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April 10, 2026 

U.S. Nuclear Regulatory Commission 
ATTN:  Document Control Desk 
Washington, DC 20555–0001 

Subject: Hadron Energy, Inc. White Paper on Principal Design Criteria for the 
Hadron Modular Microreactor (MMR) Project No. 99902144 
 

Dear Sir or Madam: 

This letter transmits the Hadron Energy, Inc. White Paper on Principal Design Criteria (PDC) for 
the Hadron Modular Microreactor (MMR) to the U.S. Nuclear Regulatory Commission (NRC) for 
review and comment as part of the pre-application engagement process. This White Paper is 
submitted in support of future license applications under 10 CFR Part 52, including a 
Manufacturing License (ML) and a Combined License (COL). 

This White Paper presents Hadron Energy’s proposed approach to establishing Principal 
Design Criteria for the Hadron MMR, a 10 MWe integral pressurized water reactor employing 
passive safety systems. The document identifies specific General Design Criteria (GDC) from 
10 CFR 50, Appendix A, and other regulatory provisions from which Hadron Energy proposes to 
seek exemptions pursuant to 10 CFR 50.12, and provides the design basis and regulatory 
precedent supporting each proposed exemption. 

The positions presented herein reflect the discussion and feedback received during the 
December 17, 2025 pre-application meeting between Hadron Energy and the NRC Staff. 
Hadron Energy respectfully requests NRC review of this White Paper and the scheduling of a 
follow-up pre-application meeting to discuss the proposed PDC and exemptions. 

If you have any questions or require additional information, please contact me at the contact 
information you have on file. 

 
Sincerely, 
 

 
 
Samuel Gibson 
Founder & CEO 
Hadron Energy, Inc. 

Enclosures: 
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1.0  EXECUTIVE SUMMARY 
This White Paper presents the Principal Design Criteria (PDC) proposed by Hadron Energy, Inc. 
(Hadron Energy) for its Modular Microreactor (MMR), a 10 MWe integral pressurized water 
reactor (iPWR) of the “reactor-in-a-pool” configuration. The purpose of this paper is to provide 
the U.S. Nuclear Regulatory Commission (NRC) Staff with a comprehensive description of 
Hadron Energy’s approach to establishing design-specific PDC and to identify the limited set of 
General Design Criteria (GDC) from 10 CFR 50, Appendix A, for which exemptions will be 
sought. 

The Hadron MMR is a light-water-cooled, light-water-moderated reactor employing an integral 
reactor pressure vessel (RPV) enclosed within a close-fitting steel containment vessel (CV), 
both partially submerged in a dedicated below-grade, stainless-steel-lined, flooded pool 
(“reactor pool”) that serves as the passive ultimate heat sink for that module. In multi-module 
configurations, 
[[                                                                                                                                                                
                         ]] This “reactor-in-a-pool” design descends from the Multi-Application Small Light 
Water Reactor (MASLWR) concept originally developed at Oregon State University, the same 
foundational design from which NuScale Power’s reactor originated. 

Because the Hadron MMR is a light water reactor, the GDC of 10 CFR 50, Appendix A apply as 
minimum requirements. However, several GDC were written with assumptions about large, 
active-safety-system LWRs that are inapplicable to an integral, passive iPWR design. Where 
the literal language of a GDC conflicts with the Hadron design’s passive safety philosophy, 
Hadron Energy proposes design-specific PDC that achieve or exceed the underlying safety 
objectives of the corresponding GDC while reflecting the unique safety characteristics of the 
MMR. 

Hadron Energy’s approach to PDC is modeled on the regulatory precedent established by 
NuScale Power, LLC, which sought and obtained exemptions from several GDC during its 
Standard Design Approval (SDA) review. Both designs share foundational MASLWR heritage 
and key safety attributes - including passive emergency core cooling, an integral RPV-
containment configuration, and the elimination of reliance on AC electrical power for safety 
functions. Where NuScale demonstrated that an exemption was warranted by these shared 
design features, Hadron Energy takes the position that the same or substantially similar 
exemption applies to the Hadron MMR. 

During a pre-application meeting with NRC Staff on December 17, 2025, the Staff did not, on 
principle, raise objections to Hadron Energy’s approach of looking to the exemptions granted to 
NuScale as a framework for developing the Hadron PDC, provided Hadron could demonstrate a 
comparable design basis for each exemption. This White Paper is submitted in fulfillment of the 
action item from that meeting. 

The exemptions addressed in this White Paper encompass the following areas: 
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• Electric Power Systems (GDC 17 and 18): Exemption from requirements for safety-
related onsite and offsite electric power systems, based on passive safety-related 
systems requiring no electrical power. 

• Control Room and Shutdown (GDC 19): Substitution of “safe shutdown” for “cold 
shutdown” in the design basis for equipment outside the control room. 

• Combined Reactivity Control (GDC 27): Removal of the requirement for active poison 
addition by the ECCS, based on control rod system design and 
[[                                                                                                   ]]. 

• Reactor Coolant Makeup (GDC 33): Removal of the requirement for a safety-related 
reactor coolant makeup system, based on integral containment inventory retention. 

• Passive Fluid Systems and Electric Power Provisions (GDC 34, 35, 38, 41, 44): 
Removal of electric power provisions from fluid system criteria, based on passive system 
design. Individual PDC text is provided for each criterion, retaining substantive safety 
requirements including single-failure capability. 

• Containment Heat Removal Testing (GDC 40): Exemption from periodic functional 
testing requirements, based on the inherent passive heat transfer characteristics of the 
submerged containment vessel. 

• Containment Leakage Rate Testing (GDC 52): Replacement of Integrated Leak Rate 
Testing (ILRT/Type A) with ASME Section III, Class 1 vessel inspection and Local Leak 
Rate Testing (Type B/C). 

• Containment Isolation (GDC 55, 56 and 57): Establishment of alternative redundant 
isolation barrier configurations consistent with the integral containment design. An 
exemption from GDC 57 will also be sought consistent with the NuScale precedent (see 
Section 5.8.6 for the containment isolation approach). 

In addition to these GDC exemptions, this White Paper also addresses eight (8) non-GDC 
regulatory exemptions from other provisions of 10 CFR Part 50 (Section 6.0). Although these do 
not directly establish Principal Design Criteria under Appendix A, they are integral to the overall 
licensing framework and are presented here to provide a comprehensive view of Hadron’s 
anticipated exemption requests. These include exemptions related to RCS high point vents, 
combustible gas monitoring, ATWS diverse turbine trip, fracture toughness and pressurized 
thermal shock, pressurizer power requirements, containment high-radiation isolation, ECCS 
evaluation methodology, and post-accident sampling. In each case, NuScale Power received an 
approved exemption during its Standard Design Approval review. 

This paper does not seek approval of specific exemption requests under 10 CFR 50.12; rather, 
it presents Hadron Energy’s regulatory approach and design basis for future exemption 
requests that will be submitted as part of the Manufacturing License (ML) and Combined 
License (COLA) applications. 
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2.0  REGULATORY FRAMEWORK 

2.1  Applicable Regulations 
The regulatory basis for establishing Principal Design Criteria is found in the following 
provisions: 

10 CFR 50.34(a)(3)(i): Requires that preliminary safety analysis reports include “the principal 
design criteria for the facility,” establishing the fundamental regulatory hook for PDC. 

10 CFR 50, Appendix A: Establishes the General Design Criteria for Nuclear Power Plants. 
The Introduction to Appendix A states that these criteria “establish minimum requirements for 
the principal design criteria for water-cooled nuclear power plants” and acknowledges that “the 
General Design Criteria are considered generally applicable to other types of nuclear power 
units” but that “some of the specific design requirements” found in the GDC “are not applicable.” 

10 CFR 52.79(a)(4)(i): Requires combined license applications to include principal design 
criteria. 

10 CFR 52.137(a)(3)(i): Requires manufacturing license applications to include principal design 
criteria. 

10 CFR Part 52: While Part 53 is intended to be optional and available to both light-water and 
non-light-water reactor applicants, Hadron Energy has selected 10 CFR Part 52 as its licensing 
pathway. For the Hadron MMR - a compact integral PWR employing well-established 
pressurized-water reactor principles - Part 52 represents the regulatory path of certainty and 
alignment with the extensive GDC precedent and NRC guidance developed for light-water 
reactor designs over five decades of licensing. This approach allows the NRC to leverage its 
considerable experience with LWR safety evaluation and avoids unnecessary regulatory 
complexity.  

10 CFR 50.12: Provides the regulatory mechanism for requesting specific exemptions from 
NRC regulations, including exemptions from individual GDC requirements. Under 10 CFR 
50.12(a)(2), exemptions may be granted when special circumstances are present, including 
where application of the regulation “would not serve the underlying purpose of the rule” or where 
“compliance would result in undue hardship or other costs that are significantly in excess of 
those contemplated when the regulation was adopted.” 

2.2  Regulatory Precedent: NuScale Power Exemptions 
NuScale Power, LLC sought and received approval of eighteen (18) exemptions during its 
Standard Design Approval (SDA) review, as documented in the NRC Staff’s Final Safety 
Evaluation Report (FSER), ADAMS Accession No. ML25085A408, Section 1.14. These 
exemptions addressed a range of GDC and 10 CFR Part 50 requirements that were 
incompatible with the NuScale design’s passive safety architecture. 

The NuScale exemptions most directly relevant to the Hadron MMR are: 
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Exemption Area NuScale Basis Hadron Applicability 

GDC 17 Passive safety systems do not rely on 
AC or DC electrical power for safety 
functions. 

Directly applicable. Hadron safety-
related SSCs are entirely passive. 

GDC 18 Conforming change to GDC 17 
exemption; inspection of electric power 
systems not required for safety-related 
functions. 

Directly applicable as conforming 
change. 

GDC 19 Safe shutdown (keff < 0.99, Tcoolant < 
safe shutdown temperature limit) 
substituted for cold shutdown from 
remote locations. 

Applicable. Hadron passive design 
achieves safe shutdown through 
passive cooldown, maintaining the core 
in a shutdown condition with adequate 
decay heat removal. 

GDC 27 ECCS does not include active boron 
injection. NuScale developed an ECCS 
Supplemental Boron (ESB) passive 
dissolution system for long-term 
subcriticality. 

Applicable. Hadron ECCS does not 
include active boron injection. Hadron 
will incorporate a passive [[        ]] 
system that achieves the subcriticality 
objectives of NuScale’s ESB system 
[[                                                                      
             ]]. 

GDC 33 RPV and containment retain sufficient 
inventory without makeup system. 

Directly applicable. Integral 
containment retains coolant inventory. 

GDC 34, 35, 38, 
41, 44 

Safety functions accomplished by 
passive systems without reliance on 
electric power. 

Directly applicable. All fluid safety 
systems are passive. Each module’s 
pool provides an independent ultimate 
heat sink. 

GDC 40 Containment vessel partially immersed 
in dedicated per-module reactor pool; 
heat removal is inherent, not testable 
as active system. 

Directly applicable. Hadron CV is 
partially submerged in dedicated per-
module reactor pool, consistent with 
NuScale configuration. 

GDC 52 ASME Class 1 vessel inspection and 
Type B/C testing replace ILRT at 
design pressure. 

Directly applicable. Hadron CV is a high 
design-pressure  ASME III, Class 1 
vessel and Type A testing is not 
practical. 

GDC 55, 56, 57 Alternative isolation barriers: dual 
valves outside containment for GDC 
55/56. GDC 57: exemption received 
(closed DHRS loop as barrier in lieu of 
valve). 

GDC 55/56: Applicable. Integral design 
precludes valves inside containment. 
GDC 57: An exemption will be sought 
consistent with the NuScale precedent. 
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The proposed containment isolation 
approach is detailed in Section 5.8.6. 

 

2.3  Pre-Application Engagement 
On December 17, 2025, Hadron Energy conducted a pre-application public meeting with NRC 
Staff to discuss its proposed approach to Principal Design Criteria. The meeting, led by the 
NRC’s New Reactor Division, included senior technical reviewers from multiple branches. The 
key outcomes of that meeting were: 

• The NRC Staff did not, on principle, raise objections to Hadron Energy’s approach of 
looking to the exemptions granted to NuScale as a starting point for developing the 
Hadron PDC, provided Hadron demonstrates a comparable design basis for each 
exemption. 

• The Staff did not object to a White Paper approach as a vehicle for presenting the PDC 
framework, offering flexibility for iterative NRC-applicant engagement prior to formal 
exemption requests. 

• The Staff noted that each exemption must independently satisfy the criteria of 10 CFR 
50.12, and that Hadron should provide sufficient design-specific information to 
demonstrate that the underlying safety purpose of each GDC is met or exceeded by the 
proposed PDC. 

• The Staff identified several areas requiring additional technical detail, including: (a) the 
basis for safe shutdown parameters; (b) the Chapter 15 transient analysis implications 
for GDC 26/27 compliance; (c) the containment isolation valve design and “no-break 
zone” concept, including adequate instrumentation and leak detection; and (d) potential 
long-term effects of non-condensable gas accumulation and boric acid transport on 
passive safety system performance. 

• The Staff questioned whether the canned-rotor reactor coolant pumps (RCPs) are 
safety-related. Hadron confirmed that the RCPs are classified as non-safety-related, as 
they perform no safety function; all post-trip cooling is accomplished by natural 
circulation. The Staff noted that this classification should be confirmed through the 
Chapter 15 transient analysis. 

• The Staff noted that PDC 19 would require equipment outside the control room to 
include a separate panel with the necessary instrumentation and controls for safe 
shutdown, consistent with NuScale’s approach. 

