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Abstract – The coupling of the PHISICS code suite to the thermal hydraulics system code RELAP5-3D has recently been 
initiated at the Idaho National Laboratory (INL) to provide a fully coupled prismatic Very High Temperature Reactor (VHTR) 
system modeling capability as part of the NGNP methods development program. The PHISICS code consists of three 
modules: INSTANT (performing 3D nodal transport core calculations), MRTAU (depletion and decay heat generation) and a 
perturbation/mixer module. As part of the verification and validation activities, steady state results have been obtained for 
Exercise 2 of Phase I of the newly-defined OECD/NEA MHTGR-350 MW Benchmark. This exercise requires participants to 
calculate a steady-state solution for an End of Equilibrium Cycle 350 MW Modular High Temperature Reactor (MHTGR), 
using the provided geometry, material, and coolant bypass flow description. The paper provides an overview of the MHTGR 
Benchmark and presents typical steady state results (e.g. solid and gas temperatures, thermal conductivities) for Phase I 
Exercise 2. Preliminary results are also provided for the early test phase of Exercise 3 using a two-group cross-section 
library and the Relap5-3D model developed for Exercise 2.  

I. INTRODUCTION 

The Very High Temperature Reactor (VHTR) Methods 
Development group at the Idaho National Laboratory 
(INL) has recently focused on improving modeling 
capability of prismatic VHTR designs, as part of the larger 
New Generation Nuclear Project (NGNP). To this end, the 
INL-developed PHISICS 1 (Parallel and Highly Innovative 
Simulation for INL Code System) code suite was coupled 
to the RELAP5-3D thermal fluid system code to provide 
an integrated code suite that can be utilized to assess the 
depletion, steady state and transient behavior of prismatic 
VHTR designs.  

The verification and validation of new reactor analysis 
tools is a crucial element in the life cycle of software 
development and assessment. The validation data from 
current or past prismatic VHTR experimental facilities or 
reactors are however severely limited (only the Japanese 
High Temperature Test Reactor (HTTR) is currently still 
operational), and the need for a dedicated code-to-code 
prismatic benchmark was therefore identified in 2011.  

In cooperation with General Atomics (GA), a 
benchmark specification 2 based on the Modular High 
Temperature Gas Reactor (MHTGR) 350 MW design was 
developed. The benchmark was recently launched in Paris 
for international participation after formal approval was 
received from the Nuclear Energy Agency (NEA) of the 
Organization for Economic Cooperation and Development 
(OECD). An overview of the benchmark definition and 
scope is provided in Section II, and the PHISICS code 

system is described in Section III. The PHISICS/RELAP5-
3D results for Phase I Exercise 2 of the benchmark are 
presented in Section IV. Since the benchmark model 
development effort is still ongoing, the results for Phase I 
Exercises 1 and 3 will be presented at a later stage, but the 
results from a modified two energy group test case will be 
included in Section V to illustrate the functionality of the 
PHISICS/RELAP5-3D coupling.  

II. OVERVIEW OF THE OECD/NEA MHTGR-350 
MW BENCHMARK   

The MHTGR-350 MW benchmark is based on the 
approach followed for the OECD/NEA PBMR-400 MW 
benchmark 3,4. An overview of the benchmark scope and 
definition is supplied here, as detailed in the OECD/NEA 
specification 2. The radial and axial core layouts of the 
MHTGR-350 MW are shown in Fig. 1 and Fig. 2, 
respectively, and the major core characteristics are 
summarized in Table I. The neutronic domain boundaries 
and various material components are also indicated here. 

The scope of the benchmark is to establish a well-
defined problem based on a common given data set, and to 
compare methods and tools in core simulation and thermal 
fluids analysis with a specific focus on transient events 
through a set of multi-dimensional computational test 
problems. As a secondary goal, the depletion capabilities of 
various lattice physics codes available for prismatic 
reactors will also be compared. 
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TABLE I 

MHTGR-350 MW characteristics 

Description Value
Thermal power 350 MW(t) 
Core and fuel 
design 

Graphite moderated annular core:  
660 prismatic hex-blocks with 15.5 wt% 
enriched UCO TRISO fuel compacts 

Primary coolant  
Core inlet/outlet 
temperature

Helium @ 6.39 MPa 
259oC / 687oC 

Fig. 1. Core radial layout. 

