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Calcine is Solidified First & Other Cycle Raffinate

e Resulted in a7 to 1 volume reduction
« Capable of being safely stored for several hundred years in 43
large shielded bins contained in six bin sets

Fuel Element
Dissolution

Spent Fuel

torage Product

i Denitrator
Dl (solidification)

Spent Fuel
From
Reactors

Calcine

Storage L")
Bins

Off-Site

G1422.02




7—7,/_—7

Calcine Generation History

Idaho
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Campaign Parameters
Begin End Volume | Volume | Volume | Curies
gal ft3 m?>
Dec- 63 | Mar - 81 | 4,081,000 77,300 2,189
Aug - 82 | May - 00 | 3,644,000| 78,000 2,209
Total 7,725,000 | 155,300 4,398 | 3.64E+07




-’/__—7
Calcine Solids Storage Facility (CSSF)

Status | CSSF | Bins | Capacity
(m’)
12 227
851
1,130
486
1,010
1,506
Sub | 43 5,210

Not 7 7 1,784
n
Use

In
Use
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Total | 50 6,994
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Hot Isostatic Press Treatment TechnNgy

The Department Selected Hot Isostatic Press Process as the
preferred Calcine treatment technology (December 2009
Record of Decision)

Established in US industry for 30 years

Produces robust glass-ceramic waste form

Volume reduction

Results 1n large life-cycle cost savings through final
disposition
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Basic Hot Isostatic Pressing Process

¢ HIP patented in the US by Romp in 1941.

— Battelle patented HIP process to diffusion bond
nuclear fuel in 1964.
¢ Technology consists of a pressure vessel
containing an electrically heated furnace.

¢ Components are placed in a sealed can
inside the furnace and i1sostatically pressed
with argon gas to maximum density

— Temperatures to 2,550 degrees C

* 1,050-1,200 degrees C required for calcine
treatment

— Pressures to 30,000 psi

* 5,100-7,200 psi required for calcine treatment
® Pressure vessels are built to stringent
ASME codes, and include active and
passive safety systems.

— HIP vessels experience less than 0.1% failure rate

» HIP can isolates pressure vessel from
contamination
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HIP Process Flow
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Project Status

¢ Focus for FY2011-2012 on HIP Technology Maturation to support
Critical Decision-1

¢ EM Technology Readiness Assessment (TRA) on-site visit July 2010
¢ Key FY11/12 milestones

» Technology Maturation Plan scope is complete

— In review process with DOE-HQ TRA Team

— Submit to DOE-HQ (November 2010)
Complete calcine-related technologies to TRL-4

— HIP Can and HIP Can Containment by December 2011

— Ceramic additive/simulant formulation by March 2012

» May require maturation plan revision to address outstanding issues

Submit CD-1 package to DOE-HQ (June 2012)
Advance technology toward achieving TRL-6

DOE submit RCRA Permit Modification to State of l[daho (December 2012)

CH2MsWGE
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DOE TRA Team TRL Determination

Critical Technology Element Technology Readiness Level by October 4, 2010
Retrieval/pneumatic transfer 4
Batching, sampling, and mixing 4
Ceramic additive formulation 3
HIP can 3
HIP furnace/HCC 2
HIP can filling/closure 4
Bakeout system 4
Canister loading and closure 4
Remote operation and maintenance 4
Characterization (feed, admixture, and product) 4
Simulant Formulation 3
HIP hot isostatic pressing

HIP furnace/HCC HIP furnace/HIP can containment
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~  Calcine FY11 & FY12 Approach
to Achieve TRL-4 and Advance TRL-6

Idaho
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Major Activity

FY 11

FY 12

Subtotal

Achieve TRL-4*
e Develop HIP can (currently at TRL-3) December 2011
e Develop HIP can containment (currently at TRL-2) December 2011

e Develop ceramic additive/simulant formulation (currently at TRL-3)
March 2012

e Advance Bin Set 1-5 retrieval technology
e Advance 23 subsystems critical/high risk to RCRA permit submittal

$13.3M

$13.9M

$27.2M

Deliver CD-1 package to DOE-HQ (June 2012)*

e Complete conceptual design (drawings, engineering design files, etc.) of
Bin Sets 1-5 retrieval, and HIP support subsystems

o Perform external/internal reviews (PDRI Review, final package
preparation)

$5M

$4.5M

$9.5

Advance TRL-6 (September 2016)**

e Design/engineer mockup layout, produce drawings, solicitation of
vendors, identification of long lead items, complete package for
procurement and installation of mockup facility

$1M

$2M

$3M

$19.3M

$20.4M

$39.7M

B milestone by December 2012
' ~ **Long lead procurements occur in FY13 in support of TRL-6
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Schedules are for display anly.

