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Abstract- Eight decades of literature on thorium fuels ranging from 1940s to the present are categorized and 

analyzed. Various literatures are divided into 12 categories to simplify them. The US comes first in publishing a 

huge number of publications and literature for an approximate of 950 publications made so far. India holds the 

second place in number of publications made including research and studies. Most of the research and publications 

has been done on waste management and reprocessing techniques, which is necessary for the application of thorium 

fuel in reactors. A few numbers of publications were made on physics and nuclear data. The study of thorium fuel 

has started in early 1940s.  In the overall review, the study of thorium fuel cycles has been at peak by 1970s and 

literally stopped by 1980s. Up until 1980s, uranium-thorium mixed fuel study has provided enough data to operate 

this mixed fuel powered nuclear reactors. India is the only country that didn’t stop the use of thorium mixed fueled 

nuclear reactors in between the decline period of thorium studies - 1980s to 2000s. After 2000s the number of papers 

published has gone higher than 1980s which is to be considered.  Now the interests have revived in the 21
st
 century, 

the research of thorium fuel has made its way go higher than ever. This paper provides an overlook on those 

publications which made effective progress in each category. Thus, stating that thorium fuel may be the next 

Generation Nuclear Fuel. 
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I. Introduction 

Thorium is considered to be an effective alternative for 

uranium. After a lot of fabrication, irradiation tests and 

multiples of fuel cycle facilities including hundreds of 

literatures states the effective significance of thorium. 

Even then, yet, thorium is not a commercial success as 

its uranium based counterparts. Since various research 

and studies are yet to be done on thorium, we have 

some valid points on thorium. Thorium fuel can 

enhance inherent safety. It is 3-4 times abundant than 

uranium (Yu Peng, Guifeng Zhu, et al., 2017). Th
232

 

has higher threshold energy (lung &Gremm, 1998). 

Thorium has an incredible life time. The half-life of 

thorium is 1.9 years (Belle & Berman, 1984). 

Vanderbilt university and Oak Ridge National lab has 

provided support for the revival of discussion on 

thorium under various aspects since 2012. From the 

database available at them, they have published a 

review on the insights from the eight decades of 

thorium fuel cycle research and literature. (Timothy 

Ault, Steven Krahn, 2017). India has 24% of thorium 

of the earth. Adding the present data to it, this paper 

will provide a complete review on thorium research yet 

in a categorized way. 

II. Quantitative Literature Assessment 

A. Resources and recovery 

During the 1950s, publications regarding the study of 

thorium as a chemical and electrolyte mineral were 

published. In 1960s the recovery of thorium from these 

minerals were improvised with further studies. As of 

2010, Thorium can be obtained as a by-product of 

existing products thus avoiding the need of opening 

new mines.  

Cuthbert (1958) presented the summary of thorium 

along with its chemical and physical properties, 

separations, recovery, oresand safety methods of 

processing [21]. Crouse and brown (1959) presents 

extraction of thorium from monazite with reagents 

from early to 1960s [20]. Tennery(1978) presented 

many thorium deposits across US and also an ore 

extraction process [74]. Keni(1990) consolidates 

thorium recovery in India up to 1990 and provides 

various alternative production methods [46]. Gupta 

and Krishnamurthy (2005) presented accounts of 

virtually all commercially viable thorium bearing ores 

including bastnasite and monazite [33]. Ault (2015) 

shows a shift change in thorium recovery paradigm 

from direct to by-product recovery systems and also 

provided major thorium deposits by region based on 

capacity[5]. 

B. Fuels 

The main research was in fuels from the beginning as 

the tests, fabrication, irradiation and all necessary steps 

prior to the largescale production were based on it. As 

of course the early publications were all based on fuels. 

The fuel research has a sharp decline at 1970s. Now 

after 1990s, the emphasis increased on mixed fuels like 
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thorium-uranium and thorium-plutonium. All these 

fuels emerged as oxide fuels. Early research had the 

study of irradiated fuel in a limited irradiation 

experiments. Even now the presence of uranium plays 

an important role since the study of uranium is well 

settled. Since thorium has an expanded life time, a deep 

study of thorium fuel and its containment has to be 

studied yet. Primary tests and demonstration of thorium 

has been studied from late 1950s. 

Batch and Snidow(1960) states the irradiation efforts 

at the consolidated thorium reactor along with various 

physical properties which hasn’t been previously 

verified[7]. Olshen(1979) consolidates a variety of fuel 

fabrication development for a variety of fuel types 

including oxides, carbide, metallic and even on mixed 

fuels [61]. Ringel and Zimmer (1979)present 

techniques of radiation protection requirements for 

reprocessing fuel [68]. Belle & Berman(1984)varieties 

a remarkable difference in the physical properties of 

thorium dioxide which also includes high-level 

irradiation summaries [10]. Clayton (1987) describes 

corrosion experiments in metallic and mixed fuels [17]. 

