Proposed - For Interim Use and Comment

U.S. NUCLEAR REGULATORY COMMISSION

DESIGN-SPECIFIC REVIEW STANDARD
FOR mPOWERTM iPWR DESIGN
4.3

NUCLEAR DESIGN

REVIEW RESPONSIBILITIES
Primary -

Organization responsible for the review of the assessment of reactor physics,
neutronics, and nuclear design

Secondary - None
I.

AREAS OF REVIEW

This Design Specific Review Standard (DSRS) section provides and discusses the nuclear
design bases for the B&W mPower integral pressurized-water reactor (iPWR) fuel system and
reactivity control system. This section covers nuclear and reactivity control limits such as excess
reactivity, fuel burnup, negative reactivity feedback, core design lifetime, fuel replacement
program, reactivity coefficients, stability criteria, maximum controlled reactivity insertion rates,
control of power distribution, shutdown margins, stuck rod criteria for both main control rod
sequences, rod speeds, mechanical shim control, and injected and burnable poison
requirements. The reviewer should be aware of mPower design features that differ from
traditional pressurized-water reactor (PWR) nuclear design considerations.
The review of the nuclear design of the fuel assemblies, control systems, and reactor core is
carried out to aid in confirming that fuel design limits will not be exceeded during normal
operation or anticipated operational transients and that the effects of postulated reactivity
accidents will not cause significant damage to the reactor coolant pressure boundary or impair
the capability to cool the core and to assure conformance with the requirements of General
Design Criteria (GDC) 10, 11, 12, 13, 20, 25, 26, 27, and 28.
The specific areas of review are as follows:
1.

Confirmation that design bases are established as required by the appropriate GDC.

2.

The areas concerning core power distribution, including the following:
A.

The presentation of expected power distributions including normal and extreme
cases for steady-state and allowed load-follow transients and covering a full
range of reactor conditions of time in cycle, allowed control rod positions, and
possible fuel burnup distributions. Predictions and calculations, by the applicant,
are needed and required by the staff.

B.

The presentation of the core power distributions as axial, radial, and local
distributions and peaking factors to be used in the transient and accident
analyses. As discussed in Regulatory Guide (RG) 1.206, power distributions
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within fuel pins is also required. These within-pin power distributions are
important for iPWR applications as they affect isotopic buildup/burnup. The
effects of phenomena such as fuel densification should be included in these
distributions and factors.

3.

C.

The translation of the design power distributions into operating power
distributions, including instrument-calculation correlations; operating procedures
and measurements; and necessary limits on these operations.

D.

The requirements for instruments, the calibration and calculations involved in
their use, and the uncertainties involved in translation of instrument readings into
power distributions.

E.

Limits and setpoints for actions, alarms, or scram for the instrument systems and
demonstration that these systems can maintain the reactor within design power
distribution limits.

F.

Measurements in previous reactors and critical experiments and their use in the
uncertainty analyses and the measurements to be made on the reactor under
review, including startup confirmatory tests and periodically required
measurements.

G.

The translation of design limits, uncertainties, operating limits, instrument
requirements, and setpoints into technical specifications.

The areas concerning reactivity coefficients. These are:
A.

The applicant’s presentation of calculated nominal values for the reactivity
coefficients, such as the moderator coefficient, which involves primarily effects
from density changes and takes the form of temperature, void, or density
coefficients; the Doppler coefficient; and power coefficients. The range of reactor
states to be covered includes the entire operating range from cold shutdown
through full power and the extremes reached in transient and accident analyses.
It includes the extremes of time in cycle and an appropriate range of control rod
insertions for the reactor states. The applicant needs to demonstrate that the
coefficients used are conservative. The applicant should provide information on
reactivity coefficients in the form of curves covering the full applicable range of
the variables. The difference between intra- and inter-assembly moderator
coefficients, as discussed in RG 1.206, needs to be discussed.

B.

The applicant’s presentation of uncertainty analyses for nominal values, including
the magnitude of the uncertainty and the justification of the magnitude by
examination of the accuracy of the methods used in calculations (Section 4.3.3 of
the applicant’s technical information submittal), and comparison where possible
with reactor experiments. For comparisons to experiments, it is important for the
applicant to show that the experiments are applicable and relevant.

C.

The applicant’s combination of nominal values and uncertainties to provide
suitably conservative values for use in reactor steady-state analysis (primarily
control requirements in Section 4.3.2.4 of the applicant’s technical information
submittal), stability analyses (Section 4.3.2.7 of the applicant’s technical
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information submittal), and the transient and accident analyses presented in
Chapter 15 of the applicant’s technical information submittal.
4.

The areas concerning reactivity control requirements and control provisions. These are:
A.

The control requirements and provisions for control necessary to compensate for
long-term reactivity changes of the core. These reactivity changes occur
because of depletion of the fissile material in the fuel, depletion of burnable
poison in some of the fuel rods, and buildup of fission products and transuranic
isotopes.

B.

The control requirements and provisions for control needed to compensate for
the reactivity change caused by changing the temperature of the reactor from the
hot zero power condition to the cold shutdown condition.

C.

The control requirements and provisions for control needed to compensate for
the reactivity effects caused by changing the reactor power level from full power
to zero power.