• The Staff emphasized the importance of small core criticality considerations, noting that 
the small core size, number of control rods, and enrichment level (no greater than 8%) 
are critical to shutdown margin adequacy under GDC 27. Hadron confirmed an 
enrichment of 8.0% U-235 and is carefully evaluating shutdown margin for the small 
core. 
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• The Staff inquired about containment design pressure. Hadron’s current analyses 
indicate a preliminary containment design pressure of approximately [[                   ]] 

• The Staff recommended that Hadron consider a pre-application engagement specifically 
focused on testing methodologies and safety system validation, noting that this area is 
critical to licensing success. 

• The Staff directed Hadron to ensure that each proposed exemption fully satisfies all 
criteria of 10 CFR 50.12, including: (1) authorization by law; (2) no undue risk to public 
health and safety; (3) consistency with common defense and security; (4) the existence 
of special circumstances; and (5) that the exemption is otherwise in the public interest. 

• During discussion of the electrical power exemption, the Hadron team noted that while 
all safety-related functions are designed to be passive, the Chapter 15 transient analysis 
may identify certain valves for which DC power actuation would improve transient 
performance. The Staff noted the importance of clearly distinguishing between safety-
related passive functions (which require no power) and defense-in-depth functions 
where DC power may provide performance benefits. 

This White Paper addresses each of these areas and reflects NRC Staff feedback from the 
December 17 meeting. 
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3.0  HADRON MMR DESIGN OVERVIEW 
This section provides the design information necessary to establish the technical basis for the 
proposed PDC. A complete design description is provided in the Hadron Energy MMR Design 
Overview document (separate submission); the following summary addresses those features 
most relevant to PDC development. 

3.1  Reactor Type and Configuration 
The Hadron MMR is an integral pressurized water reactor (iPWR) with a thermal power output 
of [[       ]], producing approximately 10 MWe. The reactor employs the “reactor-in-a-pool” 
configuration originated in the MASLWR experiments conducted at Oregon State University, 
which also provided the foundational design basis for the NuScale Power Module. 

In this configuration, the reactor core, once-through steam generators (OTSGs), canned-rotor 
reactor coolant pumps (RCPs), pressurizer, and all primary coolant are housed within a single 
integral reactor pressure vessel (RPV), [[                                                      ]]. The RPV is 
enclosed within a close-fitting cylindrical containment vessel (CV) with 
[[                                             ]]. The annulus between the RPV and CV is sealed. 

Both the RPV and CV are partially submerged in a dedicated below-grade, stainless-steel-lined, 
flooded pool (the “reactor pool”) that serves as the module’s passive ultimate heat sink. In multi-
module configurations, 
[[                                                                                                                                                                
                                                 ]] The pool immersion level is sufficient to ensure that the entire 
active fuel region of the core is below the pool waterline, providing direct passive heat transfer 
from the containment vessel to the pool water over the full axial extent of the core. 
[[                                                                                                                                                                
                                                              ]] The minimum pool depth will be confirmed based on 
shielding and decay heat removal needs. 

The Hadron MMR’s thermal output of [[       ]] is approximately one-sixth that of the NuScale 
Power Module (250 MWth). This significantly lower power level results in proportionally lower 
decay heat loads, smaller fission product inventories, reduced primary coolant inventory, and 
reduced source terms, all of which contribute to enhanced safety margins and support the 
design-basis adequacy of the passive safety systems. 
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[[                                                               ]] 

3.2  Reactor Core 
The reactor core employs UO₂ ceramic fuel pellets at an enrichment of no more than 8.0 wt% U-
235 (Low-Enriched Uranium Plus, or “LEU+”). The core operates at approximately half the linear 
heat rate of a conventional PWR, 
[[                                                                                                                                                  ]]. 

Reactivity control is accomplished through control rods, fixed burnable absorbers (gadolinium), 
and soluble boron in the primary coolant. The chemical and volume control system (CVCS) 
provides soluble boron for normal reactivity management, including xenon compensation, cold-
to-hot reactivity changes, and burnup compensation. The CVCS is classified as non-safety-
related. The emergency core cooling system does not rely on active boron injection to achieve 
or maintain subcriticality; 
[[                                                                                                                                                                
                                                                                       ]].  

Specifically, the Hadron MMR incorporates [[                                                                  ]] 
[[                                                           ]] [[                                                              ]]. 
[[                                                                                                                                                                

[Figure Withheld Under 10 CFR 2.390] 
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                                                                          ]]. Upon actuation, the [[                   ]] 
[[                                                                                                                                                                
                   ]]. 
[[                                                                                                                                                           
]]. 
[[                                                                                                                                                        
]] 

As noted by the NRC Staff during the December 17, 2025 meeting, the small core size, limited 
number of control rods, and relatively high enrichment (8.0% U-235) create important criticality 
management considerations. The core arrangement and the selection of control rod materials, 
number, and placement are being carefully optimized to ensure adequate shutdown margin 
under all conditions, including the most reactive rod stuck fully withdrawn, and to prevent 
excessive reactivity worth of any single control rod. Hadron Energy acknowledges that the small 
core size, high neutron leakage, and relatively high enrichment (8.0% U-235) introduce specific 
neutronic challenges, particularly concerning end-of-cycle shutdown margin and single-stuck-
rod worth. The shutdown margin analysis will rigorously address these factors using NRC-
accepted high-fidelity lattice physics and core simulator codes to demonstrate subcriticality 
under all conditions. 

The shutdown margin basis methodology will be developed in conformance with NRC Standard 
Review Plan Section 4.3, demonstrating that sufficient control rod worth remains available to 
hold the core subcritical at hot-zero-power conditions with the highest-worth rod fully withdrawn, 
accounting for analytical uncertainties, xenon transients, and samarium burnout effects. The 
once-through 10-year fuel cycle, with target maximum discharge burnup of less than 62 
MWd/kgHM - consistent with published analyses of LEU+ fuel performance in small PWR cores 
and aligned with current NRC burnup correlation limits - is designed to maintain adequate 
shutdown margin throughout the cycle. Gadolinium isotopes (principally Gd-155 and Gd-157) 
provide effective beginning-of-cycle reactivity control, while control rod allocation, placement, 
and materials have been optimized to ensure adequate shutdown margin throughout the cycle 
while maintaining acceptably low individual rod reactivity worth. The shutdown margin analysis 
will use NRC-accepted lattice physics codes to quantify control rod worth as a function of 
burnup, xenon concentration, soluble boron, moderator density, and fuel temperature. Hadron 
Energy notes that the NuScale NPM-160 design required an exemption from GDC 27 because, 
under certain end-of-cycle conditions with one stuck rod, classical shutdown margin could not 
be maintained by control rods alone; in contrast, the Hadron design’s core layout and rod 
density have been designed to provide sufficient control rod worth to achieve cold shutdown 
under all fuel cycle conditions, including the most reactive rod stuck fully withdrawn, without 
requiring boron credit for shutdown margin. 
[[                                                                                   ]] 
[[                                                                                                                  ]], maintaining 
subcriticality throughout the ECCS transient and long-term post-accident conditions. Given the 
novel aspects of the small, highly-enriched core, Hadron Energy recommends a focused pre-
application engagement with the NRC Core Design Branch on core physics methodology, 
including lattice physics code validation, burnup-dependent control rod worth calculation, stuck-
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rod scenario definitions, and uncertainty treatment, prior to submission of the formal Chapter 4.3 
nuclear design analysis. 

3.3  Reactor Coolant System 
The primary coolant system operates at [[                                                                          ]]°C 
and a [[                                           ]]°C. Canned-rotor RCPs provide forced circulation during 
normal operations. The RCPs are classified as non-safety-related with respect to their 
operational function; they perform no safety function, as all post-trip core cooling is 
accomplished by natural circulation without reliance on forced flow. The RCP casings are, 
however, integral components of the reactor coolant pressure boundary, fabricated and 
inspected to ASME Section III, Class 1 standards consistent with their pressure-retaining 
function. The adequacy of natural circulation cooling without RCP operation will be confirmed 
through the Chapter 15 transient analysis. 

The integral design eliminates all large-bore primary coolant piping external to the RPV, thereby 
precluding large-break loss-of-coolant accidents (LB-LOCA) from the design basis. Primary-to-
secondary heat transfer occurs through two independent once-through steam generator 
cartridges installed within the RPV, [[                                                              ]]°C. 

3.4  Passive Safety Systems 
The Hadron MMR’s safety philosophy centers on passive systems that require no electrical 
power, no operator action, and no external water sources to achieve and maintain safe 
shutdown. The following passive safety functions are provided: 

Passive Emergency Core Cooling: 

Two independent ECCS vent paths at the top of the RPV automatically vent to the annulus 
between the RPV and CV upon actuation. Each vent path is independently sized to provide 
adequate core cooling assuming the other path fails to open, satisfying the single-failure 
criterion of GDC 35. 
[[                                                                                                                                                                
                                                                                                                                                                  
                                                                                                                                                                  
                       ]] This passive heat removal mechanism, combined with gravity-driven 
recirculation of coolant within the RPV, provides indefinite core cooling without operator action 
or electrical power. 

Passive Containment Heat Removal: 

In emergency situations, decay heat is transferred from the RPV, through the containment 
annulus and the CV wall, to the surrounding reactor pool by conduction and convection. This 
passive heat transfer from the containment vessel to the reactor pool is the safety-related 
containment heat removal mechanism, requiring no active components or electrical power. The 
passive CV-to-pool heat transfer alone is sufficient to ensure that containment pressure and 
temperature remain within design limits following any design-basis accident. In addition, the 
safety-related decay heat removal system (DHRS) passive heat exchangers provide a 
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supplementary safety-related cooling function for non-LOCA events, offering modulated 
cooldown capability beyond what the CV-to-pool mechanism alone provides. As a safety-related 
system, the DHRS meets the quality and reliability requirements of 10 CFR 50 Appendix B. 

Passive Reactor Trip: 

The reactor protection system employs a 
[[                                                                                                  ]]. Control rod insertion is 
achieved by gravity and stored mechanical energy (spring-loaded mechanisms), requiring no 
electrical power for actuation. 

 
[[                                                           ]] 

3.5  Electrical Power Systems 
The Hadron design includes both offsite and onsite AC power systems for normal plant 
operations and non-safety-related functions. All safety-related functions - reactor trip, 
emergency core cooling, containment isolation, and decay heat removal - are accomplished 
through inherently passive mechanisms that require no electrical power for their operation. This 
fundamental design characteristic supports the exemptions from GDC 17 described in Section 
5.1. 

[Figure Withheld Under 10 CFR 2.390] 
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The plant’s defense-in-depth strategy distinguishes sharply between three categories of 
electrical function: (a) passive safety functions that operate independent of electrical power; (b) 
non-safety-related DC power systems that maintain valve position during normal operations (not 
a safety function, as the safety function is the passive fail-safe response upon loss of power); 
and (c) non-safety-related DC power systems that enhance operational response and provide 
supplementary defense-in-depth margins during transients. 
[[                                                                                      ]] are classified as non-safety-related 
with augmented design and quality requirements appropriate to their defense-in-depth role, 
consistent with the NuScale Enhanced DC Power System (EDAS) classification approach 
approved by the NRC. These batteries support monitoring, indication, instrumentation, and 
defense-in-depth valve actuation functions. The safety-related passive functions are not 
dependent on the DC power systems; for example, ECCS vent valves fail open upon loss of all 
electrical power, and containment isolation valves fail closed, ensuring automatic safety function 
accomplishment without credit for electrical power availability. 

The design may include a non-safety-related, non-Class 1E diesel generator to support normal 
operations, or provide defense-in-depth AC power support beyond the 72-hour DC battery 
coping period. If no permanent diesel generator is installed, provisions are made for connection 
of portable or mobile AC sources after the 72-hour coping period to support battery recharging 
and limited non-safety auxiliary loads. In either configuration, no safety-related function depends 
on diesel generator operation or any AC power source. 

3.6  Containment Design 
The containment vessel is a cylindrical, ASME Section III, Class 1, high-pressure steel vessel 
fully enclosing the RPV. The CV is designed to withstand the maximum pressure and 
temperature conditions resulting from any postulated loss-of-coolant accident, accounting for 
the passive heat transfer from the CV to the surrounding reactor pool. The CV is partially 
submerged in the reactor pool, consistent with the NuScale containment configuration. The 
annulus between the RPV and CV is sealed during normal conditions. 

The integral design of the RPV-within-CV configuration precludes the physical placement of 
isolation valves inside the containment vessel. Containment isolation is achieved through 
alternative barrier configurations, as discussed in Section 5.0. 
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4.0  APPROACH TO PRINCIPAL DESIGN CRITERIA 

4.1  Methodology 
Hadron Energy has evaluated each of the 64 General Design Criteria in 10 CFR 50, Appendix A 
against the specific design characteristics of the Hadron MMR. For each GDC, one of the 
following determinations has been made: 

Adopted Without Modification: The GDC is applicable as written and the Hadron design 
meets or exceeds the criterion. No exemption is sought. 

Adopted With Clarification: The GDC is applicable, but design-specific clarification is provided 
to explain how the criterion is met in the context of the Hadron design. No exemption is sought. 

Modified (Exemption Sought): The literal language of the GDC is not fully applicable to the 
Hadron design. An alternative PDC is proposed that achieves the underlying safety objective of 
the GDC. A formal exemption under 10 CFR 50.12 will be sought in the ML and/or COLA 
applications. 

Not Applicable: The GDC addresses a design feature or system that does not exist in the 
Hadron design (e.g., a makeup system or active ECCS). The underlying safety function is either 
not needed or is addressed by an alternative design feature. A formal exemption under 10 CFR 
50.12 will be sought. 

