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ABSTRACT 
 
The IRIS (International Reactor Innovative and Secure) reactor design is being 
developed by an international consortium of 21 organizations from ten countries, 
including three members from Brazil and one from Mexico.  This reflects the interest 
that Latin America has for a project which addresses the energy needs of the region.  
Presented here are some of the most recent developments in the IRIS project.  The 
project’s highest priority is the current pre-application licensing with the US NRC, which 
has required an investigation of the major accident sequences and a preliminary 
probabilistic risk assessment (PRA).  The results of the accident analyses confirmed the 
outstanding inherent safety of the IRIS configuration and the PRA analyses indicated a 
core damage frequency due to internal events of the order of 2E-8.  This not only 
highlights the enhanced safety characteristic of IRIS which should enhance its public 
acceptance, but it has also prompted IRIS to consider the possibility of being licensed 
without the need for off-site emergency response planning which would have a very 
positive economic implication. 
 
The modular IRIS, with each module rated at ~ 335 MWe, is of course an ideal size for 
developing countries as it allows to easily introduce a moderate amount of power on 
limited electric grids.  IRIS can be deployed in single modules in regions only requiring a 
few hundred MWs or in multiple modules deployed successively at time intervals in 
large urban areas requiring a larger amount of power increasing with time. 
 
IRIS is designed to operate “hands-off” as much as possible, with a small crew, having 
in mind deployment in areas with limited infrastructure.  Thus IRIS has a 48-months 
maintenance interval, long refueling cycles in excess of three years, and is designed to 
increase as much as possible operational reliability.  For example, the project has 
recently adopted internal control rod drive mechanisms to eliminate vessel head 
penetrations and the possibility of corrosion cracking as in Davis-Besse and other 
plants. 
 
Latin America, as many other regions on the earth, needs water as much as electricity.  
IRIS has developed a water desalination co-generation design which can employ a 
variety of processes as dictated by local and economic conditions.  Applications to the 
arid Brazilian Nord-Este and Mexican Nord-Oeste are being considered. 
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1.   INTRODUCTION
 
The IRIS (International Reactor Innovative and Secure) reactor design has been in 
development since the end of 1999.  From the very beginning it has been structured 
through the IRIS Consortium, led by Westinghouse Electric Co. and comprising a 
variety of industrial, academic and research organizations throughout the world, who 
provide self-funded contributions to the project development.   
 

Table 1.  Member organizations of the IRIS consortium. 
 

INDUSTRY 
Westinghouse USA Overall coordination; leading core design, safety 

analyses and licensing 
BNFL UK Commercialization and fuel cycle 
Ansaldo Energia Italy Steam generators design 
Ansaldo Camozzi Italy Steam generators fabrication 
ENSA Spain Pressure vessel and internals 
NUCLEP Brazil Containment 
Bechtel USA BOP, AE 
OKBM Russia Testing, desalination and district heating co-gen 

LABORATORIES 
ORNL USA I&C, PRA, desalination, shielding, pressurizer 
CNEN Brazil Transient and safety analyses, pressurizer, desalination 
ININ Mexico PRA, neutronics support 
LEI Lithuania Safety analyses, PRA, district heating co-gen 

UNIVERSITIES 

Polytechnic of Milan Italy Safety analyses, shielding, thermal hydraulics, steam 
generators design, advanced control system 

MIT USA Advanced cores, maintenance 
Tokyo Inst. of Technology Japan Advanced cores, PRA 
University of Zagreb Croatia Neutronics, safety analyses 
University of Pisa Italy Containment analyses, severe accident analyses, 

neutronics 
Polytechnic of Turin Italy Source term 
University of Rome Italy Radwaste system, occupational doses 
POWER PRODUCERS 
TVA USA Maintenance, utility perspective 
Eletronuclear  Brazil Developing country utility perspective 
ASSOCIATED US UNIVERSITIES (NERI PROGRAMS) 
University of California Berkeley USA Neutronics, advanced cores 
University of Tennessee USA Modularization, I&C 
Ohio State University USA In-core power monitor, advanced diagnostics 
Iowa State University 
(and Ames Lab) 

USA On-line monitoring 

University of Michigan 
(and Sandia Labs) USA Monitoring and control 
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A list of the 21 organizations from ten countries who are currently members of the IRIS 
Consortium is provided in Table 1, along with their contributed areas of expertise.  As 
shown in Table 1, four organizations from Latin America are members of IRIS, in 
recognition of the fact that IRIS characteristics are very well suited to the continent 
needs and conversely Latin America is a prime candidate for IRIS commercial 
deployment.  Such characteristics will be identified and briefly discussed in this paper. 
 
