole @o

Melter Parameters:
Melter Pool Temp 1150° C
248 ft3 (1,855 gallons)

Product Container Requirements:

Surface contamination <220 dpm/100cm? o
& <2200 dpm/100 cm? B—y

Sample, co»
Inert Fill Decon
& Lidding H
N j—>
4

Dimensions (LxXWxH):
External 22' x 30" x 16'
LAW Melter 1 LAW Melter 1 Internal 6.5' x 16 x 2.5
Feed Prep Feed
3 Kgal 3 Kgal
— A Pour Cave 'A Pour Cave
Glass. Melter 2
Formers | - Glass Former Container Requirements:  Normal:
Feed Hopper H <10,000Kg (10 MTG) 6 MTG

H >90 % full
H No free liquids

ﬁ Melter Feed

LAW Melter 2

SBS
4 Kgal

Offgas Cooling
Particulate Removal

WESP

Moisture/

Removal

LJIK, LAW Flow diagram
Rev. 1a, 11/11/03

SBS WESP
4 Kgal
Drain sump
Collection
4 Kgal
SBS
Condensate
16 Kgal

16,000 gal every 48 hours

Liquid Effluents to
Pretreatment Facility <

10,000 gal every 24 hours

Particulate

Swabbing

Primary Offgas !

e

Product Container Requirements:
H <500 mRem/hr on contact
H <465 °F (550 °F for single pour)

I\

Off-gas treatment system is
designed to meet environmental
permitting requirements

TFC
Transport
Secondary Offgas
Offgas
Particulate Removal  Exhausters

Provide Motive Force
Provides for NOx removal on LOP

Mercury
Removal

Carbon

Oxidize VOCs, SOx and CO
Reduce NOx using NH3

=

Remove lodine
Final NOx & SOx
Destruction

C3/C5 Caustic e
i Scrubber g
Drains Exhaust
Caustic
Collection
10 Kgal
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WTP Pretreatment Facility R e

LAW Feed Receipt = = Eif:m FEP Process Condensate Collection
from Tank Farm reated LAW porators 265K gal
oK ol oty UF Feed Prep 46K ga 26K gl
UF Feed UF Permeate/\Wash Cs IX Feed
25K gal 22K gal 78K gal Cs IX Systemn oroomcs
Permeate Condensate

— Filtration
Concentrate l i
_? To LERFIETF
Recovered Eluant TLP Evap
i 6K gal LAW SBS Recycle
i 80K gal
2 Washed Solids - 20 wi% G Mg Add
& Cs Concentrate
) i 12K gal
HLW Feed Receipt z i ﬁ Treated LAW Concenirate
from Tank Farm UF Caustic Cleaning e 93K gal
160K gal IX Regenerate & Rinse §
= Used for staging
§ of HLW products To LAW
L
UF Acid Cleaning
HLW Blend
81K gal
Evap Feed
50K gal

LAY Wash from RLD-03  HLW Canister Decon, HLW SBS,
PT Off-Gas Systems HLW WESP, HEME Condensate,
HLW Wash from RLD-08

Overflows, Drains, Plant Wash
from HLW-RLD-08

HLW Recycle Receipt  Ulimate Overflow
15K gal 15K gal

To HLW

Plant Wash
60K gal

Pacific Northwest
NATIONAL LABORATORY

Proudly Operated by Battelle Since 1965




LERF/ETF Treated Secondary Waste \\ IDF ll

Evaporator Caustic Scrubber Solution
Condensate
Solution
Evaporator SBS/ Secondary
Condensate WESP Off gas
SBS Condensate 4/]\
Evaporator
LAW Concenfrate l
Melter
Glass
Pretreatment
LAW
V|tr|f|catvon
Supplemental Treatment Waste Form

Su pplelnental S \\/ Secondary Wastes V
econdary Wastes .
Treatment
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Secondary Waste Form Testing
Phase 1

» |dentify candidate waste forms
B Previous secondary waste form studies
W Literature review
B WRPS call for expressions of interest

