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ABSTRACT  
This paper presents an overview of the current status of the IRIS (International Reactor Innovative and Secure) project, 
focusing on the design and licensing activities. An update relative to the previous presentation at the 4th HND 
Conference is provided, highlighting some of the main accomplishments over the past two years.  After successfully 
completing the conceptual design phase, IRIS is now finalizing the preliminary design as well.  The pre-application 
licensing review with the U.S. NRC has been initiated in October of 2002.  The safety-by-design approach and PRA-
guided design open the possibility to aim for licensing not requiring off-site emergency response planning.  Multiple 
single-unit and twin-unit site layouts have been developed within the ESP (Early Site Permit) program currently 
pursued by three U.S. power utilities.  Desalination and district heating options have recently been added to the base 
design.  Staggered construction schedules of multiple units may be applied to optimize cash-flow and minimize the 
required investment, making IRIS a financially attractive option, even for economies with limited investment 
capabilities.  Because of its modularity, compatibility with smaller/medium grids, and enabling gradual build of new 
generating capacity matching the needs, IRIS has a large potential in the worldwide market. 

 
1 INTRODUCTION 
IRIS (International Reactor Innovative and Secure) is a medium-size (1000 MWt) advanced light water 
reactor (LWR) with enhanced safety and attractive economics.  Its development started at the end of 1999 by 
an international consortium led by Westinghouse/BNFL. The consortium has since grown to over 20 
members from 10 countries, as listed in Table 1.  The joint efforts of this international expert team has 
enabled IRIS to move forward rapidly through the scoping and trade-off[1-4] and conceptual design phases,[5,6] 
and it is now nearing completion of the preliminary design.[7,8]  An overview of the IRIS project was 
presented two years ago at the 4th HND Conference[9]. The present paper describes the current status of the 
IRIS project, including the design and licensing activities, with emphasis on the recent developments.   

Two fundamental aspects of the IRIS approach that contributed to its fast progress and international 
acceptance are: 

• IRIS is a very innovative reactor design with many attractive new features, especially in the safety area, 
but at the same time its technology is grounded on well proven and universally familiar water reactors 
experience. 

• IRIS embodies a new paradigm with its development by an international partnership of industry, 
research organizations, academia and power producers, where all team members are stakeholders in the 
project, for potential future deployment in both developed and emerging markets. 

In particular, IRIS is suitable for countries with small and medium electricity grid, and Croatia (through the 
University of Zagreb) has early joined the Consortium. 
                                                      
# Dr. Mario Carelli is the IRIS team leader. The team is presently comprised of over 20 organizations from 10 countries, 
and this overview paper represents the talent and work of many dedicated individuals from these organizations. For the 
list of current team members, please see Table 1.  
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Table 1.  Member organizations of the IRIS Consortium. 

INDUSTRY 

Westinghouse USA Overall coordination, core design, licensing 

BNFL UK Fuel and fuel cycle 

Ansaldo Energia Italy Steam generators design 

Ansaldo Camozzi Italy Steam generators fabrication 

ENSA Spain Pressure vessel and internals 

NUCLEP Brazil Containment, pressurizer  

Bechtel USA BOP, AE 

OKBM Russia Testing, desalination 

LABORATORIES 

ORNL USA I&C, PRA, shielding, pressurizer, core analyses 

CNEN Brazil Pressurizer design, transient and safety analyses, desalination 

ININ Mexico PRA support 

LEI Lithuania Safety analyses, PRA, district heating co-generation 

UNIVERSITIES 

Polytechnic of Milan Italy Safety analyses, shielding, thermal hydraulics, steam 
generators design, internal CRDMs, desalination 

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 

Polytechnic of Turin Italy Human factors, reliability availability maintainability support 

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 (& Ames Lab) USA On-line monitoring 

University of Michigan (& Sandia Labs) USA Monitoring and control 
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2 IRIS DESIGN 

2.1 Main Design Parameters 
This section provides only the basic design description, while further details may be found in other 
references provided in this paper. IRIS is a modular, medium power (1000 MWt; ~335 MWe) reactor, with 
an integral configuration. Main design parameters are given in Table 2. It should also be mentioned that IRIS 
is designed to require maintenance outage only each 48 months, and can thus operate on a 48-month cycle.  