The benchmark deliverables consist of three Phase I 
steady state exercises, four Phase II transient exercises, and 
a single Phase III depletion exercise. For Exercise 1 of 
Phase I, participants are required to calculate a steady-state 
solution for the End of Equilibrium Cycle (EOEC) 
MHTGR core state, using the provided geometry, material 
descriptions and cross-section libraries. Coupling with a 
thermal fluid solution is not required, and typical 
parameters of interest are flux and power distributions and 
the core multiplication factor. 

Two coolant bypass flow scenarios are provided in 
Exercise 2, and participants are expected to provide steady-
state solutions for each of these, according to their codes' 
capabilities. A defined core power map and fluence-
dependent thermal conductivity data must be used, since 
no neutronic coupling is required for this exercise.  

Exercise 3 combines all the data from the first two 
exercises, and the participants need to determine a coupled 
neutronic and thermal fluids solution utilizing a 
temperature dependent cross-section library.  

The coupled steady state solution forms the departure 
point for the four Phase II transient cases: a depressurized 
and pressurized loss of cooling accident, a moisture ingress 
scenario, and a 100%-80%-100% power load follow case. 
The final PHISICS/RELAP5-3D results for these exercises 
will be presented in a subsequent paper later in 2012.   

Fig. 2. Core axial layout. 

III. DESCRIPTION OF THE PHISICS/RELAP5-3D 
CODE SUITE AND MODEL 

III.A. PHISICS code suite 

The PHISICS code suite consists of three modules 
providing general core simulation capabilities. The 
software is built on a modular concept to simplify the 
independent development of modules by different teams 
and future maintenance. Some of the planned capabilities 
are still under development, but work on the core modules 
has reached the verification and validation stage. 

The INSTANT (Intelligent Nodal and Semi-structured 
Treatment for Advanced Neutron Transport) transport 
solver is the most widely used 5,6 module of the PHISICS 
suite. Two discretizations of the transport equitation were 
implemented: the Variational Nodal Method 7 (spatial finite 
element and angular spherical harmonics), and the self-
adjoint form of the second order SN equation 8. To handle 
coupled transients, a time dependent module that can treat 
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2D and 3D problems in different geome
has been developed 9.  

INSTANT currently supports Car
triangular and unstructured meshes, and
fundamental mode problems can be solv
theory up to PN33. The performance of 
computing environments (between 10
suggests that a high level of scalability c
the unstructured mesh option allow
modeling of challenging geometries.  

The depletion capability of the PHI
provided by the recently implemented
Reactor Transmutation Analysis Utili
generic depletion/decay/burn-up code h
and used at INL for fuel cycle analysis
time dependent isotopic concentration o
accounting for both activation and de
decay heat calculations and poison
transients, MRTAU is made accessib
keyword “MRTAU” in the RELAP
MRTAU is also able to burn the core to
level, or to perform decay calculations b
initiated. 

An important part of the PHISICS 
sensitivity and uncertainty quantificatio
adjoint solution is already available 
further developments are planned, b
Perturbation Theory (GPT). A “mixer”
cross-section data for combinations 
parameters (e.g. fuel and moderator tem
be supplied in lookup tables.    

III.B. Coupling with REL

The well-validated and established
RELAP5-3D 12 was recently coupled to 
suite to provide simulation capability o
secondary system thermal fluid behavi
provides RELAP5-3D users the op
INSTANT nodal transport solver inste
point kinetics solver or 2D NESTLE 
improved neutronic modeling fidelity, w
compiling a separate input file for INSTA

The coupling is unique in the se
“loose” PVM (Parallel Virtual Machin
not used – instead, the INSTANT t
integrated directly into the RELAP5
subroutine. This capability is made ac
new keyword “INSTANT” in the RELA
extending the existing “POINT” and “N
The coupling is fully compatible w
RELAP5-3D cross section and feedbac
existing cross section inputs and mapp
nodes to thermal hydraulic zones can
modification. Another improvement is 
the current four energy group limitatio

etry and mesh types 

rtesian, hexagonal, 
d direct and adjoint 
ved using transport 
the code in parallel 

