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Paul,
 
The Petition Review Board (PRB) has completed its initial assessment of the petition you
submitted on October 16, 2020. Your petition requested that the U.S. Nuclear Regulatory
Commission (NRC) take enforcement action against licensees of all Boiling Water Reactors
(BWRs) with Mark I containment systems in the form of a suspension of operating licenses
until all hardened containment vent systems (HCVSs) are replaced.  The basis of your
petition is that the hardened containment vent (HCV) requirements in NRC Order EA-13-
109 did not account for the thermal energy produced by chemical reactions that would
occur during a severe accident (SA) and, therefore, would not prevent a BWR Mark I
primary containment from failing in an SA.  The petition includes various SA phenomena
that could cause higher flow than what the HCV is designed to pass.
 
The PRB performed its initial assessment to determine whether the petition meets the
applicable acceptance criteria in NRC’s Management Directive MD 8.11, “Review Process
for 10 CFR 2.206 Petitions,” and its associated Handbook (DH) 8.11, Section III.C.1
(Agencywide Documents Access and Management System (ADAMS) Accession number
ML18296A043).  The PRB’s initial assessment is that in issuing NRC Order EA 13-109 and
since, the NRC did consider and/or analyze and document the SA conditions included in
your petition. 
 
The objective of the HCV is not to be able to be used by itself to prevent containment
failure.  Instead, the HCV is one of a range of tools that the operators could use to prevent
or mitigate an environmental release.  This is documented as shown below in NRC Order
EA 13-109 in Section II:
 
“On March 12, 2012, the NRC issued Order EA-12-050 requiring the Licensees identified in
Attachment 1 to this Order to implement requirements for a reliable hardened containment
venting system (HCVS) for Mark I and Mark II containments. Order EA-12-050 required
licensees of BWR facilities with Mark I and Mark II containments to install a reliable HCVS to
support strategies for controlling containment pressure and preventing core damage following
an event that causes a loss of heat removal systems (e.g., an extended loss of electrical power).
 
The requirements in this Order, in addition to providing a reliable HCVS to assist in preventing
core damage when heat removal capability is lost (the purpose of EA-12-050), will ensure that
venting functions are also available during severe accident conditions.  Severe accident
conditions include the elevated temperatures, pressures, radiation levels, and combustible gas
concentrations, such as hydrogen and carbon monoxide, associated with accidents involving
extensive core damage, including accidents involving a breach of the reactor vessel by molten
core debris.
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Ensuring that the venting functions are available under severe accident conditions will support
the strategies in the Mark I and Mark II severe accident management guidelines for the
protection or recovery of the containment, which serves as a barrier to the release of
radioactive materials.
 
This Order will ensure that this additional severe accident venting capability is provided while
also achieving, with minimal delays, the purpose of EA-12-050 - to provide a reliable HCVS to
control containment pressure and prevent core damage following the loss of heat removal
functions.”
 
For accidents that are beyond the design basis, the operator would use the SA
management guidelines (SAMGs) to prevent or mitigate a release.  SAMGs include lists of
equipment that the operator could use.  The operator would decide what equipment to use
based on its availability and its potential effect on an environmental release.  
 
To explore potential enhancements to measures for preventing and mitigating a release,
the NRC performed a study documented in NUREG-2206 which was issued in March 2018
(ADAMS ML18065A048).  The study applied the NRC’s MELCOR code to simulate
accident progression and source term for a range of SA scenarios.  The MELCOR code
includes models for SA phenomena that could contribute to containment pressurization
including the following:
 

Steam oxidation of zirconium and steel producing hydrogen and heat
Steam oxidation of boron carbide producing heat, hydrogen, and carbon monoxide
Reflooding of an uncovered core producing steam
Core debris relocation into residual water in the reactor vessel lower plenum
producing steam
Core debris relocation onto the containment floor producing steam, hydrogen, and
carbon monoxide by corium-concrete interaction

 
The study considered a range of mitigation strategies including severe accident water
addition (SAWA) and severe accident water management (SAWM) and venting with the
HCV.  The study demonstrated that the HCV was a beneficial part of strategies for
preventing and mitigating releases and concluded that additional regulatory requirements
were not justified.
 
