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PURPOSE, OR (II) THAT SUCH USE DOES NOT INFRINGE ON OR INTERFERE WITH PRIVATELY OWNED 
RIGHTS, INCLUDING ANY PARTY'S INTELLECTUAL PROPERTY, OR (III) THAT THIS DOCUMENT IS 
SUITABLE TO ANY PARTICULAR USER'S CIRCUMSTANCE; OR 
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ABSTRACT 

Under assumed severe accident conditions, a nuclear reactor’s containment vessel provides a 
defense-in-depth function by preventing radionuclide particle release. This is achieved by creating 
a physical barrier and by decontamination (removal of aerosolized particles produced during the 
accident). Decontamination occurs through active mechanical systems (where applicable) and 
passive natural occurring phenomena. Due to their comparatively higher containment surface area 
to volume ratios when compared to large light water reactors (LWRs), the integrated pressurized 
water reactor (iPWR) subcategory of small modular reactors (SMRs) has design features that 
increase the significance of the passive decontamination factors, due to the following natural 
occurring phenomena: gravitational settling, thermophoresis, diffusiophoresis, and impaction due 
to convective flows. The purpose of this study is to provide estimates for the decontamination 
associated with these phenomena. Specifically, these results provide decontamination factors 
associated with the thermal-hydraulic and geometric parameters that characterize iPWRs, based 
on the experimental work documented in this report. 
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REPORT SUMMARY 

It has been evaluated that the radiological source terms associated with a Small Modular Reactor 
(SMR) may be significantly different from that associated with a Large Light Water Reactor 
(LLWR) (EPRI 3002004218). Source terms are influenced by radionuclide inventory in the core, 
and the in-containment vessel environment, including the geometry. SMR designs with an 
integrated containment vessel (CV), called Integrated Pressurized Water Reactors (iPWR) have 
CV volumes that are significantly smaller than LLWRs.  Currently in the US, there are four major 
iPWR designs that have been advertised, i.e., by NuScale, BWX Technologies (mPower), 
Westinghouse, and Holtec. International designs include SMART (Korea) and CAREM 
(Argentina).  

A typical iPWR CV volume is about an order of magnitude smaller than that of LLWRs and, 
consequently, this creates a larger deposition surface area to volume ratio, which is a parameter 
that supports in-vessel particle deposition for higher ratios. The surface deposition is further 
enhanced for iPWRs immersed in water, due to the creation of a thermal gradient and condensation 
on the CV wall surface. The thermal gradient creates three effects that enhance deposition 
mechanisms: thermophoresis due to a difference in temperature, diffusiophoresis due to a 
difference in steam concentration, and convective flows due to the temperature difference between 
the hotter reactor vessel (RV) wall and the cooler CV wall. Gravitational settling as a deposition 
mechanism has also been identified as potentially being more significant for iPWR designs with 
relatively clean stainless-steel CVs, which may result in higher aerosol densities due to reduced or 
eliminated interaction with concrete and debris in the vessel. These identified deposition 
mechanisms are passive in nature and are particularly significant for iPWRs because these designs 
have largely eliminated some of the active mechanical systems such as containment vessel sprays.  

Prior studies (EPRI 3002004218) suggest that these passive mechanisms are likely to result in 
higher post-accident decontamination factors (DF) as compared with those assumed for LLWRs.  
The objective of this study, performed in collaboration with the U.S. Department of Energy, is to 
develop estimates of the aerosol removal rates associated with the passive deposition mechanisms 
for an expected range of geometric and thermal-hydraulic parameters that are characteristic of 
iPWR designs. These aerosol removal rates are used to calculate DFs. To capture a wide range of 
thermal-hydraulic and design parameters for iPWR designs, the aerosol removal rates are 
determined with the use of an experimental test loop and CFD simulations. The experimental test 
loop provides for results over a range of iPWR design parameters and benchmarks the CFD model, 
which is then used to provide estimates for a wider range of parameters.  

The study has two major parts, which include: 1) Development of the technical basis to estimate 
iPWR aerosol decontamination factors with experiments and CFD simulations, and 2) 
Development of iPWR aerosol decontamination factor estimates based on execution of 
experiments and CFD simulations.   