Balakrishna(2012) reviews the sintering, extrusion 

and gel fuel fabrication of thorium based fuel types of 

India[6]. Bjork (2015) gives one of the most recent 

thorium fuel fabrication and irradiation testing program 

which happened in Norway which leaves to be the only 

one in 21
st
 century [11]. Gyorgy and Czifrus(2016) 

presents thorium as an effective fuel in nuclear core 

other than uranium and plutonium with various data 

charts and analysis. Michel Lung and Otto 

Gremm(1998) provides the perspectives of thorium 

fuel along guidelines that thorium is future nuclear fuel 

[53]. 

C. Physics 

The physics data available for thorium is no way 

sufficient when compared to uranium or plutonium. In 

1960s, BARC, B&W conducted some independent 

resonance integral and cross section experiments. The 

number of such experiments raised in 1970s and now 

in 2000s efforts are being sought to bid a gap between 

uranium and thorium data. 

Gore (1978) bids the gap between critically data and 

physical parameters from various experiments and also 

identifying other data gaps [31]. Abbondanno (2001) 

took a multinational level effort to improve data quality 

for thorium related isotopes [1].  

D. Light water reactors 

Only a few publications were presented on thorium 

based LWRs. Only in 1970s experience with LWR for 

thorium based fuel is found. In 1980s the LWRs started 

to fade off as other categories showed up. However, 

there are only 10 publications between them. After 

1980s, the numbers increased more than a hundred. 

Since the lack of universities and government based 

laboratories, very few publications were made. 

Farrel (1960) presents the consolidated Edison 

Thorium Reactor summary which is probably the first 

publication of thorium based LWR [26]. Shapiro 

(1977) states the assessment of alternative thorium fuel 

cycle option along with recycle in conventional PWRs 

[72]. Atherton (1987) summarizes the characteristics 

of LWBR along with the fuel development, operational 

procedures, necessary modifications in the plant [4]. 

Kazimi (1999) presents an overall review till date on 

LWRs based on thorium from the perspective of 

neutronics, thermal hydraulics, safety and waste 

management [45]. Todosow (2005) represents the 

missed uranium-thorium fuel lattices in PWRs without 

reprocessing which thrusts the thorium research in 21
st
 

century. Lindley (2014) summarizes both the PWRs 

and BWRs which use thorium to achieve transuranic 

recycle, which complements reprocessing [50]. Liu 

and Cai (2014) reviews the prospects of using thorium 

in supercritical water reactors [51]. Hong yeop Choi, 

Chang Je Park (2017) provides a concept of 

epithermal spectrum nuclear core in LWR for thorium 

fuel along with data showing a change in lattice 

structure of fuel rods. 

Table 1 Thorium fuel -description by category 

Category  

title 

Description/embedded 

topics 

Resources & 

Recovery 

Thorium resources from 

deposits or from chemical 

separation processes from 

natural occurring minerals. 

Fuels 

Fabrication, re-fabrication, 

chemical and physical 

properties of thorium fuel in 

both fresh and irradiated 

forms and also in post-

irradiation forms. 

Physics & 

Nuclear Data 

Descriptions of data, 

experiments to measure 

nuclear data such as cross 

sections and resonance 

integrals. 

Light Water 

Reactors 

Studies of pressurized water 

reactors, boiling water 

reactors, and 

supercritical water-

cooled reactors utilizing 

light water as coolant with 

reports 

Heavy Water 

Reactors 

Studies of pressurized 

heavy water reactors as well 

as other reactor system 
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concepts that use heavy 

water as a moderator with 

reports. 

Liquid-Metal-

Cooled Reactors

Studies of systems with 

liquid metal coolants, such 

as sodium-cooled fast 

reactors (SFRs) and lead-

bismuth-cooled reactors 

Gas-

Cooled Reactors

Studies of both ‘‘block 

type” and pebble bed gas 

reactors, including both 

thermal- and fast-

spectrum options which 

uses heavy gases as coolant 

Molten Salt 

Reactors 

Studies of liquid-

fueled salt-cooled reactors 

(both fluoride- and chloride-

based) and solid-fueled salt-

cooled reactors 

Externally-

Driven systems 

Studies of both fusion-

fission hybrids 

and accelerator-

driven systems which use 

external systems to start 

functioning. 

Reprocessing & 

Waste 

Management 

Reports comprising 

the ‘‘back-end” of the fuel 

cycle, such as fuel 

dissolution, aqueous 

reprocessing methods, non 

– aqueous reprocessing 

methods, waste 

characteristics, and waste 

disposal approaches. 

Safeguards 

Non-proliferation and 

safeguards aspects of 

managing and measuring U-

233 and all safety measures. 

Multi-

Topic/Other 

Reports that span 

combinations of other 

topical categories, or 

address different topics 

altogether. 

 

 

E. Heavy Water Reactors 

From the 1950s the HWRs started out with some 

collaboration among United Kingdom and Babcock 

and wilcox. By 1960s, the thorium based PHWRs 

emerged slowly. In 1970s the started in Canada, India 

and then followed by other countries. Studies went 

down totally except India and Canada in-between 

1970s and 1980s. 