0-1000 processors) 
can be reached, and 
ws for optimized 

ISICS code suite is 
d MRTAU (Multi-
ity) code 10. This 
has been developed 
s 11, and tracks the 
f nuclear materials, 

ecay reactions. For 
n tracking during 
le through a new 
P5-3D input file. 
o a desired burn-up 
before a transient is 

code capabilities is 
on. To this end, the 
in INSTANT, and 
based on General 
” module provides 

of various state 
mperature) that can 

LAP5-3D 

d INL system code 
the PHISICS code 

of the primary and 
or 9. The coupling 
ption to use the 
ead of the current 
nodal kinetics for 

without the need for 
ANT.  

ense that the usual 
ne) methodology is 
transport solver is 
5-3D source as a 
ccessible through a 
AP5-3D input deck, 
NODAL” functions. 
with the existing 
ck options, and the 
pings from kinetic 
n be used without 

the suspension of 
on in RELAP5-3D, 

with the number of neu
“PHISICS” cross section o
available library structures
multi group cross section d
can be provided either as 
.xml format, or as micro
combined with the initial iso
used in the calculation.  

III.C. PHISICS

As indicated in Sectio
obtains the required geom
required for the transport s
input file. The 26 energy g
Exercises 1 and 3, or the tw
test case presented in Secti
structures, and updates are 
section sets during the stead
the mixer module of PHIS
performed for four state p
temperature, xenon-135 co
concentration (for the wate
to this data, the benchmar
maps to determine the therm
well as the implementatio
thermophysical material pro

The RELAP5-3D prima
is shown in Fig. 3. The in
outer reflector are model
coordinates, with the final
barrel, reactor vessel and ou

Fig. 3. RELAP5-3D MHT
representation

The radii of rings ar
correct graphite volumes in
includes corrections for t
reflector blocks and the 3
reflector and the metallic co
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utron energy groups for the 
option now only limited by the 
s and computer memory. The 
data for the “PHISICS” option 
macroscopic cross sections in 

oscopic cross section libraries 
otopic densities for all materials 

S/RELAP5-3DMODEL 

on II.B, the INSTANT solver 
metry and material descriptions 

solution from the RELAP5-3D 
group cross-section libraries for 
wo group library for the special 
ion V, are read as separate data 
performed on these base cross-
dy state convergence process in 
ICS. Cross section updates are 

parameters: moderator and fuel 
oncentration and the hydrogen 
er ingress transient). In addition 
rk requires the use of fluence
mal conductivity of graphite, as 
on of a set of design-specific 
operties.  
ary system radial representation 
nner reflector, core region and 
led as 9 rings in cylindrical 
 3 rings reserved for the core 

uter air boundary layer.

TGR-350 MW cylindrical 

re calculated to represent the 
n each of the structures, and it 
the 2 mm gaps between the 
3 mm gap between the outer 
ore barrel. 



A total of 7 core bypass flows thro
included in the benchmark specification 
these are included in the RELAP5-3D m
1D hydrodynamics flow network. A sub
is utilized for the 3 core rings to obtain 
and moderator temperatures. The trian
consists of a fuel compact, its surroundi
and sections of 3 helium coolant chann
this stage the detailed TRISO structure o
is not represented in the RELAP5-3D m
in the thermo-physical properties of the 
silicon carbide (SiC), pyrolytic carbon 
graphite layers will be included in 
models. 

Fig. 4. Unit cell configuration 13

The RELAP5-3D system compone
MHTGR-350 benchmark model is sh
description of the various componen
system is included in Table II, whe
description follows the helium flow dire
then up through the risers, down throu
The time dependent junction #255 a
helium mass flow rate through a con
monitors the target inlet pressure (6.39
and outlet temperature (259oC / 687oC
thermal power (350 MW).  

The current MHTGR-350 benchm
number of additional graphite materials
fluence dependent thermo-physical
prescribed in the benchmark specific
modeling of the decrease in thermal co
increase in fast flux exposure is espec
fuel and graphite temperatures during t
transients in Phase II. As noted
dependencies for the TRISO particles 
implemented, and the matrix graphite sp
blocks are also using zero exposure prop

ough these gaps are 
(see Table III), and 

model as part of the 
b-channel approach 
more accurate fuel 

ngular unit cell 13 

ing matrix graphite 
nels (see Fig. 4). At 
of the fuel compact 

model, but variances 
UO2 kernel and its 
(PyC) and matrix 
future benchmark 

ent diagram for the 
hown in Fig. 5. A 
nts in the primary 
ere the numbering 
ection (left to right, 
ugh the core, etc.). 
adjusts the inflow 
ntrol variable that 
9 MPa), core inlet 

C) and the required 

mark model uses a 
s to account for the 
l properties, as 
cation. The proper 
onductivity with an 
cially important for 
the loss of cooling 

d above, fluence 
have not yet been 

pecified for the core 
perties. 

