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India’s Nuclear Power Programme
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aia’s Nuclear Power Programme
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Currently Operating Reactors PHWRs; BWR; VVER
Total Powder Produced: 5780 MWe 4300 MWe (under construction)
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F-actors driving the growth of the NPP-in India

" «Enhancement of installed capacity
*FBRs for Sustainability
«Safe and Proliferation Resistance Concepts-Metal Fuelled FBRs- Pyro

*Minimizing Radiotoxic Burden to the Environment

Closed Fuel Cycle

Sodium Fast Reactors
uith (losed Fuel Cycle

Efficient Waste Management
(Nuclear Recycle Board, BARC)

v'Waste volume minimization

v'Recovery and recycle of valuables

Wealth from Waste

= v"Near zero release of radioactive wastes to the biosphere
TR MA P&T
v'Isolation of radioactive waste from environment for extended periods
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v'Advanced processes
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*Research Reactors
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Reprocessing Flow-Sheets
*Aqueous Reprocessing (PUREX)
*Non-aqueous (Pyro-chemical

R. G. Yeotikar, IANCAS Bull. 2007 S5
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Adopted from Kanvar Raj et al. Thoria-based Nuclear Fuels 2013.
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CHARACITERIZARON NREATMENT CONDITIONING
[ g
LIQUID WASTE | SOLID WASTE Cementation
LLW/ILW
E r
LLW 1mCi - 10 mCi

ILW 10mCi — 10 Ci
HLW > 10 Ci

Chemical
Treatment

Compaction
5 times VV Rdn. Polymerization
LLW /ILW
Incineration

lon Exchange 50 times V Redn.

Bituminization

Reverse Osmosis
8 -10 times V Rdn

Size
Fragmentation

' Vitrification
Repacking HLW

Evaporation
Solar Rajasthan
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Adopted from Kanvar Raj et al. Thoria-based Nuclear Fuels 2013.
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" ENVIRONMENTAL
INSRERMIMISITIORAGE D) ISIFON AL MONITERING/CONTROL
[ y
+Alpha contaminated waste ._LILwaSte Short HLW & Short mON|TOR|NG water, soil,
lived lived Waste vegetation, near waste

-
*Waste requiring treatment
/conditioning in future

-Earth/stone lined | management factlity.
s MONITORING of
«Reinforced Deen Geolodical environment near nuclear
Concrete trenches eep >eologica facility.

Disposal
*Tile Holes

1 «Vitrified waste for cooling
pending disposal

INSTITUTIONAL DISPOSAL
of near surface disposal
facility for 300 years

In India as a matter of National Policy Near Surface Disposal Facility is
co-located with every nuclear facility. Currently 7 NSDFs are operational in the
country

Reducing Radioactive Wastes (RRW) - 2016

Adopted from Kanvar Raj et al. Thoria-based Nuclear Fuels 2013. 8
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TiO,
Na,O
MnO,

Adopted from : Kanvar Raj et al. IANCAS Bull.

Evaporation steam/ |- N
solar ’
4

LLW

Cementation & — = 5 = LW
Polymerization

HLW

-’ ‘ Reactors I
7’
V4 a
P Off gas I
Floor drains I
NS ~.
‘ Decontamination I
Centres
\ a
\ Labs I
\
[ Management of ILW
& HLW
[ Raffinate from
Reprocessin

Fission Products:

Corrosion Products:

Actinides:
Organics:

Process chemicals:

Alloy additives:
Soluble Poisons:

AE, NM, TM, RE, Pd, Rh, Y, Mo, Ru.
Fe, Cr, Ni, Mn.

U, Pu, MA.

TBP degradation, diluents...
NaNO,...

Al, Fe, Si, Mo..

Gd, Cd

2007.




Management of HLLW

Solid waste categories and disposal option

Category Surface Disposal Nature of waste
dose/activity options

<2 mGy/h Stoned Lined  Paper trash, concrete
Earth chips, cotton mops,
Trenches rubber items, etc.

I 2-20 mGy/h RC Trenches  Contaminated
equipment, hardware
and filters

i 20-500 mGy/h RC Trenches  Conditional/processed

concentrates, sludges,
spent resins.

> 500 mGy/h Tiles Holes Hardware from reactors,
highly contaminated
equipment, conditional
spent resins, etc.

v Waste bearing o RC Trench Solidified o waste with

activity and Tile By
(<4000 Bqg/g) Holes
(> 4000 Bqg/g)

Tile Holes

2/17/2016

(1) S. D. Mishra, Energy Procedia, 7 (2011) 474, (2) Kanvar Raj and C. P . Kaushik, IANCAS Bull.. (2007). 10
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Desirable Qualities reeeD>

1.  Chemical durability >
2. Compatibility with canister by
3. Highx ;
: 4. Minimum volatility e 5
5. High loading ——
: 6. Mechanical strength (Impact) ;l fd
7. Stability Thermal 10° y; & Radiation
8. Remote Manufacture :
9 .