Cason and Landrum(1955) present the most 

comprehensive review of the aqueous Homogeneous 

Reactor, which turned to be a major project in 1950s 

[16]. Redman (1961) summarizes results from a series 

of experiments conducted on Zero Power Reactor 

facility [67]. Dormuth and Lidstone(1977)contains 

the study of pressurized heavy water reactors including 

a significant emphasis on the insights at the fuel cycle 

level. Jagannathan(2001) provides insights from the 

PHWR technology in India as part of the three stage 

Nuclear powerplant [41]. Bozcor(2002) reviews a 

decade of research on thorium in CANDU reactors 

along with a huge perspective on a variety of fuel 

recycle strategies and fuel cycle missions. Sahin(2008) 

provides 20
th

centuary papers on thorium in HWRs 

which use plutonium and minor actinide inventories 

[71]. Bromley (2014) strategies in improved use of 

thorium in PHWRs along with safety, fuel ratio and 

geometry [13]. 

F. Liquid Metal Cooled Reactors 

This section is the less studies when compared to other 

reactor technologies in thorium based LMRs. One 

study from before 1977 has been found from India 

which provides the fundamental physics aspects of the 

use of thorium in sodium cooled systems. Other than 

that, only 3 publications have been made till 2006. 

After 2007 the remaining papers have been published. 

Even though interests have been improved, unless 

India starts to study further, no proceedings seem to 

happen. 

INFCE WG5(1978) reviewed a lot of papers based on 

thorium based fueling options in LMRs and also 

comparing their performance in breeding, safety and 

reprocessing. Atefi(1979) did evaluation of thorium 

blanket fuels in LMR from a most extensive pre1980s 

study in thorium on LMR. Okawa and Sekimoto, 2011 

summarizes few attempts to link thorium fuel to a lead 

cooled system while checking for fast spectrum 

thorium fuel cycle options [3]. Fiorina (2013) states 

the important findings which provide a comparison of 

thorium’s and uranium’s performance in SFR [27]. 

G. Gas cooled Reactors 

GCRs have the most studies on thorium fuels. The first 

was G1 test reactor from France inn1950s which was 

then followed by United Kingdom in 1960s. the subject 

of thorium in GCRs increased widely in 1970s. the 

interests where high in this time and due to parallel 

research and studies, there was a significant 

development in this period. The thorium High 

temperature reactor was operated in 1983 to 1989. 

Even after these, the post irradiation has been a little 

trouble. Sharply after 1970s there is a huge decline in 

the stud of GCRs. Only 4 publications have been found 
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in between 1983 to2001. Netherlands, US, Sweden and 

Canada have a significant portion in recent studies.  

De Rouville(1958) documented the earlier use of 

thorium in reactor in France along with the experiences 

of the plant operations, reliability and the use of 

thorium-uranium mixed fuel. Lotts and Coobs, (1976) 

represents one of the high temperature gas reactor 

reports in 1970s along with the implications of thorium 

fuel and also the bed type systems. General Atomic, 

1980 gives information on licensing, setup and early 

operations of the thorium-uranium GCR. Bultman 

1995 states the prospects of thorium use in GCR’s from 

a high-level perspective along with examples of use of 

thorium fuels in GCRs. Wolspresents the most 

generalized of the numerous 21
st
 century studies on 

modular bed GCRs using thorium fuel.Amr Ibrahim 

(2017) published the analysis of thorium fuel in GCR 

at a large scale by using MCNPX code along with 

safety measurements to decay the waste. 

H. Modern Salt Reactors 

The MSR holds majority in the number of publications 

published since the modern salt reactor experiment and 

projects in that period. After 1970s, by the end of 

ORNL, MSR publications have a huge downfall in 

numbers. Now with LPSE, MSR has come back in 21
st
 

century.  

Haubenreich and Engel(1970) summarized 

development and operational experience with salt 

water reactor along with corresponding conclusions 

[35]. Robertson (1971) consists of comprehensive 

reviews of a single fluid design variant of salt water 

reactor with considerations on hydraulic, thermal and 

physics [69]. Engel (1980) provides info on MSBR 

with more safety characteristics including once-through 

refueling and denatured u
232

[25].Kamei (2010) 

provides a collection of papers across several decades 

of research on thorium based MSRs in this instance 

considering the potential rate of deployment [43]. 

Merle-Lucotte(2011) summarizes a set of papers on 

fast spectrum thorium based MSR fuel cycle projects 

which anticipate future challenges with deployment of 

thorium MSR fleet [57]. Holcomb (2013) consists of 

extensive writeups on salt cooled MSR systems, and 

considers various designs and fuel cycle options [36]. 

Yu Peng (2017)shows that fluoride salt serves to be the 

fast reactant coolant which also provides data for 

providing techniques which help waste management of 

this method. 