Table 2.  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 317/5.8°C/MPa 
Feedwater temperature/pressure 224/6.4°C/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 
Rod array  Square, 17x17 
Number of fuel assemblies 89 
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  1300/200 kPa/°C 
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2.2 Integral Primary Circuit 
IRIS features an integral primary circuit configuration, i.e., all major primary system components are located 
inside the integral reactor vessel. These components include: the nuclear fuel and control rods (core); eight 
small, spool type, reactor coolant pumps (RCPs); eight modular, helical coil, once through steam generators 
(SGs); internal control rod drive mechanisms (I-CRDMs); a pressurizer located in the upper vessel head; 
and, a radial neutron reflector. As shown in Fig. 1, coolant flows upwards through the core and then through 
the riser region (defined by the extended core barrel). At the top of the riser, the coolant is directed into the 
upper plenum where the suction of the reactor coolant pumps is located. The flow of each pump is directed 
downward through its associated helical coil steam generator module. The flow path continues downwards 
through the annular downcomer region outside the core to the lower plenum and then back into the core, 
completing the circuit. 

 

Figure 1.  IRIS integral primary circuit. 



5th International Conference on Nuclear Option in Countries with Small and Medium Electricity Grids 
Dubrovnik, Croatia, May 16-20, 2004. 

 5

2.3 Primary Circuit Components  
While not attempting to cover all the primary circuit components, this section provides a brief description of 
the core and presents some of the IRIS components which have distinct features from loop PWRs.  

The IRIS core consist of 89 fuel assemblies, arranged as shown in Fig. 2, and with an active core height of 
14 ft. It is also worth mentioning that a stainless steel radial reflector is provided to improve neutron 
economy. With the relatively small IRIS core, and increased neutron leakage, this measure provides fuel 
cycle cost savings of ~3%.  

 

 

Figure 2.  IRIS core configuration. 

 

To enable deployment in the target timeframe (2012-2015), IRIS relies on the present fuel technology, 
utilizing uranium dioxide (UO2) fuel with 235U enrichment below 5%. Current licensing efforts postulate use 
of such fuel, with a 17x17 fuel assembly design employing standard Westinghouse fuel features. However, 
future design updates may implement, when technologically and economically justified, more advanced fuel 
options (e.g., higher enrichment and burnup). 

Among the components with design characteristics different from loop PWRs, we mention here: 
- Reactor coolant spool pumps, 
- Helical coil steam generators, 
- Pressurizer, 
- Internal Control Rod Drive Mechanisms (I-CRDMs). 

IRIS employs fully immersed spool pumps, of a type which has been used in marine applications and 
developed for chemical plants. The motor and pump consist of two concentric cylinders, as shown in Fig. 3a. 
The outer ring is the stator, while the inner ring is the rotor that carries high specific speed pump impellers. 
Because of their low developed head, spool pumps have not been previously considered for nuclear 
applications, but the IRIS integral primary circuit configuration with low pressure drop provides an ideal 
match for these pumps. Moreover, spool pumps eliminate the need for large penetrations and seals (except 
for electric cables).  

Each of the eight spool pumps is coupled to a helical coil steam generator. Helical SGs have good thermal 
and mechanical properties and have been used in fast reactors. Helical SGs for LWRs have been developed 
and tested by Ansaldo Energia. A test article with full radial size (but reduced length) is shown in Fig. 3b. 
Specific feature of IRIS helical SGs is that the primary coolant is located on the outside, and the SG system 
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is designed for full system pressure. Thus, instead of rapture/burst, potential failure would be associated with 
tube collapse, a much milder event; moreover, it can be isolated quickly and effectively.  

Instead of an external pressurizer, the IRIS pressurizer is located in the upper vessel head (Fig. 3c).  It has a 
relatively large volume (the ratio of pressurizer volume to reactor power is several times higher than for a 
typical loop PWR), positively impacting transients involving power/temperature instabilities.  