Except for the integral primary system layout depiction (shown in Fig. 1), a detailed 
description of IRIS is not provided here for brevity and in recognition of the fact that the 
various aspects of the IRIS design and the progress of the project to date have been 
amply documented in a large number of publications, providing overviews as well as 
detailed discussion of specific technical areas.  Three of the most recent overviews will 
be found in Refs. 1-3 and from there one can go to more specific publications. 
 

 
Figure 1.  IRIS integral primary circuit. 
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Rather we will focus on the following characteristics of general interest, and more 
specifically to Latin America: 
 
• The modular configuration of IRIS which allows it to be deployed in single or multiple 

units rated at about 335 MWe each.  This provides great flexibility, compatibility with 
limited grids and substantial ease of financing. 

 
• IRIS outstanding safety provides a strong foundation for pursuing an advanced 

licensing position where no requirement is necessary for off-site emergency 
response.  If approved, this new licensing provides IRIS with very significant 
advantages in terms of public acceptance and economic impact. 

 
• IRIS is designed for maximum components reliability, long refueling cycles and 

maintenance intervals of 48 months.  This “hands-off” design requires a limited crew 
and is ideally suited for deployment in areas with limited infrastructure. 

 
• IRIS is being designed for co-generation capabilities.  Of particular interest to the 

Latin America region is its capability of water desalination; in fact, both Brazil[4] and 
Mexico[5] are investigating the deployment of IRIS in arid regions of their countries. 

 
2.   MODULAR CONFIGURATION AND IMPROVED ECONOMICS
 
The modular IRIS configuration allows gradual introduction of either single modules 
(335 MWe each) or multiple modules, at a single site or at multiple sites.  This provides 
great flexibility as well as compatibility with electric grids of limited size.  It enables 
matching the energy demand growth with gradual introduction of new generating 
capacity, that would not be possible with large units.  As a result, IRIS has been 
recognized internationally as an attractive advanced LWR with significant market 
potential, as demonstrated by the Consortium membership and is being considered 
within the Generation IV International Forum (GIF) International Near-Term Deployment 
(INTD) group.  Several utilities have expressed interest in IRIS, and in response to their 
requests IRIS has developed two alternative site layouts and corresponding site 
requirements: 
 

• Multiple single-unit site layout (Fig. 2) 
• Multiple twin-unit site layout (Fig. 3) 

 
In the first option, shared systems and structures are minimized.  Units are constructed 
in a “slide-along” manner, with the first unit put into operation while subsequent units are 
under construction.  Such arrangement minimizes construction time and provides 
generating capacity (and revenue) as soon as possible.  It also maximizes workforce 
efficiency and significantly shortens construction time of subsequent units. 
 
In the second option, shared systems and structures (including fuel handling and spent 
fuel pool, support systems in auxiliary building) are maximized.  Twin-units share control 
rooms, but have separate safety and protection systems.  Twin-units are also 
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constructed in “slide-along” manner, with the same advantage as for the first option, 
plus maximization of shared equipment and workforce, but they require adding 
generating capacity in 670 MWe increments. 
 

 
 

Figure 2.  IRIS multiple single-unit site layout. 
 

 
Figure 3.  IRIS multiple twin-unit site layout. 
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For U.S. sites requiring large capacity, the optimum arrangement was found to be two 
twin-units with 1340 MWe total installed capacity.  However, this is not appropriate in 
the case of smaller grids or countries that don’t need (or cannot afford) such a large 
addition at once.  Instead, a multiple single-unit site layout allows starting with a single 
unit, and adding 335 MWe at a time, as the need warrants.  This reduces investment 
and improves cash-flow, as the first unit already starts generating revenues three years 
after the initial construction.  
 