I. Externally Driven Systems 

The earliest of EDS were published from 1970s. more 

papers were published in the recent times when 

compared to other category. Research on accelerated 

systems are not available. Only a few studies in the late 

1990s are available. 

Maniscalo(1978) states the series of LLNL 

publications on the prospects of breeding u
232

 in a 

fusion-fission hybrid along with design allotments. 

Takahashi (1983) represents the only assessment of 

u
232

 breeding by thorium in conjunction with 

accelerator driven system [73]. Rubbia (1995) shows 

the concept of energy amplification and considers 

thorium as a plutonium disposition strategy 

[70].Ubeyli, (2006) constitutes the most generalized of 

fission- fusion hybrid to emerge from a consortium. 

Fratoni(2012) presents a review on thorium based 

fission-fusion hybrid including potential and design 

strategies. Coates and Parks(2012) assessed the 

thorium based accelerator driven systems including 

discussion of safety and fissile material 

management[18]. Nefinecker(2001)summarizes basics 

of accelerated subcritical reactors.  

J. Reprocessing and Waste 

Reprocessing of thorium fuels were found to be 

apublished from 1950s. Most publications on this topic 

have been published in the 1970s. Aqueous 

reprocessing of thorium-uranium fuel and GCR fuel 

were emerged during this time period. India took part 

in providing reprocessing techniques of aqueous fuel in 

between 1970s and 1980s. Only India and BARC 

initiated this reprocessing of fuel in the earlier times. In 

general, reprocessing of fuels is tougher. Even much 

documentationhave been made on the dissolution rates, 

availability of reactants, process efficiencies and 

shielding requirements which show that reprocessing 

has its difficulty. On the other hand, reprocessing of 

fuels seems to be an effective way than waste 

management. Reprocessing has given significant 

amount of thorium and uranium than waste 

management processes.  

Rainey and Moore (1962)described the development 

and refinement of THOREX process along with the 

achievements in aqueous thorium reprocessing 

including flowcharts and descriptions of waste streams 

[66]. Baxter (1976) published one of the most 

comprehensive discussions of atomics process to 

recycle GCR thorium based fuel and about some 

challenging stuff [9]. Orth(1979) state the purity of 

thorium and uranium being reprocessed at Savannah 

river bank which is one of the largest recover of 

uranium. This also includes the data regarding the 

quantities of uranium reprocessed [62]. Pickett (1982) 

relates the dissolution of thorium and thorium-uranium 

dioxide along with its catalog results [63]. Gruppellar 

and Schapira(2000)summarized a variety of 

information on waste management of thorium fuel 

cycles along with the management of other inventories 



INSIGHTS ON THE EVOLUTION OF THORIUM FUEL 

Indian J.Sci.Res. 17(2): 115-123, 2017 
 

[32]. Dey and Bansal(2006) states the experiences in 

reprocessing the thorium fuels along with various 

technologies used for reprocessing them [23].Croff 

and Krahn(2016) studied the radiotoxicity if both 

thorium and uranium based fuels stating their effects 

over time [48]. Wymer(2014) provides a conclusion 

on the underlying physical characters which lead to the 

difficulty of reprocessing thorium when compared with 

uranium fuel [79].Timothy Ault (2017) discussed the 

uranium and thorium fuel recycling processes in 

various types along with data charts [56]. Roger 

Barlow (2016) summarizes the use of ADSR system as 

a better option of waste management of thorium fuel in 

between many other options.Felipe Sotelo (2017) 

published a paper on solubility of uranium and thorium 

with cement by processing it in fuel waste management 

system. 

K. Safeguards 

The earliest publications on safeguards have been dated 

by 1977 which was a lead to 11 other publications 

within 1979. As starting, the publications included 

denaturing of uranium, material accountability, 

nondestructive assay and some analytical techniques. 

All publications on safeguarding show that uranium 

will have similar safeguarding to plutonium. 

Hakkila (1978) describes a variety of chemical 

techniques regarding the safeguarding of thorium based 

fuels [34]. Forsberg (1998) provides a calculation to 

support the definition of stable uranium [28]. 

Bathke(2009) provides a discussion to figure 

calculations along with multiple fissile materials which 

was a uranium and plutonium mixed fuel [8]. 

Worral(2016) described the challenges in 

implementation of thorium fuel cycle till date and also 

discussing on various techniques for safeguarding [77].  

L. Other Studies 

Some papers can’t be categorized under the above 

topics. Therefore, they are set to be in general, 

described below. 

Wymer(1968) documented the entire second 

international Thorium Fuel Cycle symposium and 

presents the state-of-the-art for many fuel and reactor 

types [78]. BNL (1969) presents the thorium resource 

options, aspects of thorium fuel cycle, prospects of use 

of thorium in every reactor type technology along with 

the advancement inn fuels and reprocessing. 