*Dev.

*Production
eEvaluation

Canister Welding

Glass Pouring

R. G. Yeotikar, IANCAS Bull. 2007 & C. P . Kaushik, Indo-French Workshop, 2012

SYNROC

=

Borosilicate

Phosphate

PHWR

FR

Shielded Canister Cask
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S s ) N TFormatiom TFusion (process ppt)1
N H Typical NaBS Glass { Formation ]
I : i (9509-1150°C)
= s : 8500C
x E Chemical (Repeated for 5 — 10 y)
o HIE 1 950°C Accelerated Test
@ [ «  Soxhlet
= | T 1 560°C : «  Dynamic Leaching
CI>J 0 : -1 { Durability ] .Th.ermal
=i Mooc - 1Wm=K «  Crystallization XRD — SEM f{(t)
S | : e  T-T-Tdiagram
= H : 1.02x10°° K+ Radiation
SE A In-situ/ (no) 1°B 7Li

: ; 1 . . ..
o | p 1 2.992 gcc Irradiator/ Self Irradiation
=1i RIAJ 1 1.09
O H n
X E _ . Liquid

*  Mean Leach Rate : 1.5x10“%gcm?/4 h . ]

' E { - . ] «  Solid-Beam Bending

..... aracterization
.................................................... p, }\4’ o
Impact strength RIAJ

Homogeneity
R. G. Yeotikar, IANCAS Bull. 2007 12
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Schematic view of air-cooled solid storage and
surveillance facility -Tarapur

FRESH AIR

INLET Ol:K;‘i'
FOA FORCED a——-|
AIR SUPPLY 0l

S.5. DUCT—"

Thermo-Rockmechanical Experiment at 1 km dpeth in
Kolar Mine

Courtesy: D. Mishra, Energy Procedia, 7 (2011) 474.

‘ Spent fuel storage facility at Tarapur I
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Thermo-Rockmechanical Experiment at 1 km dpeth in
Kolar Mine




New endeavours in FR SNF- - Reprocessing

-

- ’ I MOX Fuel M—.T
) e o Fuc L

l Spent Fuel Npj Tc u+pd T T T U

FBR/ADS
Based

P&T

Disassembly TBP Based Advanced PUREX
& Dissolution Extraction 129]
oL .
.. re - Actinides
Actinide Partitioning and —_—
'[ Group Separation
Hulle. SW and ” ‘ Deep Underground
. .- ulls, an | H 1
Li-Zn Silicate Insolubles %0 137Cs, PGM e Geological Disposal &

Glass-Ceramic Monitoring

recovery
| Applications: 1¥’Cs - Irradiation, 3Sr -
Baldev Raj Heat Sources, PGM - catalyst etc

FAST Reactor Wastes

Higher Conc. FP, MA and An
Higher Waste volume (3-4 times)
Removal of MA & PGM- IPG glass 20-22% waste loading — H;PO, condensate 7?7

Pyro—process waste

2/17/2016

\Higher Cl concentrations ??? — low solubility in BSGGlass composites instead of Glasy 14
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Transmutation of MA in FRs — IGCAR study

Minor Actinides

Np, Am, Cm, Bk, Cf, Es, & Fm are produced through neutron
capture reaction in nuclear reactor

These are highly Radio-toxic & possess Long half lives
Z'Npt,,215x106y-**Amt, 432y & *“Cmt%218yP&T )

IAEA CRP on “Studies of Advaced Reactor T echnology Options for Effective Incineration

of Radioacive Waste”

Overall Objective
Perform R&D contibuting towards the proof of practicality of Transmutation
of MA s using ADS and reactors

IGCARs participation: Core simillar to PFBR to incinerate MAs

FBR Benchmark Characteristics: Power: 1150 MWth
3 rows of ThO, radial blanket and depleted UO, axial blanket

Two cores of U,Pu MOX with 19.5 and 27.1 % PuO,
@iform distribution of MAs (Homogeneous Core) /

15
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P& IVIA N PEBR — Benchmark

Reductions in the MA for a cycle length of 195 days in core 1 \
For 25 GWd/t (single cycle) is 12%

For 49 GWd/t (two cycles) is 22%

Thus the core is an effective incinerator

No significant MA is produced in the blanket

- Overall safety is comparable to PFBR J
N

Reducing Radioactive Wastes (RRW) - 2016

Baldeve Raj
16



Minor Actinide Parttioning at

| Overall Block Diagram for ASDF/SSMF, SSSF, Tarapur I

TBP TEHDGA D,EHPA

U Removal MA Aclln | Ac. Product
HW Cycle U Lean HIW | Separation |_Acln Group Storage