The integral configuration is ideal for implementing I-CRDMs inside the vessel, within the extended riser 
region (Fig. 1). I-CRDMs eliminate upper head penetrations and thus the possibility for rod ejection 
accidents. The upper head is simpler in design and cheaper to fabricate, and operational concerns related to 
corrosion cracking of CRDM nozzle welds and seals (as in the Davis-Besse plant) are eliminated as well. 

Further details may be found in references 7 through 13. 

 

                     

Figure 3.  IRIS primary circuit components: 
(a) Reactor coolant spool pump – right, top; 

(b) Helical coil steam generator (test article) – left; 
(c) Pressurizer located in the upper head – right bottom. 

2.4 Containment 
The integral arrangement eliminates separate pressure vessels outside the reactor vessel as well as the large 
connecting loop piping between them, resulting in a compact, more economical configuration and in the 
physical elimination of the Large Break LOCAs.  Because the IRIS integral vessel contains all the primary 
circuit components, it is larger than a traditional RV; it has an inside diameter of 6.2 meters and an overall 
height of 21.3 meters including the closure head.  However, for the very same reason (no loops outside the 
vessel) the internal configuration yields a compact spherical containment, with a diameter of 25m, much 
smaller than for loop PWRs, as illustrated in Fig. 4a. Containment layout is indicated in Fig. 4b. The small, 
steel, spherical containment allows achieving high design pressure while using standard 1-3/4” steel plates. 
This feature plays an important role in enhancing IRIS safety response to certain accident scenarios (e.g., 
SBLOCA) where the vessel and containment act together to cope with the event. 
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Figure 4.  IRIS containment: 
(a) Relative size illustration – left; (b) Layout schematic – right. 

 

3 IRIS SAFETY APPROACH AND LICENSING 
The IRIS approach to safety is to achieve improved safety through a simplified design, which at the same 
time reduces the cost. This is based on a 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) and are considered in PRA. 

3.1 Safety-by-Design  
The “safety-by-design”[8,14] aims to eliminate by design the possibility for an accident to occur. If it is not 
possible or practical to eliminate the accident altogether, then the design should instead inherently reduce its 
consequences and/or decrease its probability of occurrence, without resorting to intervention of active or 
passive means.  This approach is supported by the integral configuration; for example, large break LOCAs 
are eliminated by design since no large primary penetrations of the reactor vessel or large loop piping exist. 
Similarly, control rod ejection accidents are eliminated by locating the CRDMs inside the reactor vessel. 

A detailed discussion about the safety-by-design approach and its impact on specific accident scenarios has 
been presented in a number of published works, while in this paper we present only the bottom line, i.e., the 
IRIS response to typical Class IV design basis events, summarized in Table 3. Out of eight typical class IV 
events considered in LWRs, only one (fuel handling accident) remains as a Class IV event in IRIS, while the 
others are either eliminated, or their probability and consequences have been reduced.  

3.2 Simplified Passive Safety Systems  
The IRIS simplified passive safety systems are designed using the extensive expertise accumulated over the 
AP600/AP1000 development, while also accounting for IRIS-specific safety benefits resulting from the 
safety-by-design. A schematic is given in Fig. 5. Due to the reduced number of subsystems and components, 
IRIS passive systems are even simpler than the previous passive safety designs, reducing the required testing, 
inspection and maintenance requirements. 
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Table 3.  IRIS Response to Typical PWR Class IV Events 

Class IV Design 
Basis Events IRIS Design Characteristic Results of IRIS Safety-by-Design 

1 Large Break LOCA Integral RV Layout – No loop piping Eliminated by design 

2 Steam Generator 
Tube Rupture 

High design pressure once-through SGs, 
piping, and isolation valves 

Reduced consequences, simplified 
mitigation 

3 Steam System 
Piping Failure 

High design pressure SGs, piping, and 
isolation valves.  SGs have small water 
inventory 

Reduced probability, reduced (limited 
containment effect, limited cooldown) or 
eliminated (no potential for return to 
critical power) consequences 

4 Feedwater System 
Pipe Break 

High design pressure SGs, piping, and 
isolation valves.  Integral RV has large 
primary water heat capacity. 