D.

The applicant needs to provide tables and discussions on control requirements
and provisions at beginning of life (BOL), end of life (EOL), and intermediate
times during the fuel cycle.

E.

The control requirements and provisions for control needed to compensate for
the effects on the power distribution and stability of the high cross-section
neutron capture of the fission product nuclide xenon-135.

F.

The adequacy of the control systems to assure that the reactor can be returned
to and maintained in the cold shutdown condition at any time during operation.
The applicant shall discuss shutdown margins (SDM). Shutdown margins need
to be demonstrated by the applicant throughout the fuel cycle.

G.

The applicant’s analysis and experimental basis for determining the reactivity
worth of a “stuck” control rod of highest worth and margins for stuck rods.

H.

Uncertainties associated with the control rods needs to be considered, including:
i.
ii.
iii.
iv.
v.

I.
5.

Manufacturing tolerances
Methods errors
Operation other than planned
Control element absorber depletion
Measurement uncertainty in shutdown margin demonstration

The provision of two independent control systems.

The areas of control rod patterns and reactivity worths. These are:
A.

Descriptions and figures indicating the control rod patterns expected to be used
throughout a fuel cycle. This includes operation of single rods or of groups, or
banks of rods, rod withdrawal order, and insertion limits as a function of power
and core life.
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B.

Descriptions of allowable deviations from the patterns indicated above, such as
for misaligned rods, stuck rods, or rod positions used for spatial power shaping.

C.

Descriptions, tables, and figures of the maximum worths of individual rods or
banks as a function of position for power and cycle life conditions appropriate to
rod withdrawal transients and accidents. Descriptions and curves of maximum
rates of reactivity increase associated with rod withdrawals, experimental
confirmation of rod worths or other factors justifying the reactivity increase rates
used in control rod accident analyses, and equipment, administrative procedures,
and alarms which may be employed to restrict potential rod worths should be
included.

D.

Descriptions and graphs of scram reactivity as a function of time after scram
initiation and other pertinent parameters, including methods for calculating the
scram reactivity.

6.

The area of criticality of the reactor during refueling. Discussions and tables giving
values of keff for single assemblies and groups of adjacent fuel assemblies up to the
number required for criticality, assuming the assemblies are dry and also immersed in
water, are reviewed. The applicant needs to describe the basis for assuming that the
maximum stated keff will not be exceeded.

7.

The areas concerning stability. These are:

8.

9.

A.

As per Section C.1.4.3.2.7 in RG 1.206, phenomena and reactor aspects that
influence the stability of the nuclear reactor will be discussed by the applicant.

B.

Calculations and considerations given to xenon-induced spatial oscillations.

C.

Potential stability issues due to other phenomena or conditions, as presented by
the applicant.

D.

Verification of the analytical methods for comparison with measured data.

The areas concerning analytical methods. These are:
A.

Descriptions of the analytical methods used in the nuclear design, including
those for predicting criticality, reactivity coefficients, burnup, and stability.

B.

The database and/or nuclear data libraries used for neutron cross-section data
and other nuclear parameters, including delayed neutron and photoneutron data
and other relevant data.

C.

Verification of the analytical methods for comparison with measured data.

The areas concerning pressure vessel irradiation. These are:
A.

Neutron flux spectrum above 1 million electron volts (MeV) in the core, at the
core boundaries, and at the inside pressure vessel wall.
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B.

Assumptions used in the calculations, these include the power level, the use
factor, the type of fuel cycle considered, and the design life of the vessel.

C.

Computer codes used in the analysis.

D.

The database for fast neutron cross-sections.

E.

The geometric modeling of the reactor, support barrel, water annulus, and
pressure vessel.

F.

Uncertainties in the calculation.

10.

Inspections, Tests, Analyses, and Acceptance Criteria (ITAAC). For design certification
(DC) and combined license (COL) reviews, the staff reviews the applicant’s proposed
ITAAC associated with the structures, systems, and components (SSCs) related to this
DSRS section in accordance with DSRS Section 14.3, “Inspections, Tests, Analyses,
and Acceptance Criteria.” The staff recognizes that the review of ITAAC cannot be
completed until after the rest of this portion of the application has been reviewed against
acceptance criteria contained in this DSRS section. Furthermore, the staff reviews the
ITAAC to ensure that all SSCs in this area of review are identified and addressed as
appropriate in accordance with DSRS Section 14.3.

11.

COL Action Items and Certification Requirements and Restrictions. For a DC
application, the review will also address COL action items and requirements and
restrictions (e.g., interface requirements and site parameters).
For a COL application referencing a DC, a COL applicant must address COL action
items (referred to as COL license information in certain DCs) included in the referenced
DC. Additionally, a COL applicant must address requirements and restrictions
(e.g., interface requirements and site parameters) included in the referenced DC.

Review Interfaces
Other DSRS sections interface with this section as follows:
1.

The organization responsible for the review/assessment of nuclear design reviews the
thermal, mechanical, and materials design of the fuel system as part of its review
responsibility for (DSRS) Section 4.2.

2.

The organization responsible for the review/assessment of nuclear design reviews
thermal margins, adequacies of power distribution limits, the effects of corrosion
products (crud), and the acceptability of hydraulic loads as part of its review
responsibility for DSRS Section 4.4.