4.2  Relationship to Formal Exemption Requests 
This White Paper presents the technical and regulatory basis for Hadron Energy’s proposed 
PDC. It does not constitute a formal request for exemptions under 10 CFR 50.12. Formal 
exemption requests, fully addressing each criterion of 10 CFR 50.12(a)(2), will be submitted as 
part of the Manufacturing License application and Combined License application. The NRC 
Staff’s review of and feedback on this White Paper will inform the development of those formal 
submissions. 

4.3  Criteria for Evaluating Proposed Exemptions 
As directed by the NRC Staff during the December 17, 2025 meeting, each proposed exemption 
must satisfy all criteria of 10 CFR 50.12. The formal exemption requests in the ML and COLA 
applications will address each of the following 10 CFR 50.12(a) requirements: 

• Authorized by law: The exemption is authorized by law and will not present an undue 
risk to public health and safety (10 CFR 50.12(a)(1)). 

• No undue risk: The exemption will not endanger life or property or the common defense 
and security (10 CFR 50.12(a)(1)). 

• Consistent with common defense and security: The exemption is consistent with the 
common defense and security (10 CFR 50.12(a)(1)). 

• Special circumstances: Special circumstances exist as defined in 10 CFR 50.12(a)(2), 
including that application of the regulation as written would not serve the underlying 
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purpose of the rule (10 CFR 50.12(a)(2)(ii)) or that compliance would result in undue 
hardship without a compensating increase in safety (10 CFR 50.12(a)(2)(iii)). 

• Otherwise in the public interest: The exemption is otherwise in the public interest, as it 
supports the efficient licensing of an inherently safe, passive reactor design. 

In this White Paper, each proposed exemption is presented with the following elements to 
provide the NRC Staff with sufficient information for preliminary evaluation: 

• Underlying Safety Purpose: Identification of the safety objective that the original GDC 
was intended to achieve. 

• Design Basis: Description of the Hadron design feature(s) that fulfill the underlying 
safety purpose. 

• Proposed PDC Text: The modified criterion language proposed by Hadron Energy. 

• NuScale Precedent: Reference to the corresponding NuScale exemption and 
demonstration that the Hadron design basis is comparable. 

• Special Circumstances: Identification of the applicable special circumstance(s) under 
10 CFR 50.12(a)(2) that support the exemption. 
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5.0  PROPOSED PRINCIPAL DESIGN CRITERIA AND EXEMPTIONS 
This section presents each regulation for which Hadron Energy proposes a modification, 
exemption, or design-specific alternative. Sections 5.1 through 5.8 address GDC exemptions; 
Additional non-GDC regulatory exemptions are presented in Section 6.0. GDC that are adopted 
without modification or with clarification are listed for completeness in Appendix A. 

5.1  GDC 17 and 18  -  Electric Power Systems 

5.1.1  Original GDC Requirements 
GDC 17 (Electric Power Systems): An onsite electric power system and an offsite electric 
power system shall be provided to permit functioning of structures, systems, and components 
important to safety. The safety function for each system shall be to provide sufficient capacity 
and capability to assure that (1) specified acceptable fuel design limits and design conditions of 
the reactor coolant pressure boundary are not exceeded as a result of anticipated operational 
occurrences and (2) the core is cooled and containment integrity and other vital functions are 
maintained in the event of postulated accidents. 

GDC 18 (Inspection and Testing of Electric Power Systems): Electric power systems 
important to safety shall be designed to permit appropriate periodic inspection and testing. 

5.1.2  Underlying Safety Purpose 
The underlying safety purpose of GDC 17 is to ensure that structures, systems, and 
components important to safety have reliable sources of electrical power sufficient to 
accomplish their safety functions during normal operations, anticipated operational occurrences 
(AOOs), and postulated accidents. GDC 18 supports this objective by ensuring testability and 
inspectability of those electric power systems. 

5.1.3  Hadron Design Basis 
The Hadron MMR’s safety-related systems do not rely on electrical power - either AC or DC - for 
the performance of any safety function. Specifically: 

• Reactor trip: Accomplished by gravity insertion and stored mechanical energy (spring-
loaded control rod drive mechanisms). No electrical power is required to initiate or 
complete a reactor scram. 

• Emergency core cooling: Accomplished by passive venting from the RPV to the 
annulus, gravity-driven recirculation of coolant. No pumps, or electrically powered 
components are required. 

• Containment isolation: All containment isolation valves are designed to fail closed on 
loss of power. No electrical power is required to achieve or maintain containment 
isolation. 

• Decay heat removal: Accomplished by two independent passive means: (1) passive 
heat transfer from the RPV through the CV to the reactor pool, and (2) the safety-related 
DHRS air-cooled heat exchangers. No active systems or electrical power are required. 
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The Hadron design includes [[                                                           ]], classified as non-safety-
related with augmented design and quality requirements consistent with the NuScale EDAS 
approach, for instrumentation, monitoring, indication, and defense-in-depth valve actuation 
functions. These systems primarily support monitoring and indication. It is noted that in the 
NuScale design, the ECCS reactor vent valves (RVVs) are held closed by DC power and fail 
open on loss of power, using a non-safety-related Enhanced DC Power System (EDAS). The 
Hadron ECCS vent valve concept is based on the same fail-safe philosophy: the valves are 
designed to fail open passively when required, ensuring that the safety function (ECCS 
actuation) does not depend on electrical power. 
[[                                                                                                                                                                
                                       ]]. This electrically-maintained, fail-open configuration ensures that 
ECCS actuation is entirely passive: loss of power (whether from an automatic reactor trip signal 
or station blackout) is itself the actuation signal. 
[[                                                                                                                                                                
                                                                                                                                                                  
                                                                                               ]] The detailed valve actuation 
design will be fully described in the ML and COLA applications. 

As noted during the December 17, 2025 meeting, ongoing design analysis is evaluating the 
necessity of non-safety-related DC power to maintain valves in their normal operating positions 
during Anticipated Operational Occurrences (AOOs) to prevent spurious actuation. The ML and 
COLA applications will demonstrate that failure of this non-safety DC power during an AOO 
leads to a safe, stable plant condition without challenging safety limits. 

5.1.4  Proposed PDC 17 
“The Hadron MMR design achieves the safety functions addressed by GDC 17 through passive 
means that do not rely on electrical power. Safety-related SSCs perform their safety functions 
without AC or DC electrical power. Onsite and offsite electric power systems are provided for 
non-safety-related functions and for defense-in-depth. Non-safety-related DC power with 
augmented design and quality requirements is provided for monitoring, indication, 
instrumentation, and defense-in-depth valve actuation functions.” 

5.1.5  Proposed PDC 18 
“Electric power systems provided for defense-in-depth and for monitoring and indication 
functions shall be designed to permit appropriate periodic inspection and testing.” 

5.1.6  NuScale Precedent 
NuScale Power received an approved exemption from GDC 17 (FSER Section 3.1, 3.2, 7.1.2.2, 
8.2, 8.3.1, 8.4, 15, 19.1, 19.2, ADAMS Accession No. ML25085A408) on the basis that the 
NuScale design “provides passive safety systems without reliance on electrical power.” The 
NuScale exemption also encompassed conforming changes to GDC 18 and portions of GDC 
34, 35, 38, 41, and 44 addressing electric power requirements. The Hadron design shares this 
fundamental characteristic: all safety-related functions (reactor trip, emergency core cooling, 
containment isolation, and decay heat removal) are accomplished by entirely passive systems. 
The Hadron MMR’s [[       ]] power level further reduces the challenge to passive safety systems 
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relative to the 250 MWth NuScale design, strengthening the independent basis for this 
exemption. 

5.1.7  Special Circumstances (10 CFR 50.12(a)(2)) 
Application of GDC 17 as written to the Hadron design would not serve the underlying purpose 
of the rule. GDC 17 was designed to ensure that safety-related SSCs have reliable electrical 
power to accomplish their safety functions. Because the Hadron design’s safety-related SSCs 
accomplish their safety functions without any electrical power, requiring redundant electrical 
power systems for these SSCs would impose requirements without a corresponding safety 
benefit. This constitutes a special circumstance under 10 CFR 50.12(a)(2)(ii). 
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5.2  GDC 19  -  Control Room (Safe Shutdown vs. Cold Shutdown) 

5.2.1  Original GDC Requirement 
GDC 19 (Control Room): A control room shall be provided from which actions can be taken to 
operate the nuclear power unit safely under normal conditions and to maintain it in a safe 
condition under accident conditions. Equipment at appropriate locations outside the control 
room shall be provided with a design capability for prompt hot shutdown of the reactor, including 
necessary instrumentation and controls, and with a potential capability for subsequent cold 
shutdown of the reactor through the use of suitable procedures. 

5.2.2  Underlying Safety Purpose 
The underlying safety purpose of GDC 19 is to ensure that (1) the reactor can be safely 
operated and maintained under normal and accident conditions from a habitable control room, 
and (2) alternative means exist outside the control room to bring the reactor to a safe, stable 
condition if the control room becomes uninhabitable. 

5.2.3  Hadron Design Basis 
The Hadron MMR achieves a safe, stable condition following any design-basis event through 
passive means that do not require operator action or active systems. Upon reactor trip, the 
passive emergency core cooling system establishes a self-sustaining natural circulation loop 
that removes decay heat indefinitely without electrical power or operator intervention. The 
reactor reaches and maintains a stable, subcritical condition with reactor coolant temperature 
well below the design limit. 

The concept of “cold shutdown” as traditionally defined (reactor coolant temperature below 
200°F achieved through active cooling) presupposes the existence of active residual heat 
removal systems capable of reducing reactor coolant temperature to near-ambient conditions. 
The Hadron design does not incorporate such active systems; instead, the passive decay heat 
removal system establishes a stable equilibrium condition in which the reactor is subcritical and 
decay heat is continuously rejected to the ultimate heat sink. 

Hadron Energy proposes the concept of “safe shutdown” as the appropriate design basis, which 
the Hadron MMR will achieve through passive cooldown, maintaining the core in a shutdown 
condition with keff < 0.99 and reactor coolant temperature reduced to levels that support 
continued passive decay heat removal. As a bounding initial criterion informed by the NuScale 
precedent design (250 MWth), Hadron adopts a safe shutdown temperature of less than 420 °F 
pending Hadron-specific analysis described in Section 5.2.4 below. This approach is consistent 
with the policy framework established in SECY-94-084, which recognized that passive plant 
designs may achieve a safe, stable shutdown condition that meets the underlying safety 
objectives of GDC 19 without requiring the classical definition of cold shutdown. The [[       ]] 
core’s substantially lower decay heat inventory - approximately one-sixth that of the NuScale 
250 MWth design - combined with the passive heat rejection from the containment vessel to the 
reactor pool, establishes a physical basis for achieving a lower equilibrium safe shutdown 
temperature than the NuScale design. Hadron’s Chapter 15 transient and accident analysis will 
demonstrate the Hadron-specific safe shutdown temperature requirement and validate that 
passive systems reliably achieve and maintain this condition. Preliminary calculations place the 
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reactor pool water inventory at [[                ]]. This volume accounts for expected boil-off and 
ensures the Decay Heat Removal System (DHRS) condensers remain capable of continuous 
operation, providing robust passive decay heat removal for a minimum of 72 hours, including 
latent heat from the RPV. This calculation does not credit atmospheric energy losses and 
assumes a worst-case starting pool temp of 35 °C. Following the 72-hour passive coping period, 
long-term cooling is maintained via operator action for pool makeup water. 

5.2.4  Proposed PDC 19 
“A control room shall be provided from which actions can be taken to operate the reactor safely 
under normal conditions and to maintain it in a safe condition under accident conditions. A 
separate panel at an appropriate location outside the control room shall be provided with a 
design capability for safe shutdown of the reactor, including necessary instrumentation and 
controls to monitor reactor status and confirm safe shutdown conditions. Safe shutdown is 
defined as a stable condition in which keff < 0.99 and reactor coolant temperature has been 
reduced and maintained at a level that supports continued passive decay heat removal. The 
safe shutdown temperature criterion shall not exceed 420 °F, with the Hadron-specific design 
temperature target to be established through transient and accident analysis and reported in the 
SAR Chapter 15.” 

5.2.5  NuScale Precedent 
NuScale Power received an approved exemption from GDC 19 (FSER Sections 3.1, 5.4, 6.4, 
7.0, 7.1, 7.2, 9.4.1, 9.5.1, 9.5.2, 11.5, 12.3, 13) substituting “safe shutdown” for “cold shutdown.” 
NuScale defined safe shutdown as keff < 0.99 and reactor coolant temperature < 420°F for the 
250 MWth design. The Hadron safe shutdown temperature reflects the Hadron MMR’s lower 
decay heat inventory and more efficient passive heat rejection, yielding a lower equilibrium 
temperature than the NuScale design. Both designs share the fundamental regulatory basis for 
this exemption: achievement and maintenance of safe shutdown through entirely passive 
systems, without reliance on active residual heat removal. 

5.2.6  Special Circumstances 
Application of the cold shutdown requirement to the Hadron design would not serve the 
underlying purpose of GDC 19. The underlying purpose is to ensure that the reactor can be 
brought to a safe, stable condition from outside the control room. The Hadron design achieves 
this through passive means to a safe shutdown condition. Requiring achievement of cold 
shutdown temperatures through active systems would impose requirements for active cooling 
systems that would reduce the overall safety of the design by introducing active components 
with potential failure modes into an otherwise passive safety architecture. This constitutes a 
special circumstance under 10 CFR 50.12(a)(2)(ii). 
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5.3  GDC 27  -  Combined Reactivity Control Capability 

5.3.1  Original GDC Requirement 
GDC 27 (Combined Reactivity Control Systems Capability): The reactivity control systems 
shall be designed to have a combined capability, in conjunction with poison addition by the 
emergency core cooling system, to reliably control reactivity changes to assure that under 
postulated accident conditions and with appropriate margin for stuck rods the capability to cool 
the core is maintained. 