T

RELAP5-3D mo

Component # Component T

250 Time depend

255 Time depend
adjustment 

240 Pipe: cold inl

100, 110, 120, 
175 

Branches: to
support (#11
outlet (#175)

115 Pipe: coolant
reflector 

125,170 Multiple jun
core and byp

130-136,158, 
160-166 

Pipes: bypass
outer reflecto

140,145,150 Pipes: inner, 
200 Pipe: hot outl
298 Single junctio
299 Time depend

Fig. 5. RELAP5-3D reacto

A total of 19 conductio
to account for radial co
between the graphite structu
bottom reflectors.  
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TABLE II

del component description 

Type and Description 

dent volume: inlet
dent junction: inlet mass flow rate 

let duct
o vessel gap (#105), bottom core 
10), top inlet (#120) and bottom 
) volumes
t riser channels in permanent side 

nctions: core inlet and outlet for 
ass flow pipe connections
s flows in inner reflector, core and 
ors
center and outer ring core flows
let duct
on: flow outlet 

dent volume: outlet

or vessel model nodalization 

on and radiation sets are defined 
onduction and axial radiation 
ures in the inner, outer, top and 
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Radial radiation heat transfer is also modeled between 
the outer reflector surface and the core barrel, and from the 
outer surface of the reactor vessel to the boundary air layer. 
Adiabatic boundary conditions are applied at the top and 
bottom model boundaries, and the outer radial air layer is 
defined to be at a constant temperature of 20oC.   

IV. Exercise 2 Results 

A subset of the available data for Exercise 2 is 
presented in this section. The primary parameters of 
interest are the gas and solid temperatures and global 
parameters such as the pressure drop over the core and the 
inflow mass flow rate. The benchmark does however 
require participants to also report secondary parameters 
such as the calculated thermal conductivities, mass flow 
rate or velocities in bypass channels and heat transfer 
factors, since this data can be utilized to trace the source of 
possible differences in the primary parameters.  

The correct modeling of bypass flows is important for 
the spatial distribution of core and reflector temperatures 
and heat removal rates. Table III shows that a reasonable 
match compared to the benchmark specification was 
obtained for all 7 bypass flows using flow resistance 
factors in each of the flow channels.   

TABLE III 

Bypass flows specified and obtained for Exercise 2 

Bypass Flow Description Target (% of 
total flow) 

RELAP5-3D 
model flow (% of 
total) 

In-core 1.50 1.49 
Inner Reflector 0.50 0.50 
Inner Control Rod 
Cooling  1.20 1.21 

Outer Control Rod 
Cooling  1.80 1.79 

Outer Reflector (First 
Ring) 1.38 1.36 

Outer Reflector (Second 
Ring) 1.62 1.59 

Permanent Side 
Reflector 3.00 2.96 

Total bypass flow  11.00 10.90 

The global parameters of interest for Exercise II of 
Phase I are presented in Table IV. The inlet mass flow rate 
of 154.3 kg/s was obtained by using the inlet pressure (6.39 
MPa), power level (350 MW) and core inlet/outlet gas 
temperatures (259oC / 687oC) as boundary conditions. The 
pressure drop over the core for this model (i.e. inlet – 
outlet pressure) is calculated to be approximately 20 kPa.  

Since the RELAP5-3D model does not yet include a 
representation of the TRISO fuel structure, it can be 

assumed that the peak UO2 fuel kernel temperature will be 
higher than the sub-channel averaged peak fuel 
temperature of 988oC. It will also be dependent on the fuel 
burn-up levels and power history, both of which have been 
supplied by the GA team as part of the benchmark 
specifications. Previous studies 4,14 on pebble bed VHTR 
designs have shown that the peak temperature gradient 
over the fuel compact during normal operation can be as 
high as 60oC (for fresh fuel located in the core power 
peak), but a comparable data range for prismatic VHTR 
designs is not yet available. The correct resolution of the 
UO2 kernel temperature is especially important during 
reactivity driven transients such as the water ingress event 
(Phase II, Exercise 3).  Participants that plan to implement 
a proper TRISO fuel model in their MHTGR-350 
benchmark models should be able to provide this data.  