3.

The organization responsible for the review/assessment of nuclear design verifies that
reactivity control requirements for anticipated transients without scram (ATWS),
including the minimum required boron concentration and system flow capability relative
to the size of the reactor vessel are met, as part of its primary review responsibility for
DSRS Section 15.8 and the section that includes the boron injection tanks.

4.

The organization responsible for the review/assessment of nuclear design reviews
postulated fuel failures resulting from overheating of cladding, overheating of fuel pellets,
excessive fuel enthalpy, pellet/cladding interaction, and bursting as part of its
responsibilities in DSRS Chapter 15.
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5.

The organization responsible for the review/assessment of nuclear design verifies
compliance with requirements applicable to reactivity accidents (GDC 28) as part of its
review responsibility for DSRS Sections 15.4.8 and 15.4.9.

In addition, the organization responsible for the review/assessment of nuclear design will
coordinate with other organization’s evaluations that interface with the overall review of the
system as follows:
1.

The organization responsible for materials and chemical engineering reviews the
neutron-induced embrittlement of the reactor vessel materials as part of its review
responsibility for DSRS Sections 5.3.1 and 5.3.2.

2.

The organization responsible for instrumentation and control (I&C) reviews the adequacy
of proposed instrumentation to meet the requirements for maintaining the reactor
operating within defined limits as part of its review responsibility for DSRS Sections 7.1
through 7.6.

3.

The organization responsible for nuclear plant systems verifies that the new fuel will be
maintained in a subcritical status during all credible conditions as part of its review
responsibility for DSRS Section 9.1.1.

4.

The organization responsible for the review/assessment of the probabilistic risk analysis
under SRP Chapter 19 verifies shutdown risk considering the potential for operator
errors that could cause criticality issues and the probabilities of failures of reactivity
control systems have been accounted for in the assessment of accident sequences
involving challenges to the nuclear design.

II.

ACCEPTANCE CRITERIA

Requirements
Acceptance criteria are based on meeting the relevant requirements of the following
Commission regulations:
1.

GDC 10 requires that acceptable fuel design limits be specified that are not to be
exceeded during normal operation, including the effects of anticipated operational
occurrences.

2.

GDC 11 requires that, in the power operating range, the prompt inherent nuclear
feedback characteristics tend to compensate for a rapid increase in reactivity.

3.

GDC 12 requires that power oscillations that could result in conditions exceeding
specified acceptable fuel design limits are not possible or can be reliably and readily
detected and suppressed.

4.

GDC 13 requires provision of I&C to monitor variables and systems that can affect the
fission process over anticipated ranges for normal operation, anticipated operational
occurrences and accident conditions, and to maintain the variables and systems within
prescribed operating ranges.

5.

GDC 20 requires automatic initiation of the reactivity control systems (RCSs) to assure
that acceptable fuel design limits are not exceeded as a result of anticipated operational
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occurrences and to assure automatic operation of systems and components that are
important to safety occurs under accident conditions. There are usually primary and
secondary independent RCSs.
6.

GDC 25 requires that no single malfunction of the RCSs (this does not include rod
ejection or dropout) causes violation of the acceptable fuel design limits.

7.

GDC 26 requires that two independent RCSs of different design be provided, and that
each system have the capability to control the rate of reactivity changes resulting from
planned, normal power changes. One of the systems must be capable of reliably
controlling anticipated operational occurrences. In addition, one of the systems must be
capable of holding the reactor core subcritical under cold conditions.

8.

GDC 27 requires that the RCSs have a combined capability, in conjunction with poison
addition by the system, which reliably controls reactivity changes under postulated
accident conditions, with appropriate margin for stuck rods.

9.

GDC 28 requires that the effects of postulated reactivity accidents neither result in
damage to the reactor coolant pressure boundary greater than limited local yielding, nor
cause sufficient damage to impair significantly the capability to cool the core.

10.

10 CFR 52.47(b)(1), which requires that a DC application contain the proposed ITAAC
that are necessary and sufficient to provide reasonable assurance that, if the
inspections, tests, and analyses are performed and the acceptance criteria met, a plant
that incorporates the design certification is built and will operate in accordance with the
design certification, the provisions of the Atomic Energy Act (AEA), and the U.S. Nuclear
Regulatory Commission’s (NRC) regulations.

11.

10 CFR 52.80(a), which requires that a COL application contain the proposed
inspections, tests, and analyses, including those applicable to emergency planning, that
the licensee shall perform, and the acceptance criteria that are necessary and sufficient
to provide reasonable assurance that, if the inspections, tests, and analyses are
performed and the acceptance criteria met, the facility has been constructed and will
operate in conformity with the combined license, the provisions of the AEA, and the
NRC's regulations.

DSRS Acceptance Criteria
Specific DSRS acceptance criteria acceptable to meet the relevant requirements of the NRC’s
regulations identified above are set forth below. The DSRS is not a substitute for the NRC’s
regulations, and compliance with it is not required. Identifying the differences between this
DSRS section and the design features, analytical techniques, and procedural measures
proposed for the facility, and discussing how the proposed alternative provides an acceptable
method of complying with the regulations that underlie the DSRS acceptance criteria, is
sufficient to meet the intent of 10 CFR 52.47(a)(9), “Contents of applications; technical
information.” The same approach may be used to meet the requirements of
10 CFR 52.79(a)(41) for COL applications.
The following discussion presents less formal criteria and guidelines used in the review of the
nuclear design for meeting the relevant requirements of the GDCs identified above.
1.