For example, addition of 1000 MWe generating capacity may be accomplished by 
gradual construction and deployment of 3 IRIS modules, with a 3 year period between 
successive modules deployment, with relatively modest financial resources.  As shown 
in Fig. 4, which presents the total cumulative cash flow in this case, the maximum debt 
level never exceeds ~$160M, an amount affordable and acceptable even for smaller 
markets and developing economies.  
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Figure 4.  Cumulative cash flow for a 1000 MWe site with 3 IRIS modules.  

(Construction time 3 years; deployment with a 3-year period  
between successive modules; 100% debt financing.) 

 
It should be acknowledged that IRIS cannot rely on the traditional economy of scale.  
Instead, it offers economy of identical multiples, lower financing requirements, and 
faster response to market needs.  The first of these advantages, economy of identical 
multiples, is not limited to having several modules being built at the same time and the 
same place.  A similar benefit may be achieved by regional cooperation through the 
IRIS Consortium, if constructions of single units take place at several sites within a 
geographic region (e.g., Latin America) in a coordinated fashion.  IRIS also allows an 
accelerated learning curve through accumulating experience on the same design under 
different conditions.  
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IRIS economics relies on short construction time, optimized maintenance, and high 
reliability.  A preliminary top-down economics assessment was performed[6], indicating 
an estimated total electricity cost of 3.2-3.4 cent/kWh, which makes IRIS competitive in 
all world regions.  
 
3.   IRIS OUTSTANDING SAFETY AND ITS IMPLICATION FOR LICENSING
 
The IRIS design provides for multiple levels of defense for accident mitigation (defense-
in-depth, DID), resulting in extremely low core damage probabilities.  In addition to the 
traditional DID levels (barriers, redundancy, diversity, etc.) IRIS introduces a very basic 
level of DID, i.e., elimination by design of accident initiators or reduction by design of 
their consequences/probability.  This is implemented through the “safety-by-design”™ 
IRIS philosophy, which can be simply described as “design the plant in such a way as to 
eliminate accidents from occurring, rather than coping with their consequences.”  If it is 
not possible to eliminate certain accidents altogether, then the design inherently 
reduces their consequences and/or decreases their probability of occurring.  The key 
difference between the “safety-by-design”™ IRIS philosophy and previous practice is 
that the integral reactor design is conducive to eliminating accidents, to a degree 
impossible in conventional loop-type reactors.   
 
Several features of the design form the basis of the safety-by-design™ approach, as 
summarized in Table 2.  For example, the adoption of an integral reactor coolant system 
(first item in Table 2) eliminates the large loop piping required in other designs, and thus 
the potential for postulated large loss of coolant accidents is eliminated by design.  The 
elimination of large break LOCAs is only the most evident safety-by-design™ feature of 
IRIS; others are discussed in more detail elsewhere (e.g. Ref. 2) and they are a 
fundamental part of the IRIS defense in depth.  As a result of this systematic approach, 
the eight Class IV design basis events usually considered in LWRs are reduced to only 
one (fuel handling accident) in IRIS, with the remaining seven either completely 
eliminated by design, or their consequences (as well as probability) reduced to a degree 
that they are no longer considered Class IV events.  
 
Thus, overall approach to safety in IRIS may be represented by the following three-tier 
approach: 
 
1. The first tier is the safety-by-design™, which aims to eliminate by design the 

possibility for an accident to occur, rather than dealing with its consequences.  By 
eliminating some accidents, the corresponding safety systems (passive or active) 
become unnecessary as well.  

 
2. The second tier is provided by simplified passive safety systems, which protect 

against the still remaining accidents and mitigate their consequences. 
 
3. The third tier is provided by active systems, which are not required to perform 

safety functions and are not considered in deterministic safety analyses, but may 
contribute to reducing the core damage frequency (CDF). 

