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The MMR™ Energy System  
The MMR is a micro-reactor that operates as 
a flexible nuclear battery and may fulfill 
nontraditional roles for nuclear power, 
including service to remotely sited areas, 
backup power generation, hydrogen 
production, desalination, process heating, 
and supporting military and critical national 
infrastructure facilities. 

The energy system consists of two plants: 

 The nuclear plant: This is the nuclear 
facility which contains the MMR High 
Temperature Gas-cooled Reactor(s) 
(HTGRs) and includes all the equipment 
required to transport the heat produced 
to the adjacent plant.  

 The adjacent plant: A non-nuclear facility 
which harnesses the heat for client 
specified applications. These 
applications could be electrical 
generation, process heat (for example, 
steam), hydrogen production, district 
heating etc. 

From a licensing perspective, the nuclear 
plant is independent of the adjacent plant, 
which reduces the nuclear footprint of the 
overall facility.  

The nuclear plant generates approximately 
15 MW of thermal energy, which is sufficient 
to generate 5 MW of electricity. The MMR 
operates for 20 years with no refueling. 

 

 

 

 

 

 

  

The MMR concept is discussed in the following sections 

• Design features (page 4)   
• Safety (page 9) 
• The power plant (page 16) 
• Production & deployment (page 20) 
• Operations (page 24) 
• Security (page 28) 
• Fuel cycle, waste management & disposal (page 30) 
• Design & licensing status (page 33) 
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Major Technical Parameters (MMR™ Block 1) 

PARAMETER VALUE 

TECHNOLOGY DEVELOPER, COUNTRY OF ORIGIN USNC, U.S.A. 

REACTOR TYPE High Temperature Gas-cooled 
Reactor/micro-reactor/nuclear battery 

COOLANT/MODERATOR Helium/graphite 

THERMAL/ELECTRICAL CAPACITY 15 MW(t)/5 MW(e) 

PRIMARY CIRCULATION Forced circulation 

NSSS OPERATING PRESSURE 
(PRIMARY/SECONDARY), MPA 

3 MPa Helium Primary/ 
0.5 MPa Secondary solar salt system 

CORE INLET/OUTLET COOLANT TEMPERATURE (°C) 300/630 Helium Primary 
275/565 Solar salt Secondary 

FUEL TYPE/ASSEMBLY ARRAY FCM (TRISO-based)/hexagonal 

NUMBER OF FUEL ASSEMBLIES IN THE CORE 180 Fuel blocks (172 800 FCM pellets) 

FUEL ENRICHMENT (%) LEU 19.75% 

CORE DISCHARGE BURNUP (GWD/TON) Average – 82.227 MWd/kg  
(Maximum 131.287 MWd/kg) 

REFUELING CYCLE (MONTHS) Never; for the lifetime 

REACTIVITY CONTROL MECHANISM Negative temperature coefficient; Control rod 
insertion 

APPROACH TO SAFETY SYSTEMS Passive 

DESIGN LIFE (YEARS) 20 

PLANT FOOTPRINT (M2) 130 × 96 

RPV HEIGHT/DIAMETER (M) Height – 13.25 m including lid and stand-pipes 

Diameter – 3.5 m 

RPV WEIGHT (METRIC TON) 30.1 metric tons 

SEISMIC DESIGN (SSE) 0.3 g 

FUEL CYCLE REQUIREMENTS/APPROACH Fueled once for design life 

DISTINGUISHING FEATURES No core meltdown; adjacent non-nuclear 
power conversion plant; no EPZ required 

DESIGN STATUS Preliminary design; licensing started in 
Canada. 
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A Single Unit MMR™ and Adjacent 
5 MW Power Generation Facility 

Design Philosophy 
The design philosophy of the MMR uses the 
following main principles: 

 Use proven and existing technology 
 Design for simplicity 
 Design for reliability 
 Separate the standardized nuclear plant 

from the application adjacent plant 
 Design for low maintenance 
 Design for modular construction and 

replacement 
 Design all components to be replaced in 

principle 

The design philosophy for the nuclear plant 
requires that the design is standardized and 
that multiple identical reactor units can be 
placed on site to match heat demand. The 
design builds on the High Temperature Gas 
Cooled Reactor knowledge base and is 
constrained by known material limits as 
determined by design codes and standards. 
The reactor is fueled once in its designed 
lifetime. The nuclear plant will have only 
essential structures, systems and 

components while services will be provided 
by the adjacent plant. The reactor is built 
below grade for external hazard protection 
and designed to avoid water in the primary 
circuit. 

The adjacent plant design philosophy uses a 
molten salt buffer to isolate the reactor from 
fast load transients. It is designed to isolate 
high-pressure water or steam from entering 
the nuclear plant. The adjacent plant will 
use thermal energy storage technology 
proven by Concentrating Solar Power (CSP). 
The molten salt storage tank will be sized for 
storage needs. Application specific 
requirements are achieved by combining 
standard building blocks (for example, 
thermal energy storage unit, steam system 
unit, power generation unit, process heat 
unit, back-up power unit, gas heating unit). 
The plant will have high reliability by 
combining backup power options. 
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A TRISO Particle: The Basis 
of USNC’s Patented FCM® 
Fuel. A TRISO particle 
consists of a kernel of 
uranium fuel, which is then 
encapsulated by three 
layers of carbon- and 
ceramic-based materials 
to produce a TRISO 
particle, which is about the 
size of a poppy seed.   

Reactor Core  
The reactor core consists of hexagonal 
graphite blocks that contain stacks of the 
Fully Micro Encapsulated (FCM) fuel pellets. 
The MMR reactor core has a low power 
density (1.24 W/cm3) and a high heat 
capacity. This results in very slow and 
predictable temperature changes. The MMR 
reactor is fueled once for its initial 20-year 
operating life and sealed. The core can then 
be replaced to extend the operating life of 
the reactor for another 20-year cycle. 

The core provides adequate coolant flow 
paths for heat removal, and the graphite 
material of the blocks assists with further 
heat removal. The graphite core provides a 
neutron moderation and reflection function. 