There are no direct or explicit criteria for the power densities and power distributions
allowed during (and at the limits of) normal operation, either steady-state or load-
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following. These limits are determined from an integrated consideration of fuel limits
(Section 4.2 of the applicant’s technical information submittal), thermal limits
(Section 4.4), scram limits (Chapter 7), and transient and accident analyses
(Chapter 15). The design limits for power densities (and thus for peaking factors) during
normal operation should be such that acceptable fuel design limits are not exceeded
during anticipated transients and that other limits, such as the 1204OC (2200OF) peak
cladding temperature allowed for loss-of-coolant accidents (LOCAs), are not exceeded
during design-basis accidents. Consideration must also be made to the effect of coolant
temperatures and enthalpy on the fuel and cladding temperatures. The limiting power
distributions are then determined such that the limits on power densities and peaking
factors can be maintained in operation. These limiting power distributions may be
maintained (i.e., not exceeded) administratively (i.e., not by automatic scrams), provided
a suitable demonstration is made that sufficient, properly translated information and
alarms are available from the reactor instrumentation to keep the operator informed.
The acceptance criteria in the area of power distribution are that the information
presented should satisfactorily demonstrate that:
A.

A reasonable probability exists that the proposed design limits can be met within
the expected operational range of the reactor, taking into account the analytical
methods and data for the design calculations; uncertainty analyses and
experimental comparisons presented for the design calculations; the sufficiency
of design cases calculated covering times in cycle, rod positions, load-follow
transients, etc.; and special problems such as power spikes due to densification,
possible asymmetries, and misaligned rods.

B.

A reasonable probability exists that in normal operation the design limits will not
be exceeded, based on consideration of information received from the power
distribution monitoring instrumentation; the processing of that information,
including calculations involved in the processing; the requirements for periodic
check measurements; the accuracy of design calculations used in developing
correlations when primary variables are not directly measured; the uncertainty
analyses for the information and processing system; and the instrumentation
alarms for the limits of normal operation (e.g., offset limits, control bank limits)
and for abnormal situations (e.g., tilt alarms for control rod misalignment).

Criteria for acceptable values and uses of uncertainties in operation, instrumentation
numerical requirements, limit settings for alarms or scram frequency and extent of power
distribution measurements, and use of ex-core and in-core instruments and related
correlations and limits for offsets and tilts, all vary with reactor type. They can be found
in staff safety evaluation reports (SER) and in appropriate sections of the technical
specifications and accompanying bases for reactors similar to the reactor under review.
Acceptance criteria for power spike models can be found in a NUREG report on fuel
densification, and are discussed in RG 1.126.
Generally, special or newly emphasized problems related to core power distributions will
not be a direct part of normal reviews but will be handled in special generic reviews.
Fuel densification effects and the related power spiking and the use of uncertainties in
design limits are examples of these areas.
2.

The only directly applicable GDC in the area of reactivity coefficients is GDC 11, which
states “...the net effect of the prompt inherent nuclear feedback characteristics tend to
compensate for a rapid increase in reactivity,” and is considered to be satisfied in light
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water reactors (LWRs) by the existence of the Doppler and negative power coefficients.
There are no criteria that explicitly establish acceptable ranges of coefficient values or
preclude the acceptability of a positive moderator temperature coefficient (MTC) such as
may exist in PWRs at beginning of core life.
The acceptability of the coefficients in a particular case is determined in the reviews of
the analyses in which they are used, e.g., control requirement analyses, stability
analyses, and transient and accident analyses. The use of spatial effects such as
weighting approximations as appropriate for individual transients are included in the
analysis reviews. The judgment to be made under this DSRS section is whether the
reactivity coefficients have been assigned suitably conservative values by the applicant.
The basis for that judgment includes the use to be made of a coefficient, i.e., the
analyses in which it is important; the state of the art for calculation of the coefficient; the
uncertainty associated with such calculations, experimental checks of the coefficient in
operating reactors; and any required checks of the coefficient in the startup program of
the reactor under review.
3.

4.

Acceptance criteria relative to control rod patterns and reactivity worths include:
A.

The predicted control rod worths and reactivity insertion rates must be
reasonable bounds to values that may occur in the reactor. These values are
used in the transient and accident analyses and judgment as to the adequacy of
the uncertainty allowances are made in the review of the transient and accident
analyses.

B.

Equipment, operating limits, and procedures necessary to restrict potential rod
worths or reactivity insertion rates should be shown to be capable of performing
these functions. It is a position of the organization responsible for the
review/assessment of nuclear design to require, where feasible, an alarm when
any limit or restriction is violated or is about to be violated.

There are no specific criteria that must be met by the analytical methods or data that are
used by an applicant or reactor vendor. In general, the analytical methods and database
should be representative of the state of the art, and the experiments used to validate the
analytical methods should be adequate representations of fuel designs in the reactor
and encompass a sufficient range of variables and operating conditions.