 
 

7 / 7 



ANES 2004  M. Carelli, B. Petrovic, Recent Developments od the IRIS… 

Table 2.  Implications of safety-by-design™ IRIS philosophy 
 

IRIS Design 
Characteristic Safety Implication Accidents Affected 

Integral Layout No large primary piping -     LOCAs 

 
 
Large, tall vessel 

Increased water inventory 
 
 
Increased natural circulation 
 
Can accommodate internal CRDMs 

-     LOCAs 
-     Decrease in heat removal 
 
-     Various events 
 
-     RCCA ejection, eliminate head 
      penetrations 

Heat removal 
from inside the 
vessel 

Depressurizes primary system by condensation 
and not by loss of mass 
 
Effective heat removal by SG/EHRS 

-     LOCAs 
 
 
-     LOCAs 
-     All events for which effective  
      cooldown is required 

Reduced size, 
higher design-
pressure 
containment 

Reduced driving force through primary opening -     LOCAs 

Multiple coolant 
pumps 

Decreased importance of single pump failure      Locked rotor, shaft seizure/break

 
 
High design- 
pressure steam 
generator system 

No SG safety valves 
 
Primary system cannot over-pressure secondary 
system 
 
Feed/steam system piping designed for full RCS 
pressure reduces piping failure probability 

 
 
-     Steam generator tube rupture 
 
 
-     Steam line break 
-     Feed line break 

Once-through 
steam generator 

Limited water inventory -     Steam line break 
-     {Feed line break}* 

Integral 
pressurizer 

Large pressurizer volume/reactor power -     Overheating events, including 
       feed line break 
-     ATWS 

* The only accident which is potentially affected in a negative way 
 
The third tier has been addressed within the PRA framework.  In fact, PRA was initiated 
early in the IRIS design, and was used iteratively to guide and improve the design 
safety-wise.  The PRA has suggested modifications to the reactor system layout, 
resulting in reduction of the predicted CDF.  After these modifications, the preliminary 
PRA level 1 analysis[7] estimated the CDF due to internal events (including ATWs) to be 
about 2x10-8.  This value is more than one order of magnitude less that in advanced 
LWRs, and it is dominated by the vessel rupture with its “prescribed” CDF of 1x10-8.  
Achieving such low internal events CDF value was possible due to the inherent 
amenability of the integral configuration to improved safety, combined with the safety-
by-design™ and PRA-guided design improvements.  A subsequent evaluation of the 
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LERF (Large Early Release Frequency), which is discussed in another paper at this 
conference[8] also produced a very low value, of the order of 6x10-10, which is orders of 
magnitude lower than loop LWRs. 
 
The superb safety characteristics of IRIS can conceivably lead to more “relaxed” 
licensing regulations with significant socio-economic advantages.  In fact, the defense-
in-depth provided by the safety-by-design™ as the first step, which results in the 
elimination or lessening of Class IV events (only one left out of the eight typically 
considered), combined with the orders of magnitude improvement in CDF and LERF, 
and risk-informed licensing could allow IRIS to attain ambitious licensing objectives, 
such as licensing with no requirements for off-site emergency response planning (i.e., 
emergency planning zone equal to the site exclusion zone).  This objective, also 
declared by the IAEA as one of the top-level goals for advanced reactors,[9] would have 
quite a significant positive socio-economic impact. 
 
Economically, the utility/plant operator will not be required to plan for emergency 
evacuation, allowing a larger choice of sites, and avoiding the expenses of physically 
preparing the site and conducting planning for emergency response.  The possibility of 
siting the plant closer to urban developments allows better implementation of co-
generation (district heating, industrial steam, desalination) and reduction of transmission 
costs. 
 
Public acceptance will be greatly improved, because essentially IRIS is declared to be 
no different from other power producing plants, thus removing the “red flag” associated 
with nuclear plants. 
 
Licensing without the off-site emergency response requires elaboration of a new 
licensing framework, which the IRIS project will explore with the U.S. NRC during the 
currently on-going pre-application licensing process scheduled to be completed by 
winter 2005/spring 2006, as well as by keeping in close contact with the IAEA. 
 
4.   OPTIMIZED MAINTENANCE
 
A distinguishing characteristic of IRIS is its capability of operating with long cycles.  Fuel 
management options employing the current fuel technology are shown in Table 3.  The 
reference core design (middle column) features a two-batch, three-year fuel cycle, 
selected on the basis of ease of licensing and U.S. utilities preference.  However, IRIS 
is capable of operating in straight burn four-year cycle (left column), and eventually 
extending the cycle length, if desired, up to eight years, when future improved fuels 
become available and licensed, that would employ increased fissile content and allow 
higher discharge burnup (Table 4).   
 
