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NUCLEAR DATA ACTIVITIES IN INDIA

•Basic nuclear data physics measurements. FOTIA (BARC), BARC-TIFR Pelletron, 
PURNIMA (BARC) D-D, D-T sources), Photon induced reactions (Electron accelerator 
based bremstrahlung at Kharghar); Pune 14 MeV facility. IPR 14 MeV facility
•New facilities for data measurements (being discussed)
•EXFOR compilations. Three successful workshops thus far: 2006 (Mumbai) , 2007 
(Mumbai) , 2009 (Jaipur)
•Nuclear model based calculations. E.g., EMPIRE, TALYS
•Processing of evaluated nuclear data files to produce plug-in libraries for discrete 
ordinates and Monte Carlo codes. NJOY (USA) equivalent to be developed
•Efforts to digest the status of covariance error methodology in nuclear data and its 
applications. A beginning with a DAE-BRNS Project at Manipal
•Preparation of integral Indian experimental criticality benchmarks for integral 
nuclear data validation studies. (KAMINI, PURNIMA-II benchmarks completed and 
accepted by the US-DOE). PURNIMA-I benchmarking in progress. Reactor sensitivity 
studies –AHWR, CHTR (RPDD, BARC)



N.Otsuka    1st RCM of PFNS, 
6-9 April 2010 (Vienna)

NNDC
NEA-DB
IAEA-NDS
CJD, CAJaD, CDFE, CNPD
ATOMKI
CNDC
JCPRG,  JAEA
KAERI
UkrNDC
BARC

4 neutron centres (NNDC, NEA-DB, NDS, CJD) are responsible
to compilation of PFNS data measured in their (geographic) areas.



1430 - 1630 Hrs.    25 Jan. 2010Van de Graaf seminar room, NPD.

Three Successful EXFOR workshops
Increased visibility to India’s work in nuclear physics data generation 

Introduction of a new Experimental Nuclear Physics Database culture in 
India- A challenge.

International community (NRDC) took note of India contributing more than 
125 Indian EXFOR entries based upon Indian nuclear physics experiments 
since 2006.  

Sustainability by, for instance, by recruitment of RAs.



India successfully contributed more than 120 EXFOR entries:
•10 new entries in 2006  Workshop (Faculty: Otto Schwerer Manual entries)
•31 new entries in 2007  Workshop (Faculty: Svetlana DUNAEVA, EXFOR editor)
• 55 new entries in 2009  Workshop (Faculty: Svetlana DUNAEVA, EXFOR editor software 
used)
The details of new Indian EXFOR entries are, for instance, available in “Full EXFOR 
Compilation Statistics”, in the IAEA-NDS site: http:www-nds.iaea.org.exfor-
master.x4compil.exfor_input.htm  

•Thus far, since 2006,  in all more than 120 new Indian EXFOR entries based upon 
experimental data generated in Indian nuclear physics experiments have been successfully 
made into the IAEA-EXFOR database.  The identification for coding into EXFOR of all the 
suitable Indian articles published in the literature was done by the IAEA-NDS staff.  



1430 - 1630 Hrs.    25 Jan. 2010Over 70 delegates worked from 9:30 AM to up to 8PM every day. There were in use 
20 desktop computers and another 20 individual laptops brought by delegates. This 
Theme Meeting was not in the nature of a seminar or conference. During the Theme 
Meeting, the delegates had a lot of specialist discussions and EXFOR coding tasks in a 
focused manner for placing the Indian experimental nuclear physics data into the 
IAEA EXFOR database.



Indian Compilation Group: BARC and others, 
India. 

Data compiled in India 
Entries: 
1 entry in photonuclear data
(Zone: G0014 - G0014 [India])
25 entries in neutron data
(Zone: 33001 - 34000 [India])
94 entries in Charged-Particle Nuclear Data 
(Zone: D6001 - D7000 [India])

See more details in links such as :
http://www-nds.iaea.org/exfor-master/working/x4map/last_x4map.htm#3300134000



http://www-nds.iaea.org/exfor-
master/working/x4map/last_x4map.htm#3300134000



http://www-nds.iaea.org/exfor-master/working/x4map/last_x4map.htm#3300134000



http://www-nds.iaea.org/exfor-master/working/x4map/last_x4map.htm#D6001D7000



The International Network of Nuclear Reaction Data 
Centres (NRDC) constitutes a worldwide cooperation of 
nuclear data centres under the auspices of the International 
Atomic Energy Agency. 

The Network was established in the early sixties to 
coordinate the world-wide collection, compilation and 
dissemination of nuclear reaction data. 

India was invited and admitted as a full member of NRDC  in 
2008.

INDIA WILL ACTIVELY PARTICIPATE IN PFNS COMPILATIONS IN EXFOR, 
RELEVANT FORE THIS CRP, IN CO-ORDINATION WITH AND ASSISTANCE 

BY THE IAEA-NDS



BARC has initiated EXFOR compilation of neutron induced fission physics 
data of actinides already measured and published by BARC in journals of 
repute since the early sixties but not yet coded into EXFOR

This EXFOR compilation activity is triggered by BARC, India being a 
participant in the IAEA Co-ordinated Research Project (CRP) on "Prompt 
fission neutron spectra of actinide nuclei”
Under this CRP, BARC will carryout measurements of Prompt Fission 
Neutrons at 3 MeV energy.  PFNS measurements are recommended to be 
carried out as ratio measurements respect to the well established PFN 
standard of Cf-252.