MacDonald and Nair(1979)studies on the radiological 

aspects of thorium fuel cycle on handling, 

reprocessing, waste disposal along with figures and 

data for safe operations [54]. IAEA (1987) 

consolidates the proceedings of thorium fuels and their 

projects from the early to the decline in 1970s [37]. 

Lung(1997) summarizes the European prospective on 

thorium fuels along with their reactors, fuels, 

resources, reprocessing and waste management [53]. 

Andreev(2013) states the conspiracy of uncertainties 

on economic assessment of thorium fuel cycle [2]. 

NEA(2015)presents the entire thorium fuel cycle with 

modern perspectives, integrating the knowledge over a 

dozen of international publications in energy level 

portfolios [59]. Martin and Girieud (2016) provides 

midterm theories on effective application of thorium 

fuel in PWR which also circumscribes the reprocessing 

of thorium. Peegs(2012) published the necessary and 

surety of thorium as the future nuclear fuel by 

analyzing various types like LWR, HWR, FWR, ADS 

and others. Vijayan (2017) presents the role of thorium 

in Indian nuclear powerplants since its wide 

availability in India. 

III. Conclusion 

This literature has documented the publications on 

thorium fuel cycle, spanning across the globe. Several 

hundred organizations and governments have taken 

part in the research and studies on thorium although in 

which certain like ORNL, IAEA has done particularly 

great works in the peak times and succeeded with their 

work. Well, nowadays universities and journals have 

nominated the study on thorium fuel cycles due to the 

availability of online literature and journals. This has 

increased the interest in this study that shows the 

reason behind the number of publications which are 

published lately in 2017 as higher than 1970s.  

 There are lot of uncertainties in the study on 

thorium based fuels, reprocessing, resources, waste 

management, containment of radiation, constructions 

of beds, LWR, GCR, HWR and so on. Yet the research 

is meant to provide the favorability of understanding 

whether or not to pursue this thorium fuels. Though the 

researchers don’t expect the results to be favorable, this 

study is considered to be necessary. As the present 

nuclear reactors are said to be Gen-2 type and those 

available are Gen-3. Thorium based nuclear reactors 

are considered to be Gen-4 reactors which is mainly 

due to the life time of thorium, (Belle & Berman, 

1984).  

 

 

 

References 

[1] Abbondanno.U, 2001, “Measurements of 

Fission Cross Sections for the Isotopes 

Relevant to the Thorium Fuel Cycle”, CERN-

INTC-2001-025. CERN, Switzerland. 



INSIGHTS ON THE EVOLUTION OF THORIUM FUEL 

Indian J.Sci.Res. 17(2): 115-123, 2017 
 

[2] Andreev. L, 2013, “Certain Issues of Economic 

Prospects of Thorium-Based Nuclear Energy 

Systems, Bellona Report 

[3] .Atefi, B., Driscoll, M., Lanning, D, 1979. An 

Evaluation of the Breed/Burn Fast Reactor 

Concept, Massachusetts Institute of 

Technology, US Department of Energy 

Contract Report COO-2250-40. 

[4] Atherton, R., 1987. Water Cooled Breeder 

Program Summary Report (LWBR 

Development Program). WAPD-TM-

1600.Bettis Atomic Power Laboratory, United 

States. 

[5] Ault, T., Krahn, S., Croff, A., 2015. Assessment 

of the potential of by-product recovery of 

thorium to satisfy demands of a future thorium 

fuel cycle.Nucl.Technol. 189. 

[6] Balakrishna, P., 2012. ThO2 and (U, Th)O2 

processing – a review. Natl. Sci. 4, 942– 949. 

[7] Batch, M., Snidow, N., 1960. Consolidated 

Edison Thorium Reactor Critical Experiments 

with Oxide Fuel Pins.BAW-119. Babcock & 

Wilcox Company, United States. 

[8] Bathke, C. et al., 2009. An Assessment of the 

Attractiveness of Material Associated with a 

MOX Fuel Cycle from a Safeguards 

Perspective. In: INMM 50th Annual Meeting 

Tucson, USA, Los Alamos National Laboratory 

Report LA-UR-09-03637. 

[9] Baxter, B., Benedict, G., and Zimmerman, R., 

1976. Flowsheet Development for HTGR Fuel 

Reprocessing, General Atomics Report GA-

A13808. 

[10] Belle, J., Berman, R., 1984. Thorium Dioxide: 

Properties and Nuclear Applications‘‘. 

DOE/NE-0060.United States Department of 

Energy (Naval Reactors Office), United States. 

[11] Bjork, K. et al., 2015. Commercial thorium fuel 

manufacture and irradiation: testing (Th, Pu)O2 

and(Th, U)O2 in the ‘Seven-Thirty’ program. 

Ann. Nucl. Energy 75. 

[12] Boczar, P. et al., 2002. Thorium Fuel-Cycle 

Studies for CANDU Reactors. Paper within 

IAEA Report ‘‘Thorium Fuel Utilization: 

Options and Trends”, Report IAEA- TECDOC-

1319. 