Reduced probability, reduced 
consequences (no high pressure relief 
from reactor coolant system) 

5 Reactor Coolant 
Pump Shaft Break Spool pumps have no shaft Eliminated by design 

6 Reactor Coolant 
Pump Seizure No DNB for failure of 1 out of 8 RCPs Reduced consequences 

7 Spectrum of RCCA 
ejection accidents 

With internal CRDMs there is no ejection 
driving force Eliminated by design 

8 Design Basis Fuel 
Handling Accidents No IRIS specific design feature No impact 
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Figure 5.  IRIS passive safety systems schematic. 
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3.3 PRA-Guided Design  
The third tier provided by active non-safety systems is 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 certain modifications to the layout that were implemented resulting in a reduction of 
predicted CDF. After these modifications, the preliminary PRA level 1 analysis[15] estimated the CDF due to 
internal events to be 1.2x10-8, as shown in Table 4. This value is more than one order of magnitude less that 
in advanced LWRs, and it is dominated by the vessel rupture with its “given” CDF of 1x10-8.  

Table 4.  Dominant CDF contributors for the preliminary IRIS PRA level 1 

Initiating Event Initiating Event 
Frequency (per year) 

CDF (per year) 
 

Reactor Vessel Rupture 1.00×10-8 1.00×10-8 
Transients with main feed water 8.54×10-1 9.45×10-10 
General LOCA 2.87×10-4 2.60×10-10 
Steam Line Break Downstream Isolation 5.96×10-4 1.80×10-10 
Loss of Main Feedwater 6.05×10-2 1.76×10-10 
Direct Vessel Injection Line Break 1.32×10-4 1.20×10-10 
Loss of Condenser 8.50×10-2 1.16×10-10 
Steam Line Break Upstream Isolation 3.72×10-4 1.11×10-10 
Loss of Component Cooling Water 1.95×10-2 7.19×10-11 
Steam Generator Tube Rupture 1.88×10-4 5.30×10-11 
Interfacing System LOCA 5.00×10-11 5.00×10-11 
Loss of Offsite Power 1.20×10-1 1.43×10-11 
Automatic Depressurization System Related LOCA 6.49×10-6 3.89×10-12 
Emergency Boration System Related LOCA 6.41×10-6 3.84×10-12 
Power Excursion 4.50×10-3 2.49×10-12 

Total  1.21×10-8 
 

3.4 Licensing Approach  
The IRIS licensing approach[16] is based on the following assumptions: 

1. IRIS will rely as much as possible on the successful licensing and design certification (DC) of 
AP600 and AP1000 (expected in 2005). 

2. IRIS will focus on items where it differs from AP1000, including the safety-by-design, integral 
configuration, and design differences in some components (e.g., helical SGs, I-CRDMs). 

3. IRIS will utilize the recently instituted pre-licensing application process to obtain NRC feedback on 
long lead required actions and novel items.  

4. To optimize use of NRC and Westinghouse resources, IRIS will pursue pre-licensing review with a 
limited scope while the AP1000 DC is still ongoing. After AP10000 attains DC, IRIS will start its 
DC process.  

The defense-in-depth provided by the safety-by-design as the first step, followed by elimination or lessening 
of Class IV events, combined with the low CDF and risk-informed licensing could allow IRIS to attain 
ambitious licensing objectives, such as the licensing with no requirements for off-site emergency response 
planning (i.e., emergency planning zone equal to site exclusion zone).  

3.5 Pre-Licensing Review  
Consistent with the fast progress in the design, and the ambitious schedule to be deployable in the 2012-2015 
time frame, IRIS has initiated pre-licensing review with the U.S. NRC in October 2002. This pre-application 
is planned to last till end of 2005, and focus on the following: 

1. NRC review of the IRIS testing plan to examine specific aspects of the integral configuration and 
performance of new components (e.g., spool pumps, I-CRDMs) and their interaction, as well as to 
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validate analytical tools and confirm their capability to accurately predict IRIS response to 
anticipated transients and accident sequences. 

2. NRC review of the IRIS approach to “enhanced licensing objectives”, such as the previously 
mentioned goal of no requirement for off-site emergency response planning. 

The pre-application review is so far proceeding as planned. Several documents have been submitted to NRC, 
including the plant design description, scaling analysis, and preliminary safety assessment, and the NRC 
review and feedback has been positive.  