Power Conversion Unit 
Electricity is generated in the power 
generation system located in the adjacent 
plant from the heat supplied from the 
nuclear plant via the molten salt. The power 
generation system consists of the turbine 
generator and supporting infrastructure. The 
adjacent plant has a main electrical grid 
connection for supply of the electrical 
power generated via transmission 
infrastructure. This is confirmed once a 
project’s site location is finalized. 
Additionally, there is an auxiliary grid 
connection to provide station power when 
the main connection is not available. 

Fuel Characteristics 
The MMR reactor uses USNC’s proprietary 
Fully Ceramic Micro Encapsulated (FCM) 
fuel. FCM fuel provides a new approach to 
inherent reactor safety by providing an 

ultimately safe fuel. FCM is based on very 
small particles containing low-enriched 
uranium. FCM fuel ensures containment of 
radioactivity during operations and accident 
conditions, which means that no fission 
products are released from the fuel.  

FCM is manufactured with 
industry-standard Triple Coated Isotropic 
(TRISO) fuel particles, whose primary 
purpose is to retain fission products. The 
TRISO fuel, which contains the radioactive 
byproducts of fission within layered ceramic 
coatings, is further encased within a fully 
dense silicon carbide matrix. This is like 
encasing the fuel in a diamond-like 
substance. The combination of TRISO fuel 
particles and the silicon carbide coating 
provides an extremely rugged and stable fuel 
with extraordinary high temperature 
stability.  

 

 

 

 

 

 

Fuel Handling 
The MMR system is fueled once in its 
lifetime. There is no on-site fuel handling. 

Reactivity Control 
The MMR reactor core has a low power 
density and a high heat capacity. The result 
is very slow and predictable temperature 
transients. 
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Reactor Pressure Vessel and Internals 
The Reactor Pressure Vessel (RPV) houses 
the core. The MMR has a drain at the base of 
the Reactor Pressure Vessel and avoids 
major water ingress events because there is 
no steam generator in the primary circuit. 
The MMR Reactor Pressure Vessel is 
‘helium tight’. The MMR design includes 
metallic seals and a seal weld to ensure 
leak tightness. The Reactor Pressure Vessel 
is designed in accordance with the ASME 
Boiler & Pressure Vessel Code (BPVC). 

The colder helium flows up against the 
reactor vessel wall to avoid overheating 
from the core outlet gas. The MMR employs 

a design principle in the primary circuit that 
ensures that the hot helium is always 
surrounded by cold helium at a higher 
pressure. This means that any leaks are 
from cold to hot and will eliminate the 
possibility of hot gas impinging on the 
pressure boundary. 

The MMR design studies the effect of core 
bypass flow by modelling extreme and 
bounding cases. 

The MMR design avoids problems with flow 
across tube bundles in the intermediate 
heat exchanger by using printed circuit 
technology that does not have any tubes.

Components of the MMR™ Core: The 
TRISO fuel particles are encapsulated to 
produce USNC’s patented FCM® fuel 
pellets, which are about an inch long. The 
FCM® pellets are then stacked within 
graphite fuel blocks, which form the core 
of the USNC’s MMR™. 
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Safety Features 
The MMR technology has been developed by 
USNC and is based largely on proven 
designs with inherent safety features. The 
safety design is then further augmented with 
specific novel safety features. The use of 
proven inherent safety design features 
confers confidence in the operability and 
safety of the facility, while the novel safety 
features enhance the safety of the 
technology. Operations are simple with 
minimal operations and maintenance 
requirements, and no on-site fuel storage, 
handling, or processing. 

The MMR reactor is a truly walk away, safe 
power reactor. In the case of a fuel or 
cooling system failure, the MMR reactor 
cannot melt down as the temperature will 
remain at a safe level while heat dissipates 
passively into the environment. 

Engineered Safety System Approach and 
Configuration 
The MMR safety functions are achieved 
through a combination of inherent safety 
features and engineered safety features. The 
inherent safety features result from the 
selection of materials used in and design 
features of the reactor fuel and core, 
moderator and coolant. Engineered safety 
features are those introduced specifically to 
perform a safety function, and they may 
include both passive and active structures, 
systems and components (SSC). 

Reactivity Control  
The reactor core provides two independent 
shutdown systems, namely the reactivity 
control system and reserve shutdown 
system. The reactor control system consists 

of control rod units containing B4C. The rods 
are freely suspended in the control rod 
channels located in the core assembly.  

Control rod drive mechanisms raise and 
lower the control rods in the control rod 
channels. The control rod drive mechanisms 
also release the control rods in the event of 
a reactor shutdown allowing them to move 
down under gravity in the control rod 
channels. The negative reactivity required to 
shut down the core is thus achieved. 

Reactor Cooling Philosophy During 
Failure Conditions 
The reactor will maintain a safe temperature 
indefinitely even in the event of a cooling 
failure because of the fuel characteristics 
and the reactor design. In a cooling failure, 
the reactor is cooled through passive heat 
transfer. External water, electricity, and 
additional active systems to dissipate heat 
during a system failure are not required. 

Containment Function 
The MMR’s fuel performs the function of 
containing fission products during such 
conditions. This sets the MMR apart from 
most current operating reactor technologies, 
which rely on highly specialized and 
complex safety systems to prevent and 
mitigate further releases of fission products 
that escape their fuel in the case of 
postulated accidents, 

Retention of fission product is achieved by 
the FCM fuel particles. The fuel safety 
margin is so large that fission product 
retention is accomplished entirely by the 
fuel. No other containment is needed. There 
are no sudden temperature rises as the 
reactor controls and switches itself off in all 
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accident conditions. The reactor core is 
sealed for life – the fuel cannot be accessed. 

Safety by Design 
The overall philosophy guiding the design of 
the MMR is to produce a safe, economical 
plant design which meets regulatory and 
user requirements by providing defense-in-
depth through the pursuit of four goals: 

1. Maintain Plant Operation 
Reliably maintain the functions 
necessary for normal plant operation, 
including the plant states of energy 
production, shutdown, and 
startup/shutdown operations. 

