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ABSTRACT 

The International Reactor Innovative and Secure (IRIS) is an advanced, integral, light-
water cooled, pressurized reactor of medium generating capacity (1000 MWt, or about 335 
MWe). It has been under development since the turn of the century by an international team—
led by Westinghouse—that includes 19 organizations from 10 countries. In year 2002 it has 
initiated the pre-application review with the U.S. Nuclear Regulatory Commission (NRC), 
aiming at final design approval around 2010, and deployment in next decade (about 2015), 
consistent with the prediction of the growing energy supply gap in both developing and 
developed countries. This paper describes the reactor layout (i.e., its integral design, with the 
steam generators, pumps, pressurizer and control rod drive mechanisms all included inside the 
reactor vessel, together with the core, control rods, and neutron reflector/shield) and discusses 
the unique “safety-by-design”™ IRIS philosophy.  This approach, by eliminating accidents at 
the design stage, or decreasing their consequences and probabilities when outright elimination 
is not possible, provides a very powerful first level of defense in depth.  The “safety-by-
design”™ allows a significant reduction and simplification of the passive safety systems, 
which not only improves its safety but simultaneously reduces the overall cost.  Moreover, it 
supports licensing the power plant with reduced off-site emergency response requirements. 
The modular IRIS—with each module rated at ~335 MWe—is an ideal size for smaller 
energy grids as it allows introducing sequentially single modules in regions only requiring a 
few hundred MWs at a time.  IRIS naturally can be also deployed in multiple modules in 
areas requiring a larger amount of power increasing with time, thus fulfilling the needs of 
larger, developed countries as well. The performed top-down economic analysis indicates that 
the cost of generated electricity is competitive with other nuclear and non-nuclear power 
plants. With its moderate size and short construction time, IRIS significantly reduces the 
financial burden and presents a viable solution for markets (or countries) with limited 
investment capital.  
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1 INTRODUCTION 

IRIS has been under development since the turn of the century. Its development started 
in late 1999, led by Westinghouse Electric Company, initially under the U.S. DOE Nuclear 
Energy Research Initiative (NERI), aiming to address Generation IV key requirements 
(economics, enhanced safety, reduced waste and improved proliferation resistance). It has 
since evolved from a research project into a reactor design with significant market potential, 
and expanded into an international team of 19 organizations from 10 countries, including 
industry, academic and research institutions throughout the world, thus bringing to the project 
top-experts in the various facets of nuclear plant development. The group members and their 
areas or responsibility are listed in Table 1.  

 

Table 1: IRIS team member organizations 

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 
OKBM Russia Testing, desalination and district heating co-generation 

LABORATORIES 
ORNL USA Instrumentation and control (I&C), Probabilistic risk 

assessment (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-generation 

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 
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 Lab USA Monitoring and control 

 
IRIS is a modular, advanced, light water reactor of medium power, 335 MWe. While its 

modularity provides significant advantages, discussed later in this paper, its power level 
(inherently reduced for modular reactors) challenges the economy of scale associated with 
large NPPs. The key to the economic competitiveness of IRIS, in addition to its simplicity and 
reduced operation cost, is in its fabrication in series. Deployment of multiple identical 
modules requires an international market, and for IRIS to be readily accepted internationally, 
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it had to be developed internationally. Hence, the IRIS approach is emphasized by the first 
letter (International) of its acronym. More essentially, from the very beginning IRIS was 
going to be designed and subsequently fabricated and deployed by an international 
partnership. This embodies a new paradigm where all team members are stakeholders in the 
project. This approach immediately found a positive resonance and wide interest, as 
demonstrated by the team members list. While the associated university members (last group 
in Table 1) were funded by U.S. DOE within NERI, all other members (including 
universities) are self-funded and provide to the project both design efforts and their previous 
know-how and expertise. 

The benefits for the members and countries interested to build and deploy IRIS are 
multiple and unique. By participating in the design process, they acquire full familiarity with 
all aspects of the IRIS design, at the same time having the opportunity to influence it 
according to their local needs. They will also share in the future proceeds of worldwide 
deployment. 

The joint efforts of this international expert team have enabled IRIS to rapidly progress 
through the scoping and trade-off studies and through the conceptual design. It has 
completing the NSSS preliminary design and is in the pre-application review licensing stage 
with the U.S. NRC (Nuclear Regulatory Commission). One important aspect contributing to 
its early success is the balanced approach to technology improvements. While IRIS presents a 
very innovative reactor design with many attractive features, its technological basis is firmly 
grounded on well-proven and universally accepted light-water reactors technology and 
experience. The target deployment schedule is shown in Table 2; it is worth noting that so far 
all the milestones were reached according to the schedule. 