5.3.2  Underlying Safety Purpose 
The underlying safety purpose of GDC 27 is to ensure that sufficient reactivity control capability 
exists to maintain the reactor in a subcritical condition under all postulated accident conditions, 
even with the most reactive control rod assumed stuck in the fully withdrawn position. 

5.3.3  Hadron Design Basis 

Design Description 

The Hadron MMR uses soluble boron in the primary coolant for normal reactivity management 
through the non-safety-related Chemical and Volume Control System (CVCS). Under normal 
shutdown conditions, the control rod system alone provides sufficient shutdown margin to 
achieve cold shutdown, including the bounding case of the most reactive control rod stuck in the 
fully withdrawn position, without requiring boron credit. However, upon ECCS actuation, the 
introduction of relatively cold water from the containment annulus into the reactor coolant 
system introduces positive reactivity through both boron dilution and moderator temperature 
effects. To compensate for these reactivity insertions and maintain subcriticality during and 
following ECCS operation, 
[[                                                                                                                                                                
 ]] 

[[                                                                                                                                                   ]] 
[[                                                                                                                      ]]: specifically, 
[[                                                                                                                                                                
        ]]. [[                                                                                                                   ]], ensuring 
that the mixed post-ECCS coolant maintains adequate subcriticality (keff < 0.99) throughout the 
ECCS transient and long-term post-accident conditions. The system operates on a fail-open, 
DC-power-latched principle: the reservoir is held closed during normal operations by a non-
safety-related DC power supply. Upon loss of DC power — whether from a reactor trip signal, 
station blackout, or any other initiating event — 
[[                                                                                                                                                                
                                                                   ]] 

The reservoir volume and boron concentration are sized to maintain core subcriticality (keff < 
0.99) after mixing with the ECCS water volume, 
[[                                                                                             ]], and the full range of fuel cycle 
conditions from beginning-of-life to end-of-cycle. Because the control rod system alone provides 
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sufficient shutdown margin to cold shutdown under normal (non-ECCS) conditions — including 
with the most reactive rod stuck fully withdrawn — [[                                                                 ]] 
[[                                                                                                             ]]. Boron concentration, 
reservoir volume, delivery flow rate, and mixing characteristics will be confirmed through the 
Chapter 15 transient analysis and addressed in Technical Specifications consistent with the 
NuScale ESB regulatory framework (LCO 3.5.4). 

Regulatory Basis and Design Comparison 

GDC 27 references "poison addition by the emergency core cooling system" in the context of 
large conventional PWRs, where the ECCS actively injects borated water through high-pressure 
and low-pressure safety injection systems. The Hadron design does not include such active 
injection systems. 

[[                                                                                                                                                                
                                                                                                                                                                  
                                                                                      ]] 
[[                                                                                                                                                                
                          ]]. This ensures reliable structural integrity and boron delivery when actuated, 
regardless of the harsh post-accident environment. 

Response to NRC Staff Feedback 

At the December 17, 2025 pre-application meeting, NRC Staff indicated that some form of 
passive boron addition during the ECCS phase may be necessary to address potential long-
term reactivity concerns — particularly core recriticality following a loss-of-coolant accident with 
failure of all control rods to insert. 
[[                                                                                                           ]] 

The Chapter 15 transient analysis will confirm that the combined reactivity control capability — 
control rods, inherent negative reactivity feedback, [[                                                      ]]. The 
analysis will follow the methodologies in FSER Sections 15.05 and 15.06 of the NuScale SDA 
and will include a bounding analysis of boron delivery timing, mixing characteristics, and 
dissolution behavior. 

Open Items for NRC Pre-Application Engagement 

Hadron Energy requests NRC Staff feedback on the following items during pre-application 
review: 

1. Acceptability of gravity-driven boron delivery [[                                                  ]] as a 
passive reactivity control mechanism, and whether supplemental redundancy is 
required. 

2. Acceptance criteria for boron mixing and homogenization, including whether scaled 
integral effects testing or computational validation against ROCOM or similar facility data 
is expected. 
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3. Technical Specification requirements for boron concentration surveillance and reservoir 
inventory availability. 

4. Regulatory classification of the fail-open DC-latched isolation mechanism with respect to 
Quality Group and seismic classification requirements. 

Safety Analysis Commitments 

The following parameters will be developed and validated in the Chapter 15 safety analysis 
using NRC-approved codes (TRACE): 

l Boric acid concentration in stored inventory, with demonstration that solubility limits are 
maintained across all post-accident conditions to prevent precipitation 

l Reservoir volume and delivery flow rate, confirming homogeneous boron distribution 
throughout the reactor vessel within a timeframe that precludes return to criticality 

l System response time following DC power loss, demonstrating reliable fail-open function 
under all postulated failure modes 

l Thermal-hydraulic analysis of boron transport and mixing, including noncondensable gas 
effects, and downcomer and lower plenum behavior under natural circulation. 

Long-term boric acid deposition and CRUD effects on core structures will be evaluated using 
established industry studies and empirical data. 

5.3.4  Proposed PDC 27 
“The reactivity control systems shall be designed to have a combined capability to reliably 
control reactivity changes to assure that under postulated accident conditions and with 
appropriate margin for stuck rods, the capability to cool the core is maintained. Long-term 
subcriticality shall be maintained by the combined effect of control rod insertion, inherent 
negative reactivity feedback, 
[[                                                                                                                                                                
                                                                   ]]” 

5.3.5  NuScale Precedent 
NuScale Power received an approved exemption from GDC 27 removing the requirement for 
active poison addition by the ECCS, on the basis that NuScale’s ECCS does not include a 
safety-related active boron injection system. Notably, the NuScale design does include an 
ECCS Supplemental Boron (ESB) system - a passive boron dissolution mechanism that 
provides long-term subcriticality assurance without active injection. The ESB system is 
addressed in the NuScale Technical Specifications (LCO 3.5.4) and requires that ESB form and 
quantity meet Core Operating Limits Report (COLR) specifications prior to entering Mode 1. 
[[                                                                                                          ]] [[                   ]] 
incorporated within the ECCS that [[                                                    ]] directly to the reactor 
coolant upon actuation, consistent with the NuScale regulatory framework, without active 
injection components or penetrations in the containment vessel. Notably, the Hadron design 
provides a stronger shutdown margin basis than NuScale: whereas NuScale required the ESB 
specifically because its control rods could not independently maintain classical shutdown margin 
under certain end-of-cycle stuck-rod conditions, the Hadron control rod system is designed to 
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achieve cold shutdown under all fuel cycle conditions with the most reactive rod stuck fully 
withdrawn, without boron credit. [[                               ]] 
[[                                                                                                          ]], rather than to supplement 
insufficient rod worth. 
[[                                                                                                                                                                
        ]] The Hadron system will be governed by equivalent Technical Specification requirements. 
The regulatory basis for this exemption is further documented in SECY-18-0099, which provides 
the detailed Staff assessment of NuScale’s GDC 27 exemption request and establishes 
[[                                                                                                             ]]. 

5.3.6  Special Circumstances 
Application of GDC 27 as written would require the Hadron ECCS to include an active boron 
injection capability. The underlying safety purpose - ensuring adequate reactivity control under 
accident conditions - is met by the combined capability of the control rod system, inherent 
negative reactivity feedback, 
[[                                                                                                                                                                
                                                                                                                                 ]] Requiring 
active boron injection would introduce powered components, associated support systems, and 
additional failure modes into the passive ECCS design, thereby reducing the overall simplicity 
and reliability of the passive safety architecture. This constitutes a special circumstance under 
10 CFR 50.12(a)(2)(ii). 
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5.4  GDC 33  -  Reactor Coolant Makeup 

5.4.1  Original GDC Requirement 
GDC 33 (Reactor Coolant Makeup): A system to supply reactor coolant makeup for protection 
against small breaks in the reactor coolant pressure boundary shall be provided. The system 
safety function shall be to assure that specified acceptable fuel design limits are not exceeded 
as a result of reactor coolant loss due to leakage from the reactor coolant pressure boundary 
and rupture of small piping or other small components which are part of the boundary. 

5.4.2  Underlying Safety Purpose 
The underlying safety purpose of GDC 33 is to ensure that sufficient reactor coolant inventory is 
maintained to prevent fuel damage following small breaks or leaks in the reactor coolant 
pressure boundary. 

5.4.3  Hadron Design Basis 
The Hadron MMR’s integral design, with the RPV housed within a close-fitting, high-pressure 
containment vessel, fundamentally changes the consequence of small-break events. In a 
conventional PWR, a small break in the RCS piping would result in coolant loss to the 
containment building, potentially uncovering the core. In the Hadron design, a small break in the 
RPV would release primary coolant to the sealed annulus between the RPV and CV. Because 
the containment vessel is a sealed pressure-retaining boundary, all coolant released from the 
RPV remains within the containment, where it is available for return to the core through the 
recirculation mechanism described in Section 3.4. 

The NRC Staff noted during the December 17 meeting that PDC 33 addresses small leakage 
rather than LOCA events, and that Hadron should address the integrity of the vessel-to-
isolation-valve connections as a “no-break zone.” Hadron Energy concurs with this 
characterization and confirms that the piping between the RPV nozzles and the containment 
isolation valves will be designed, fabricated, and inspected to no-break zone standards, 
consistent with the approach described in FSER Section 6.2.2.6 and Section 15.6.5 of the 
NuScale SDA. Hadron Energy further acknowledges that the safety basis for PDC 33 must 
address the full spectrum of primary system leakage conditions, including normal operational 
leakage rates, off-normal events, and anticipated operational occurrences, in addition to design-
basis LOCA scenarios. During normal operations and off-normal events involving minor primary-
to-containment leakage, reactor coolant inventory is managed by the non-safety-related 
Chemical and Volume Control System (CVCS). The integral containment retains any leaked 
coolant, which can be collected, processed, and recirculated via the CVCS to maintain 
continuous operation or conduct a controlled shutdown. 

5.4.4  Proposed PDC 33 
“The integral design of the Hadron MMR, in which the reactor pressure vessel is housed within 
a sealed, high-pressure containment vessel, provides inherent protection against the 
consequences of small breaks in the reactor coolant pressure boundary. A dedicated safety-
related reactor coolant makeup system is not required, as the containment design retains 
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sufficient coolant inventory to maintain core coverage and cooling under all postulated small-
break conditions.” 

5.4.5  NuScale Precedent 
NuScale Power received an approved exemption from GDC 33 (FSER Sections 9.3.4, 6.3) on 
the basis that the RPV and containment design retain sufficient inventory to ensure core cooling 
without reliance on a dedicated makeup system. The Hadron integral RPV-within-CV design 
employs the same containment inventory retention principle, and the smaller primary coolant 
volume (proportional to the [[       ]] power level) reduces the coolant inventory challenge relative 
to the NuScale design. 

5.4.6  Special Circumstances 
Application of GDC 33 as written would require a dedicated reactor coolant makeup system that 
is unnecessary given the integral containment design. The underlying safety purpose - 
maintaining sufficient coolant inventory to prevent fuel damage - is met by the containment 
inventory retention feature of the design. This constitutes a special circumstance under 10 CFR 
50.12(a)(2)(ii). 
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5.5  GDC 34, 35, 38, 41, and 44  -  Passive Fluid Systems and Electric Power 
Provisions 

5.5.1  Original GDC Requirements (Electric Power Provisions) 
GDC 34 (Residual Heat Removal), GDC 35 (Emergency Core Cooling), GDC 38 (Containment 
Heat Removal), GDC 41 (Containment Atmosphere Cleanup), and GDC 44 (Cooling Water) 
each include provisions requiring that the respective systems be designed to use “onsite electric 
power” and/or “offsite electric power” for the safety function. These electric power provisions 
assume that the safety-related fluid systems require active, electrically powered components 
(pumps, fans, valves) to perform their safety functions. 

5.5.2  Underlying Safety Purpose 
The underlying safety purpose of the electric power provisions within these GDC is to ensure 
that the safety-related fluid systems have reliable power sources to accomplish their safety 
functions during all plant conditions, including station blackout. 

5.5.3  Hadron Design Basis 
Each of the safety-related fluid systems addressed by GDC 34, 35, 38, 41, and 44 is passive in 
the Hadron design: 

• Residual Heat Removal (GDC 34): Passive heat transfer from RPV through CV to the 
reactor pool. No active pumps or powered components. 

• Emergency Core Cooling (GDC 35): Passive venting and conduction/convection 
through annular fluid. No active injection systems. 

• Containment Heat Removal (GDC 38): Passive heat transfer to the reactor pool. No 
active containment cooling systems. 

• Containment Atmosphere Cleanup (GDC 41): The sealed containment annulus 
inherently limits atmospheric contamination. Passive autocatalytic recombiners (PARs) 
will be incorporated for post-accident hydrogen management. No electrically powered 
active cleanup systems are required. 

• Cooling Water (GDC 44): The reactor pool serves as the passive ultimate heat sink. No 
active cooling water pumps are safety-related. 

Because none of these safety functions requires electrical power, the electric power provisions 
within each GDC are inapplicable to the Hadron design. The substantive safety requirements of 
each GDC - regarding capability, redundancy, and reliability - remain applicable and are met by 
the passive system designs. 