2. Maintain Plant Protection 
Assume that despite the care taken to 
maintain plant operation, failures will 
occur and provide additional design 
features or systems to prevent plant 
damage. 

3. Maintain Control of Radionuclide 
Release 
Provide additional design features or 
systems to ensure containment of 
radionuclides if normal operating 
conditions cannot be maintained and/or 
plant protection is not assured. 

4. Maintain Emergency Preparedness 
Maintain adequate emergency 
preparedness to protect the health and 
safety of the public if control of 
radionuclide release is not 
accomplished. 

To achieve regulatory criteria for the 
accomplishment of goals 1 and 2, measures 
are taken in the design of the MMR to 
mitigate defects in the fuel and to purify the 
primary circuit of any radionuclides that do 
escape the fuel so that normal operational 
releases or any accidental releases of 

primary circuit activity are low and worker 
exposures are mitigated. These techniques 
have been proven to be effective in other 
gas-cooled reactors and have been 
demonstrated by measuring releases and 
worker exposures from operating plants. 

The distinguishing aspect of the MMR, 
however, is the approach which has been 
taken to achieve goal 3. To accomplish this 
goal with high assurance, the design of the 
MMR is guided by the principle that control 
of radionuclide releases is accomplished by 
retention of radionuclides within the fuel 
particles with no reliance on active design 
features or operator actions. The overall 
intent is to provide a simple safety case that 
will provide high confidence that the goal 3 
safety criteria are met. These are two key 
elements to this principle which have had a 
profound impact on the design of the MMR. 

First, the design requires that control of 
radionuclides be accomplished with no 
reliance on active systems or operator 
actions. By eliminating the need to rely on 
active systems or operator actions, the 
safety case centers on the behavior of the 
laws of physics and on the integrity of 
passive design features. Safety arguments 
are not then centered on an assessment of 
the reliability of pumps, valves and their 
associated services or on the probability of 
an operator taking various damaging actions. 
The associated uncertainties involved in 
such assessments are removed because 
the safety argument is centered passive 
designed systems. 

Second, the design requires control of 
releases by the retention of radionuclides 
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within the coated fuel particle rather than 
reliance on secondary barriers (such as the 
primary coolant boundary or buildings). The 
the proof of containment is dramatically 
simplified if safety arguments can center on 
issues associated with fuel particle coating 
integrity alone. 

The safety philosophy is incorporated into 
the design in a "top-down" approach. The 
process begins with the quantification of 
top-level criteria to ensure that each of the 
four goals is achieved. Next, a systems 
engineering approach is systematically 
applied to develop the functions, 
requirements, and specific design 
selections necessary to realize, in a 
balanced fashion, all the regulatory criteria 
and user requirements. The analysis tools 
include the use of functional analysis, 
reliability evaluations, probabilistic risk 
assessments, trade studies, and engineering 
analyses. 

Nuclear Safety Objectives 
The nuclear safety objective of the MMR is 
that the design and the operation of the 
plant shall be carried out without harm to 
the public and the environment. This is 
consistent with the safety objectives as 
defined in IAEA Fundamental Safety 
Principles SF-1. The innovative approach 
taken in the design of the MMR is to rely on 
the coated fuel particles to ensure 
acceptable dose releases. This means that 
first and foremost, innovative, well designed 
and high-quality fuel is relied on to minimize 
releases during normal operation and 
achieve the MMR’s nuclear safety objective. 

 

Control Chemical Attack 
The inherent features for controlling 
chemical attack of the fuel of the MMR 
design include: 

 Design features that limit water ingress 

This includes the limited sources of 
water. The circulator magnetic bearings 
eliminate the source of water that was a 
major contributor to the low-capacity 
factor of the Fort St. Vrain HTGR. The 
primary heat transfer cycle and steam 
generation cycle has been separated 
with the addition of a low-pressure 
intermediate loop. 

 The primary cycle which is pressurized 
to limit air ingress 

 The reactor core graphite will not ignite 
if were to come into contact with air 
even at operating temperatures 

 The primary cycle coolant (helium) is 
chemically inert  

 The use of ceramically-coated TRISO as 
a basis of the fuel  

 The full ceramic microencapsulation of 
the TRISO fuel particles to further 
control chemical attacks 

 The use of a nuclear-grade vessel 

Control Heat Generation 
During normal operation, core power is 
controlled and regulated using the regulating 
control bank consisting of control rods 
located in the side reflectors. The depletion 
control bank provides long-term reactivity 
compensation by burn-up of the core and 
the burnable poison and located in the 
fueled control blocks on the periphery of the 
core. A start up control rod in the center 
unfueled control block of the core is used for 
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low power control during reactor start-up. 
Immediate insertion of the rods is by gravity 
when power is disrupted to the drive motors. 

The reactor shutdown system consists of 
shutdown rods, arranged concentrically, 
that insert into the core. These rods are 
capable of quickly achieving guaranteed 
shutdown. 

The inherent features that control reactivity 
and thus heat generation, include a strong 
negative temperature coefficient, a single 
phase (no boiling with resulting void 
coefficient affecting the reactivity), and 
neutronic ally inert coolant. These 
characteristics cause the reactor to 
inherently shut down at higher-than-normal 
fuel temperatures. The reactor protection 
system will initiate the fast insertion of the 
shutdown rods (fall under gravity), as well as 
the control rods, and additionally cut the 
power to the helium circulator motor which 
results in the reactor becoming subcritical 
due to negative temperature coefficient. 

Control Heat Removal 

Forced Cooling 
During normal operation helium is circulated 
in the pressure boundary by use of the 
helium circulator. Forced circulation is the 
primary means of removing heat from the 
reactor when the reactor is critical. Forced 
helium circulation performs the following 
main functions: 

 Removes heat generated in the reactor 
 Transfers the heat from the helium to the 

molten salt 
 Conditions the pressure boundary at 

approximately the reactor inlet 
temperature. 

In order for forced cooling to perform its 
functions during normal power operation 
cold molten salt supply from the adjacent 
plant is assumed to be available at the 
correct temperature. If the supply of cold 
molten salt is stopped then the forced 
circulation of helium is stopped and the 
reactor made subcritical. 