Technical Rationale
The technical rationale for application of these acceptance criteria to the areas of review
addressed by this DSRS section is discussed in the following paragraphs:
1.

GDC 10 requires that acceptable fuel design limits be specified that are not to be
exceeded during normal operation, including the effects of anticipated operational
occurrences. The reactor core’s nuclear design is one of several key design aspects
that ensure fuel design limits will not be exceeded during normal operations.
Compliance with GDC 10 significantly reduces the likelihood of fuel failures occurring
during normal operations, including anticipated operational occurrences, thereby
minimizing the possible release of fission products to the environment.

2.

GDC 11 requires that the net effect of prompt inherent nuclear feedback characteristics
in the core tends to compensate for rapid increases in reactivity when operating in the
power range. The nuclear design of the reactor core establishes the various reactivity
coefficient values that produce the desired feedback characteristics. Compliance with
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GDC 11 causes the reactor core to be inherently safe during power range operations,
thus eliminating the possibility of an uncontrolled nuclear excursion.
3.

GDC 12 requires that the reactor core and the associated coolant, control, and
protection systems be designed to ensure that power oscillations that result in conditions
exceeding specified acceptable fuel design limits are not possible, or can be reliably and
readily detected and suppressed. Power oscillations within the reactor core may result
from conditions such as improper fuel design or loading or improper reactivity control
including control rod positioning, coolant flow instabilities, moderator void formation, and
instabilities associated with nonhomogeneous reactor coolant density distributions.
The occurrence of power oscillations can lead to excessive localized power peaking or
cyclic thermal fatigue, and may cause fuel design limits to be exceeded. Compliance
with GDC 12 provided assurance that the nuclear design of the reactor core will prevent
power oscillations that could challenge the integrity of the fuel and cause the possible
release of fission products to the environment.

4.

GDC 13 requires that I&C be provided to monitor variables and systems that can affect
the fission process over normal operating ranges, anticipated operational occurrences,
and accident conditions, and to maintain the variables and systems within the prescribed
operating ranges. The nuclear design review includes verification that instrumentation
and systems, along with the data processing systems and alarms, will reasonably assure
maintenance of core power distributions within specified design limits. Compliance with
GDC 13 provides assurance that I&C systems can adequately monitor changes in core
reactivity and maintain variables that affect core reactivity within designed operating
ranges, thus minimizing the possibility of an adverse transient affecting the integrity of
the fuel cladding.

5.

GDC 20 requires automatic initiation of the RCSs to assure that acceptable fuel design
limits are not exceeded as a result of anticipated operational occurrences and to assure
automatic operation of systems and components important to safety under accident
conditions. Review of the nuclear design verifies the adequacy of control systems and
setpoints necessary to shut down the reactor at any time during operation. The
automatic initiation of control systems during a reactor transient prevents damage to the
nuclear fuel and, in the early stages of a reactor accident, will minimize the extent of
damage to the fuel, thus reducing the release of fission products to the reactor coolant
system and possibly the environment.

6.

GDC 25 requires that no single malfunction of the RCS can cause violation acceptable
fuel design limits. The nuclear design review includes verification that no single
malfunction of the RCS can causes the fuel design limits to be exceeded. Meeting the
requirements of GDC 25 significantly reduces the possibility that a malfunction in the
RCS would result in nuclear fuel damage.

7.

GDC 26 requires that two independent RCSs of different design be provided. Review of
the nuclear design verifies that two independent RCSs exist, and that one system can
reliably control core reactivity during normal power changes and anticipated operational
occurrences. The review also verifies that one system can hold the core subcritical
under cold conditions. Compliance with GDC 26 provides assurance that core reactivity
can be safely controlled and that sufficient negative reactivity exists to maintain the core
subcritical under cold conditions, thus minimizing the likelihood of fuel damage and the
subsequent release of fission products.

8.

GDC 27 requires that the RCSs have a combined capability, in conjunction with poison
addition by the system which reliably controls reactivity changes under postulated
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accident conditions, with appropriate margin for stuck rods. The nuclear design review
verifies that the RCSs provide a movable control rod system and a liquid poison system
and that the core has sufficient shutdown margin assuming a stuck rod. Meeting the
requirements of GDC 27 provides assurance that the RCS will be designed such that
damage to the fuel in the event of an accident will be minimized.
9.

GDC 28 requires that the effects of postulated reactivity insertion accidents not result in
damage to the reactor coolant pressure boundary nor cause sufficient damage to impair
the capability to cool the core. This DSRS section reviews the reactivity coefficients and
rod worths assumed in the analysis of reactivity insertion events in Chapter 15 of the
DSRS. Compliance with GDC 28 provides assurance that the second barrier (i.e., the
reactor coolant pressure boundary) that prevents the release of fission products to the
environment will not be damaged in the event of a reactivity insertion accident were to
occur and that core cooling will not be prevented by the structural collapse of fuel in the
core.

III.