5.5.4  Proposed PDC Text 
For each of GDC 34, 35, 38, 41, and 44, the proposed PDC retains the substantive safety 
requirements (capability, redundancy, reliability, testability) but removes the electric power 
provisions. The individual proposed PDC text for each criterion is as follows: 

Proposed PDC 34 (Residual Heat Removal): 
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“The residual heat removal system shall be designed to transfer fission product decay heat and 
other residual heat from the reactor core to the ultimate heat sink at a rate such that specified 
acceptable fuel design limits and the design conditions of the reactor coolant pressure boundary 
are not exceeded. The residual heat removal function is accomplished passively through heat 
transfer from the reactor pressure vessel through the containment vessel wall to the surrounding 
reactor pool. No active pumps, fans, or electrically powered components are required. Suitable 
redundancy in components and features, and suitable interconnections, leak detection, and 
isolation capabilities shall be provided to assure that the system safety function can be 
accomplished, assuming a single failure.” 

Proposed PDC 35 (Emergency Core Cooling): 

“The emergency core cooling system shall be designed to provide abundant core cooling 
following any loss-of-coolant accident. The ECCS accomplishes this function through two 
independent passive vent paths that release reactor coolant from the reactor pressure vessel to 
the containment annulus, where decay heat is transferred by conduction and convection 
through the annular fluid to the containment vessel wall and thence to the reactor pool. Each 
vent path is independently sized to provide adequate core cooling assuming the other fails to 
open, satisfying single-failure requirements. No active injection systems, pumps, or electrically 
powered components are required for ECCS operation.” 

Proposed PDC 38 (Containment Heat Removal): 

“The containment heat removal system shall be designed to rapidly reduce the pressure and 
temperature in the containment following any loss-of-coolant accident and to maintain them at 
acceptably low levels. The safety-related containment heat removal function is accomplished 
passively by heat transfer from the containment vessel wall to the surrounding reactor pool. The 
containment vessel is partially submerged in the dedicated reactor pool, with the pool immersion 
level sufficient to ensure the active fuel region is below the pool waterline. No active pumps, 
fans, or electrically powered components are required for the safety-related containment heat 
removal function. Safety-related [[                            ]] provide a supplementary safety-related 
modulated cooldown capability for non-LOCA events.” 

Proposed PDC 41 (Containment Atmosphere Cleanup): 

“The containment atmosphere cleanup function shall limit fission products, hydrogen, oxygen, 
and other substances which may be released into the containment atmosphere following 
postulated accidents to reduce the concentration and quality of fission products released to the 
environment, and to control the concentration of hydrogen or oxygen and other substances in 
the containment atmosphere following postulated accidents to assure that containment integrity 
is maintained. The sealed containment vessel inherently limits atmospheric contamination. 
Passive autocatalytic recombiners (PARs) or equivalent passive provisions will be incorporated 
for post-accident hydrogen management. No electrically powered active cleanup systems are 
required for the safety function.” 

The Hadron MMR design addresses hydrogen generation and control consistent with 10 CFR 
50.44(c)(3) through a combination of inherent design features and engineered passive systems. 
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During postulated design-basis accidents, hydrogen generation (evaluated per 10 CFR 50.46) is 
mitigated by passive autocatalytic recombiners (PARs) to ensure local concentrations remain 
well below regulatory flammability limits. 

The [[                                                              ]] to take advantage of natural buoyancy and 
stratification. They operate through spontaneous catalytic recombination, converting hydrogen 
and oxygen to water without requiring external power or operator action. The units will be 
qualified for the bounding post-accident pressure and temperature envelope and sized to satisfy 
the single-failure criterion. Furthermore, hydrogen concentration monitoring instrumentation will 
be provided in the upper containment to support compliance with 10 CFR 50.34(f)(2)(xvii)(C) 
and ensure operational awareness, even though the mitigation function is fully passive. 

Proposed PDC 44 (Cooling Water): 

“The ultimate heat sink shall provide sufficient cooling capacity to transfer decay heat and other 
residual heat from safety-related structures, systems, and components during normal 
operations, anticipated operational occurrences, and postulated accidents. The reactor pool 
[[                                                                                                                                                                
                                                                                                                                                               
]]” 

5.5.5  NuScale Precedent 
NuScale Power received approved exemptions from the electric power provisions of GDC 34, 
35, 38, 41, and 44 as conforming changes to the GDC 17 exemption. The NuScale basis was 
that safety functions are accomplished by passive systems “without reliance on electric power.” 
The Hadron design independently meets this same criterion: each fluid safety system identified 
in GDC 34, 35, 38, 41, and 44 performs its function through passive mechanisms requiring no 
electrical power, as described in Section 5.5.3. 

5.5.6  Special Circumstances 
Application of the electric power provisions to the Hadron design would not serve the underlying 
purpose of the rule. These provisions were designed to ensure reliable power for active safety 
systems; because the Hadron safety systems are passive, requiring electric power provisions 
would impose requirements without corresponding safety benefit. This constitutes a special 
circumstance under 10 CFR 50.12(a)(2)(ii). 
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5.6  GDC 40  -  Containment Heat Removal System Testing 

5.6.1  Original GDC Requirement 
GDC 40 (Testing of Containment Heat Removal System): The containment heat removal 
system shall be designed to permit appropriate periodic pressure testing to assure (1) the 
structural and leaktight integrity of its components, (2) the operability and performance of the 
active components of the system, and (3) the operability of the system as a whole. 

5.6.2  Underlying Safety Purpose 
The underlying safety purpose of GDC 40 is to ensure that the containment heat removal 
system will reliably perform its safety function when called upon, through periodic demonstration 
of system operability and performance. 

5.6.3  Hadron Design Basis 
The Hadron MMR’s containment heat removal function is accomplished entirely by the passive 
heat transfer from the containment vessel to the surrounding reactor pool. This passive system 
has no active components - no pumps, no fans, and no powered valves. The heat transfer 
mechanism is an inherent physical characteristic of the partially submerged steel containment 
vessel and does not degrade over time in the same manner as active components. 

Periodic verification of the containment heat removal function is accomplished through 
inspection of heat transfer surfaces under the requirements of GDC 39 (Inspection of 
Containment Heat Removal System), which is adopted without modification. The structural 
integrity of the CV is verified through the ASME Section III, Class 1 inservice inspection 
program. 

As discussed during the December 17 NRC meeting, the NRC Staff suggested that Hadron 
review NuScale’s startup test program related to PDC 40 for additional insights. Hadron Energy 
has reviewed the NuScale startup testing framework and commits to adopting a comparable 
approach: periodic verification of containment heat removal will be accomplished through the 
pre-operational test program (measuring CV-to-pool heat transfer performance during initial 
heatup and cooldown) and through the in-service inspection program, consistent with the 
NuScale approach. No periodic functional testing of active components is required, as the heat 
removal mechanism contains no active components. 

5.6.4  Proposed PDC 40 
“The containment heat removal function is an inherent physical characteristic of the integral 
steel containment vessel partially submerged in the reactor pool. Periodic verification of this 
function is accomplished through inspection of heat transfer surfaces under GDC 39 and 
through the ASME Section III, Class 1 inservice inspection program. Periodic functional testing 
of active components is not applicable, as the containment heat removal system contains no 
active components.” 

5.6.5  NuScale Precedent 
NuScale Power received an approved exemption from GDC 40 on the basis that the NuScale 
containment vessel is “partially immersed in the reactor pool, which functions as an ultimate 
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heat sink.” The Hadron design employs a comparable configuration in which the CV is partially 
submerged in the [[                    ]] reactor pool. The Hadron MMR’s significantly lower decay 
heat generation ([[       ]] versus 250 MWth) results in a substantially reduced heat removal 
burden for the passive containment heat removal function. 

5.6.6  Special Circumstances 
Application of GDC 40 as written would require periodic functional testing of a system that 
contains no active or operable components. The underlying safety purpose is met through 
inspection of passive heat transfer surfaces and structural integrity verification. Requiring 
functional testing of a passive system introduces unnecessary operational burden without 
improving safety. This constitutes a special circumstance under 10 CFR 50.12(a)(2)(ii) and (iii). 
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5.7  GDC 52  -  Containment Leakage Rate Testing 

5.7.1  Original GDC Requirement 
GDC 52 (Capability for Containment Leakage Rate Testing): The reactor containment and 
other equipment which may be subjected to containment test conditions shall be designed so 
that periodic integrated leakage rate testing can be conducted at containment design pressure. 

5.7.2  Underlying Safety Purpose 
The underlying safety purpose of GDC 52 is to ensure that containment leakage integrity can be 
periodically verified to confirm that the containment will perform its pressure-retention function 
during design-basis accidents. 

5.7.3  Hadron Design Basis 
The Hadron containment vessel is a compact, factory-fabricated steel vessel designed, 
fabricated, stamped, and inspected in accordance with ASME Boiler and Pressure Vessel Code, 
Section III, Division 1, Class 1. This stands in contrast to the large, field-constructed, concrete-
and-steel containment buildings for which GDC 52’s ILRT requirement was designed. 

The Hadron CV provides a higher degree of inherent leakage integrity assurance than large 
field-constructed containments because: 

• Factory fabrication permits more controlled manufacturing conditions and more rigorous 
inspection than field construction. 

• ASME Section III, Class 1 requirements mandate volumetric and surface examination of 
all pressure-retaining welds, hydrostatic testing at 1.25 times design pressure, and 
helium leak testing. 

• Inservice inspection per ASME Section XI provides ongoing verification of structural and 
pressure-retaining integrity. 

• Local Leak Rate Testing (LLRT) per 10 CFR 50, Appendix J, Type B and Type C tests 
can be performed on containment penetrations and isolation valves. 

Performing Integrated Leak Rate Testing (ILRT/Type A) at the CV design pressure would 
impose significant operational burden, including the need to depressurize and prepare the 
containment system, without commensurate safety benefit given the inherent quality assurance 
provided by ASME Class 1 fabrication and inspection. 

5.7.4  Proposed PDC 52 
“Containment leakage integrity is assured through the ASME Section III, Class 1 fabrication, 
preservice inspection, and inservice inspection programs, supplemented by Local Leak Rate 
Testing (Type B and Type C tests per 10 CFR 50, Appendix J) of containment penetrations and 
isolation valves. Integrated Leak Rate Testing at containment design pressure is not required for 
the factory-fabricated steel containment vessel.” 

5.7.5  NuScale Precedent 
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NuScale Power received an approved exemption from GDC 52 (FSER Section 6.2.6), replacing 
ILRT with ASME Class 1 vessel inspection and Type B/C testing. The Hadron CV is fabricated 
under the same ASME Section III, Class 1 requirements and subject to the same rigorous 
quality assurance program, providing the same inherent leakage integrity assurance that 
justified the NuScale exemption. The Hadron CV’s smaller diameter further facilitates factory 
fabrication quality control. 

5.7.6  Special Circumstances 
Application of GDC 52 as written would require ILRT at design pressure for a factory-fabricated 
ASME Class 1 vessel whose integrity is already assured through more rigorous fabrication and 
inspection standards than those applied to the large field-constructed containments for which 
GDC 52 was designed. This constitutes a special circumstance under 10 CFR 50.12(a)(2)(ii) 
and (iii). 
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5.8  GDC 55, 56 and 57 -  Containment Isolation 

5.8.1  Original GDC Requirements (GDC 55, 56 and 57) 
GDC 55 and 56: Require that piping systems penetrating primary reactor containment be 
provided with redundant isolation barriers - generally, one isolation valve inside containment 
and one outside containment. 

GDC 57: Requires at least one isolation valve outside containment for lines penetrating 
containment that are part of closed systems. 

5.8.2  Underlying Safety Purpose (GDC 55 and 56) 
The underlying safety purpose of GDC 55 and 56 is to ensure that piping penetrations through 
the containment boundary can be reliably isolated to prevent the uncontrolled release of 
radioactive material from the containment following a design-basis accident. GDC 57 shares this 
underlying safety purpose for closed-system lines.  An exemption from GDC 57 is also sought, 
as discussed in Section 5.8.6. 

5.8.3  Hadron Design Basis (GDC 55, 56 and 57) 
The Hadron MMR’s integral design, in which the RPV is enclosed within a close-fitting CV, 
makes it physically impractical to locate isolation valves inside the containment vessel. The 
annular space between the RPV and CV is too confined for valve installation, access, and 
maintenance. Additionally, for passive decay heat removal lines that penetrate containment, 
placing active isolation valves on these lines would introduce unnecessary failure modes that 
could compromise the passive safety function. 

With respect to GDC 57, the Hadron design places at least one automatic, fail-closed isolation 
valve outside the containment vessel on each line penetrating containment that is part of a 
closed system outside containment (including the safety-related DHRS lines).  Although this 
approach may satisfy the literal minimum requirement of GDC 57, NuScale sought and received 
an exemption from GDC 57 even with a dual inboard/outboard valve configuration.  Accordingly, 
Hadron Energy proposes an exemption from GDC 57 as well, consistent with the NuScale 
precedent.  With respect to GDC 55 and 56, the integral RPV-within-CV configuration makes it 
physically impractical to locate isolation valves inside the containment vessel. Accordingly, 
Hadron Energy proposes the following alternative containment isolation configurations for GDC 
55 and 56: 

• Primary lines (GDC 55/56): Two redundant isolation valves located outside 
containment, both capable of independent automatic closure on containment isolation 
signal. The vessel-to-valve piping within the “no-break zone” is designed, fabricated, and 
inspected to the same standards as the containment vessel itself. 

• Closed-system penetration lines (GDC 57): An exemption from GDC 57 is sought 
consistent with the NuScale precedent, as detailed in Section 5.8.6. The safety-related 
containment heat removal path (passive CV-to-pool heat transfer) does not rely on the 
DHRS, and the containment isolation approach for these lines will not compromise any 
passive safety function. 
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The NRC Staff noted during the December 17 meeting that the design of the vessel-to-isolation-
valve connection (the “no-break zone”) is a critical element of this approach and directed 
Hadron Energy to reference FSER Sections 6.2.2.6 and 15.6.5 of the NuScale SDA for relevant 
design and analysis requirements. The Staff also asked whether adequate instrumentation is 
provided for leak detection and whether a non-safety system is available to mitigate any leak in 
the no-break zone piping. Hadron Energy concurs with the importance of these considerations 
and confirms the following: 

• The no-break zone piping will be designed, fabricated, and inspected to ASME Section 
III, Division 1, Class 1 standards using 
[[                                                                                                                                                
]]. 
[[                                                                                                                                             
]], commensurate with the piping’s role as a containment extension. 