The staff is aware of the potential for re-criticality as a result of relocation of control rods
from the core and reflooding the core with un-borated water.  However, the staff does not
believe that this issue affects the conclusions of the NUREG-2206 study, because of 1) the
limited time period for simultaneously having relocated control rods and intact fuel
assemblies and 2) the limited likelihood having a core-wide occurrence of relocated control
rods and intact fuel assemblies.  NRC GSI 155 "Generic Concerns Arising from TMI-2
Cleanup" Rev. 3 (ADAMS ML11353A382) considers the potential for recriticality in BWRs
during SA conditions on page 3.155-5.  Recriticality would require a core reflood occurring
specifically after all control rods have melted but prior to the occurrence of significant fuel
rod melting.  This is a very narrow window in a SA event of which operators are aware. 
Due to the extreme unlikelihood of a recriticality event occurring, the event was not explicitly
modeled in the analysis documented in SECY-12-0157 that supported the basis for the SA



capabilities of the HCVS.   Similarly, because of the very remote chance of a recriticality
event, the EA-13-109 Attachment 2, Section 1.2.1 requirement that HCVS be designed for
1% of licensed thermal power does not consider such an event.
 
For a petition to be accepted under the DH 8.11 acceptance criteria in Section III.C.1(b)(ii),
the initial criterion and one of three circumstances need to apply.   Therefore, because your
petition meets the DH 8.11 acceptance criteria in Section III.C.1(b)(ii) ‘The issues raised
have previously been the subject of a facility-specific or generic NRC staff review….’ but
none of the additional Section III.C.1(b)(ii) circumstances apply, the PRB’s initial
assessment is to not accept your petition for review. 
 
I offer you the opportunity to clarify or supplement your petition in a public meeting with the
PRB. If you decide to take advantage of this opportunity, the meeting with the PRB would
be conducted consistent with the format described in MD 8.11 Section III.F.  The PRB will
consider your statements and information presented at the meeting, along with the original
petition, in making its final determination on whether to accept your petition for review. 
Please indicate by December 30, 2020, whether you wish to have this public meeting.
 
If you have any questions regarding this e-mail, please feel free to contact me at
perry.buckberg@nrc.gov.
 
Thanks,
Perry Buckberg 
Senior Project Manager / Agency 2.206 Petition Coordinator
U.S. Nuclear Regulatory Commission
Office of Nuclear Reactor Regulation
office: (301)415-1383
perry.buckberg@nrc.gov
Mail Stop O-8B1a,  Washington, DC, 20555-0001
 

Petition Information NRC Response
III.C.
The Vents the NRC Requires
Would Not Prevent a BWR Mark
I Primary Containment from
Failing in a SA

Order EA-13-109 requires installation of reliable HCVs that will not
only assist in preventing core damage when heat removal capability
is lost, but will also function in SA conditions (i.e., when core
damage has occurred). The objective of the HCV is not to be able to
be used by itself to prevent containment failure.  Instead, the HCV is
one of a range of tools that the operators could use to prevent or
mitigate an environmental release. Order EA-13-109 venting
upgrades are intended to increase confidence in maintaining the
containment function following core damage events.  

III.C.1.
The NRC’s Explanation of the
Basis for the Capacity of the
Vents Required by Order EA-13-
109 does not address SA
chemical reactions as sources of
heat addition

In NUREG 2206, the NRC considered all the phases of SAs from
heat up of the core to fuel degradation and debris relocation to the
lower plenum and finally failure of the reactor lower head. NUREG
2206 assumed that the HCVS required by Order EA-13-109 was in
place. In considering all phases of a SA, by definition NUREG 2206
explicitly discusses hydrogen generation and molten core concrete
interactions that result from core degradation in a SA. Section 3 of
NUREG-2206 provides a detailed discussion of the plant model
including the boundary conditions (e.g., operator control, severe
accident water addition) and run matrix and the results of accident
progression (see Figure 3-14 for snapshots of core degradation
process until lower head failure). For example, Table 3-4 contains
the total hydrogen generation in the core and figure 3-16 shows the
post core damage vent operation and containment pressure
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response.
III.C.2.
The Thermal Energy Generated
during the Flooding of a Melting-
Down Reactor