Forced Convection 
Forced convection is used to remove heat 
from the reactor during normal operation 
and Anticipated Operational Occurrences 
(AOO). The forced convection removes 
sufficient heat from the reactor in order to 
ensure that the fuel and reactor vessel 
temperatures remain within their limits. The 
circulation also ensures that the Citadel 
temperature is within its normal operating 
range. 

During Design Basis Accidents (DBA) it can 
be assumed that the forced convection fails, 
and the plant will remain safe and the 
releases will be well within regulatory limits 
based on a conduction cooldown.  

From an investment protection point of view 
redundant means of cooldown is provided to 
ensure the operating life of the reactor 
vessel or the Citadel structure is 
maintained.  

Conduction Cooldown 
Conduction cooldown refers to the heat 
removal from the reactor in a fully passive 
manner with conduction through the citadel 
to the environment. In this heat removal 
case decay heat from the fuel is transferred 
via conduction and radiation to the reactor 
pressure vessel and from the reactor 
pressure vessel to the citadel wall and 
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finally from the citadel wall via conduction 
to the surrounding air and soil. 

Assumptions: 

 No forced convection is present to 
remove heat from the reactor cavity 

 The pressure boundary can be 
depressurized, i.e. the helium can be lost 
to atmosphere. 

Safety Design Principles 

Defense-in-Depth 
A comprehensive approach to the 
application of the Defense-in-Depth 
concept, requiring its application across all 
the aspects of the design organization, as 
well the design is applied. A key 
consideration is that each subsequent level 
of the Defense-in-Depth response must be 
independent of the previous or subsequent 
levels to the extent where practicable. In the 
table on the following page the five levels of 
Defense-in-Depth and the essential means 
applied to counteract the threat are 
described. The levels originate from the 
IAEA Defense in Depth in Nuclear Safety, 
INSAG-10, 1996 document. 

Physical Barriers: Physical Barriers form an 
important aspect of implementing Defense-
in-Depth and the design is required to 
implement a series of physical barriers to 
confine radioactive releases to specified 
locations. 

Operational Limits and Conditions: 
Requires the designer to identify the set of 

limits and plant operating conditions that 
can be monitored and controlled by the 
operator. This detail will emerge as the 
maturity of the design progresses. 

Interface of Safety with Security and 
Safeguards: Safety measures, nuclear 
security measures and arrangements for the 
system of accounting for, and control of, 
nuclear material for an MMR Power Plant 
are designed and implemented in an 
integrated manner so that they do not 
compromise one another. In summary, the 
holistic application of the Defense-in-Depth 
concept requires the consideration of all of 
the concepts discussed above. 

Single Failure Criterion 
All active safety systems must achieve their 
required function and performance in the 
presence of a single failure of any of the 
active components in the system. 

Diversity, Separation (or Sharing 
Principles), Redundancy 

The potential for common-cause failures of 
safety systems is considered in determining 
where to apply the principles of separation, 
diversity and independence to achieve the 
necessary reliability. 

Diversity 

Diverse systems are utilized for required for 
safety functions to the extent that the 
diversity is required by the common-cause 
analysis and that the diversity increases the 
overall reliability of the safety function. 
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LEVELS OF DEFENSE-IN-DEPTH  

 OBJECTIVE 
ESSENTIAL MEANS TO COUNTERACT 

THE THREAT 

LEVEL 1 Prevention of deviations from normal 
operations. Prevention of abnormal operation 
and failures. 

Conservative design and high quality in 
construction and operation; choice of 
design codes and materials. 

LEVEL 2 Control of abnormal operation and failures. Control, limiting and protection systems 
and other surveillance, using inherent and 
engineered safety features. 

LEVEL 3 Control of accidents within the design basis 
and minimize consequences. 

Engineered features and accident 
procedures to minimize consequences of 
DBAs. 

LEVEL 4 Control of severe plant conditions, including 
prevention or accident progression and 
mitigation of the consequences of severe 
accidents. 

Complementary measures and accident 
management. 

LEVEL 5 Mitigation of radiological consequences of 
significant releases of reactive materials. 

The provision of both on-site and off-site 
emergency response plans, support, and 
facilities. 

 

Separation 

Non-safety equipment in other systems that 
is in physical proximity to safety system 
equipment shall be physically separated 
from the safety system equipment to the 
degree necessary to retain the safety 
system capability to accomplish its safety 
functions in the event of the failure of non-
safety equipment. 

Different redundant and/or diverse safety 
systems performing the same function shall 
be physically separated to minimize the risk 
of common cause failures. 

Redundancy 

All active safety systems will have 
redundancy in the design of the system, this 

can be achieved via the use of multiple 
similar systems or by the use diverse 
systems and components. 

Safety Classification 

The safety classification methodology 
applied by USNC to Systems, Structures 
and Components (SSC) that are important 
to safety is used to with the purpose to: 

 identify appropriate engineering design 
rules for the SSC based on its safety 
class, and 

 ensure that the SSC is designed, 
manufactured, constructed, installed, 
commissioned, quality assured, 
maintained, tested and inspected to 
standards appropriate to its importance 
to safety.



 

 

 

 

 

 

 

 

 

 

 

 

THE POWER PLANT 
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Citadel Building 
Cross Section 

The Plant 
The integrated MMR facility includes a 
nuclear plant containing an MMR reactor, 
and an adjacent plant, which are the main 
physical works related to an MMR project. 
The nuclear plant provides process heat to 
the adjacent plant where it is converted to 
electricity, high-grade process heat, 
low-grade district heating/cooling, or any 
combination thereof (cogeneration) as per 
client requirements.  

Nuclear Plant 
The nuclear plant contains the Nuclear 
Building and the Citadel Building, which 
houses the MMR reactor and its associated 
nuclear heat supply system. 

The tallest structure of the nuclear plant is 
the nuclear plant stack with an approximate 

height of 30 meters. The second tallest 
structure is expected to be the nuclear 
building within an approximate height 
between 7 and 10 meters.  