• Leak detection instrumentation will be provided in the vicinity of the no-break zone to 
detect any through-wall leakage. The leak detection system will include: (a) 
[[                                                                                                                                                    
                      ]]; (b) [[                                                                                      ]]; and (c) 
[[                                                                                                                                      ]]. 
Leak detection alarms will annunciate in the control room. 

• Non-safety-related defense-in-depth systems, including a drip pan and drain collection 
system in the no-break zone enclosure, will be provided to mitigate the consequences of 
a postulated small leak. The enclosure design will ensure that any leakage is directed to 
a monitored collection point and does not affect adjacent safety-related equipment. 

The detailed no-break zone design, including pipe schedule, wall thickness, seismic 
qualification, and specific leak detection sensitivity thresholds, will be fully addressed in the ML 
and COLA applications. Hadron Energy notes that this design will be consistent with the 
requirements identified in FSER Sections 6.2.2.6 and 15.6.5 of the NuScale SDA, as directed by 
the NRC Staff. 

5.8.4  Proposed PDC 55 
“Each line that is part of the reactor coolant pressure boundary and penetrates the containment 
vessel shall be provided with two redundant isolation valves outside the containment vessel. 
The piping between the containment vessel nozzle and the outboard isolation valve shall be 
designated as a no-break zone and shall be designed, fabricated, and inspected to standards 
equivalent to the containment vessel.” 

5.8.5  Proposed PDC 56 
“Each line that connects directly to the containment atmosphere and penetrates the containment 
vessel shall be provided with two redundant isolation valves outside the containment vessel, or 
one isolation valve and a sealed closed system outside containment.” 

5.8.6  GDC 57  -  Containment Isolation for Closed Systems 
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Hadron Energy proposes an exemption from GDC 57 consistent with the NuScale precedent. 
The integral RPV-within-CV configuration presents the same physical constraints for closed-
system penetration lines as it does for the lines addressed under GDC 55 and 56. Hadron 
Energy proposes to utilize a closed system outside containment, designed to intact-loop criteria, 
in conjunction with at least one automatic isolation valve located outside the containment 
vessel, to satisfy the underlying safety purpose of GDC 57. Detailed piping and instrumentation 
configurations confirming this approach will be presented in the ML and COLA applications. The 
design will ensure that the underlying safety purpose of GDC 57 is met or exceeded, and that 
the containment isolation approach does not compromise any passive safety function. 

5.8.7  NuScale Precedent 
NuScale Power received approved exemptions from GDC 55 and 56 (FSER Sections 5.4.4, 
6.2.4) establishing alternative containment isolation provisions including dual valves outside 
containment, on the basis that the integral design precludes placement of isolation valves inside 
containment. The Hadron proposed PDC 55 and 56 are consistent with the NuScale approach. 
With respect to GDC 57, NuScale received an exemption on the basis that the closed DHRS 
loop served as the redundant containment barrier in lieu of a valve. Hadron Energy will seek an 
exemption from GDC 57 consistent with this precedent. The specific containment isolation 
approach is described in Section 5.8.6. 

5.8.8  Special Circumstances 
Application of GDC 55 and 56 as written would require one isolation valve inside the 
containment vessel. The annular space between the RPV and CV is physically too confined to 
accommodate valve installation, access, and maintenance. The underlying safety purpose - 
reliable isolation of containment penetrations - is met through the proposed alternative 
configuration of two redundant isolation valves outside containment within the no-break zone, 
which provides equivalent or superior isolation capability. This constitutes a special 
circumstance under 10 CFR 50.12(a)(2)(ii). For GDC 57, the same physical constraints of the 
integral RPV-within-CV configuration apply to closed-system penetration lines. The underlying 
safety purpose — reliable isolation of closed-system containment penetrations — will be met by 
the proposed containment isolation configuration. This constitutes a special circumstance under 
10 CFR 50.12(a)(2)(ii). 
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6.0  ADDITIONAL REGULATORY EXEMPTIONS 
In addition to the GDC exemptions presented in Section 5.0, Hadron Energy has identified a 
number of non-GDC regulatory provisions in 10 CFR Part 50 from which exemptions will also be 
required. Although these provisions do not directly establish Principal Design Criteria under 10 
CFR 50, Appendix A, they are integral to the overall licensing framework and are presented 
here to provide the NRC Staff with a comprehensive view of the anticipated exemption 
landscape. In each case, NuScale Power received an approved exemption during the Standard 
Design Approval review, and the Hadron design basis supports comparable exemptions. 

6.1  10 CFR 50.46a and 50.34(f)(2)(vi)  -  Reactor Coolant System High Point Vents 

6.1.1  Original Regulatory Requirement 
10 CFR 50.46a: Requires that the reactor coolant system be provided with high point vents to 
allow venting of non-condensable gases from the RCS that could inhibit core cooling. 

10 CFR 50.34(f)(2)(vi): Requires provision of high point vents for the reactor coolant system, 
the reactor vessel head, and other systems required to maintain adequate core cooling, to 
permit venting of non-condensable gases. 

6.1.2  Hadron Design Basis 
These requirements were promulgated as TMI Action Items for conventional PWRs with 
extensive external RCS piping where non-condensable gases could accumulate at piping high 
points and interfere with natural circulation cooling. The Hadron MMR’s integral RPV design 
eliminates all large-bore external RCS piping. The reactor core, steam generators, pressurizer, 
and all primary coolant are contained within a single integral vessel. There are no external RCS 
pipe loops, no intermediate legs, and no high points in external piping where non-condensable 
gases could accumulate and inhibit natural circulation. 

Non-condensable gases generated within the RPV during post-accident conditions would 
migrate to the pressurizer steam space or be vented through the ECCS vent valves to the 
containment annulus. The passive ECCS design inherently addresses gas venting through the 
same vent path used for emergency core cooling. 

6.1.3  NuScale Precedent 
NuScale Power received approved exemptions from 10 CFR 50.46a and 10 CFR 50.34(f)(2)(vi) 
(FSER Sections 5.4.5, 6.2) on the basis that the integral RPV design eliminates external RCS 
piping high points. The Hadron integral RPV design shares this same fundamental characteristic 
- all primary system components are housed within the single integral vessel with no external 
RCS piping loops - providing an independent basis for this exemption. 

6.1.4  Special Circumstances 
Application of the RCS high point vent requirements to the Hadron design would not serve the 
underlying purpose of the rule. These requirements address gas accumulation in external piping 
high points that do not exist in the integral RPV design. This constitutes a special circumstance 
under 10 CFR 50.12(a)(2)(ii). 
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6.2  10 CFR 50.34(f)(2)(xvii)(C)  -  Combustible Gas Monitoring 

6.2.1  Original Regulatory Requirement 
10 CFR 50.34(f)(2)(xvii)(C): Requires equipment for monitoring combustible gas concentrations 
(hydrogen and oxygen) in the containment atmosphere during and following an accident. 

6.2.2  Hadron Design Basis 
The Hadron MMR containment vessel is a compact, sealed steel vessel. Unlike large dry 
containments in conventional PWRs, the Hadron CV has a very small free volume. Post-
accident hydrogen generation from radiolysis and metal-water reactions in the Hadron design is 
expected to be substantially lower than in large PWRs due to the small core size [[       ]], limited 
cladding surface area, and reduced decay heat inventory. The containment design will 
incorporate passive autocatalytic recombiners (PARs) or equivalent passive provisions for post-
accident hydrogen management (see also Section 5.5, PDC 41). 

The specific requirement for continuous monitoring instrumentation designed for the large-
volume containments of conventional PWRs is not directly applicable to the compact Hadron 
containment. Alternative monitoring provisions appropriate for the small containment volume will 
be evaluated. 

6.2.3  NuScale Precedent 
NuScale Power received an approved exemption from 10 CFR 50.34(f)(2)(xvii)(C) (FSER 
Section 6.2.5) on the basis that the NuScale containment design does not require this 
monitoring capability. The Hadron design basis is comparable. The passive autocatalytic 
recombiners (PARs) will be evaluated and demonstrated by analysis or testing to maintain 
functionality for the full duration of the 10-year Hadron refueling cycle without maintenance or 
continuous monitoring. Surveillance activities, including visual inspection, catalyst performance 
testing, and PAR replacement if necessary, will be incorporated into the scheduled refueling 
outages. 

6.2.4  Special Circumstances 
Application of this requirement as written would impose monitoring requirements designed for 
large containment volumes on a compact containment vessel where the hydrogen generation 
rate and accumulation volumes are fundamentally different. This constitutes a special 
circumstance under 10 CFR 50.12(a)(2)(ii). 

6.3  10 CFR 50.62(c)(1)  -  ATWS Diverse Turbine Trip 

6.3.1  Original Regulatory Requirement 
10 CFR 50.62(c)(1): Requires each pressurized water reactor to have equipment that is diverse 
from the reactor trip system to automatically initiate the turbine trip under conditions indicative of 
an anticipated transient without scram (ATWS). 

6.3.2  Hadron Design Basis 
The ATWS mitigative strategy for the Hadron design relies on the inherent passive safety 
features of the reactor rather than on active turbine trip equipment. In the Hadron design, an 
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ATWS event does not present the same consequences as in a large, conventional PWR 
because: (a) the small core size and low power level [[       ]] limit the energy addition during an 
ATWS transient; (b) the strong negative moderator temperature coefficient and Doppler 
coefficient inherently limit the power excursion; (c) the passive ECCS can provide core cooling 
independent of turbine trip status; and (d) the reactor protection system employs four 
independent safety channels with two-out-of-four voting logic, providing high reliability against 
common-cause failure of the trip function. 

The combination of these design features ensures that adequate protection against ATWS 
events is provided without the need for diverse turbine trip equipment separate from the reactor 
trip system. 

6.3.3  NuScale Precedent 
NuScale Power received an approved exemption from 10 CFR 50.62(c)(1) (FSER Sections 7.1, 
7.2, 15.8, 19.1.9, 19.2.2) on the basis that the NuScale passive safety systems and design 
features eliminate the need for diverse turbine trip equipment. The Hadron design basis is 
comparable. 

6.3.4  Special Circumstances 
Application of this requirement to the Hadron design would require installation of diverse turbine 
trip equipment that provides no meaningful safety benefit given the inherent passive safety 
characteristics of the design. This constitutes a special circumstance under 10 CFR 
50.12(a)(2)(ii) and (iii). 

6.4  10 CFR 50.60 and 50.61  -  Fracture Toughness and Pressurized Thermal 
Shock 

6.4.1  Original Regulatory Requirements 
10 CFR 50.60: Requires that reactor vessels meet the fracture toughness and material 
surveillance program requirements of 10 CFR Part 50, Appendices G and H. 

10 CFR 50.61: Requires evaluation of reactor vessel materials against pressurized thermal 
shock (PTS) screening criteria, including reference temperature (RTₙₗₜ) projections. 

6.4.2  Hadron Design Basis 
The Hadron MMR’s small RPV [[                                         ]] operates at a significantly lower 
neutron fluence than the large reactor vessels for which 10 CFR 50.60 and 50.61 were 
developed. The low thermal power [[       ]], small core, and compact vessel geometry result in 
end-of-life neutron fluence levels substantially below the thresholds at which radiation 
embrittlement becomes a concern for pressure-temperature limit and PTS evaluations. The 
Hadron RPV is fabricated to ASME Section III, Class 1 standards from materials with well-
characterized fracture toughness properties. 

The material surveillance program requirements of Appendix H, which were designed for 40–60 
year operation of large reactor vessels under high-fluence conditions, may require modification 
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to reflect the Hadron vessel’s lower fluence environment and shorter design life. The PTS 
screening criteria of 10 CFR 50.61 are not expected to be limiting for the Hadron RPV. 

6.4.3  NuScale Precedent 
NuScale Power received approved exemptions from 10 CFR 50.60 (FSER Section 5.3.4) and 
10 CFR 50.61 (FSER Section 5.3.5) on the basis of the small core design and reduced neutron 
fluence. The Hadron RPV is even smaller than NuScale’s and operates at one-sixth the thermal 
power, providing an even stronger basis for these exemptions. 

6.4.4  Special Circumstances 
Application of these requirements as written would impose material surveillance and PTS 
evaluation programs designed for large, high-fluence reactor vessels on a small, low-fluence 
vessel where radiation embrittlement is not a credible concern. This constitutes a special 
circumstance under 10 CFR 50.12(a)(2)(ii) and (iii). 

6.5  10 CFR 50.34(f)(2)(xx) and 50.34(f)(2)(xiii)  -  Pressurizer Power Requirements 

6.5.1  Original Regulatory Requirements 
10 CFR 50.34(f)(2)(xx): Requires power supplies for pressurizer relief valves, block valves, and 
level indicators such that these components can be actuated from the control room during 
station blackout and loss of offsite power. 

10 CFR 50.34(f)(2)(xiii): Requires power supplies for pressurizer heaters and their associated 
motive and control interfaces to establish and maintain natural circulation in hot standby 
conditions. 

6.5.2  Hadron Design Basis 
The Hadron MMR achieves natural circulation without reliance on pressurizer heaters or 
powered pressurizer components. Upon loss of all AC and DC power, the passive ECCS 
actuates through fail-open vent valves, and natural circulation is established. The pressurizer 
function during post-trip conditions is subordinated to the passive ECCS operation, which does 
not require pressurizer pressure control. 