Following are the executive summaries from the two final reports completed for this project.  The 
final reports are publicly available at no cost from www.epri.com. 
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Deliverable Number: 3002010491 
Product Type: Technical Report 

Product Title: Advanced Nuclear Technology: Integrated Pressurized Water 
Reactor (iPWR) Containment Aerosol Deposition Behavior: Phase 2a - 
Technical Basis and Test Plan for Experimental Testing and Computational 
Fluid Dynamics Analysis 

 
PRIMARY AUDIENCE: iPWR designers and safety analysis professionals. 
SECONDARY AUDIENCE: Regulatory agencies. 

KEY RESEARCH QUESTION 

Due to their comparatively higher containment surface area to volume ratios when compared 
to large light water reactors (LWRs), the integrated pressurized water reactor (iPWR) 
subcategory of small modular reactors (SMRs) includes design features that increase the 
significance of the passive decontamination factors, due to the following natural occurring 
phenomena; gravitational settling, thermophoresis, diffusiophoresis, and impaction due to 
convective flows. The increase in potential decontamination factors opens the possibility for a 
reduced public exposure in accident scenarios. 

EPRI released a Phase I study in 2014, EPRI 3002004218, Advanced Nuclear Technology: 
Integrated Pressurized Water Reactor (iPWR) Containment Aerosol Deposition Behavior, 
Phase 1 – Test Plan Development, that identified the critical natural deposition mechanisms 
and examined the potential for reduced source terms.   

The purpose of this continuing study (Phase 2) is to provide estimates for decontamination 
associated with these phenomena. 

RESEARCH OVERVIEW  

This study builds on the Phase 1 study, with an objective to develop estimates of the 
decontamination factors associated with the natural deposition mechanisms. Estimation of the 
decontamination factors is performed by experimentally measuring the aerosol 
decontamination rates associated with the natural deposition mechanisms along with 
simulation of these mechanisms with a computational fluid dynamics (CFD) code. This interim 
report provides the details for experimental test planning and preliminary CFD analysis 

KEY FINDINGS  

This report presents the outcomes of the first part of the study, development of the technical 
basis to estimate iPWR aerosol decontamination factors with experiments and CFD 
simulations. The major outcomes include development of a CFD model; an experimental test 
plan; and the design, fabrication, and commissioning of an experimental test loop. A summary 
of the activities and critical documents associated with these outcomes is presented in this 
report.  

The final outcomes of this study will include the estimates of the decontamination factors 
associated with the natural deposition mechanisms, based on experiments being conducted at 
the time of issuance of this document 
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WHY THIS MATTERS 

This work will assist the nuclear industry by providing improved analytical correlations to model 
aerosol decontamination for iPWR-specific, post-accident, thermal-hydraulic environments 
and design configurations. Improved correlations are expected to result in a more realistic 
calculation of containment aerosol natural deposition. 

HOW TO APPLY RESULTS 

Users may apply the results of this work, in concert with a coming and subsequent final report 
by modification or development of CFD models to estimate design specific aerosol 
decontamination factors.  

LEARNING AND ENGAGEMENT OPPORTUNITIES 

EPRI is performing this work in collaboration with the U.S. Department of Energy.  The final 
report containing experimental results is targeted for early 2018. 

EPRI CONTACTS: Ron King, Program Manager, rking@peri.com 

PROGRAM: Advanced Nuclear Technoloy 

IMPLEMENTATION CATEGORY: Reference - Technical Basis 
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Deliverable Number: 3002013032 
Product Type: Technical Report 

Product Title: Advanced Nuclear Technology: Integrated Pressurized Water 
Reactor (iPWR) Containment Aerosol Deposition Behavior: Phase 2b – 
Results and Analysis 

 
PRIMARY AUDIENCE: iPWR designers and safety analysis professionals. 
SECONDARY AUDIENCE: Regulatory agencies. 

KEY RESEARCH QUESTION 

Due to their comparatively higher containment surface area to volume ratios when compared 
to large light water reactors (LWRs), the integrated pressurized water reactor (iPWR) 
subcategory of small modular reactors (SMRs) has design features that increase the 
significance of the passive decontamination factors, due to the following natural occurring 
phenomena: gravitational settling, thermophoresis, diffusiophoresis, and impaction due to 
convective flows. The increase in potential decontamination factors opens the possibility for a 
reduced public exposure in accident scenarios. 

EPRI released a Phase I study in 2014, EPRI 3002004218, Advanced Nuclear Technology: 
Integrated Pressurized Water Reactor (iPWR) Containment Aerosol Deposition Behavior, 
Phase 1 – Test Plan Development, that identified the critical natural deposition mechanisms 
and examined the potential for reduced source terms.   