REVIEW PROCEDURES

These review procedures are based on the identified DSRS acceptance criteria. For deviations
from these specific acceptance criteria, the staff should review the applicant’s evaluation of how
the proposed alternatives provide an acceptable method of complying with the relevant NRC
requirements identified in Subsection II.
The review procedures below apply in general to the COL which supersedes the earlier
sequential construction permit (CP) and operating license (OL) stage reviews. At the CP stage,
parameter values and certain design aspects may be preliminary and subject to change. At the
OL stage, final values of parameters should be used in the analysis presented in the applicant’s
technical information submittal . The review of the nuclear design of a plant is based on the
information provided by the applicant in the applicant’s technical information submittal , as
amended, and in meetings and discussions with the applicant and the applicant’s contractors
and consultants. This review in some cases will be supplemented by independent calculations
performed by the staff or staff consultants. Files of audit calculations are maintained by the
organization responsible for the review/assessment of nuclear design for reference by the
reviewer.
For DC and COL applications submitted under Part 52, the level of information reviewed should
be consistent with that of the technical informaton submitted in an OL application. However,
verification that the as-built facility conforms to the approved design is performed through the
ITAAC process.
1.

Programmatic Requirements - In accordance with the guidance in NUREG-0800
“Introduction,” Part 2 as applied to this DSRS Section, the staff will review the programs
proposed by the applicant to satisfy the following programmatic requirements. If any of
the proposed programs satisfies the acceptance criteria described in Subsection II, it can
be used to augment or replace some of the review procedures. It should be noted that
the wording of “to augment or replace” applies to nonsafety-related risk-significant SSCs,
but “to replace” applies to nonsafety-related nonrisk-significant SSCs according to the
“graded approach” discussion in NUREG-0800 “Introduction,” Part 2. Commission
regulations and policy mandate programs applicable to SSCs that include:
A.

Maintenance Rule SRP Section 17.6 (DSRS Section 13.4, Table 13.4, Item 17,
RG 1.160, “Monitoring the Effectiveness of Maintenance at Nuclear Power
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Plants.” and RG 1.182; “Assessing and Managing Risk Before Maintenance
Activities at Nuclear Power Plants”.
B.

Quality Assurance Program Standard Review Plan (SRP) Sections 17.3 and 17.5
(DSRS Section 13.4, Table 13.4, Item 16).

C.

Technical Specifications (DSRS Section 16.0 and SRP Section 16.1) – including
brackets value for DC and COL. Brackets are used to identify information or
characteristics that are plant specific or are based on preliminary design
information.

D.

Reliability Assurance Program (SRP Section 17.4).

E.

Initial Plant Test Program (RG 1.68, “Initial Test Programs for Water-Cooled
Nuclear Power Plants,”DSRS Section 14.2, and DSRS Section 13.4, Table 13.4,
Item 19).

F.

ITAAC (DSRS Chapter 14).

2.

In accordance with 10 CFR 52.47(a)(8),(21), and (22), for new reactor license
applications submitted under Part 52, the applicant is required to (1) address the
proposed technical resolution of unresolved safety issues (USIs) and medium- and highpriority generic safety issues (GSIs) that are identified in the version of NUREG-0933
current on the date 6 months before application and that are technically relevant to the
design; (2) demonstrate how the operating experience insights have been incorporated
into the plant design; and, (3) provide information necessary to demonstrate compliance
with any technically relevant portions of the Three Mile Island requirements set forth in
10 CFR 50.34(f), except paragraphs (f)(1)(xii), (f)(2)(ix), and (f)(3)(v). Reference:
10 CFR 52.47(a)(21), 10 CFR 52.47(a)(22) , and 10 CFR 52.47(a)(8), respectively.
These cross-cutting review areas should be addressed by the reviewer for each
technical subsection and relevant conclusions documented in the corresponding SER
section.

3.

The reviewer confirms, as part of the review of specific areas of the nuclear design
outlined below, that the design bases, design features, and design limits are established
in conformance with the GDCs listed in Subsection II of this DSRS section.

4.

The reviewer examines the information presented in the applicant’s technical information
submittal to determine that the core power distributions for the reactor can reasonably
be expected to fall within the design limits throughout all normal (steady-state and loadfollow) operations, and that the instrument systems employed, along with the information
processing systems and alarms, will reasonably assure the maintenance of the
distributions within these limits for normal operation.
The review examines the calculation of effective delayed neutron fraction (βeff) and
prompt neutron lifetime (l*) and verifies that appropriate values are used in the reactivity
accidents reviewed under DSRS Sections 15.4.8 and 15.4.9. Regulatory Guide 1.77
provides guidance for calculating effective delayed neutron fraction and prompt neutron
lifetime values. The applicant should use spatially dependent methods. It is necessary
to ensure that the methods are appropriate and that the cross-section data and other
parameters used as input are appropriately parameterized. RG 1.206 provides further
guidance and additional relevant information to the applicant.
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For a normal review, many areas related to core power distribution will have been
examined in generic reviews or earlier reviews of reactors with generally similar core
characteristics and instrument systems. A large part of the review on a particular case
may then involve comparisons with information from previous application reviews.
The comparisons may involve the shapes and peaking factors of normal and limiting
distributions over the range of operating states of the reactor, the effects of power spikes
from densification, assigned uncertainties and their use, calculation methods and data
used, correlations used in control processes, instrumentation requirements, information
processing methods, including computer use setpoints for operational limits and alarm
limits, and alarm limits for abnormalities such as flux asymmetries.
An important part of this review, focusing on considerations of operations, covers the
relevant sections of the proposed technical specifications where power distributions
and related controls such as control rod limits are discussed. Here the instrument
requirements, limit settings, and measurement frequencies and requirements are set
forth in full detail. The comparison of technical specifications should reveal any
differences between essentially identical reactors or any lack of difference between
reactors with changed core characteristics. Where these occur the reviewer must
assess the significance and validity of the differences or lack of differences. This review
and comparison may be supplemented with examinations of related topical reports from
reactor vendors, generic studies by staff consultants, and startup reports from operating
reactors which contain information on measured power distributions.
5.