Official schedules are maintained

in COP PEP. This infa may not represent
the latest schedule adjustrents.

Staples (1988)

- Additive vatiation
- Low-leach product

Yinjamuri (1991)
- titanate minerals
- low-leach product

Raman (1993}

- Additive vatiants
compared for
leachahility

MNelson (1993)

- Can design
variants

Raman (1998}
- RCRA metals
mineralized
as sulfates

- PCT rnet
- TCLP met except

IMLAANSTO (2009)

Cd, Hy

PLM-3448

- Waste form development
strategy

Past studies,
applicable literature

Laboratory, modeling efforts

Prototype, mockup, scaled
demonstrations

N

FY2010 FY2011 FY2012 FY2013 FY2014 FY2015 FY2016 FY2017
CD-1 subrmittal [\ SHbmif BERA 2 A\
To DOE g PR to Idaho-DEQ
Submit RCRA, A Diraft BDAT Final EDAT
PR ta DOE Submittal Submittal
|
Risks |
mitigated
Bake out tempers |
Develop surrogate
and additive recipe
Determine bake out
time and temperatures
Define post
hake-out requirements
Establish HIP mix physical,
mechanical, chemical props.
Test mix
densification behavior
Small Small . o _
can tests | Fans, 1 recipd Treatability study
1 recipe for  Paperstudy to define Real wa?te
each calcine type 1 recipe envelope Correlations
Medium Medium can
| can tests bounding
Single recipe - H B i r
scaling factors Construct integrated fullscale | [large can Large can Repeated cans| | Repeated cans
mockup facility tests hounding for BDAT for RAMI

Full-scale mockup testing Confidence interval

Fullscale mockup system

Procurement and assemhly Operating envelope

Conceptual Design

Preliminary Design
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HIP Can Tec

gyD p ‘Roadmap

Schedules are for display anly. ‘

FYy200 | Fv2m1 | Fya12 | Fy213 | Fyaomu

FY2015 FY2016 ‘ FY2017

Cfficial schedules are maintained
In CDP PEP. This infa may not
represent the latest schedule adjustments.

Larker and Tegman (1981)

- HIF of rad waste at same full scale

Staples (1988)

- Process parameters

MNelson and Yinjamuri (1995)

- Zan design variants

Bateran (2002)

- HIF in rad environment

[NLIANSTO (2009)
- PCT met
- TCLP met except Cd, Hy

EDF-9643 HIP Can Conc. Design
- Components compatible

- Scaling

- Risks

- Manufacturing processes

EDF-8644, Small Can Analysis [
large can attachment)
- Modeling and simulation, scaled equip
- Testing requirements, perform metrics
- Component compatibility

EDF-8578 HIP Can Trade Study

- Cost drivers
- Manufacturing processes, mitigation far risks

EDF-8794 HIP Process Parametric Calc
- Sealing

EDF-9716, FMEA

- Risks, operating limits

SDD-292, HIF Can
SD0-270, HIP Treatment

- Designs, drawings, pracess flow)
- Full scale design

Past studies,
applicable literature

Laboratory, modeling efforts

Prototype, mockup, scaled
demonstrations

Design Phases

rn

Submit CD-1
to DOE

Submit RCRA
PMR to ldaho-DEQ

A& @

Submit RCRA
PMR ta DOE

Draft BOAT
Submittal

Risks

2z A

Final BDAT A
Submittal

mitigated

HIP can tests designs Can optimization and manufacturability

Develop model, refine / conduct bounding conditions experimentation with multiphysics
muodel of can/ mix interactions, including correlations to physical data. Conduct plasticity analysis.