However, the significant advantages connected with a long refueling period in reducing 
operation and maintenance (O&M) costs would be lost if the reactor still had to be shut 
down on a 18─24-month interval for routine maintenance and inspection.  The IRIS 
primary system components are therefore designed to have very high reliability to 
decrease  the  incidence  of  equipment  failures  and  reduce  the frequency of required  
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Table 3.  Fuel management options employing current fuel technology. 

 EMPHASIS ON 
PROLIFERATION 

RESISTANCE 
(Specific markets) 

REFERENCE 
OPTION 
(Used for  

Design Basis) 

HIGH BURNUP 
OPTION  
(When 

Licensable) 
Nominal  

reload strategy 
Single-Batch 

(Straight Burn) 
“Two”-Batch 

(Partial Reload) 
“Three”-Batch 
(Partial Reload) 

Number of  
fresh fuel assemblies 89 40-45 28-33 

Actual number  
of batches 1 1.98-2.22 2.70-3.18 

Fuel assemblies with 
4.95% 235U enrichment 69 40-45 28-33 

Fuel assemblies with 
reduced 235U enrichment 20 -- -- 

Cycle length  
(Years) 4.0 3.0-3.5 2.4-3.0 

Average discharge 
burnup (MWd/tU) 38-40,000 48-53,000 54-60,000 

Lead rod average burnup 
(MWd/tU) <50,000 <62,000 <75,000 

 
 

Table 4.  Fuel management options to enable 8-year cycle. 
 Reference Core Future UO2 Upgrade Future MOX Upgrade 

Fuel Type UO2 <5% fissile UO2 >5% fissile MOX >5% fissile 
Fissile Content 4.95% ~7-8% ~9-10% 
Core Lifetime 
(straight burn) 

~4 years ~8 years ~8 years 

Pitch/diameter ratio 1.4 1.45 1.7 
Moderator/fuel     
volumetric ratio 

2.0 2.2 3.7 

 
 
inspections or repairs.  An example is the elimination of the reactor vessel head 
penetrations, through the adoption of internal control rod drives mechanisms.  This 
eliminates the possibility for corrosion cracking to occur as experienced in Davis-Besse 
and other plants. 
 
Next, IRIS has been designed to extend the need for scheduled maintenance outages 
to at least 48 months.  The basis for extending the maintenance cycle has been a 
study[10] performed earlier by MIT for an operating PWR to identify required actions for 
extending the maintenance period from 18 to 48 months.  The strategy was to either 
extend the maintenance/testing items to 48 months or to perform maintenance/testing 
on line.  MIT identified 3743 maintenance items, 2537 of them off-line and the remaining 
1206 on-line.  It was found that 1858 of the off-line items could be extended from 18 to 
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48 months, while 625 could be re-categorized from off-line to on-line.  Further, out of the 
1858 items there were 1499, which were electrical surveillances and had a strong 
potential for also being performed on-line.  As illustrated in Fig. 5, this left only 54 items 
which still needed to be performed off-line on a schedule shorter than 48 months.  
Starting from this MIT study and factoring in the specific IRIS conditions (for example, 
there is no need to change the reactor primary coolant pumps oil lubricant, since the 
IRIS spool type pumps are lubricated by the reactor coolant), only 7 items were left as 
obstacles to a 48-month cycle.[11]  These items were addressed and either resolved or a 
plan of action was identified.[12]

 

 
 

Figure 5.  Possible re-categorization of maintenance items  
to enable 48-month maintenance cycle (MIT, 1997) 

 
Because of the four-year maintenance cycle capability, and the extended cycle design, 
the capacity factor of IRIS is expected to comfortably satisfy and exceed the 95% target.  
Moreover, personnel requirements, both during operation and during a maintenance 
shut-down, are expected to be significantly reduced.  Both considerations will result in 
decreased O&M costs, as well as ease of deployment in regions with a limited 
infrastructure.   
 
5.   IRIS CO-GENERATION (DESALINATION) DESIGN
 
To fit specific needs of certain market segments, dual-purpose IRIS plant designs 
modified for desalination or district heating are being developed.  The former option is of 
direct interest to Latin America.[4,5]  Only a summary is provided here, while further 
details are provided in Ref. 13, presented at this conference. 
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The design of the IRIS power conversion system facilitates coupling to a desalination 
plant due to the multistage feedwater heater arrangement, which provides easy access 
to a range of steam temperatures and pressures. 
 