Some vendor codes do not use reactivity coefficients. When they are used, the reviewer
determines from the applicant’s presentations that suitably conservative reactivity
coefficients have been developed for use in reactor analyses such as those for control
requirements, stability, and transients and accidents. The reviewer examines:
A.

The applicability and accuracy of methods used for calculations including the
use of more accurate check calculations.

B.

The models involved in the calculations, such as the model used for effective fuel
temperature in Doppler coefficient analyses.

C.

The reactor state conditions assumed in determining values of the coefficients.
For example, the PWR MTC to be used in the steamline break analysis is usually
based on the reactor condition at end of cycle, with all control rods inserted
except the most reactive rod, and the moderator temperature in the hot standby
range.

D.

The applicability and accuracy of experimental data from critical experiments
and operating reactors used to determine or justify uncertainty allowances.
Measurements during startup and during the cycle of MTCs and full power
Doppler coefficients in the case of PWRs, should be examined. As part of the
review, comparisons are made between the values and uncertainty allowances
for reactivity coefficients for the reactor under review and those for similar
reactors previously reviewed and approved. Generally, many essential areas will
have been covered during earlier reviews of similar reactors. The reviewer notes
any differences in results for essentially identical reactors and any lack of
differences for reactors with changed core characteristics, and judges the
significance and validity of any differences or lack of differences.
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6.

7.

E.

The range of MTC values. The MTC should be non-positive over the entire fuel
cycle when the reactor is at a significant power level.

F.

The appropriateness of reactivity coefficients used in evaluating reactivity
accidents reviewed under DSRS Sections 15.4.8 and 15.4.9.

The review procedures in the area of reactivity control requirements and control
provisions are as follows:
A.

The reviewer determines that two independent RCSs of different design are
provided.

B.

The reviewer examines the tabulation of control requirements, the associated
uncertainties, and the capability of the control systems, and determines by
inspection and study of the analyses and experimental data that the values are
realistic and conservative.

C.

The reviewer determines that one of the control systems is capable of returning
the reactor to the cold shutdown condition and maintaining it in this condition at
any time in the cycle. It is necessary that proper allowance must be made for all
of the mechanisms that change the reactivity of the core as the reactor is taken
from the cold shutdown state to the hot full-power operating state. The reviewer
should determine that proper allowance is made for the decrease in fuel
temperature, moderator temperature, and the loss of voids as the reactor goes
from the power operating range to cold shutdown.

D.

The reviewer determines that one of the control systems is capable of rapidly
returning the reactor to the hot standby (shutdown) condition from any power
level at any time in the cycle. This requirement is met by rapid insertion of
control rods in all current LWRs. Proper allowance for the highest worth control
rod being stuck in the full-out position must be made. In PWRs, operational
reactivity control is carried out by movement of control rods. The reviewer must
pay particular attention to the proposed rod insertion limits in the power operating
range, to assure that the control rods are capable of rapidly reducing the power
and maintaining the reactor in the hot standby condition.

E.

The reviewer determines that the independent RCSs is capable of controlling the
reactivity changes resulting from planned, normal power operation. This
determination is made by comparing the rate of reactivity change resulting from
planned, normal operation to the capabilities of each of the two control systems.
Sufficient margin must exist to allow for the uncertainties in the rate.

The review procedures in the area of control rod patterns and reactivity worths are:
A.

The reviewer determines by inspection and study of the information described in
Subsection I.5 of this DSRS section that the control rod and bank worths are
reasonable. This determination involves evaluation of the appropriateness of the
analytical models used, the applicability of experimental data used to validate the
models, and the applicability of generic positions or those established in previous
reviews of similar reactors.

B.

The reviewer determines the equipment, operating restrictions, and
administrative procedures that are required to restrict possible control rod and
bank reactivity worths, and the extent to which the alarm criterion in
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Subsection II.3.B of this DSRS section is satisfied. If the equipment involved is
subject to frequent downtime, the reviewer must determine if alternative
measures should be provided or the extent of proposed outage time is
acceptable.
C.

The reviewer will employ the same procedures as in item 5.A, above, to evaluate
the scram reactivity information described in Subsection I.5 of this DSRS section.
The scram reactivity is a property of the reactor design and is not easily changed,
but if restrictions are necessary the procedures in item 5.B, above, can be
followed as applicable.

D.

The reviewer confirms the appropriateness of control rod reactivity worths used
in the reactivity accident analyses reviewed under DSRS Sections 15.4.1 and
15.4.2. RG 1.77 provides guidance for calculating maximum rod worths.