Small Medium
can can
tests tests

Fullscale
can tests

Construct integrated full scale
mockup facility

Testing of HIP Can remote handling

Procure, install full scale HIP system

Repeated HIP treatment of full sized cans HIP can RAMI

Conceptual Design

Component testing
System integration
System to system remote operations,
interference identification
Remote maintenance and recovery
Rapid manned maintenance and recovery (ALARA)

Preliminary Design




sheasesanordoon | FY2010 | Fyaom | Fvao12 | Fv2013 | Fvaom |

Cfficial schedules are maintained
in CDP PEP. Thiz infa may nat
represent the latest schedule adiustments.

Previous remote handling,
maintenance experience
- Remote handling, maintenance

HIP commercial websites (e.g. avure.com)
- Full-size HIP units available to industry

Filter commercial websites (e g. mottcorp .com)
- Full-size HIP units available to industry

EDF-9775, HCC Trade Study
- Basic performance, phenomena
- Cost drivers

-- Heat transfer, fluid flow parameters
-- Interface characteristics

EDF-9712 HCC Thermal Analysis

- Basic performance of integrated HCC modeled

EDF-9757, HCC FMEA Study

- Failure modes, risks
- Process limits

EDF-9734, Parametric Calculation

- Scaling studies
- Process, safety limits

DOM-027, Filter Test

- Defined test requirement, components

SOD-269
- Design, BFD, PFD, General Arrangernent, integration

Past studies,
applicable literature

Laboratory, modeling efforts

Prototype, mockup, scaled
demonstrations

Design Phases
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Fy2o015 | Fyaom | Fvaorz
Submit CD-1 Subrmit RCRA
To DOE /_\‘ <> <> PMR to ldaho-DEQ Draf BDAT e A
SR Subrrittal Final BDAT
! Submittal
Risks |
mitigated ‘
Establish |
volatilization
characteristics

of calcine

during HIP

treatment

Furnace/HCC tests designs Mudelf_analyze flfrnace-’HCC int?.grity
during handling and operation
Furnace/HCC | Furm;;:il;ﬁ;:etz?tmg
jpedaling off-normal conditions
Initial ]
Furnace/HCC = -
testing HCC integrity
testing
Survivahility under
off-normal conditions
Fabricate
furnace/HCC for testing
Construct integrated full scale Testing of HCC handling, Furnace/HCC RAMI
mockup facility recovery operations

Component testing
System integration, interaction,

Procure, install full scale HIP system interference identification
Remote maintenance and recovery
Rapid manned maintenance and recovery (ALARA)

Conceptual Design Preliminary Design
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Calcine Project Schedule

Calcine Disposition Project Schedule (Baseline vs. Revised

FYO7 | FYO8 |FY 09 |FY 10 |FY 11 |FY 1Z [FY 13 [FY 14 ([FY 15 |FY 16 [FY 17 |FY 18|FY 19 |FY 20| FY 21

A ROD—>

cD-0 l’——Si_te Treatment Plan

FY2Z | FY 23 |FY 24 |[FY 25 |FY 26 |FY 27 ([FY 28 |[FY 29 [FY 30 |FY 31 |FY 32 |FY 33 |FY 34 | FY 35

Approved Baseline Schedule

'|( 12:{3 1/ 10) Rl:auised: StI'EIt:Eg!,I' S:l:hedu:le _

Concepi:ual Design (CD-1)

--HCC /HIP Can @ TRL-4 (12/1 _1)
--Waste Form @ TRL-4 (3/12)
--CD-1 Submitted to DOE-HQ (6,/12)
--CD-1 Approved (8/12 to 11/12)
--Draft Permit Mods Submitted to DOE (9,/12)
O——F_’erm_it Mods Submitted to State of Idaho (12/01/12)

— TRL-4 - : ,P\

Preliminari Desiin iBD;Zi
Final Desiin iED—é)

i i

IWTU Decon,/ Strip

A

iConstruction (CD-4

iWwaste Form/ Full-Scale Mocku
= [e—
ésistems Test

J\ submit Mod (if Required)

Suhm_ t RCRA PMRs—

A

iOperationsi

RCRA Permit Review

Submit RCRA PMRs—

"\ submit Mod (if Required)
: Road Ready-—--- -
(12/1,/2012) Target Date
--5A (12/31/35)
‘Mod Review (if Rl_aquire:d) . .
-Settlement Agreement Milestone &—Project milestone 9,/30,/2010
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