Nuclear Building 
The Nuclear Building is constructed on top 
of the Citadel Building. The Nuclear Building 
contains the following: 

 Main control room and security room, 
including instrumentation and control 
equipment  

 Heating, ventilation, air conditioning, and 
electrical equipment room  

 Radiation change-over area and change 
room  

 Waste storage and decontamination area 
 General storage and laydown areas  
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Citadel Building 
The nuclear heat supply system (that 
includes the reactor core) is housed in a 
vertical cylindrical concrete structure, 
named the Citadel Building. The Citadel 
Building protects the reactor and its 
adjacent systems from hazards (both 
external and internal to the Citadel Building). 
The Citadel Building wall provides biological 
shielding against radiation exposure from 
the reactor. 

Instrumentation and Control Systems 
The control of the nuclear plant will be kept 
as modular as possible to ensure that 
different plant configurations (from one 
reactor module to ten reactor modules) can 
be accommodated. The nuclear plant 
control will also function independently 
from the adjacent plant.  

The control of the nuclear plant remains the 
same regardless of how the heat generated 
by the reactor is used by the adjacent plant 

(for example: power generation, process 
heat or cogeneration).  

The nuclear plant instrumentation and 
control system has two main legs: 

 Operational Control System: Provides for 
both manual and automatic control. 

 Reactor Protection System: Provides the 
safety function and ensures that the 
reactor cannot operate beyond its design 
limits 

Adjacent Plant 
The adjacent plant buildings and structures 
contain the equipment required for the 
generation of electricity from the heat 
supplied by the nuclear plant. The adjacent 
plant also provides the interface with any 
customer end-use facilities. This allows the 
nuclear plant to be separated from any 
client specific needs. Additionally, there 
may be offices, a training site, or a visitor 
center on the site as per client 
requirements. 

 

 

  
MMR™ Adjacent Plan using established Solar CSP molten salt technology to provide 
energy storage and uncouple the flexible application from the nuclear plant. 
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Adjacent Plant Molten Salt System 
The adjacent plant molten salt system acts 
as an intermediary to transport the heat 
generated in the nuclear plant and transfer it 
through heat exchangers to a steam cycle 
for the purpose of generating power and the 
supply of heat for customer applications. 
The adjacent plant molten salt system 
consists of pumps and pipes containing 
molten salt as well as hot and cold storage 
tanks. These tanks serve as an energy 
storage system and help to regulate the flow 
of molten salt. 

Power Generation System 
The function of this system is to generate 
electricity from the heat supplied from the 
nuclear plant via the molten salt. The power 

generation system consists of the turbine 
generator and supporting infrastructure. The 
adjacent plant will have a main electrical 
grid connection for supply of the electrical 
power generated via transmission 
infrastructure.  

Flexible Applications  
The MMR using the adjacent plant concept 
allows the micro-reactor to operate as a 
flexible nuclear battery. The adjacent plant 
allows nuclear heat to be applied to many 
traditional or new roles. These include 
service to remotely sited areas, backup 
power generation, hydrogen production, 
desalination, process heating, and 
supporting military and critical national 
infrastructure facilities. 

 

MMR™ architecture and unique safety 
case make the technology suitable for 
many novel nuclear applications such 
as providing industrial process heat. 

MMR™ architecture and unique safety 
case make the technology suitable for 
many novel nuclear applications such 
as providing industrial process heat 
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Produce Deploy Model 
A significant MMR advantage is a 
commitment to a fully modularized 
construction approach. The MMR follows a 
produce-deploy strategy where the entire 
MMR design is modularized. USNC deploys 
MMRs using proven equipment and 
components that are commercially 
available. For the first time, this approach 
enables the application of the "just in time" 
principle to the production of nuclear 
reactors. 

Production 

Modularization Concept 
The plant will be modularized to the greatest 
extent possible. All buildings consist out of 
pre-assembled structural steel modules. 
The buildings are formed by joining the 
modules together. The modules will be 
standard sizes, to expedite transport and 
site erection. It is intended that the concrete 
portions of the reactor building be 
constructed from precast units wherever 
possible, dependent on-site conditions. 

The modules will be assembled off-site with 
the complete system housed in modules 
pre-installed. All piping, cabling, lighting, 
etc. will be included in the module with 
specific interfaces for easy connection 
during construction. Installation approvals 
and quality assurance will be performed at 
the assembly facility. Where possible the 
modularized system will be tested off-site 
prior to transport to the site and the systems 
will be designed for the transportation loads. 
All building rooms and corridors will likewise 
consist of standard size modularized 
modules.  

Transportation from the off-site assembly 
facilities may include road, air, sea, and rail 
transportation. During site erection, the 
modules will be interconnected, 
commissioned, and retested. Permanent 
bracing will be provided where necessary to 
ensure a competent structure under all 
required design basis loads. The number of 
equipment that cannot be modularized on 
the site will be minimized to shorten the 
construction period. Components that will 
be assembled on-site will be designed to be 
within the road transportation weight and 
size limitations. 

Final assembly of the reactor and Nuclear 
Heat Supply System (NHSS) is planned to 
take place on site. 

Deployment 
MMRs are typically deployed in groups of 1 – 
10 units. The philosophy is to allow for 
several construction approaches, from all 
units in parallel to the construction of 
additional units on a site where MMR units 
are already operating. 

Modules will be assembled at off-site 
facilities with complete systems housed as 
pre-assembled modules. All piping, cabling, 
lighting etc. routing will be included in the 
module assembly with specific inter module 
interfaces for easy connection during 
construction at site. Installation approvals 
and quality assurance will be performed at 
the assembly facilities and repeated at site 
where modules are integrated. Modules 
including their structures, systems and 
components (SSC) will be commissioned 
and tested off-site prior to transport and be 
designed for transportation and rigging 
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loads. All modules not consisting of 
equipment, i.e. building rooms and 
corridors/passages, will likewise consist of 
standard size modularized steel modules. 

The site will be prepared during an agreed 
early site work program, including the 
necessary excavation dependent on the 
ground and soil conditions. Excavation will 
mostly be to bedrock, especially for the 
citadel building, again dependent on specific 
site conditions. 