 

Table2: IRIS project schedule and milestones 

Milestone Target Date 
Program started End 1999 
Assessed key technical and economic feasibility End 2000 
Performed conceptual design End 2001 
Preliminary cost estimate End 2001 
Initiated licensing pre-application review Fall 2002 
Developed licensing plan Fall 2002 
Outlined path to commercialization Early 2003 
Completed NSSS preliminary design Mid 2005 
Initiate necessary testing for Design Certification (DC) Early 2006 
Complete testing Mid 2008 
Obtain final design approval End 2010 
First-of-a-kind deployment About 2015 

 

2 IRIS DESIGN 

2.1 Main Design Parameters 

IRIS is an advanced, modular, light water reactor of medium power (1000 MWt; 335 
MWe), with an integral primary circuit configuration. This section provides only the main 
IRIS design parameters, summarized in Table 3, while further details may be found in 
previous publications, e.g. in Refs. [1,2].  
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Table3: IRIS main design parameters 
GENERAL PLANT DATA  
Core thermal power 1000 MWt 
Power plant output, net 335 MWe 
NUCLEAR STEAM SUPPLY SYSTEM  
Number of coolant loops Integral primary system 
Steam temperature, pressure 317°C, 5.8 MPa 
Feedwater temperature, pressure 224°C, 6.4 MPa 
REACTOR COOLANT SYSTEM  
Primary coolant flow rate 4700 kg/s 
Reactor operating pressure 15.5 MPa 
Core inlet / outlet (riser) temperature 292°C / 330°C 
REACTOR CORE  
Active core height 4.267 m 
Fuel inventory 48.5 tU 
Average linear heat rate 10.0 kW/m 
Fuel material  Sintered UO2 
Number of fuel assemblies 89 
Rod array  Square, 17x17 
Number of fuel rods/assembly 264 
Outer diameter of fuel rods 9.5 mm 
Enrichment  Up to 4.95 wt% U-235 
Equilibrium cycle length 30-48 months 
Average discharge burnup Up to 60,000 MWd/tU 
REACTOR PRESSURE VESSEL  
Cylindrical shell inner diameter 6.21 m 
Wall thickness of cylindrical shell  285 mm 
Total height 21.3 m 
STEAM GENERATORS  
Type Helical coil tube bundle, once-through, superheated 
Number 8 
Thermal capacity (each SG) 125 MWt 
REACTOR COOLANT PUMP  
Type  Spool type, fully immersed 
Number 8 
Pump head 19.8 m 
PRIMARY CONTAINMENT  
Type  Pressure suppression, steel 
Geometry Spherical, 25 m diameter 
Design pressure, temperature  1300 kPa, 200 °C 

 
2.2 Integral Primary Circuit Configuration 

A typical light water power reactor employs a loop configuration, i.e., large primary 
circuit piping and components external to the reactor vessel, whereas IRIS features an integral 
configuration, i.e., all major primary system components are placed inside the reactor vessel 
(“integral vessel”), and external piping is eliminated. This is schematically illustrated in 
Figures 1a and 1b. While the vessel size is increased in integral configuration, the 
containment and overall NPP size is decreased, with a positive impact on safety and 
economics (see Fig. 1c). 
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(a) (b) (c) 

Figure 1:  Comparison of LWRs with loop configuration (a) and integral primary circuit 
configuration (b), and the overall containment size (c)  

 
2.3 Integral Vessel 

The IRIS integral reactor vessel includes all the major primary circuit components: the 
nuclear fuel and control rods (core); internal control rod driving mechanisms; eight small, 
spool type, immersed reactor coolant pumps; eight modular, helical-coil, once-through steam 
generators; and, a pressurizer located in the upper vessel head. As shown in Fig. 2, coolant 
flows upward through the core and then riser region, formed by the extended core barrel. Near 
the top of the riser, the coolant is directed laterally into the upper plenum where the suction of 
the pumps is located. The flow of each pump is directed downward through a corresponding 
steam generator module. The flow path continues downward through the annular downcomer 
region, reaching the lower plenum, where it is redirected back into the core, completing the 
circuit. Detailed description of individual primary circuit components is beyond the scope of 
this paper, but may be found in other IRIS references provided in this paper [1,2]. 
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Figure 2:  IRIS integral primary circuit 
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2.4 IRIS Power Plant Site Layout 

Based on interest in IRIS expressed by several electric power utilities in U.S. and 
abroad, IRIS has developed two alternative site layouts with corresponding site requirements. 
The first option shown in Fig. 3 presents a multiple single-unit site layout, enabling 
deployment in increments of 335 MWe, and suitable for smaller electric grids, while the 
second option shown in Fig. 4 presents a multiple twin-unit site layout.  