EPRI released an additional study in January 2018, EPRI 3002010491, Advanced Nuclear 
Technology: Integrated Pressurized Water Reactor (iPWR) Containment Aerosol Deposition 
Behavior – Phase 2a: Technical Basis and Test Plan for Experimental Testing and 
Computational Fluid Dynamics Analysis. This study provided the requirements definition and 
technical basis for examining iPWR aerosol deposition mechanisms and estimating 
decontamination factors using experimental data and CFD simulations. 

This Phase 2b report provides results for the final phase, which includes an estimation of iPWR 
decontamination factors based on a series of experiments and CFD simulations. 

RESEARCH OVERVIEW  

This study builds on the Phase 1 and Phase 2a studies, with an objective to develop estimates 
of the decontamination factors associated with natural deposition mechanisms. Estimation of 
the decontamination factors is performed by experimentally measuring the aerosol 
decontamination rates associated with the natural deposition mechanisms along with 
simulation of these mechanisms with a computational fluid dynamics (CFD) code. This final 
report provides the iPWR decontamination factors, along with the process by which they are 
determined, which includes details for experimental tests conducted and CFD simulations. 
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KEY FINDINGS  

The results of this study indicate that the iPWR decontamination factors are significantly higher 
compared to larger, more traditional containments, and in the range of decontamination factors 
for containment vessel spray systems in large reactors.  

This important finding is substantiated by additional findings related to the significance of 
deposition mechanisms that contribute to the higher decontamination factor. Specifically, 
convective flow was identified as an additional and significant particle transport and deposition 
mechanism, while thermophoresis and diffusiophoresis are also shown to be more significant 
for iPWRs due to higher thermal and steam concentration gradients, respectively. 

WHY THIS MATTERS 

This work will assist the nuclear industry by providing improved analytical correlations to model 
aerosol decontamination for iPWR-specific, post-accident, thermal-hydraulic environments 
and design configurations. Improved correlations are expected to result in a more realistic 
calculation of containment aerosol natural deposition. 

HOW TO APPLY RESULTS 

Users may apply the results of this work by modification of existing methods or development 
of CFD models to estimate design specific aerosol decontamination factors.  

LEARNING AND ENGAGEMENT OPPORTUNITIES 

EPRI performed this work in collaboration with the U.S. Department of Energy.   

EPRI CONTACTS: Ron King, Program Manager, rking@peri.com 

PROGRAM: Advanced Nuclear Technoloy 

IMPLEMENTATION CATEGORY: Reference - Technical Basis 
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Export Control Restrictions 

Access to and use of EPRI Intellectual Property is granted 
with the specific understanding and requirement that 
responsibility for ensuring full compliance with all applicable 
U.S. and foreign export laws and regulations is being 
undertaken by you and your company. This includes an 
obligation to ensure that any individual receiving access 
hereunder who is not a U.S. citizen or permanent U.S. 
resident is permitted access under applicable U.S. and 
foreign export laws and regulations. In the event you are 
uncertain whether you or your company may lawfully obtain 
access to this EPRI Intellectual Property, you acknowledge 
that it is your obligation to consult with your company’s legal 
counsel to determine whether this access is lawful. Although 
EPRI may make available on a case-by-case basis an 
informal assessment of the applicable U.S. export 
classification for specific EPRI Intellectual Property, you and 
your company acknowledge that this assessment is solely for 
informational purposes and not for reliance purposes. You 
and your company acknowledge that it is still the obligation of 
you and your company to make your own assessment of the 
applicable U.S. export classification and ensure compliance 
accordingly. You and your company understand and 
acknowledge your obligations to make a prompt report to 
EPRI and the appropriate authorities regarding any access to 
or use of EPRI Intellectual Property hereunder that may be in 
violation of applicable U.S. or foreign export laws or 
regulations. 

The Electric Power Research Institute, Inc. 
(EPRI, www.epri.com) conducts research and 
development relating to the generation, delivery and 
use of electricity for the benefit of the public. An 
independent, nonprofit organization, EPRI brings 
together its scientists and engineers as well as 
experts from academia and industry to help address 
challenges in electricity, including reliability, 
efficiency, affordability, health, safety and the 
environment. EPRI members represent 90% of the 
electric utility revenue in the United States with 
international participation in 35 countries. EPRI’s 
principal offices and laboratories are located in Palo 
Alto, Calif.; Charlotte, N.C.; Knoxville, Tenn.; and 
Lenox, Mass. 
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