Cycle Product' | Separation Rare earth solution for

’—‘ Cycle vitrification/cementation
\ MA Lean HUW | 4 vitrification
oduct soln U Lean HLW l—’

To Rep. Plant
|

| ] Recovered dodecane casking
I

Spent Solvent

Management s :
Spent Solvent Storage Facility Aq. After Alkaline Hydrolysis &

from PREFRE Carbonate solution for immobilization

| Novel solvent casking

Reducing Radioactive Wastes (RRW) - 2016

Step Solvent System Developmental status
gcle I;J sl Uandp EEHEFTXH’(I:H’)dnde e Laboratory : using actual HLW
movalot resl andtu 1 n-docecane ® Engineering scale: using simulated waste
CycleII: TRUEX (CMPO) ® laboratory :using actual HLW
Bulk Separation of minor 0.2 M CMPO +1.2 M TBP in n-dodecane A .
atinides with lant hanides e Engineering scale: using simulated waste
I]A;nll\..:eTgf{I[{)[()}gA) 30% isodecyl alcohol in n-dode ® Laboratary: using actual HLW
: * rodeqyta fi-dodece 1 o Engineering scale: using simulated waste
g}(;({le'gl, . g‘glh:lq‘[)fgl{(ﬂ'qgﬁm (ﬁ)de e Laboratory: using actual waste
Sepﬁzﬂim anide Lrowp : i n-odecane e Engineering scale: using simulated waste

Polydendat e(aza-amide) Evaluation in progress

Smitha et al. BARC News letter 2013 17
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Zo Minor Actinide Partitioning — ADSS !

*/ E ;
ﬁasm scientific know-how for \

Accelerator, target and subcritical core & advanced fuel forms

HRD for future R&D

Construction and validation of experimental facilities Now

Technology development - key areas

\\Design and Safety analysis of ADSS prototypes /

/ Objective: INFUTURE "\

Short term: 5SMW fission power ADS Subcirtical reactor: Near ambient T;
120 — 150 MeV few mA m proton beam; Verification and fine
tuning of computational code U-Th fuel — to study burn-up
reactivity kinetics without

nuclear safety risks

Long term: Demonstration ADS 10-20 mA, 500-600MeV proton beam
100 MW fission power; coolant T 350°C.

Baldev Raj.
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Sphere-pac fuel pin

Metal nitrate + HMTA + UREA

Sol droplet
dispersion

— L1

Internal gelation

L1

Collection
& Washing

L1

Calcination

L1

‘ Sintering

Calcined (U, ;4Pu, ,,)0, microspheres

Green (U, gsAm, 5)O, micrsopheres

19



Gelation box

Sintering Box

Reducing Radioactive Wastes (RRW) - 2016

Decontamination box

B Remotely operated facility : Batch process
with ease of remotization and automation
inside the glove box. 20

= B8 o

Vipac —welding box



India has adopted the Closed Fuel Cycle concept from the very beginning
Adopting Th fuel cycle would help reduce the generation of minor actinides
BARC has demonstrated the technology for partitioning the MA from the SNF
An intense FBR programme is being pursued at IGCAR

ADSS programme is expected to mature in the next three decades

Reducing Radioactive Wastes (RRW) - 2016

A fresh water lake at the IGCAR site|



(do)
—
(@)
(Q\}
1
s
e
e
—
(7))
D
=
(7))
=
D
=
)
(&)
©
=
@)
©
e
(@))
=
(&)
>
©
D
e




Jraen trom spent Fuel
Ul Uuv jfd!ﬂ» 31.... Gﬂ»t LIV A¥) |

After 100 years of cooling *“*Am contributes significantly to the
decay heat compared to the others fission products

Worldwide Cumulative MA Discharges*
B00.0 =

T00.0
B00.0 1
500.0

— _Nl:l

-e—

50 GWANTIHM Sperd PWR Fuel
Auclinide ard Figgion Producl Decay Heal

-e—

—T,D;ta|

400.0 _
A
200.0 / L~

100.0

0.0
1950 1960 1970 1980 1990 2000 2010 2020 2030 2040 2050

(tHM)

Decary Heat, Watts ¢ MTIHK

e

Cumulative MA Discharges

Year Time after Discharge, (Years)

Radiotoxic burden to the environment I Decay heat at the waste repository I

1. WIGELAND, R. A, et al., Separations and transmutation criteria to improve utilization of a geologic repository, Nucl. Tech. 154 (2006) 95-106.
2. OECD/NUCLEAR ENERGY AGENCY, Accelerator-driven System (ADS) and Fast Reactor (FR) in Advances Nuclear Fuel Cycle, A Comparative
Study (2002). 23
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