 

 
Figure 3:  IRIS multiple single-unit site layout 

 

 
Figure 4:  IRIS multiple twin-unit site layout 

 
In the first option, shared systems and structures are minimized.  Units are constructed 

in a “slide-along” manner, as indicated by the red arrow, 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 constructed in a 
“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.  
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2.5 Optimized Maintenance 

A distinguishing characteristic of IRIS is its capability of operating with long cycles, 
i.e., the core is designed to be able to operate without refueling for up to 4 years. However, to 
fully exploit this characteristic, the extended cycle core capability has to be matched by the 
extended maintenance outage interval, which is much shorter (12-24 months) in present 
LWRs. The basis for extending the maintenance cycle in IRIS to 48 months has been a study 
[3] 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.  The study 
had identified a total of 3743 maintenance items, 2537 of them performed off-line and the 
remaining 1206 on-line.  By evaluating each maintenance item from the standpoint whether it 
is possible to extend its maintenance period to 48 months, or reclassify it from off-line to on-
line, MIT was able to reduce the list of items which still needed to be performed off-line on a 
schedule shorter than 48 months to only 54 items.  Starting from this study and factoring in 
the specific IRIS conditions (in particular, simplified design; 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 potential obstacles to a 48-month 
cycle [4].  These items were addressed and either resolved or a plan for resolution was 
devised [5]. Because of the four-year cycle capability, the capacity factor of IRIS is expected 
to 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.   

3 IRIS APPROACH TO ENHANCED SAFETY 

The 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 at eliminating 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 (i.e., are not safety grade) and are not considered in deterministic safety analyses, 
but may contribute to reducing the core damage frequency (CDF). 

First Tier. Nuclear power plants consider a range of hypothetical accident scenarios. 
The IRIS “safety-by-design”™ philosophy is a systematic approach that aims—by design—at 
eliminating altogether the possibility for an accident to occur, i.e., to eliminate accident 
initiators, rather than having to design and implement systems to deal with the consequences 
of the accident. It should be noted that the integral configuration is inherently more amenable 
to implementing safety-by-design™ than a loop-type configuration. To give only the most 
obvious example, loss of coolant accidents caused by a large break of external primary piping 
(LBLOCA) are eliminated by design since no large external piping exists in IRIS. 
Furthermore, in cases where it is not possible or practical to completely eliminate potential 
initiators of an accident, safety-by-design™ aims at reducing the severity of the accident’s 
consequences and the probability of its occurrence. As a result of this systematic approach, 
the eight Class IV design basis events (potentially leading to most severe accidents) that are 
usually considered in LWRs, are reduced to only one in IRIS, with the remaining seven either 



132.8 

Proceedings of the International Conference “Nuclear Energy for New Europe 2005” 

completely eliminated by design, or their consequences (as well as probability) reduced to a 
degree that they may be down-rated. Further discussion (with a description of specific design 
solutions) may be found in Ref. [2].  

Second Tier. Elimination of the possibility for some accidents to occur enables 
simplifications of IRIS design and passive safety systems, resulting simultaneously in 
enhanced safety, reliability, as well as economics. In other words, the increased safety and 
improved economics promote each other in the IRIS design. 

Third Tier. The third tier has been addressed within the PRA/PSA (Probabilistic Risk 
Assessment/Probabilistic Safety Assessment) 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 [6] estimated 
the CDF due to internal events (including anticipated transients without scram, ATWs) to be 
about 2x10-8, more than one order of magnitude lower than in advanced LWRs.  A subsequent 
evaluation [7] of the LERF (Large Early Release Frequency) also produced a very low value, 
of the order of 6x10-10, which is more than one order of magnitude lower than in advanced 
loop LWRs, and several orders of magnitude lower than in present LWRs. 

The superb safety characteristics of IRIS (Table 4) 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 (or reduced requirements) for off-site emergency response 
planning (i.e., emergency planning zone equal to the site exclusion zone).  