TABLE IV 

Exercise 2 thermal fluid global parameters 

Description Value and unit 
Core inlet/outlet gas 
temperature 259oC / 687oC 

Inlet mass flow rate 154.33 kg/s 
Outlet pressure 6.36 MPa 
Core pressure drop 19.95 kPa 
Maximum fuel 
temperature 988oC 

Average core barrel 
temperature 322oC 

For Exercise 2, a power density distribution is 
specified based on data from General Atomics. Since this 
power density data is supplied for each of the hexagonal 
block in the fuelled area of the core, an equivalent volume 
averaged power density can be determined for each of the 
3 fuel rings in the RELAP5-3D model, as shown in Fig. 6. 
The power density peaks at the top of the core are caused 
by the combination of several effects: the axial fuel 
depletion profiles, the control rod positions (almost 
completely withdrawn at the End of Cycle), and the colder 
helium temperatures at the core inlet.  

It can also be seen in Fig. 7 that the axial power 
profiles are the inverse of the normal operation core and 
reflector temperatures (the axial core region is indicated 
with a dotted rectangle). The temperature of the graphite in 
the inner and outer reflectors increase by approximately 
150oC from the top to the bottom of the core region, and 
the heat up in the core inner ring (IR) graphite is almost 
750oC.  



Fig. 6. Phase I Exercise II ring-aver
densities (MW/m3) 

Fig. 7. Phase I Exercise II axial solid

The effect of the axial power sh
material temperatures can be isolated 
temperature data for a constant power pr
specified benchmark axial power profi
Fig. 8 that a constant gradient temperatu
in the inner fuel ring from the top to the 
compared to the noticeable change i
temperature gradient when the bench
profiles are utilized.   

raged axial power 

d temperatures (oC) 

hape on the solid 
by comparing the 

rofile source vs. the 
les. It is shown in 
ure rise is obtained 
bottom of the core, 
in the lower core 

hmark axial power 

Fig. 8. Comparison of axi

Two final temperature
shown in Fig. 9 and Fig.10. 
outer reflector regions (IR/O
the sharp gradients at the co
as thin contour layers. The 
include the heat removed by
flow channels. The solid an
are very similar, since conv
the heat removal mechanism

Fig. 9. Phase I Exer

Proceedings of ICAPP ‘12 
Chicago, USA, June 24-28, 2012 

Paper 12290

al solid temperature (oC) profiles  

e distribution surface plots are 
Large volumes of the inner and 

OR) are cooler than 350oC, and 
ore edges can also be seen here 
gas temperature data in Fig. 9 

y the coolant gas in the 7 bypass 
nd gas temperature distributions 
vective heat transfer dominates 

ms during the steady state. 

rcise II gas temperatures (oC) 



Fig. 10. Phase I Exercise II graphite 

The final two figures in this 
convergence of three parameters during
steady state calculation: the inlet pressu
errors (Fig. 11), and the three core ring
(Fig. 12). The oscillations visible around
caused by the inlet mass flow rate cont
small increases and decreases in the in
based on the tracking of the reactor outl
pressure targets. All three parameter
around their converged value after ap
iterations, but the typical steady state 
however be run for at least 10000 iterati
stable solution has been attained.  

Fig. 11. Phase I Exercise II steady stat
for the reactor inlet temperature an

temperatures (oC) 

section show the 
g the RELAP5-3D 

ure and temperature 
s fuel temperatures
d 900 iterations are 
troller that initiated 

nlet mass flow rate, 
let temperature and 
rs have stabilized 
pproximately 3000 

calculation would 
ons to ensure that a 

te error convergence 
nd pressure 

Fig. 12. Phase I Exercis
conv

V. Two-group REL

Exercise 3 of Phase I
RELAP5-3D thermal fluid
neutronics solver in the 
coupling, utilizing  the full
library, is currently still u
interim step is to couple 
NESTLE nodal kinetics m
energy group cross section 
diffusion coefficients, mac
and fission cross section da
core regions, as indicated 
order Doppler (fuel) temp
have also been implemented

T

Two group cross section d

Cross section type 
(Group 1, Group 2) 

Re

Diffusion coefficient 
1.1
0.8

Absorption  
1.0
1.8

Scattering 
1.2
5.4

Fission 0 
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se II steady state fuel temperature 
vergence  

LAP5-3D/NESTLE Results 

I requires the coupling of the 
d model with the INSTANT 
PHISICS package. Since this 
l 26 energy group cross section 
under development, an useful 
the Exercise 2 model with a 

model, using a simplified two 
library. The library contains the 

croscopic absorption, scattering 
ata for the graphite reflector and 

in Table V. Simplified second 
perature feedback coefficients 
d. 

