
OVERVIEW OF MRPLOW: A DESIGN TOOL FOR SURFACE REACTOR POWER SYSTEMS.   
D. Poston, Los Alamos National Laboratory, MS K575, Los Alamos, NM 87545, poston@lanl.gov. 

 
Introduction: MRPLOW is the driver for a design 
process that creates and/or evaluates Fission Surface 
Power (FSP) System concepts. MRPLOW is a 
FORTRAN code that when used in conjunction with 
several other tools completes an automated, versatile, 
and high-fidelity process to generate pre-conceptual 
designs of fission power systems. The primary func-
tions of MRPLOW are to 1) develop the overall geom-
etry and configuration of a concept based on specific 
user inputs, 2) predict concept performance, mass, 
temperatures, 3) create MCNP input decks for numer-
ous criticality, shielding, reactivity coefficient, and 
flux/power deposition calculations, and 4) generate 
interface files for other codes that perform thermal-
hydraulic, structural, burnup, and system transient cal-
culations. The MRPLOW acronym is adaptable to the 
Moon and Mars; either “Martian Reactor to Power 
Logistics on Other Worlds” or “Modular Reactor to 
Power Lunar Outpost Works”. 
     FSP Design Process: The focus of the design pro-
cess is on the reactor core: the fuel system, coolant, 
and structure are evaluated in significant detail, includ-
ing gap sizing, tolerances, fission gas plenum, and 
stress/creep analysis of the fuel pin. The reflector, con-
trol, and shield components are also modeled in con-
siderable detail, and all significant gaps are included in 
the neutronic and thermal models. For systems that 

utilize pumped cooling technology the balance of the 
flow loop and the primary heat exchange is modeled to 
the level needed to calculate thermal-hydraulic per-
formance. The “balance of plant”, e.g. power conver-
sion, heat rejection, power management, are roughly 
modeled as a means of estimating the impact of high 
level requirements on reactor module design or vice-
versa. MRPLOW is a steady-state model, but it does 
create an input file that contains all of the parameters 
required to execute the transient modeling tool FRINK 
and the burnup tool MONTEBURNS. 
     Primary Functions of MRPLOW: The goal of the 
MRPLOW process is to increase the productivity and 
fidelity of design process with: a) automation – creat-
ing files, data manipulation/transfer, computational 
scripts, b) flexibility – not only to provide the ability to 
evaluate numerous design options, but also to provide 
“fair” comparisons between alternative concepts, and 
c) integration – ensuring that designs are created and 
optimized at the system level (minimize iterations to 
converge sub-optimized solutions). The greatest bene-
fits of MRPLOW for FSP are that it is versatile, i.e. it 
can be used for almost any reactor technology, and 
automated, which is good for performing rapid design 
or trade study iterations. The versatility is largely pro-
vided by MCNP, a Monte Carlo neutronics tool. 
MCNP utilizes continuous energy nuclear cross sec-
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tions, which can provide accurate calculations in any 
neutron spectrum, and a geometry package that can 
model almost any conceivable reactor in detail.  
     Notional Design Phase: The “notional” phase of 
the design process is used to explore the design space 
and perhaps determine whether a specific design idea 
is feasible. The computational turnaround of this phase 
is very quick because all design calculations are car-
ried out by only MRPLOW and short, relatively high 
uncertainty MCNP calculations. In addition to creating 
MCNP decks that can evaluate first-order criticality 
requirements, MRPLOW performs many simplified 
nuclear, thermal, and structural calculations. Most of 
these calculations are of low fidelity, but good enough 
to determine whether a concept is a good candidate for 
further analysis. The nuclear design of the reactor core 
is initially focused on meeting the criticality require-
ments (i.e. maintaining sufficient criticality throughout 
life as well as having sufficient shutdown margin to 
ensure subcriticality prior to deployment). A large 
number of criticality cases are run by MCNP, which 
include approximations of changes in system state due 
to temperatures and lifetimes. MRPLOW estimates the 
temperatures of the fuel pins, structure, reactor vessel 
and control components and they are thermally ex-
panded in three dimensions, with corresponding mate-
rial density reductions. The reactor coolant inventory 
is reduced according to the expansion-reduced free 
coolant volume space, and its material densities are 
reduced. Irradiation-induced fuel swelling is also esti-
mated as a function of fuel temperature and burnup. 
Shielding calculations are sometimes performed in the 
notional stage, but normally are conducted in the pre-
conceptual stage (unless some reactor design modifica-
tions were made specifically for shielding reasons). 
     Pre-Conceptual Design Phase: In the “pre-
conceptual stage” a more detailed thermal-mechanical 
design is performed with the TMSS (Thermal Mechan-
ical SpreadSheet) tool. Files generated by MRPLOW 
that contain the reactor geometry and operating condi-
tions, plus fluences and power distributions from the 
nuclear design, are used directly as TMSS inputs. 
TMSS sizes the fuel pin based on the input cold-BOL 
and warm-EOL gap requirements, in conjunction with 
design requirements such as thermal power, lifetime 
and temperature. Thermal expansion and irradiated 
material property data for fuel and clad are incorpo-
rated to evaluate the generated fuel system stresses and 
clad strain. The strain calculation includes the effects 
of thermal and irradiation stresses on the clad, as well 
as hoop stress due to internal pressure from accumulat-
ing fission gases within the free volume of the pin. A 
fission gas release correlation is used to determine the 
molar gas quantity produced as a function of peak pel-
let burnup, temperature, and time. The design tool ad-