Table 4: Safety features of IRIS 

Criterion Advanced present LWRs IRIS 

Defense-in-Depth (DID) Passive systems; active systems Safety-by-design™ adds one additional 
safety layer before the traditional DID 
layers(eliminating accidents initiators) 

Class IV Design Basis Events  8 typically considered Only 1 remains Class IV 
(fuel handling accident) 

Core Damage Frequency (CDF) ~10-6—10-7 ~10-8 

Large Early Release Frequency 
(LERF) 

~10-6—10-8 ~10-9 

 

This objective, also declared by the International Atomic Energy Agency (IAEA) as one 
of the top-level goals for advanced reactors [8] would have a significant positive 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 will be declared to be no different from other power 
producing 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 
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currently on-going pre-application review process, as well as by keeping in close contact with 
the IAEA. 

4 IRIS ECONOMICS 

It should be emphasized that IRIS does not rely on the traditional economy of scale, but 
instead offers economy related to its modularity, identical multiples, production of 
components in series, short construction time, optimized maintenance and high reliability. A 
top-down evaluation of IRIS economics was performed [9] to assess its viability in 
competitive markets, indicating a total electricity cost of about 4 ¢/kWh, which makes IRIS 
competitive in all world regions. 

Moreover, while a site with three twin-units may provide 2000 MWe, the modularity 
also enables starting with a single 335 MWe unit, and adding individual units at a schedule 
that matches the energy growth rate and the available financial resources. This reduces 
investment and largely improves cash-flow, as the first unit starts generating revenues three 
years after its construction started. 

For example, a site with 1000 MWe generating capacity may be achieved by successive 
deployment of 3 single IRIS modules, with a 3-year period between starting construction of 
each one. As illustrated in Fig. 5, which presents the total cumulative cash flow in this case, 
the maximum cash outflow at any time stays below $300M, an amount affordable and 
acceptable even for smaller markets and developing economies.  

 

YEAR FROM START 1 2 3 4 5 6 7 8 9 10 11 12

IRIS-1 335 Mwe CONSTRUCTION OPERATION -->
IRIS-2 335 Mwe CONSTRUCTION OPERATION -->
IRIS-3 335 Mwe CONSTRUCTION OPERATION -->  

Figure 5:  Sample cash flow for a 1000 MWe site with 3 IRIS modules.   
(Construction time 3 years; deployment with a 3-year period between successive modules.) 

5 PROSPECTS FOR IRIS DEPLOYMENT AND CONCLUSIONS 

As described in this paper, IRIS is an advanced medium-size reactor, with many 
innovative features, yet at the same time relying on well-known, demonstrated light-water 
reactor technology. Through its safety-by-design™ approach applied consistently throughout 
the design process, it has achieved significantly enhanced safety with several positive 
implications. The simplified design, optimized maintenance and operation, and modular 
construction result in a reduced cost, as well as reduced infrastructure requirements.  They 
also support achieving licensing with eliminated (or reduced) need for off-site emergency 
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response planning. This will enable IRIS to be treated as any other industrial facilities, 
increase public acceptance, and also allow construction sufficiently close to population 
centers to reduce transmission costs and make co-generation an attractive option.  

The IRIS team, with its international partnership, provides a unique opportunity to 
countries interested in deploying IRIS to participate in its development and if needed tailor it 
according to their specific needs. Moreover, it enables cost-sharing in development and 
reduction of fabrication cost by multiple series. IRIS deployment schedule meets the 
requirements of those countries that expect a significant energy deficit in the next decade.  

The estimated cost of electricity makes IRIS competitive in all world regions. Its 
modularity provides the flexibility of deployment in single-unit (335 MWe) or twin-unit (670 
MWe) increments, with the total site size ranging anywhere from 335 MWe to several 
thousand MWs. In fact, it offers a feasible solution for smaller electric grids (of several 
thousand MWe installed capacity), which, because of the grid stability and performance 
issues, cannot integrate single large reactor units of 1000 MWe or more. The gradual 
deployment combined with the short construction time allows optimized cash flow and 
reduces the total outflow to a level acceptable even by the markets with very limited financial 
resources (outflow less than $300M for a 1000 MWe installation, as illustrated in the previous 
section). In summary, IRIS is ideally suited for markets/countries with limited financial 
resources, or for grids of medium/smaller size, requiring to gradually add new power stations 
in the next decade.  
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