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Long History of Robust Microencapsulated Fuel

1980s
} ACeramic coated ATRISO fuel ADeveloped for GEN |
particle fuel adapted program. >19%
developed for for high burnup
extreme temperature
performance operation in A3X neutron dose

in nuclear rockets modular HTR Performance LWR fu

(ROVER/NERVA) AExtension to noRTR
ATRISO used for application:

large graphite Deep Buii HTGR

reactors (GCRs) Deep Burit LWR

Direct Fudél LWR
ThoriaSeedi LWR
Direct Fuél AHTR




Microencapsul ated Fuel

Deep Bum HTGR Transuranic waste (TRU) removed in a siagie from LWR used fuel
formed into kernel of TRISO and burned as fuel in classic HTGR.
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LWR Depletion in Thermal Neutron Spectrum

Nominal LWR TRU
composition
(DB fresh fuel)

Pu-239 and Pu-240

0.5 provide stable reactivity .; .;
Effective utilization of 2nd
04 F N\ S generation fissile Pu-241 |
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TRISO
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Fast Neutron Fluence (>10keV)

A -23D pearly eliminated. Main contributors to heat lo@&4{PArR241, Pu238) are effectiv
depleted.A Heat load was main driver defining volume of Yucca Mountain Repository



L

Fuel Shuffing -HTR Deep Burn

ATLEETN
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. Fresh (R3)
Once-burned (R4)

. Twice-burned (R2)

. Triple-burned (R1)

In the ongoing DAEE FCRD program, both operational and
safety aspects of the HTR Deep Burn are being carried out,
in prismatic and pebble bed designs. Fuel utilization and saf
are not considerably different than for standard UO2 fuels.
Loading of ofreshoé radioact
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Understand and
Produce High

Establish
TRU Coating
Capability

TRISO
Irradiation
Performance

Quality CPF |

| Deep Burn i LWR, under DOE FCRD Program SN

A Conceptual |l THIGR| | hut tosDegpeBusnni

Establish
TRU Kernel Capability

TRU or U
Feedstock

Modeling
&
Verification

Irradiation of Pins
1 TRU Pin, 4 Fresh UO2 Pins

Acully Ceramic Fuel Compacting
* Environmental Performance



Microencapsulated fuel for LWR Application

LWR Fuel Rod

Graphite Compact for Pebble BHR

Smm graphite layé

Coated particles embedded in graphite
matnx

Pyrolytic carbon 40/ 1000mm

Siicon carbide barrier coating
35/ 1000mm

Dia 60mm

Fuel sphere
Inner pyrolytic carbon

40/1000mm

-

Dva 0.5mm
Uranwm doxide
Fuel kernel

Section

Porous carbon buffer 95/1000mm —
Dia 0.92mm
TRISO
coated particle
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Enabling Technology for LWR Application:
Fully ceramic micro -encapsulated (FCM) fuel

UQ,DV/V=10%

SiCMatrix: High conductivity, radiation stable, should not crack SiCDV/V=1%

or release Fission Produgdée”)gases
Graphite replaced with radiation stable, high condu&idty
SiCmatrix provides secondary FP barrier
Benign reaction with water under operating/LOCA conditig

Low centerline temperature in LWRSs should eliminate Fi
Product migration issues, mitigate LOCA concerns

I Recently patenteghd undergoing irradiation-EY/FY12.
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Purposeful Mishandling of SIC Compact

A Crack is induced in matrix of compact.

A Engineering the outer layer of the Coated
Particle Fuel with a layer of grapiiEy( a
crack will be deflected around pressure
vesselAno FP rel easee.
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0.2¢0.3 W/particle
Experience to 1 W/particle
Linear Poweper Rod = 20 kW/m

TRU Power
Production

-------- FCM fuel compact

.......... (fuel pin)

Fuel compact

B Code: MCCAR-D/Ionte;lca_rlc_rdeplgi@n
calculation- Nuclear library : ENE

el ElE R s s 500¢ 1000 TRISO particles/cm B Temperature : fuel pin (including claddir

600K, coolant 30&

Coated fuel
particle (TRISO)

Outer PyCcoatings

Coated BP
particle (BISO)

_ Burnablgyoison

Cladding (GCD
can also be
Gap manufactured
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Deep Burn i LWR GRimee 11

A As wi t hi HTRoencdptthe DOBRCRDIs looking into fuel utilization, defi
and safety aspects of the Deep BWWR concepit.

1.3
—«— Type 1 (Er203)
—— Type 2 (Gd203)
1.2 —— Type 3 (Gd203)

0.9 1

0 | 260 | 460 | 660 | 860 | 1dOO | 1200
EFPD
A Prel i mi nar y Pubeasng TRUsvithithe apprapaatedurnalilelpaidon

does not raise safety issues with regards to reactivity coefficients, and does not prodt
significant hobr-cold rods within bundle, and significantly reduced TRU inventory.
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Comparing Effectiveness of Platforms for TRU Burning
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Exploring Full Fueling of LWF

A Coated Parti SiCmatrikis leeing developerpaa & potential LWIR/AKTR fuel.
-the SIGTRISO shell, arglCmatrix provide two additional barriers to FP release
- SiChas very good irradiation stability, thermal conductivity, and LOCA performance.

A Over the past year the program has propc
optimized matrix, define the appropriate fuel form (petshrand understand-neactor performance

A |l n just over a year the fuel form has gc
fabricated with UCO kernels ready for irradiation.

First discussion and FCM Optimized Matrix12/2010 3/2011 demonstration of U-FCM
SiCmatrix compact P ready for reactor irradiation

SEl 10.0kV X70 WD 10.8mm  100um





