To ensure controlled and safe site 
construction, excavation between reactors, 
as well as to control water and excavation 
wall stability, a concrete diaphragm wall 
design approach will be used dependent on 
the site conditions. 

Accepted assembled modules will be 
installed during construction at site with 
limited construction work and labor on a 
plug and play principle which should relate 
to a short construction period. This include 
all the equipment modules, as well as the 
concrete structures which are also 
transferred to site as pre- manufactured 
concrete modules, installed and assembled 
as the citadel building. The only stick-built 
on site will be the nuclear heat supply 
system, which will be installed as individual 
components and assembled/welded 
together within the citadel building. 

Special siting and layout requirements for 
construction, includes the reactor core 
which will be installed in-situ at site during 
construction under controlled conditions. 
Fuel will be handled at an on-site facility 
under controlled conditions during the 
fueling of the reactor.  

A Construction Management Plan will be 
provided before the start of construction, 
that will outline the following criteria and 
requirements based on the construction 
design and management regulation including 
but not limited to: 

 A health, safety and environmental 
management plan addressing all the 
aspects of the applicable occupational 
health and safety regulation 

 A project execution plan addressing the 
project organogram, roles and 
responsibilities, works and installation 
procedures, major milestones and 
project schedule/plan 

 A quality management plan addressing 
how the project plan will be monitored 
and controlled through witness and hold 
point procedures, non conforming 
procedures including corrective and 
preventative actions  

 A human factors training program to 
always ensure qualified and capable 
personnel 

Commissioning  

Off-site Testing and Commissioning 
The MMR Energy System is designed to be 
fully modular whereby all the buildings and 
the equipment within is assembled from 
prefabricated, pre-tested modules. 

All modules will be factory produced, 
assembled, and tested off-site before 
transporting to site for final plant assembly. 

All the modules and larger pieces of 
equipment and large subsections of 
equipment are designed to be road 
transportable to allow rapid deployment to 
remote sites. 
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Site work is reduced to installation and inter-
connecting of the modules and completing 
integrated commissioning. 

On-site Commissioning, Start-up, Testing 
and Turn-over to Operations 
The MMR is designed to allow testing of 
systems during the fabrication phase, 
thereby ensuring the systems are 
functioning as designed before being 
transported to site. 

The tests on site are focused on the integral 
tests of the helium, molten salt, and steam 
loops. The reactor will then complete low 
power testing before power ascension tests. 

The standardized design of the MMR allows 
the operational programs, simulators, and 
operator training to be re-used in different 
deployments
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The MMR is specifically designed for 
deployment in off-grid, remote locations. As 
such, it is anticipated that a fleet of MMRs 
will be deployed in various geographical 
regions, which creates an opportunity to 
leverage remote monitoring and controls 
technology. 

Operational Support 
The intrinsic nuclear design safety 
capabilities and simplicity of the plant will 
allow operation with limited operating staff 
on site and, in certain circumstances, will 
allow monitoring and limited operation from 
a remote location. This is possible due to the 
safety margins of this technology which do 
not require intensive immediate attention in 
the case of a system failure. 

A Regional Support Centre (RSC) facilitates 
the optimization of staffing in areas such as 
reactor physics, health physics, engineering, 
and maintenance by having them based in a 
central facility where they provide a service 
to various sites. 

Monitoring of the site facility will be possible 
from the centralized RSC while site 
accountability remains with the on-site 
reactor operator.  

Surveillance 
To ensure that items important to safety 
continue to perform in accordance with their 
intended design functions it will be 
necessary to carry out surveillance activities 
on a continual basis either on-site or 
remotely at the RSC. The surveillance 
program will include monitoring, checks and 
calibration, testing and inspections and will 
be complementary to the plant’s in-service 
inspection program. Surveillance test 

results will need to be reviewed for long 
term trends that may indicate any 
deterioration. 

Logistics 
The site will not have a large store and 
hence most equipment will be transported 
to site for shutdowns or corrective 
maintenance. However, the ability to 
optimize logistics centrally will be aided by 
the fact most logistics are planned and 
carried out from the RSC. 

Training 
All personnel need to be qualified and/or 
certified for the roles that they perform at 
the plant and at the regional facility. The 
RSC will incorporate a dedicated training 
facility which can be used to train all relief 
teams when they are off-site and available in 
the RSC. A single training facility at the RSC 
will optimize training costs when a fleet 
exists. 

As multiskilling is required to minimize staff 
complement on site it is envisaged that staff 
will be employed primarily based on their 
technical skills and co-skilled with operator 
and plant specific training. 

Training facilities would need to be 
established at the RSC in classroom and 
simulator environments. The location of 
simulator facilities will be together with the 
training department. 

Training would take various forms covering: 

 Operator training (classroom and 
simulator) 

 Engineering training in terms of plant 
specifics 

 General training on safety, environment 
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Reliability Program - indicated in light green 
Maintenance Program - indicated in dark green 
Aging Management – occurs in the Life Cycle 
Management (LCM) process 

 Training in terms of functions such as 
financial systems, supply chain 
requirements etc. 

Description of Asset Management 
Process and Expected Availability of 
Plant 
Analysis shows that the overall availability 
of the plant to generate 10 MWe from an 
MMR plant is greater than 99%, with the 
nuclear generator sets (nuclear heat supply 

system and turbines) available 94 - 95% of 
the time, and the diesels providing backup 
power when the nuclear units are 
unavailable. Shutdown maintenance 
duration is limited to allow adequate 
availability and reliability to support the 
above targets 

High Level Asset Management Process 
The MMR high-level Asset Management 
Process is summarized below:

 

Maintenance Strategy 
Major maintenance shutdowns will be 
planned twice per year. A mid-life 
refurbishment will be implemented every 
10 years. The intention is that the planned 
and scheduled maintenance will be 
optimized to ensure the best possible plant 
availability. Use of techniques and 
technologies such as predictive 
maintenance techniques will be maximized 
to ensure best practice maintenance 
practices are applied. 