The MELCOR SA progression in NUREG-2206 considers all
material oxidation processes including boron carbide (B4C) neutron
absorber materials by steam and hydrogen generation upon failure
of the control blade sheaths. The details of B4C model can be found
in “MELCOR Computer Code Manuals, Vol. 2: Reference Manual,
Version 2.2.9541,” SAND 2017-0876 O, Sandia National
Laboratories, January 2017 (ADAMS Accession No.
ML17040A420).  This is discussed in Section 2.5 on page COR-RM-
83 of the manual.

III.C.2.a.
Plant Workers Might Flood a
BWR Core without Knowing Its
Actual Condition

NUREG 2206 considered a sensitivity calculation with water addition
shortly after core heat up and prior to vessel breach when the water
level reaches the bottom of active fuel.  Core cooling led only to a
delay in the timing of containment venting, but significantly reduced
the amount of radionuclide release to the environment. This
sensitivity calculation is discussed on pages 3-56 through 3-58.

III.C.3.
The Thermal Energy Generated
if Molten Materials in the Reactor
Relocate Downward and
Vaporize Large Quantities of
Water

Relocation of debris to the lower plenum is explicitly modeled in the
code calculations documented in NUREG 2206.  This phenomena
leads to transfer of energy from the hot debris to the water present
in the lower plenum resulting in boiling off the water and in some
cases to a pressure spike inside the RPV.  However, the
containment is successfully vented at primary containment pressure
limit.  An example of this phenomena can be found in Figure 3-10.

III.C.4.
The Fission Chain Reaction
(Criticality) May Recommence
During a BWR SA

NRC GSI 155 "Generic Concerns Arising from TMI-2 Cleanup" Rev.
3  includes a potential for recriticality in BWRs during SA conditions
on page 3.155-5.  Recriticality would require a core reflood occurring
specifically after all control rods have melted but prior to the
occurrence of significant fuel rod melting.  This is a very narrow
window timewise that operators are aware of.  Due to this extreme
unlikelihood of a recriticality event occurring, the event was not
explicitly modeled in the analysis documented in SECY-12-0157 that
supported the basis for the SA capabilities of the HCVS including
the EA-13-109, Attachment 2 Section 1.2.1 requirement that
provides the requirement that the HCVS be designed for 1 percent
of licensed thermal power.  Subsequent analysis documented in
NUREG 2206 and SECY 16-0041 modeled several SA scenarios
and demonstrates that additional changes to the HCVS to
accommodate a higher thermal power meet neither the adequate
protection threshold or the cost justified substantial safety benefit
requirements for ordering a change to the HCVS design.

III.C.5.
There Is No Guarantee the
Vents the NRC Requires Would
Prevent the Containment from
Failing in a SA

SECY 16-0041 Enclosure 1 (ADAMS ML16049A291) specifically
looks at pressure and temperatures associated with SA phenomena
and provides reasonable assurance that containment failure can be
prevented when a SA occurs. 
NUREG 2206 concludes that venting alone is not necessarily an
adequate means to prevent containment failure as venting does not
prevent other modes of containment failure (liner melt-through and
over-temperature failure of the upper drywell head, bypass of the
suppression pool and direct release of radioactivity to the
environment). A combination of venting and water injection is
required to prevent such failures.



Note: The requirement for an HCV is to provide an accident management tool for the operators to use in
combination with other accident management tools (such as water addition) to prevent or mitigate a release during
an accident that is beyond the design basis.  Use of an HCV by itself may not be sufficient to prevent containment
failure for an accident that is beyond the design basis.
 