4 PROCEEDING TOWARDS COMMERCIALIZATION 
IRIS has been recognized internationally as an attractive advanced LWR with significant market potential, as 
demonstrated by the Consortium membership. In U.S.A., it is being considered within the U.S. DOE 
International Near-Term Deployment (INTD) group. From the utility side, it has been included in the Early 
Site Permit (ESP) program, pursued by three power utilities (Dominion, Entergy, Exelon) with the support of 
U.S. DOE. In this program, utilities can “pre-qualify” their existing sites for construction of a new nuclear 
power plant. However, rather than licensing the site for a specific design, the utility develops an envelope of 
site requirements that encompass design characteristics of all candidate designs.  

In response to such utilities’ request, IRIS has developed two alternative site layouts and corresponding site 
requirements: 

- Multiple single-unit site layout (Fig. 6) 

- Multiple twin-unit site layout (Fig. 7). 

 

Figure 6.  IRIS multiple single-unit site layout. 

 

In the first option, shared systems and structures are minimized. Units are constructed in “slide-along” 
manner, with 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 are maximized (including fuel handling and spent fuel 
pool, support systems in auxiliary building). Twin-units share control rooms, but have separate safety and 
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protection systems. Twin-units are also constructed in “slide-along” manner, with the same advantage as for 
the first option, plus maximization of shared equipment and workforce, but it requires adding generating 
capacity in 670 MWe increments. 

 

Figure 7.  IRIS multiple twin-unit site layout. 

 

For the U.S. ESP program, the requirement was to provide at least 1000 MWe per site, and the optimum 
arrangement was found in the two twin-unit site with 1340 MWe total installed capacity. However, the 1000 
MWe requirement may not be appropriate in case of smaller grids and/or countries that don’t need (or cannot 
afford) such a large addition at once. Instead, 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 starts to generate revenues three years after the initial construction.  

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 at the same place. A similar benefit may be achieved through the IRIS Consortium, if a 
construction of a single unit each takes place at several sites at about the same time, e.g., at several European 
countries with smaller grids (to match limited grid needs), and/or at several sites throughout Latin America 
(to fit regional requirements). This also allows an accelerated learning curve through accumulating 
experience on the same design under different conditions. To fit specific needs of certain market segments, 
IRIS plant designs modified for district heating or desalination are being developed.  

IRIS economics relies on short construction time, optimized maintenance, and high reliability. A preliminary 
top-down economics assessment has been performed.[17] indicating that IRIS will be competitive in all 
geographic regions. If additionally licensing without the off-site emergency planning may be achieved, it 
would not only provide a significant financial benefit (e.g., no need to build evacuation routes; siting closer 
to consumers thus reducing transmission costs), but it would also improve public acceptance. 

5 IRIS STATUS ASSESSMENT AND CONCLUSIONS 
IRIS is an advanced, modular PWR, based on proven technology, but providing new solutions and 
significantly improved safety. IRIS is nearing completion of its preliminary design in all key areas. A pre-
licensing review with the U.S. NRC has been initiated and is progressing well. IRIS has been included in the 
Early Site Permit process, and International Near-Term Deployment group. Two different site layout 
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arrangements have been developed, including the multiple single-unit arrangement allowing build in 335 
MWe increments. Due to this medium size, IRIS is particularly well suited for countries or regions with a 
small or medium electricity grid. It is also ideal for utilities that cannot assume large capital investment or 
risk that is associated with large power plants, and that require a gradual increase of generating capacity. 
Economy of multiples may be achieved through the IRIS consortium, by constructing several units at the 
same time, even if at different places. A preliminary top-down economic analysis indicates that IRIS is 
expected to be competitive in all geographic regions, due to its optimized maintenance, simple configuration, 
short construction period, and high availability. Moreover, the safety-by-design combined with very low 
predicted CDF, has the potential to enable licensing with no need for off-site emergency response, with 
additional significant positive economics impact. Co-generation design options for desalination and district 
heating are also being developed to address needs of specific market segments. Overall, IRIS has a large 
potential in the worldwide market. 
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