AN EXAMPLE OF NEW REQUIREMENTS  TO MAKE EXFOR 
ENTRIES IN INDIA BECAUSE OF PROGRAMMTIC INTERESTS



Efforts to enter the the experimental data  into the  IAEA-EXFOR database 
will be made in BARC . This is an important task.
For EXFOR coding issues of PFNS, see for example:  N. Otsuka, V. Pronyaev, 
R. capote Noy, WP2010-39, Memo CP-D/635 dated 14 April 2010 

1st RCM Prompt Fission Neutron Spectra of Actinides, 6-9 April 2010, IAEA, Vienna



1st RCM Prompt Fission Neutron Spectra of 
Actinides, 6-9 April 2010, IAEA, Vienna

Efforts to enter the the experimental data  into the  IAEA-EXFOR database will 
be made in BARC . This is an important task.
For EXFOR coding issues of PFNS, see for example:  N. Otsuka, V. Pronyaev, 
R. capote Noy, WP2010-39, Memo CP-D/635 dated 14 April 2010 

1st RCM Prompt Fission Neutron Spectra of Actinides, 6-9 April 2010, IAEA, Vienna



Examples of other experiments and analysis in Progress: 
BARC (B. K. Nayak et al., ) working on using Li-7+232Th to measure 
234Pa(n,f) reaction data. 
H. Naik et al., (neutron+  234Pa) fission cross section in thermal spectrum

EXCITING SURROGATE TECHNIQUE
233Pa(n,f) Cross Section
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INTERNET

IAEA Main Server
in Vienna

Public Client

NDS Mirror 
Site in INDIA

IAEA NDS MIRROR SITE SET-
UP

www-nds.indcentre.org.in

2Mbps Link

www-nds.iaea.org

Daily 
Updates

The online nuclear data 
services (http://www-
nds.indcentre.org.in/) 
mirror the nuclear data 
website of the Nuclear 
Data Section of the 
International Atomic 
Energy Agency (IAEA), 
Vienna (http://www-

nds.iaea.org). 
The MOU between 

DAE/BARC and the IAEA 
is expected to be 

continued beyond 2010.
Under this arrangement, online-updating every 12 hours is performed in the mirror 
with the IAEA website through a 2MB direct link.   The server is being maintained by 
BARC Computer Division - with manpower and machinery.  It offers 2-3 times faster 
downloads in BARC compared to the Vienna site. India offers to collaborate with 
other network of reaction data centres and help in promoting the online nuclear data 
services in the coming years.
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Stage Stage –– I  PHWRsI  PHWRs
•• 17 17 -- OperatingOperating
•• 3 3 -- Under constructionUnder construction
•• Several others plannedSeveral others planned
•• Scaling to 700 MWeScaling to 700 MWe
•• Gestation period has Gestation period has 
been reducedbeen reduced

•• POWER POTENTIAL POWER POTENTIAL ≅≅
10,000 MWe10,000 MWe

LWRsLWRs
•• 2 BWRs Operating2 BWRs Operating
•• 2 VVERs under 2 VVERs under 
constructionconstruction
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Three Stage Nuclear Power ProgrammeThree Stage Nuclear Power Programme-- Present StatusPresent Status

Stage Stage -- IIII
Fast Breeder ReactorsFast Breeder Reactors
•• 40 MWth FBTR 40 MWth FBTR --

Operating since 1985,Operating since 1985,
Technology Objectives Technology Objectives 
realized.realized.

•• 500 MWe PFBR500 MWe PFBR--
Under ConstructionUnder Construction , , 

likley operation in 2011.   likley operation in 2011.   

•• StageStage--II POWER II POWER 
POTENTIAL : POTENTIAL : ≅≅ 530,000 530,000 
MWeMWe

World class 
performance

Globally Advanced 
Technology Globally Unique

Stage Stage -- IIIIII
Thorium  Based ReactorsThorium  Based Reactors
•• 30 kWth KAMINI30 kWth KAMINI-- OperatingOperating

•• 300 MWe AHWR300 MWe AHWR--
Under DevelopmentUnder Development

POWER POTENTIAL  FOR POWER POTENTIAL  FOR 
STAGESTAGE--III IS VERY LARGEIII IS VERY LARGE
Availability of ADS can 
enable early introduction 
of Thorium and enhance 
capacity growth rate.
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� Currently under Pre-Licensing 
Safety Appraisal by AERB.

� International recognition as an 
innovative design.

Major Design Objectives
• Power output – 300 MWe with 500 
m3/d of desalinated water.

• Core heat removal by natural 
circulation

• A large fraction (65%) of power 
from thorium. 

• Extensive deployment of passive 
safety features – 3 days grace 
period, and no need for planning off-
site emergency measures.

• Design life of 100 years.
• Easily replaceable coolant channels.

• Vertical pressure tube.
• Boiling light water cooled.
• Heavy water moderated.
• Fuelled by 233U-Th MOX and Pu-Th MOX.

Technology  demonstration  for 
large-scale thorium utilization



 
 
 

Sp
all

ati
on

 ta
rg

et 
ne

utr
on

s 

Subcritical Core 
Ta

rg
et 

Accelerator 
(LINAC or Cyclotron) 

Energy extraction 
Efficiency = ηe 

 
GRID 

Fraction f of the 
energy back to 
drive accelerator 

Fr
ac

tio
n (

1-f
) 

of 
the

 en
erg

y 

Accelerated protons 

~ 10 MWt

~20 MWe

~ 1000 MWt @ 
keff= 0.98

~ 300 MWe @ 
ηe= 0.33

~ 280 MWe

21
Uncertainties in PFNS will affect the design of ADSS.
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� Accumulation of spent 
fuel: a global issue.
� Spent fuel requires > 
100,000 years to decay.
� Transuranic elements 
(TRUs: Np, Pu, Am & Cm) + 
a few long-lived fission 
products (FPs): decay very 
slowly.
� Bulk of FPs decay to safe 
disposal levels in 3-5 
centuries. 
� If TRUs transmuted into 
FPs by fission: bulk of FPs 
decay very fast.
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