TABLE V

data for RELAP5-3D/NESTLE test 
case 

eflector region Fuel region 

17121
83723

1.29943 
0.95785 

026E-5 
891E-4 

1.165E-3 
6.319E-3 

214E-5 
400E-3 

1.743E-4 
3.707E-3 
1.29E-4 
2.733E-3 
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The NESTLE nodal kinetics model utilized a 
hexagonal mesh definition. A representation of the second 
axial layer is shown in Fig 13, where the three core “rings” 
consist of kinetics zone numbers 23, 24 and 25. The inner 
reflector region is coupled to the hydrodynamic and heat 
structure networks utilizing zone numbers 20-22, and the 
outer reflector region zone numbers 26-28.    

Fig. 11. NESTLE nodal kinetics mesh assignment for the second 
axial core level

The steady state calculation converged to an 
eigenvalue of 1.0243 (no control rod absorber material 
cross section data was defined). A contour surface plot of 
the power density (MW/m3) profile is presented in Fig. 12, 
where the zero power generated in the inner reflector can 
be clearly distinguished.    

Fig. 12. Power density (MW/m3) distribution for the 
RELAP5-3D/NESTLE test case

Since the cross section data was not based on actual 
design data for the MHTGR, the values reported in this 
section are for model testing purposes only. It is 
nevertheless interesting to note that the global thermal fluid 
parameters of interest, as presented in Table VI, are very 
similar to the results obtained for the benchmark Exercise 
2 (Table IV), where a defined power density shape was 
used.  

TABLE VI 

RELAP5-3D/NESTLE test case thermal fluid global 
parameters 

Description Value and unit 

Core inlet/outlet gas 
temperature 259oC / 687oC 

Inlet mass flow rate 154.03 kg/s 
Outlet pressure 6.34 MPa 
Core pressure drop 20.51 kPa 
Maximum fuel 
temperature 1060oC 

Average core barrel 
temperature 324oC 

The convergence behavior of the inlet mass flow rate 
temperature error and the power generated in the three core 
rings are presented in Fig. 13 and Fig. 14, respectively.  In 
contrast to Exercise 2, the coupled NESTLE case requires 
at least 25000 iterations to reach converged solutions for 
these parameters, indicating that significantly longer model 
calculations times can be expected for the coupled 
PHISICS/RELAP5-3D Exercise 3. This can however be 
mitigated to some degree by distributing the calculations to 
different processing nodes.  

Fig. 13. RELAP5-3D/NESTLE test case steady state reactor 
inlet temperature error and inlet mass flow rate convergence



Proceedings of ICAPP ‘12 
Chicago, USA, June 24-28, 2012 

Paper 12290

Fig. 14. RELAP5-3D/NESTLE test case steady state power 
convergence

VI. CONCLUSIONS 

The need for improved modeling of prismatic VHTR 
designs motivated the VHTR methods group at INL to 
initiate the coupling of the nodal transport solver 
INSTANT to the system thermal fluids code RELAP5-3D. 
As part of the PHISICS package, additional capabilities 
(cross section mixing, depletion calculations) are also now 
available to the user of the RELAP5-3D code user, without 
the need for major input file changes. For verification 
purposes, a well-defined and challenging OECD/NEA 
code-to-code benchmark was developed by the INL, in 
cooperation with General Atomics, based on the MHTGR 
350MW prismatic design. 

The paper provided an overview of the OECD/NEA 
MHTGR-350 Benchmark and presented selected RELAP5-
3D steady state results for Phase I Exercise 2. Preliminary 
results were also provided for the early test phase of 
Exercise 3 using a two-group cross-section library and the 
coupled solution of the RELAP5-3D model developed for 
Exercise 2 and the nodal kinetics solver NESTLE. 

It is currently planned to publish the 
PHISICS/RELAP5-3D results of all the Phase I steady 
state exercises by mid 2012, and the results of the four 
transient exercises defined for Phase II by the end of 2012. 
OECD/NEA comparison reports for all participant 
submissions will be created for both Phases I and II by the 
end of 2013. 
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