» Laboratory tests to assess viablility of select candidate
waste forms

B Cast Stone and Duralith geopolymer
W Secondary waste simulant spiked with Tc

®m Draft EPA methods 1313 and 1316 for effects of pH and
liquid to solid ratio

® Draft EPA method 1315 for Tc diffusivity from monoliths |
» Independent panel to review results 7
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Immobilization Methods

Cast Stone

DuraLith alkali-aluminosilicate geopolymer
Ceramicrete phosphate bonded ceramic
Encapsulated Fluidized-Bed Steam Reformer product

Other Waste Forms

® Alkali-aluminosilicate hydroceramic cement
B Goethite

W L-TEM Technology

B Sodalite

B Geomelt vitrification technology

® Tailored waste form technology based on Synroc ceramic
titanate minerals

® Nochar blend of acrylics and acrylamide co-polymers ~__-~
Getters Pacific Northwest
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Tc-99 Diffusivity, cm?/s
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Waste Forms

Ceramicrete
Side
‘f 5{ é ; é ‘9rr1IDI1’1‘1’9’1IZI1|4I115I1!6‘1‘7I1|8‘1|9 210 =
Ceramicrete
Hanford Secondary Waste
HSN/NS/102005/7

TB-9R3-Samples

VSL/CUA
Duralith . pm
HW —Sem Pacific Northwest
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Secondary Waste Form Testing
Phase 2

Waste form development and optimization

W Cast Stone, DuralLith, Ceramicrete

B Optimize waste loading

W Evaluate robustness of waste form to waste variability
Fluidized Bed Steam Reformer product characterization
Demonstrate compliance with waste acceptance criteria

Engineering-scale process demonstrations
® DuraLith, Ceramicrete

Mechanisms of radionuclide retention to support waste
form selection

W Sequestered Tc speciation, porosity, waste form reductive
capacity, EPA 1314 column leach tests \/
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Normalized Simulant Concentrations
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Cast Stone

» CH2M Hill, Inc

» Ingredients
¥ Portland Cement type I, I
W Fly Ash Class F
® Blast Furnace Slag

» Getters Tested

W Bone char, bone ash, bone black, synthetic apatites, iron
(Fe®) powder, Fe- phosphate, silver (Ag)-zeolite,
tin (Sn[ll])-apatite

» \Wastes
W Basin 43 Waste — LERF
® Low-Activity Waste (LAW) Simulant loading 8.2 — 24.2% wt
W lodine (I)-rich caustic waste - Hanford /
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DuraLith Alkali Alumino-silicate Geopolymer

» Catholic University of America
(Vitreous State Laboratory —
VSL/CUA)

» |Ingredients
® Silica and alumina source
m Alkaline solution

» Forms amorphous or partially  FRERE Sl
microcrystalline geopolymer VSL/CUA

Duralith
» Three-dimensional matrix w 'ﬁ
¥ poly sialate (-SI-O-AI-0O-)
¥ poly sialate-siloxo (-Si—O-Al-0O-Si-)
B sialate-disiloxo (-SI-Al-Si—O-Si-0-)
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DuraLith Process Description

» Waste receipt
» Reagents addition
» Dry materials / liquid blending
» Key Equipment
B Wet and dry chemical storage
B Waste receipt / lag storage tank
B Reagent addition tank
B Ribbon-type mixer
M Vibrator for disposal container
» Bench-scale preparation 6-inch x 12-inch cylinder
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Ceramicrete Phosphate Bonded Ceramic

» CH2ZMHILL &
Argonne National Laboratory (ANL)
» Ingredients:

. . Side
B Magnesium oxide
B Potassium acid phosphate
m Calcium silicate filler
® Waste s e
Ceramicrete
Hanford Secondary Waste
HSN/NS/102005/7

» MgO + KH,PO, + 5H,0-> MgKPO, * 6H,0

7
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Ceramicrete Process Description