[13] Bromley, B., 2014. High-utilization lattices for 

thorium-based fuels in heavy water reactors. 

Nucl. Technol. 186 (1), 17–32. 

[14] Brookhaven National Laboratory et al., 

1969.The Use of Thorium in Nuclear Power 

Reactors.Report WASH-1097. 

[15] Bultman, J., 1995. Thorium Fueled High 

Temperature Gas Cooled Reactors: An 

Assessment. Netherlands Energy Research 

Foundation (ECN) Report ECN-R-95- 029. 

[16] Carson, H., Landrum, L., 1955. Preliminary 

Design and Cost Estimate for the Production of 

Central Station Power from an Aqueous 

Homogeneous Reactor Utilizing Thorium-

Uranium-233. NPG-112. Nuclear Power Group, 

United States. 

[17] Clayton, J., 1987. In-Pile and Out-of-Pile 

Corrosion Behavior of Thoria-Urania 

Pellets.Bettis Atomic Power Laboratory Report 

WAPD-TM-1548. 

[18] Coates, D., Parks, G., 2012. Safety implications 

of reactivity variations in fast thorium ADSRs. 

Ann. Nucl. Energy 47, 115–123. 

[19] Croff, A., Krahn, S., 2016. Comparative 

Assessment of Thorium Fuel Cycle 

Radiotoxicity.Nucl. Tech. 194, 271–280. 

[20] Crouse, D., Brown, K., 1959. Recovery of 

Thorium, Uranium, and Rare Earths from 

Monazite Sulfate Liquors by the Amine 

Extraction (AMEX) Process. Oak Ridge 

National Laboratory Report ORNL-2720. 

[21] Cuthbert, F., 1958. Thorium Production 

Technology.Addison-Wesley, Book, Reading, 

MA, USA. 

[22] De Rouville, M., Pascal, Scalliet, 1958. 

Experience Acquired during two years of 

operation of reactor G1. In: Second United 

Nations International Conference on the 

Peaceful Uses of Atomic Energy, Geneva, 

Switzerland, Sep. 1–13. 

[23] Dey, P., Bansal, N., 2006. Spent fuel 

reprocessing: a vital link in indian nuclear 

power program. Nucl.Eng. Des. 236, 723–729. 

[24] Dormuth, K., Lidstone, R., 1977. A Study of 

the Running-in Period of a CANDU-PHW 

Thorium Converter.AECL-5391. Canadian 

Nuclear Laboratories, Canada. 

[25] Engel, J. et al., 1980. Conceptual Design 

Characteristics of a Denatured Molten-Salt 

Reactor with Once-Through Fueling. Oak 

Ridge National Laboratory Report ORNL-TM-

7207. 



INSIGHTS ON THE EVOLUTION OF THORIUM FUEL 

Indian J.Sci.Res. 17(2): 115-123, 2017 
 

[26] Ferrell, J. et al., 1960. Thermal and Hydraulic 

Design of the Consolidated Edison Thorium 

Reactor.BAW-132. Babcock and Wilcox 

Company, United States. 

[27] Fiorina, C. et al., 2013. Comparative analysis of 

thorium and uranium fuel for transuranic 

recycle in a Sodium-cooled fast reactor. Ann. 

Nucl. Energy 62, 26–39. 

[28] Forsberg, C. et al., 1998. Definition of 

Weapons-Usable Uranium-233. ORNL/TM- 

13517. Oak Ridge National Laboratory, United 

States. 

[29] Fratoni, M. et al., 2012. Fusion-Fission Hybrid 

for Fissile Fuel Production without Processing, 

Lawrence Livermore National Laboratory 

Report LLNL-TR-522137. 

[30] General Atomic Company Staff, 1980. 

Preliminary Plan for the Qualification of the 

LEU/Th Fuel Cycle for the Fort St. Vrain 

HTGR. General Atomics Report GA- A15748. 

[31] Gore, B., 1978. “Compilation of Criticality 

Data Involving Thorium or 233U and Light 

Water Moderation”, PNL-2080-12.Pacific 

Northwest National Laboratory, United States. 

[32] Gruppelaar, H., Schapira, J., 2000. Thorium as 

a Waste Management Option. Report EUR-

17771. 

[33] Gupta, C., Krishnamurthy, N., 2005. Extractive 

Metallurgy of Rare Earths. CRC Press, Book, 

Boca Raton. 

[34] Hakkila, E., 1978. A Critical Review of 

Analytical Techniques for Safeguarding the 

Thorium-Uranium Fuel Cycle.LA-7372.Los 

Alamos National Laboratory, United States. 

[35] Haubenreich, P., Engel, J., 1970. Experience 

with the Molten-Salt Reactor experiment.Nucl. 

Appl. Technol. 8. 

[36] Holcomb, D., et al. 2013. Fluoride Salt-Cooled 

High-Temperature Reactor Technology 

Development and Demonstration Roadmap, 

ORNL/TM-2013/401. 

[37] International Atomic Energy Agency, 1987. 