justs the fuel pellet/clad gap, fission gas plenum 
height, and/or clad thickness to preclude pellet/clad 
interaction at EOL and maintain the clad below speci-
fied stress and strain limits. TMSS also contains mac-
ros that perform core thermal-hydraulic analysis based 
on the power peaking factors received from 
MRPLOW. These calculations may be performed for 
any selected fuel pin in the core (typically a high-
power pin) and an average-power pin. Also in the pre-
conceptual phase, MONTEBURNS depletion calcula-
tions are run to evaluate the burnup reactivity and con-
firm the as-designed end-of-life reactivity margin. The 
temperature defect and reactivity coefficients are cal-
culated with MCNPX using multiple temperature de-
pendent input decks created by MRPLOW. 
MONTEBURNS simulates the movement of control 
drums during the burnup calculation to maintain criti-
cality during the calculation, and also ensure that the 
drums have enough worth and margin at end-of-life. 
     Conceptual Design Phase: The “conceptual” de-
sign phase initiates transient calculations that evaluate 
system performance, stability, survivability and/or 
safety. The design methodology includes a simple sys-
tem thermal-balance and transient analysis that is in-
corporated within the automation process. MCNPX 
provides heating rates and reactivity coefficients that 
are used by FRINK to evaluate system temperatures 
during steady-state and simple bounding transients. In 
steady-state, the key parameters generated by FRINK 
represent the overall power balance of the system. 
Transient analyses investigate how the system re-
sponds to reactivity insertion, loss of heat sink, and 
loss of flow. These analyses provide confidence (or 
lack thereof) that the system can be designed to meet 
any anticipated design basis event in a simple and ro-
bust manner. For final design of a flight system, a 
more sophisticated transient model will have to be 
developed to evaluate complete system transients.The 
conceptual design phases can also include detailed 
analysis of technical issues that are identified as limit-
ing or specific concern during the early design stages. 
This might be a specific thermal management or ther-
mal stress issue, or a more detailed transient response 
that requires a higher-level code. It also can include 
the specifics of a mechanical design feature such as a 
critical weld or difficult assembly sequence. 
MRPLOW creates shield geometries and compositions 
based on user input, which includes the configuration 
of the system relative to the ground and surrounding 
materials. Usually, shielding calculations are per-
formed after a design concept is rather mature, and 
then doses are calculated for a variety of shield thick-
nesses and configurations. If the optimum shielding 
solution creates a change in geometry that might im-
pact neutronics, then the design process is reiterated. 
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