Pressurizer relief valves in the Hadron design are designed to fail to a safe position (open to the 
containment annulus) without electrical power. Level indication during post-accident conditions 
is provided by safety-related instrumentation powered by the DC batteries, but this indication 
serves a monitoring function only and is not required for any active safety function. 

6.5.3  NuScale Precedent 
NuScale Power received approved exemptions from 10 CFR 50.34(f)(2)(xx) and 10 CFR 
50.34(f)(2)(xiii) (FSER Section 5.4.6) on the basis that the NuScale passive design does not 
require powered pressurizer components for safety functions. The Hadron design achieves 
natural circulation through the same passive mechanism - ECCS vent valves that fail open and 
establish a self-sustaining condensation and gravity-return loop - without any reliance on 
pressurizer heaters or powered pressurizer relief valves. 
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6.5.4  Special Circumstances 
Application of these requirements to the Hadron design would require power supplies for 
pressurizer components that perform no safety function in the passive design. This constitutes a 
special circumstance under 10 CFR 50.12(a)(2)(ii). 

6.6  10 CFR 50.34(f)(2)(iv)(E)  -  Containment Isolation on High Radiation 

6.6.1  Original Regulatory Requirement 
10 CFR 50.34(f)(2)(iv)(E): Requires automatic containment isolation on a high radiation signal 
for all systems that provide a potential pathway from containment to the environment. 

6.6.2  Hadron Design Basis 
The Hadron containment design achieves containment isolation through the containment 
isolation system (CIS) using alternative barrier configurations as described in Section 5.8. The 
requirement for automatic isolation on a high radiation signal assumes the existence of 
ventilation or purge systems that penetrate containment and could release radioactive gases. 
The Hadron compact, sealed containment does not include large-volume containment purge or 
ventilation systems comparable to those in conventional PWR containments. 

Containment isolation in the Hadron design is accomplished by automatic isolation signals from 
the reactor protection system based on process parameters (pressure, temperature, level), 
which provide more direct and rapid actuation than a high radiation signal. Any containment 
atmosphere management lines will be isolated automatically on the containment isolation signal. 

6.6.3  NuScale Precedent 
NuScale Power received an approved exemption from 10 CFR 50.34(f)(2)(iv)(E) (FSER 
Sections 5.2.5, 6.2.4, 9.3.6) on the basis that the NuScale design provides alternative 
containment isolation methods. The Hadron design basis is comparable. 

6.6.4  Special Circumstances 
Application of this requirement as written would impose a high-radiation isolation signal for 
systems that either do not exist in the Hadron design or are already isolated by more direct 
process-based signals. This constitutes a special circumstance under 10 CFR 50.12(a)(2)(ii). 

6.7  10 CFR Part 50, Appendix K and 10 CFR 50.46(a)(1)(i)  -  ECCS Evaluation 
Model and LOCA Spectrum 

6.7.1  Original Regulatory Requirements 
10 CFR Part 50, Appendix K: Specifies required features of ECCS evaluation models, 
including break spectrum analysis, reflooding rate calculations, heat transfer correlations, and 
decay heat assumptions. These features assume an active ECCS with high-pressure injection, 
low-pressure injection, and accumulator systems responding to a spectrum of pipe breaks in 
external RCS piping. 
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10 CFR 50.46(a)(1)(i): Requires that LOCAs of different sizes, locations, and other properties 
be evaluated to identify the “most severe postulated loss-of-coolant accident,” defined as breaks 
in pipes in the reactor coolant pressure boundary. 

6.7.2  Hadron Design Basis 
The Hadron MMR’s integral RPV design eliminates all large-bore external RCS piping, 
fundamentally changing the LOCA break spectrum. The largest postulated break in the Hadron 
design is limited to the small-bore piping connecting the RPV nozzles to the containment 
boundary (within the no-break zone), which is substantially smaller than the double-ended 
guillotine break of a main coolant pipe assumed in conventional PWR LOCA analyses. 

The Hadron ECCS operates through entirely passive mechanisms (venting, conduction, 
convection, and gravity return) that do not correspond to the active injection systems modeled 
by Appendix K evaluation requirements. Appendix K assumptions regarding reflooding rates 
from high-pressure and low-pressure injection systems, accumulator discharge, and active 
system response times are not applicable to the passive ECCS. An alternative ECCS evaluation 
methodology appropriate for the passive system will be developed and submitted for NRC 
approval. 

6.7.3  NuScale Precedent 
NuScale Power received approved exemptions from Appendix K (FSER Section 15) and 10 
CFR 50.46(a)(1)(i) (FSER Sections 3.1.4.6, 6.3, 15.0.2, 15.6.5) on the basis that the NuScale 
passive ECCS and integral RPV design require alternative evaluation methodologies. The 
Hadron design basis is comparable. 

6.7.4  Special Circumstances 
Application of Appendix K and 10 CFR 50.46(a)(1)(i) as written would require ECCS evaluation 
models and LOCA spectrum analyses designed for active ECCS systems and large-bore RCS 
piping that do not exist in the Hadron design. The underlying safety purpose - demonstrating 
ECCS adequacy for the most severe postulated LOCA - will be met through an alternative 
evaluation methodology appropriate for the passive ECCS and integral RPV design. This 
constitutes a special circumstance under 10 CFR 50.12(a)(2)(ii). 

6.8  10 CFR 50.34(f)(2)(viii)  -  Post-Accident Sampling 

6.8.1  Original Regulatory Requirement 
10 CFR 50.34(f)(2)(viii): Requires capabilities for post-accident sampling of the reactor coolant 
and containment atmosphere, including the ability to obtain and analyze samples without 
exceeding prescribed radiation dose limits to sampling personnel. 

6.8.2  Hadron Design Basis 
The Hadron MMR’s compact, sealed containment vessel does not provide the same access 
pathways for post-accident sampling as conventional large-volume containments. The 
containment annulus is sealed and is not designed for personnel entry. Post-accident reactor 
coolant and containment atmosphere conditions can be assessed through installed 
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instrumentation (temperature, pressure, level, radiation monitors) without requiring physical 
sample extraction during the emergency phase. 

The significantly lower fission product inventory of the [[       ]] core, combined with the passive 
containment cooling that limits post-accident temperatures and pressures, reduces the urgency 
and scope of post-accident sampling compared to conventional PWRs. Alternative post-
accident assessment capabilities appropriate for the Hadron design will be provided. 

6.8.3  NuScale Precedent 
NuScale Power received an approved exemption from 10 CFR 50.34(f)(2)(viii) (FSER Section 
12.3) on the basis that the NuScale design features and passive cooling provide adequate 
alternative means for post-accident assessment. The Hadron design basis is comparable. 

6.8.4  Special Circumstances 
Application of this requirement as written would impose post-accident sampling provisions 
designed for large, accessible containment buildings on a compact, sealed containment vessel 
where physical sampling access is impractical. The underlying safety purpose - assessing post-
accident conditions - is met through installed instrumentation. This constitutes a special 
circumstance under 10 CFR 50.12(a)(2)(ii) and (iii). 
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7.0  ADDITIONAL TECHNICAL CONSIDERATIONS 

7.1  Non-Condensable Gas Effects on Passive Safety Systems 
During the December 17, 2025 pre-application meeting, NRC Staff member Shanlai Lu brought 
to Hadron Energy’s attention a conference paper entitled “Long Term Effects and Numerical 
Simulation of Radiolytic Gas, Non-Condensable Gas and Boron Transport for Small Modular 
Light Water Reactors” (presented at the 5th meeting of the NEA Expert Group on SMR, October 
3–4, 2023, Ottawa, Canada). This paper, authored by NRC Staff, identifies three phenomena 
relevant to the long-term performance of passive safety systems in LWR SMRs: 

• Radiolytic gas generation: Hydrogen and oxygen production from water radiolysis 
during extended post-accident cooling, which may accumulate in the annulus between 
the RPV and CV. 

• Non-condensable gas effects: Accumulation of non-condensable gases at 
condensation surfaces (such as the inner CV wall) can reduce condensation heat 
transfer efficiency. The Hadron safety analysis credits convection and conduction 
through the annular fluid as the dominant modes of heat transfer from the RPV to the 
ultimate heat sink. However, for any phase of the design-basis transient where surface 
condensation heat transfer efficiency is credited to substantiate ECCS performance, the 
Chapter 15 analysis will include a rigorous evaluation of non-condensable gas 
degradation effects using validated thermal-hydraulic system codes.   

• Boric acid transport and precipitation: Because the Hadron MMR employs soluble 
boron in the primary coolant via the CVCS, boric acid concentration and precipitation 
during extended post-accident conditions are relevant to the Hadron design. However, 
[[                                                                                                                                                    
                                                                                                                                                      
                                                                                             ]] Boric acid precipitation on 
fuel cladding surfaces at high post-accident concentrations remains a consideration and 
will be evaluated in the Chapter 15 safety analysis. The NRC Staff also directed Hadron 
to review the related IAEA publications on this topic, including ADAMS Accession Nos. 
ML22145A042 and ML23005A225, which address the same long-term boron transport 
and non-condensable gas phenomena for passive light water reactor designs. 

Hadron Energy acknowledges the importance of these phenomena and commits to addressing 
them in the safety analysis. With respect to the Hadron design: 

• The sealed annulus between RPV and CV provides a volume for non-condensable gas 
accumulation that is separate from the primary condensation surfaces, which may 
mitigate NCG effects on heat transfer. 

• The presence of soluble boron in the Hadron primary coolant requires evaluation of boric 
acid concentration and precipitation effects during long-term post-accident conditions. 
The relatively low primary system volume, the passive recirculation flow path, and the 
thermal-hydraulic conditions in the annulus between the RPV and CV will be modeled to 
determine whether localized boron precipitation could occur and, if so, whether it would 
adversely affect heat transfer or reactivity. This analysis will be addressed in the Chapter 
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15 transient and accident analysis using thermal-hydraulic and boric acid transport 
codes, and will account for the boron concentration ranges expected under both normal 
operating and post-accident conditions. 

• The low decay heat inventory of the [[       ]] core (relative to large PWRs) may reduce 
the rate of radiolytic gas generation. 

• A detailed evaluation of the mechanisms of heat transfer that support the Hadron MMR 
safety case. If it is determined that the safety case relies on wall condensation, the NCG 
effects on passive ECCS performance will be addressed using an NRC-approved 
thermal-hydraulic Evaluation Model (EM). For boric acid transport and precipitation, if 
analysis is required, Hadron will use an appropriate, validated boron tracking 
methodology, validated against the NRC’s own SMR-specific analyses referenced in the 
Lu et al. (2023) paper. The validation basis for the NCG condensation degradation 
models will include: (a) the MASLWR integral test facility data from Oregon State 
University, which provides directly applicable experimental data for the RPV-within-CV 
configuration; (b) the NuScale integral LOCA test data referenced in FSER Section 15; 
and (c) separate-effects data from the COSMEA and INKA test programs on 
condensation in the presence of non-condensable gases. Sensitivity analyses will be 
performed to bound the uncertainty in NCG accumulation rates and their effect on long-
term passive ECCS heat transfer performance. 

7.2  Long-Term Containment Cooling and Cooldown Rate 
NRC Staff raised a concern during the December 17 meeting regarding the balance between 
containment cooling rate and design requirements: excessive heat removal by the reactor pool 
could cause a “too fast” cooldown of the reactor coolant system, while insufficient heat removal 
could challenge containment peak pressure limits. Hadron Energy will address this balance in 
the thermal-hydraulic analysis using an NRC-approved thermal-hydraulic EM, including 
evaluation of the cooldown transient response and confirmation that both reactor coolant system 
and containment design limits are met under all postulated conditions. With the containment 
design pressure of approximately [[         ]], the analysis will demonstrate adequate margin 
between the peak containment pressure during a design-basis LOCA and the design limit. The 
safety-related DHRS heat exchangers provide a defense-in-depth means of modulating the 
cooldown rate for non-LOCA events; however, the safety-related containment heat removal 
function (passive CV-to-pool heat transfer) does not depend on the DHRS and is designed to 
meet all acceptance criteria independently. 

7.3  Multi-Module Considerations 
As noted by the NRC Staff, Hadron Energy’s initial licensing basis is a single reactor module. 
However, the ultimate deployment configuration envisions multiple modules sharing a common 
reactor pool. Hadron Energy acknowledges that the single-module PDC presented in this White 
Paper will need to be evaluated in the context of multi-module configurations during the COLA 
review. In the Hadron pool configuration, 
[[                                                                                                                                                                
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                                                                                                                                                ]] 
Consistent with GDC 5, all safety-related systems are functionally independent and not shared 
among modules. Furthermore, any non-safety-related fluid or electrical systems shared between 
modules (such as pool purification or shared CVCS components) will be equipped with robust 
isolation mechanisms. The design will ensure that a fault in a shared system, or a transient in 
one module, is automatically isolated and cannot cascade or degrade the passive safety 
functions of adjacent modules. 

To support the demonstration of safety-related system independence per GDC 5, the pool 
design must establish both thermal and structural independence in multi-module deployments. 
[[                                                         ]], and their integrity is credited for preventing inter-module 
thermal coupling during design-basis and beyond-design-basis accidents. Key failure modes for 
pool barriers - including stress concentration at structural transitions, localized corrosion at the 
steel-concrete interface, and buckling under seismic or thermal loads - will be addressed 
through protective measures such as 
[[                                                                                                              ]]. Sizing calculations for 
each pool will account for decay heat from the corresponding module alone, and will 
demonstrate that no compromise to ultimate heat sink function occurs even during hypothetical 
simultaneous multi-module accidents. Three-dimensional thermal-hydraulic analyses will 
demonstrate pool temperature stratification behavior, inter-module heat transfer pathways, and 
confirmation that natural circulation cooling flows remain adequate within each pool even with 
adjacent modules at elevated decay heat loads. The analysis will further establish that structural 
failure of one pool barrier cannot lead to cascading failures affecting adjacent modules, through 
explicit evaluation of pressure transients, fluid migration pathways, and barrier isolation 
effectiveness. 