Thorium-based nuclear fuel: current status and 

perspectives. In: Proceedings of a Technical 

Committee Meeting on Utilization of Thorium-

Based Nuclear Fuel: Current Status and 

Perspectives Organized by the International 

Atomic Energy Agency and Held in Vienna, 2–

4 December 1985, IAEA Report IAEA-

TECDOC-412. 

[38] International Atomic Energy Agency, 2002. 

‘‘Thorium Fuel Utilization: Options on 

Trends”, IAEA Report IAEA-TECDOC-1319. 

[39] International Atomic Energy Agency, 2010. 

Evaluated Nuclear Data for Nuclides Within the 

Thorium-Uranium Fuel Cycle.STI/PUB/1435, 

Multinational, International Atomic Energy 

Agency. 

[40] US Contribution to the INFCE Working Group 

5, Subgroup D, 1978. Alternate Fuel Cycles for 

Fast Breeder Reactors. International Nuclear 

Fuel Cycle Evaluation Report 

INFCE/DEP/WG.5/78. 

[41] Jagannathan, V. et al., 2001. ATBR – a thorium 

breeder reactor concept for early induction of 

thorium in an enriched uranium 

reactor.Nucl.Technol. 133. 

[42] Kademani, B. et al., 2006. World literature on 

thorium research: a scientometric study based 

on science citation index. Scientometrics 69 (2), 

347–364. 

[43] Kamei, T., Furukawa, K., Mitachi, K., Kato, Y., 

2010. Mass balance analysis of Th- 233U based 

MSR (Molten-Salt Reactor) cycle (THORIMS-

NES) transferred from Present U-Pu Based 

LWRs (Light Water Reactor). Energy 35, 928–

934. 

[44] Katz, J., 1984. The uses of scientific evidence 

in congressional policymaking: the clinch river 

breeder reactor. Sci. Technol. Human Values 9 

(1), 51–62. 

[45] Kazimi, M. et al., 1999. On the Use of Thorium 

in Light Water Reactors.MIT-NFC-TR- 

016.Massachusetts Institute of Technology, 

United States. 

[46] Keni, V., 1990. Extraction and refining of 

thorium. In: Thorium Utilization: Proceedings 

of the Indo-Japan Seminar on Thorium 

Utilization, Dec. 10–13. 

[47] Krahn, S., Worrall, A., 2016. The Reemergence 

of the Thorium Fuel Cycle: A Special Issue of 

Nuclear Technology. Nucl.Technol. 194, iii–iv. 

[48] Krahn, S., Croff, A., Ault, T., Franceschini, F., 

2014. Highlights and Summary Observations 

from the Global 2013 Thorium Fuel Cycle 

Track. ICAPP 2014, Charlotte, NC, USA, April 

6–9, 2014. 

[49] Krahn, S., Worrall, W., Croff, A., Ault, T., 

Smith, B., 2014b.The Context, Structure, and 

Objectives of the Thorium Fuel Cycle 



INSIGHTS ON THE EVOLUTION OF THORIUM FUEL 

Indian J.Sci.Res. 17(2): 115-123, 2017 
 

Technical Track, vol. 111.Transactions of the 

American Nuclear Society, Anaheim, 

California. 

[50] Lindley, B., Franceschini, F., Parks, G., 2014. 

The closed thorium-transuranic fuel cycle in 

reduced-moderation PWRs and BWRs. Ann. 

Nucl. Energy 63, 241–254. 

[51] Liu, S., Cai, J., 2014. Design & optimization of 

two breeding thorium-uranium mixed SCWR 

fuel assemblies.Prog.Nucl. Energy 70, 6–19. 

[52] Lotts, A., Coobs, J., 1976. HTGR Fuel and Fuel 

Cycle Technology. Oak Ridge National 

Laboratory Report ORNL-TM-5501. 

[53] Lung, M., 1997. A Present Review of the 

Thorium Nuclear Fuel Cycles. Report EUR- 

17771. 

[54] MacDonald, H., Nair, S., 1979. Radiological 

implications of plutonium recycle and the use 

of thorium fuels in thermal power reactor 

operations. Nucl.Technol. 42. 

[55] Maniscalco, J., Hansen, L., Allen, W., 1978, 

Scoping studies of U233-breeding fusion- 

fission hybrid, ANS Topical Meeting on the 

Technology of Controlled Nuclear Fusion, May 

9-11, 1978, Santa Fe, Now Mexico, Lawrence 

Livermore National Laboratory Report UCRL-

80585.738 

[56] T. Ault et al. / Annals of Nuclear Energy 110 

(2017) 726–738 

[57] Merle-Lucotte, E. et al., 2011. Launching the 

thorium fuel cycle with the molten salt fast 

reactor. In: Proceedings of ICAPP 2011, Nice, 

France, May 2–5. 

[58] Nemet, G., Kammen, D., 2007. U.S. Energy 

Research and Development: declining 

investment, increasing need, and the feasibility 

of expansion. Energy Policy 35 (1), 746–755. 