 

Radiation Protection 
Ensure that during normal operation, or 
during any system failure conditions, 
radiation exposures within the MMR nuclear 
plant or due to any planned release of 
radioactive material from the MMR nuclear 
plant are kept below prescribed limits and 
as low as reasonably achievable (ALARA). 
Compliance to prescribed limits is 
demonstrated by comparing the 
calculated/estimated equivalent dose with 
the target dose limit or the prescribed limits 
(IRR2017). 
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Compliance with ALARA principle involves 
balancing the benefits of dose reduction 
against factors such as cost increases, and 
increased complexity of design to achieve 
the dose reduction.  

USNC places great emphasis on the 
Radiation Protection by Design principle 
and the process to embed radiation 
protection requirements in the design. 

USNC treats radiation protection as an 
engineering specialty, consequently, to 
ensure that the radiation protection 
requirements are adequately considered 
and embedded in the plant design and 
updated as needed throughout the plant 
design life cycle, the implementation of RP 
requirements is documented and managed 
as a Radiation Protection Program Plan. 
Furthermore, the MMR radiation protection 
design cannot be completed without 
consideration of the Human factors 
engineering and the maintenance and 
reliability concept.  

Human factors engineering and 
maintainability are also considered 
engineering specialties whose requirements 
must be considered during the design life 
cycle of the plant. For example, a 
maintenance task analysis will consider not 
only the physical task, but also the access 
route, environmental conditions, identify 
human factors engineering and radiation 
protection requirements that will specify a 
safe environment and working conditions to 
perform the task. The MMR radiation 
protection design requirements are informed 
by:  

 IAEA, Safety Standards Series NS-G-
1.13, Radiation Protection Aspects of 
Design for Nuclear Power Plants, 2005 

 IAEA International Basic Safety Standards 
for Protection against Ionizing Radiation 
and for the Safety of Radiation Sources 
No. 115, 1996 

 IAEA Radiation Protection and Safety of 
Radiation Sources: International Basic 
Safety Standards; General Safety 
Requirements Part 3 No. GSR Part 3, 
2014 

Operational Safety 
The radiation protection design requires the 
consideration the following issues: 

 Identification and characterization of all 
sources of radiation, both during normal 
operations and accident conditions 

 The plant layout design will identify 
access requirements for operation, 
inspection, maintenance, repair, 
replacement and decommissioning of 
equipment. The layout of the plant will be 
designed to facilitate these tasks and to 
limit the exposure of site personnel. 

 Access control to restrict the movement 
of personnel immediately outside the 
nuclear plant, preventing unauthorized 
access by members of the public and 
thereby ensuring their safety 

 Contamination control 
 Radiation shielding, either permanent or 

temporary to protect workers 
 Radiation monitoring to prevent the 

inadvertent exposure of plant staff or 
members of the public under normal 
operation. In addition, suitable design 
provisions must be made to enable the 
plant operators to determine radiation 
conditions during and after a severe 
accident.
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The security strategy for USNC will be 
founded on the security principles, which 
recognize international best practice. All 
security principles will combine to achieve 
the key security outcomes: 

 The protection of Nuclear Material or 
Other Nuclear Material from sabotage or 
theft 

 The protection of Sensitive Nuclear 
Information from theft or compromise. 

A Graded Approach to Security 
Not all that is undertaken will be ‘Classified 
Works’ (where works contain sensitive 
nuclear information, or deliver a structure, 
system or component that is deemed 
classified under current local law and 
regulation). A pragmatic application of a 
graded approached to security will be 
applied. By identifying classified elements at 
the earliest opportunity, a reasoned and 
proportionate level of security can be 
applied to only that which requires 
heightened security, to both satisfy the 
national legal requirement and seek 
optimization for the project. 

Security Defense-in-Depth 
Defense-in-Depth is a fundamental security 
principle, where the coordinated use of 
multiple security countermeasures involving 
people, process and technology effectively 
combine to protect staff and the public, 
nuclear inventory, and sensitive nuclear 
information. 

Security Informed Design 
The design phase of the MMR will take full 
advantage of the opportunity to integrate 
security measures into the design of the 
plant. Design will consider threat and risk, 
and design development will seek all 
opportunities to ‘design out’ security 
vulnerability. The future development of the 
design will fully support the aims of an 
Integrated Protection System (IPS), where 
cyber security and information assurance, 
personnel security, and physical security, 
security of the nuclear supply chain, and 
emergency preparedness and response 
elements combine effectively to counter the 
risks identified by threat analysis and risk 
assessment. 

Security Management 
Future MMR Security Management Systems 
will demonstrate that ownership of security 
sits within the top level of management. To 
reach a determination of the appropriate and 
proportionate security posture and 
subsequent controls, the Security 
Management Systems will consider: 

 Risk assessment 
 Threat Intelligence 
 Threat analysis 
 Countermeasures 
 Security Resilience 
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Fuel Cycle Approach 
The MMR will be fueled only once in its 
lifetime. The decommissioning phase 
activities are anticipated to take 
approximately two to three years. All waste 
will be handled and processed in a 
responsible and safe manner that ensures 
minimum exposure to all personnel 
handling, transporting and processing the 
waste.  

Waste Management  
Waste will be segregated at source as non-
radioactive waste and radioactive or 
potentially radioactive waste. Waste will be 
temporarily stored on the project site in 
defined areas and transported to authorized 
processing facilities at appropriate times, 
dependent on the category and type of 
waste. 

Waste Management and Disposal Plan 
Radioactive waste will be monitored and 
further categorized as to the type of waste 
and processing options for the various types 
of waste. After the fuel loading during 
reactor commissioning, material and 
personnel exiting the controlled zones will 
be monitored and contaminated items will 
be appropriately processed. All radioactive 
waste generated during normal operation 
and routine scheduled maintenance will be 
transferred within the controlled zone to the 
designated waste area, where it will be 
categorized and packaged for removal from 
the project site to a licensed waste disposal 
facility or it will be stored onsite until 
decommissioning. 