There are three primary processes that have been demonstrated for the purposes of 
nuclear desalination: 
 

• Multi-Effect Distillation (MED) 
• Multi-Stage Flash Distillation (MSF) 
• Reverse Osmosis (RO) 

 
The first two options are being investigated by various IRIS partners, while the third 
option requires only electricity input from the power plant and therefore does not warrant 
a specific analyses at this stage of the project.  
 
As an example, an integrated desalination option based on MSF is shown in Fig. 6.  A 
design based on the horizontal tube film evaporators is also being pursued.  This 
technology was developed by the IRIS member OKBM, and proved reliable in three 
generations of desalination plants already in use.  
 

Reactor
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Turbine LP Turbine Generator

Multistage Flash Distillation Units

Feedwater Heaters
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1
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Figure 6.  Integrated IRIS desalination design. 
 
Economic assessment of desalination using IRIS was performed for a range of 
assumptions, and using several analytic methods, including the IAEA computer program 
DEEP, and an OKBM in-house developed code.  Results are summarized in Table 5.  It 
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Table 5.  Assessment of desalination economics based on integrated IRIS design. 
 

PERTINENT PARAMETERS  

Desalination Unit Design Data  
Power desalinating complex output, thousand m3/day 140 
Number of desalinating plant units 7 
Desalinating plant unit output, thousand m3/day 20 
Desalinating plant power consumption, MW 5.21 
DP intermediate loop power consumption, MW 0.4 
Thermal capacity supplied to DDP, Gcal/h 175 
Loss of thermal capacity of the main turbine of IRIS RP as a result of steam 
supply to DDP, MW 48.7 

Rated electric power of IRIS RP, MW 343.4 
IRIS RP house loads, MW 10 
NPP with IRIS RP electric power supplied to the grid, MW 333.4 
Power desalinating complex electric power supplied to the grid, MW 279.09 
Technical and economical indices of IRIS RP power unit  
Specific construction costs for RP power unit, $/kWe 1155 
Capital construction costs for NPP with IRIS RP, mln. $ 385 
Electric power prime cost, cent/ kW.h, obtained by: 
-- IAEA DEEP code 
-- OKBM in-house code 
-- Polytechnic of Milan (POLIMI) analysis 

3.0 
3.0 
2.7 

Technical and economical indices of desalinating unit  
Specific construction costs for single power unit of desalinating plant $/(m3 day) 1200 
Capital construction costs for desalinating plant, mln $  
(including intermediate loop, structures for water intake and discharge) 192.7 

Desalinated water prime cost $/m3, obtained by 
-- IAEA DEEP code 
-- OKBM code 
-- POLIMI (for reverse osmosis) 

0.839 
0.804 
0.737 

 
 
is worth noticing that quite consistent results were obtained by different organizations 
employing different assessment tools  
 
As shown, IRIS is economically attractive for water desalination applications.  Further 
positive considerations are: 
 

- The international nature of the IRIS project team will help ensure that the design 
will be licenseable for deployment in the world market. 

- The modular sizing of IRIS will allow countries with small-to-medium power 
requirements to add capacity to their electrical grid in smaller increments 
consistent with their power and water demands and infrastructure characteristics. 

- The enhanced safety margins will provide additional flexibility in the siting of the 
reactor to better match electrical and water use demographics.  This will also 
encourage countries with modest nuclear infrastructure to build and operate 
nuclear plants. 
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SUMMARY AND CONCLUSIONS 
 
IRIS technical and economic characteristics make it well suited for a variety of 
worldwide deployment scenarios.  Still, it is particularly tailored for applications in the 
Latin American continent because of: 
 

- Small to medium modular size which can be deployed as single or twin units in 
decentralized locations as well as multiple units in metropolitan areas.  Power 
additions are compatible with grid limitations. 

- The possibility of licensing without emergency response requirement lessens the 
economic burden on the power producers and facilitates public acceptance in a 
continent where nuclear power usage is not widespread. 

- Reliance on well known water reactor technology and a simple, low maintenance 
design:  both factors lessen the operating requirements 

- An excellent electricity/potable water co-generation capability 
- Membership in the IRIS consortium, which offers the possibility of participating in 

a cutting edge technology design and build up the country nuclear infrastructure.  
Four Latin American organizations are consortium members. 
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