[59] Nuclear Energy Agency, 2015. Introduction of 

Thorium in the Nuclear Fuel Cycle: Short- to 

Long-Term Considerations. In: NEA Report 

No. 7224. 

[60] Okawa, T., Sekimoto, H., 2011. Design study 

on Pb-208 cooled CANDLE burning reactors 

toward practical application for future nuclear 

energy source. Prog.Nucl. Energy 53, 886–890. 

[61] Olsen, A., 1979. Thorium Fuel Cycle Studies – 

Fuel Fabrication Process and Cost Estimation, 

Oak Ridge National Laboratory Report 

ORNL/TM-5961. 

[62] Orth, D., 1979. SRP processing 

experience.Nucl. Technol. 43 (1), 63–74. 

[63] Pickett, J., Fowler, J., Mosley, W., 1982. 

Roasting and Dissolution Studies on 

Nonirradiated Thorium Dioxide/Uranium 

Dioxide Pellets. E.I. du Pont de Nemours & 

Co., Report DP-1590. 

[64] Prater, W., Joy, E., Esterbrook, E., 1955. 

Thorium: a bibliography of published literature. 

In: Allen, R. (Ed.), US Atomic Energy 

Commission, Report TID-3044 (Suppl. 1). 

[65] Price, M., 2012. The DRAGON project origins, 

achievements, and legacies.Nucl.Eng. Des. 251, 

60–68. 

[66] Rainey, R. and Moore, J., 1962. Laboratory 

Development of the Acid THOREX Process for 

Recovery of Consolidated Edison Thorium 

Reactor Fuel, Oak Ridge National Laboratory 

Report ORNL-3155. 

[67] Redman, W., Kaufman, S., Plumlee, K., Baird, 

Q., 1961. Critical Experiments with Thoria-

Urania Fuel in Heavy Water. Argonne National 

Laboratory Report ANL- 6378. 

[68] Ringel, H., and Zimmer, E., 1979. The External 

Gelation of Thorium Process for Preparation of 

ThO2 and (Th,U)O2 Fuel Kernels, 

KernforschungsanlageJülichInstitutfürChemisc

heTechnologie Report D-517. 

[69] Robertson, R., 1971. Conceptual Design of a 

Single-Fluid Molten-Salt Breeder 

Reactor.ORNL-4541.Oak Ridge National 

Laboratory, United States. 

[70] Rubbia, C., Buono, S., Gonzalez, E., Kadi, Y., 

and Rubio, J., 1995. A Realistic Plutonium 

Elimination Scheem with Fast Energy 

Amplifiers and Thorium-Plutonium Fuel, 

European Organization for Nuclear Research 

Report CERN/AT/95-53(ET). 

[71] Sahin, S. et al., 2008. CANDU reactor as minor 

actinide/thorium burner with uniform power 

density in the fuel bundle. Ann. Nucl. Energy 

35, 690–703. 

[72] Shapiro, N., Rec, J., Matzie, R., 1977. 

Assessment of Thorium Fuel Cycles in 

Pressurized Water Reactors. Electric Power 

Research Institute Report EPRI-NP- 359. 

[73] Takahashi, H., Powell, J., Kouts, H., 1983. 

Accelerator Breeder with Uranium, Thorium 

Target. Brookhaven National Laboratory 

Report BNL-33149. 



INSIGHTS ON THE EVOLUTION OF THORIUM FUEL 

Indian J.Sci.Res. 17(2): 115-123, 2017 
 

[74] Tennery, V. et al. 1978. Environmental 

Assessment of Alternate FBR Fuels: 

Radiological Assessment of Airborne Releases 

from Thorium Mining and Milling. Oak Ridge 

National Laboratory Report ORNL/TM-6474. 

[75] Todosow, M. et al., 2005. Use of thorium in 

light water reactors.Nucl.Technol. 15.Ubeyli, 

M., 2006.Neutronic performance of HYLIFE-II 

fusion reactor using various thorium molten 

salts. Ann. Nucl. Energy 33, 1417–1423. 

[76] Wols, F., Kloosterman, J., Lathouwers, D., Van 

Der Hagen, T., 2015. Conceptual design of a 

passively safe thorium breeder pebble bed 

reactor. Ann. Nucl. Energy 75, 542–558. 

[77] Worrall, L. 2016. Safeguards considerations for 

thorium fuel cycles.Nucl. Technol. 194 (2), 

281–293. 

[78] Wymer, R., 1968, “Thorium Fuel Cycle” 

Proceedings of Second International Thorium 

Fuel Cycle Symposium, Gatlinburg, Tennessee, 

May 3-6, 1966. US Atomic Energy 

Commission and Oak Ridge National 

Laboratory. 

[79] Wymer. R, 2014, “Differences in Thorium and 

Uranium Fuel Reprocessing”, In: ANS Winter 

Meeting 2014, Anaheim, USA 

 