 

 

Plant Decommissioning  
Many design features of the MMR are 
intended primarily to reduce the production 
of activated corrosion products. One such 
measure is the selection of the appropriate 
materials. A consequence is reduction of 
operational radiation exposure during the 
normal operational life of the plant. A direct 
result of this is the reduction of the 
radioactive inventory and a reduction in the 
residual mass of active materials at the time 
of decommissioning.  

The MMR fuel achieves high burnup which 
reduces the amount of HLW created to less 
than 50% when compared to current 
operating reactors. This reduces the fuel 
disposal cost. 

The TRISO and FCM fuel forms are suited for 
geological disposal without the need to 
reprocess or transform. This also reduces 
the fuel disposal cost. 

The decommissioning plan is executed in 
three stages. Each of the three 
decommissioning stages can be defined by 
two parameters: the physical state of the 
plant and its equipment, and the 
surveillance, inspection and tests 
necessitated by that state.  

At end-of-life an MMR unit will be sealed 
and secured, placed in a safe shutdown 
(sub-critical) state and allowed to cool for 
three to six months. This also allows short 
lived activity to decay During this period, the 
above ground buildings and systems will be 
dismantled and removed.  

In the second stage, fuel is removed from 
the reactor and the reactor components are 
dismantled, the citadel building is 
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dismantled, and the radioactive waste is 
removed from site. 

In the final stage, the last remaining 
buildings are dismantled, and the site is 
rehabilitated. 

Once the core reaches end-of-life, it will be 
removed, after sufficient cooling from the 
reactor vessel and transferred to an existing 
certified used fuel transport cask. 
Throughout the entire lifecycle of the fuel, 
the fission products are retained by the two 
layers of SiC in the FCM pellets. Peak fuel 
temperatures in dry air (due to decay heat) 
are significantly lower than the fuel 
operating temperatures. This allows the fuel 
to be placed directly into dry storage within 
a couple of days after reactor shutdown, 
even though USNC plans allow for a 30-day 
cooling hold before defueling the reactor.  

The remaining graphite blocks that form the 
core, comprised of the top, bottom and side 
reflector blocks will be treated as Low-level 
waste. These blocks will be sealed in 
appropriate canisters and transported to a 
Low-level waste disposal site. 

Once the fuel is loaded in the transport 
casks, it will immediately be transported to 

an interim storage facility. Thus, at the end 
of a core replacement or decommissioning 
activity, there will be no spent fuel left on 
site. 

Once the spent fuel is packaged for storage, 
it will remain untouched in the storage casks 
throughout the interim storage phase. The 
next handling of the spent fuel will be in 
preparation for final disposal.  

MMR fuel can be disposed of in an identical 
manner to the existing PWR, BWR and 
CANDU fuel. The MMR fuel characteristics 
are well bounded by the existing spent fuel 
inventory of spent fuel. USNC’s preferred 
method is to remove the FCM pellets from 
the graphite blocks, as this will significantly 
reduce the volume of HLW for disposal. The 
FCM pellets will be repackaged into the 
standard disposal canisters, designed for 
the PWR, BWR and CANDU fuel, and 
disposed of in an identical manner. 

The MMR technology is flexible and can 
adopt to various decommissioning 
strategies and approaches. For jurisdictions 
that do not have radioactive management 
plans in place, alternate disposal methods 
can be explored
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Current Project Status – Licensing 
License to Prepare Site (LTPS) application 
lodged in March 2019 to the Canadian 
Nuclear Safety Commission (CNSC), which 
is the first Canadian application for a SMR. 
The application was accepted and published 
by the CNSC as a Notice of 
Commencement on July 13, 2019. The 
application detail can be found on the CNSC 
website.  

Throughout the licensing process, the 
License Applicant has a duty to consult with 
the public and indigenous groups. 
Comments have been received by the 
CNSC, after the publication of the Project 
Description on the CNSC website.  

To shorten the total licensing duration and 
maximize effectiveness and efficiency in 
developing content of consecutive License 
Applications, the license applicant Global 
First Power (GFP) will follow a staggered 
approach of licensing submissions i.e. 
submit the License to Construct (LTC) 
before the award of the LTPS and the 
License to Operate (LTO) will likewise be 
submitted before the expected award of the 
LTC. 

Current Project Status – Vendor Design 
Review  
Prior to the submission of the LTPS 
Application, the MMR design was subjected 
to a Phase 1 Vendor  

Prior to the submission of the LTPS 
Application, the MMR design was subjected 
to a Phase 1 Vendor Design Review (VDR) 
assessment by the CNSC and obtained 
favorable assessment results. Details can 
be found on the CNSC website under the 
VDR section. Currently USNC is engaged in 
VDR Phase 2. 

The aim of VDR Phase 1 was to demonstrate 
that USNC understands the regulatory 
requirements and VDR Phase 2 is to identify 
any fundamental barriers to licensing. The 
VDR process is a non-mandatory licensing 
requirement but rather a voluntary action to 
mitigate potential licensing risks. 

Development Milestones 
Ultra Safe Nuclear Corporation (USNC) was 
founded in 2011 by a team of highly 
specialized material scientists, physicists 
and engineers. USNC has since formed 
Global First Power (GFP) in partnership with 
Ontario Power Generation (OPG) to own, 
license and operate the first MMR at Chalk 
River, Canada. USNC is the first SMR vendor 
to sign a commercial investment agreement 
with a major utility, positioning MMR for 
near-term commercialization.  

Major development milestones on USNC 
and the Commercial Demonstration Project 
at Chalk River (GFP) are presented below. 
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Project Timeline – MMR™ at Chalk River, Global First Power Project 

2011 Secured FCM fuel and MMR reactor patents 

2016 Established R&D and fabrication laboratories 

2017 Initiated FCM fuel qualification time 

June 2018 GFP submits proposal to CNL, supported by OPG & 
USNC 

February 2019 CNL announces GFP proposal enters Stage 3 
proponent review process 

March 2019 GFP submits license to prepare site initial 
application to CNSC 

2023 License to Prepare Site 

2023 Begin Site Preparation 

2023-2027 Site Preparation and Construction 

2025-2052 Plant Operation 

2044-2058 Decommissioning 

2058-2060 Abandonment 
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