Multi-module accident analysis will evaluate scenarios in which the initiating event affects 
multiple modules (e.g., loss of offsite power, external hazards, common-cause failures in shared 
facility systems). For such scenarios, the analysis will demonstrate that: (1) each module’s 
passive safety systems function independently; (2) pool inventory remains adequate for decay 
heat removal from all affected modules; (3) no shared structure or service can propagate failure 
from one module to another; and (4) the combined decay heat load from simultaneous multi-
module operation does not exceed the pool’s passive cooling capacity. This multi-module 
analysis approach is consistent with the NRC’s draft technical guidance on multi-module risk 
assessment and the regulatory framework established during the NuScale design certification 
(FSER Chapter 21). 

7.4  Pre-Application Engagement on Safety System Testing 
The NRC Staff recommended during the December 17, 2025 meeting that Hadron Energy 
pursue a dedicated pre-application engagement focused on the testing methodologies and 
validation approaches for safety systems. Hadron Energy concurs that this area is critical to 
licensing success, particularly given the passive nature of the safety systems, and intends to 
request a pre-application meeting with the NRC Staff on testing and safety system validation 
methods at the appropriate stage of design maturity. This engagement will address the 
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verification and validation of passive system performance, including the proposed use of high-
fidelity simulator models and Simulator-Informed Engineering (SIE) to supplement existing 
integral test data (e.g., MASLWR) and inform the scaling and validation of Emergency Core 
Cooling System (ECCS) thermohydraulics. This discussion will also cover planned startup 
testing for containment heat removal (PDC 40), ECCS valve operability, and natural circulation 
cooling capability. 

8.0  SUMMARY OF PROPOSED PDC AND EXEMPTIONS 
The following tables summarize all exemptions proposed in this White Paper. 

GDC Exemptions: 

GDC Subject Proposed Action NuScale Precedent 

17 Electric Power 
Systems 

Exempt: Safety functions 
achieved passively without 
electrical power 

Approved (FSER §3.1, 8.2, 
8.3.1) 

18 Electric Power 
Inspection 

Conforming change to GDC 17 
exemption 

Approved as conforming 
change 

19 Control Room / 
Shutdown 

Substitute “safe shutdown” 
(keff < 0.99, Tcoolant < 420°F) 
for “cold shutdown” 

Approved (FSER §3.1, 5.4, 
7.0) 

27 Reactivity Control Remove active ECCS poison 
injection; passive boron 
addition system included in 
ECCS 

Approved (FSER §3.1) 

33 Coolant Makeup No dedicated makeup system; 
containment retains inventory 

Approved (FSER §9.3.4, 6.3) 

34 Residual Heat 
Removal 

Remove electric power 
provisions; passive system 

Approved as GDC 17 
conforming change 

35 Emergency Core 
Cooling 

Remove electric power 
provisions; passive ECCS 

Approved as GDC 17 
conforming change 

38 Containment Heat 
Removal 

Remove electric power 
provisions; passive system 

Approved as GDC 17 
conforming change 

40 Containment HR 
Testing 

Exempt periodic testing; no 
active components 

Approved (FSER §6.2) 

41 Atmosphere 
Cleanup 

Remove electric power 
provisions 

Approved as GDC 17 
conforming change 
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44 Cooling Water Remove electric power 
provisions; passive UHS 

Approved as GDC 17 
conforming change 

52 Containment Leak 
Testing 

Replace ILRT with ASME III + 
Type B/C testing 

Approved (FSER §6.2.6) 

55 Containment 
Isolation 

Dual valves outside CV; no-
break zone 

Approved (FSER §5.4.4, 6.2.4) 

56 Containment 
Isolation 

Dual valves outside CV or 
valve + closed system 

Approved (FSER §6.2.4) 

57 Containment 
Isolation 

Exempt: Containment isolation 
for closed systems consistent 
with NuScale precedent. 

Approved (FSER §6.2.4) 

 
Non-GDC Regulatory Exemptions (Section 6.0): 

Regulation Subject Proposed Action NuScale Precedent 

50.46a / 50.34(f)(2)(vi) RCS High Point Vents Exempt: Integral RPV 
has no external piping 
high points 

Approved (FSER 
§5.4.5, 6.2) 

50.34(f)(2)(xvii)(C) Combustible Gas 
Monitoring 

Exempt: Compact 
containment; 
alternative monitoring 
provisions 

Approved (FSER 
§6.2.5) 

50.62(c)(1) ATWS Diverse Turbine 
Trip 

Exempt: Passive 
safety features; 
inherent reactivity 
feedback 

Approved (FSER §7.1, 
15.8) 

50.60 / 50.61 Fracture Toughness / 
PTS 

Exempt: Small vessel, 
low fluence, well below 
PTS thresholds 

Approved (FSER 
§5.3.4, 5.3.5) 

50.34(f)(2)(xx) / (xiii) Pressurizer Power 
Requirements 

Exempt: Passive 
natural circulation; no 
powered pressurizer 
functions 

Approved (FSER 
§5.4.6) 

50.34(f)(2)(iv)(E) Containment High-Rad 
Isolation 

Exempt: Process-
based isolation 
signals; no large purge 
systems 

Approved (FSER 
§6.2.4) 
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Appendix K / 
50.46(a)(1)(i) 

ECCS Evaluation Model 
/ LOCA Spectrum 

Exempt: Alternative 
evaluation 
methodology for 
passive ECCS 

Approved (FSER §15, 
6.3) 

50.34(f)(2)(viii) Post-Accident Sampling Exempt: Installed 
instrumentation; 
compact sealed 
containment 

Approved (FSER 
§12.3) 
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9.0  CONCLUSION AND REQUESTED NRC ACTION 
Hadron Energy, Inc. has presented in this White Paper its proposed approach to establishing 
Principal Design Criteria for the Hadron Modular Microreactor, along with additional non-GDC 
regulatory exemptions that are integral to the overall licensing framework. The proposed PDC 
and exemptions are founded on a clear technical basis rooted in the Hadron design’s passive 
safety architecture, which achieves all safety functions without reliance on active systems or 
electrical power. Each proposed exemption is supported by regulatory precedent established 
during the NuScale Power Standard Design Approval review, and each satisfies the special 
circumstances criteria of 10 CFR 50.12(a)(2). 

Hadron Energy recognizes that certain analytical elements referenced in this White Paper - 
particularly the Chapter 15 transient analysis, the detailed safe shutdown parameter definition, 
and the no-break zone structural analysis - are under development and will be provided in the 
formal Manufacturing License and Combined License applications. This White Paper is intended 
to establish the regulatory framework and design basis for these future submissions, and to 
solicit NRC Staff feedback at an early stage to ensure efficient and effective regulatory 
engagement. 

Hadron Energy respectfully requests that the NRC Staff: 

• Review this White Paper and provide written feedback on the proposed approach to 
PDC and the identified exemptions. 

• Provide feedback on whether the NuScale exemption precedent is an acceptable 
starting point for the Hadron exemption requests identified herein. 

• Identify any additional information or analysis that should be provided in the formal 
exemption requests to facilitate Staff review. 

• Provide guidance on the appropriate format and level of detail for the formal exemption 
requests within the ML and COLA applications. 

Hadron Energy is committed to continued productive pre-application engagement with the NRC 
and welcomes the opportunity to discuss the contents of this White Paper in a follow-up meeting 
at the Staff’s convenience. 
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APPENDIX A: GDC ADOPTED WITHOUT MODIFICATION OR WITH 
CLARIFICATION 
The following General Design Criteria from 10 CFR 50, Appendix A are adopted by Hadron 
Energy as Principal Design Criteria for the Hadron MMR, either without modification or with 
design-specific clarification as noted. In each case, the Hadron design meets or exceeds the 
criterion. No exemption is sought for any criterion listed in this appendix. 

Note on GDC Numbering: The GDC in 10 CFR 50, Appendix A are numbered GDC 1–5, 10–16, 
20–32, 34–46, 50–57, and 60–64. Numbers 6–9, 47–49, and 58–59 are not assigned in the 
NRC’s original GDC structure as established when the criteria were first issued in 1971. GDC 
17, 18, 19, 27, 33, and certain provisions of GDC 34, 35, 38, 40, 41, 44, 52, 55, 56 and 57 are 
addressed in Section 5.0 of this White Paper. The omission of unassigned GDC numbers from 
this appendix does not reflect an inadvertent exclusion. 

 
I. Overall Requirements 

GDC 1  -  Quality Standards and Records: Adopted without modification. 

GDC 2  -  Design Bases for Protection Against Natural Phenomena: Adopted without 
modification. 

GDC 3  -  Fire Protection: Adopted without modification. 

GDC 4  -  Environmental and Dynamic Effects Design Bases: Adopted with clarification (integral 
design eliminates large-bore primary coolant piping, precluding large pipe whipping events). 

GDC 5  -  Sharing of Structures, Systems, and Components: Adopted without modification 
(single-module licensing basis). 

II. Protection by Multiple Fission Product Barriers 

GDC 10  -  Reactor Design: Adopted without modification. 

GDC 11  -  Reactor Inherent Protection: Adopted without modification. 

GDC 12  -  Suppression of Reactor Power Oscillations: Adopted without modification. 

GDC 13  -  Instrumentation and Control: Adopted without modification. 

GDC 14  -  Reactor Coolant Pressure Boundary: Adopted without modification. 

GDC 15  -  Reactor Coolant System Design: Adopted without modification. 

GDC 16  -  Containment Design: Adopted without modification. 

III. Protection and Reactivity Control Systems 

GDC 20  -  Protection System Functions: Adopted without modification. 
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GDC 21  -  Protection System Reliability and Testability: Adopted without modification. 

GDC 22  -  Protection System Independence: Adopted without modification. 

GDC 23  -  Protection System Failure Modes: Adopted without modification. 

GDC 24  -  Separation of Protection and Control Systems: Adopted without modification. 

GDC 25  -  Protection System Requirements for Reactivity Control Malfunctions: Adopted 
without modification. 

GDC 26  -  Reactivity Control System Redundancy and Capability: Adopted with 
clarification. The Hadron design meets GDC 26 with respect to the control rod system design 
and shutdown margin capability. The control rod system provides two independent means of 
reactivity control: (1) a system of control rods capable of reliably controlling reactivity changes 
during normal operations, and (2) a system capable of holding the reactor subcritical under cold 
conditions, including an appropriate margin for a single stuck rod. The clarification pertains to 
the relationship between GDC 26 (control rod system redundancy and capability) and the 
modified GDC 27 (Section 5.3), in which 
[[                                                                                                                                                                
                                                                                                                                                     ]] 

GDC 28  -  Reactivity Limits: Adopted without modification. 

GDC 29  -  Protection Against Anticipated Operational Occurrences: Adopted without 
modification. 

IV. Fluid Systems 

GDC 30  -  Quality of Reactor Coolant Pressure Boundary: Adopted without modification. 

GDC 31  -  Fracture Prevention of Reactor Coolant Pressure Boundary: Adopted without 
modification. 

GDC 32  -  Inspection of Reactor Coolant Pressure Boundary: Adopted without modification. 

GDC 36  -  Inspection of Emergency Core Cooling System: Adopted without modification. 

GDC 37  -  Testing of Emergency Core Cooling System: Adopted with clarification. The 
Hadron ECCS contains no active components (no pumps, powered valves, or injection 
systems). Testing of the ECCS focuses on verification of passive flow paths, valve operability 
for ECCS vent valves (which are designed to fail open passively when required, regardless of 
the valve actuation configuration selected), 
[[                                                                                                                                                                
                                                                                                                                   ]] Functional 
testing of active ECCS injection systems is not applicable. 

GDC 39  -  Inspection of Containment Heat Removal System: Adopted without modification. 
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GDC 42  -  Inspection of Containment Atmosphere Cleanup Systems: Adopted without 
modification. 

GDC 43  -  Testing of Containment Atmosphere Cleanup Systems: Adopted with 
clarification. The Hadron containment atmosphere cleanup function is not accomplished by 
active, safety-related systems. The sealed containment inherently limits atmospheric 
contamination. Passive autocatalytic recombiners (PARs) or equivalent passive provisions will 
be incorporated for post-accident hydrogen management; testing will focus on verification of 
PAR operability and placement. Testing of active containment atmosphere cleanup system 
components is not applicable. 

GDC 45  -  Inspection of Cooling Water System: Adopted without modification. 

GDC 46  -  Testing of Cooling Water System: Adopted without modification. 

V. Reactor Containment 

GDC 50  -  Containment Design Basis: Adopted with clarification (containment design accounts 
for passive heat transfer to reactor pool as ultimate heat sink). 

GDC 51  -  Fracture Prevention of Containment Pressure Boundary: Adopted without 
modification. 

GDC 53  -  Provisions for Containment Testing and Inspection: Adopted without modification. 

GDC 54  -  Piping Systems Penetrating Containment: Adopted without modification. 

VI. Fuel and Radioactivity Control 

GDC 60  -  Control of Releases of Radioactive Materials to the Environment: Adopted without 
modification. 

GDC 61  -  Fuel Storage and Handling and Radioactivity Control: Adopted without modification. 

GDC 62  -  Prevention of Criticality in Fuel Storage and Handling: Adopted without modification. 

GDC 63  -  Monitoring Fuel and Waste Storage: Adopted without modification. 

GDC 64  -  Monitoring Radioactivity Releases: Adopted without modification. 