» Waste receipt

» Partial neutralization

» Reagents addition

» Dry materials / liquid blending

» Key Equipment
B Wet and dry chemical storage
B Waste receipt / lag storage tank

B Neutralization / reagent addition tank
B Ribbon-type mixer

» Process demonstrated with dry wastes at drum scale with

drum mixer -
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Ceramicrete Process
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ANL Ceramicrete Compressive Strength

Compressive strength over time for Baseline
samples

" After 15 days ™ After 30 days ™ After 60 days

Compressive Strength (psi)
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ANL Ceramicrete Compressive Strength
cont’

Compressive strength over time after water
immersion for Baseline samples

¥ As Fabricated ™ After 30 days water immersion ™ After 60 days water immersion

Compressive Strength (psi)

i = . = o g o0
~ — — = 98 = = S =% =
+ -+ <+ + + [T = _— i (¥ ]
<< T <C = i & fo VW e
A - g E+ g E°
=" s s < = 1A - i
Pacific Northwest
NATIONAL LABORATORY
20 Proudly Operated by Battelle Since 1965




Fluidized Bed Steam Reforming Waste Form

Prepared by Advanced Remediation Technologies (ART)
Project

Hanford off-gas recycle simulant spiked with Re, and
RCRA metals

Processed through Hazen Engineering Scale Technology
Demonstration (ESTD) Facility

FBSR granular product encapsulated in GEO7
geopolymer matrix at SRNL

2-inch x 4-inch cylinders provide to PNNL for
characterization
® Diffusivity, Leachability Index — ANSI/ANS 16.1/EPA 1315

¥ Draft EPA methods 1313 and 1316 for effects of pH and

liquid to solid ratio \;/
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Preliminary Waste Acceptance Criteria

» Land Disposal Restrictions — Toxicity Characteristic
Leaching Procedure (TCLP)

» No free liquids
» Compressive strength — 3.45 MPa (500 psi)
» Waste form stability — ANSI/ANS 16.1 Leachability
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Toxicity Characteristic Leaching Procedure
TCLP

» For RCRA Metals (Cr, Ag, Cd, Hg, Pb, As, Ba, Se)
» To address Land Disposal Restrictions

Cast Stone Ceramicrete Duralith FBSR /
Geopolymer | Geopolymer

Other Wastes  Pass except Pass except
for Cr at for Se in
highest waste highly spiked
loading waste
Secondary Pass Pass
Waste
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Compressive Strength
3.45 MPa (500 psi) Minimum

Cast Stone | Ceramicrete Duralith FBSR /
Geopolymer | Geopolymer

Other Wastes 8.0-16.3 8.6 —-15.2

Secondary 7.6 -18.7 28.1 - 33.6 27.5—-40.5
Waste

Secondary 34.6 29.1
Waste
Irradiated

All waste forms meet compressive strength requirement
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Leachability Index — Tc
(ANSI/ANS 16.1 or EPA Draft Method 1315)

Larger LI = | Cast Stone | Ceramicrete Duralith FBSR/

Lower Geopolymer | Geopolymer
Leaching

Other Wastes 95-104 85-14.6

—Tc

Secondary 9.0-12.8 8.9-11.4
Waste — Tc

Secondary 7.2 10.4
Waste — Re
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Secondary Waste Form Testing
Next Steps

Complete waste form optimization — January 2011
Engineering scale demonstrations — February 2011
Initial waste form down selection — March / April 2011

Final secondary waste form down selection — September
2011

Agreement with Washington State Department of Ecology
on secondary waste form selection — February 2012

Effluent Treatment Facility Supplemental Treatment Unit
Critical Decision 1 data package — February 2012

Initiate Phase 3 to support ETF upgrade design and
IDF PA — April 2011

w7

Pacific Northwest
NATIONAL LABORATORY

26 Proudly Operated by Battelle Since 1965

6 é ose




Questions?

Joe Westsik
loseph.westsik@pnl.gov

7
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