8.

The information presented on criticality of fuel assemblies is reviewed in the context of
the applicant’s physics calculations and the ability to calculate criticality of a small
number of fuel assemblies.

9.

The reviewer exercises professional judgment and experience to ascertain the following
about the applicant’s analytical methods:
A.

The computer codes used in the nuclear design are described in sufficient detail
to enable the reviewer to establish that the theoretical bases, assumptions, and
numerical approximations for a given code reflect the current state of the art.

B.

The source of the neutron cross-sections used in fast and thermal spectrum
calculations is described in sufficient detail so that the reviewer can confirm that
the cross-sections are comparable to those in the current ENDF/B data files
(i.e., ENDF/B-VII) and other sources of nuclear data, such as JENDL and JEFF3,
etc. If modifications and normalization of the cross-section data have been
made, the bases used must be determined to be acceptable.

C.

The procedures used to generate problem-dependent cross-section sets are
given in sufficient detail so that the reviewer can establish that they reflect the
state of the art. The reviewer confirms that the methods used for the following
calculations are of acceptable accuracy: the fast neutron spectrum calculation;
the computation of the uranium-238 resonance integral and correlation with
experimental data; the computation of resonance integrals for other isotopes as
appropriate (for example, plutonium-240); calculation of the Dancoff correction
factor for a given fuel lattice; the thermal neutron spectrum calculation; the lattice
cell calculations, including fuel rods, control assemblies, lumped burnable poison
rods, fuel assemblies, and groups of fuel assemblies, and calculations of fuel and
burnable poison depletion and buildup of fission products and transuranium
isotopes.

D.

The gross spatial flux calculations that are used in the nuclear design are
discussed in sufficient detail so that the reviewer can confirm that the following
items are adequate to produce results of acceptable accuracy: the method of
calculation (e.g., diffusion theory, Sn transport theory, Monte Carlo, synthesis);
the number of energy groups used; the number of spatial dimensions (1, 2, or 3)
used; the number of spatial mesh intervals, when applicable; and the type of
boundary conditions used, when applicable.
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10.

11.

E.

The calculation of power oscillations and stability indices for diametral xenon
reactivity transients, axial xenon reactivity transients, other possible xenon
reactivity transients, and non-xenon-induced reactivity transients are discussed in
sufficient detail so that the reviewer can confirm for each item that the method of
calculation (e.g., nodal analysis, diffusion theory, transport theory, synthesis) and
the number of spatial dimensions used (1, 2, or 3) are acceptable.

F.

Verification of the database, computer codes, and analysis procedures has been
made by comparing calculated results with measurements obtained from critical
experiments and operating reactors. The reviewer ascertains that the
comparisons cover an adequate range for each item and that the conclusions of
the applicant are acceptable.

The analysis of neutron irradiation of the reactor vessel may be used in two ways. It
may provide the design basis for establishing the vessel material nil-ductility transition
temperature as a function of the neutron fluence. Neutron fluence is the time integrated
neutron fluence rate (i.e. neutron flux) as expressed in neutrons per square centimeter.
Neutron fluence is often represented by the somewhat archaic term “nvt,” where “n” is
the neutron density, “v” is the velocity, and “t” is the time interval. Or, it may provide the
relative flux spectra at various positions between the pressure vessel and the reactor
core so that the flux spectra for various test specimens may be estimated. This
information is used in determining the reactor vessel material surveillance program
requirements and pressure-temperature limits for operation under DSRS Sections 5.3.2
and 5.3.3. The organization responsible for the review/assessment of nuclear design
reviews the calculational method, the geometric modeling, and the uncertainties in the
calculations under DSRS Section. The review procedures for pressure vessel irradiation
include determinations that:
A.

The calculations were performed by suitable radiation transport methods, that are
fundamentally more correct and accurate than diffusion methods.

B.

The geometric modeling and source distribution is detailed enough to properly
estimate the relative flux spectra at various positions from the reactor core
boundary to the pressure vessel wall.

C.

The peak vessel wall fluence for the design life of the plant is less than 1020
neutrons per square centimeter (n/cm2) for neutrons of energy greater than 1
MeV. If the peak fluence is found to be greater than this value, the reviewers of
DSRS Sections 5.3.2 and 5.3.3 are notified.

For review of a DC application, the reviewer should follow the above procedures to verify
that the design, including requirements and restrictions (e.g., interface requirements and
site parameters), set forth in the applicant’s technical information submittal meets the
acceptance criteria. DCs have referred to the applicant’s technical information submittal
as the design control document (DCD). The reviewer should also consider the
appropriateness of identified COL action items. The reviewer may identify additional
COL action items; however, to ensure these COL action items are addressed during a
COL application, they should be added to the applicant’s technical information submittal.
For review of a COL application, the scope of the review is dependent on whether the
COL applicant references a DC, an early site permit (ESP) or other NRC approvals
(e.g., manufacturing license, site suitability report or topical report).

4.3-16

Revision 0 – May 2013

12.

For review of both DC and COL applications, DSRS Section 14.3 should be followed for
the review of ITAAC. The review of ITAAC cannot be completed until after the
completion of this section.

IV.

EVALUATION FINDINGS

The reviewer verifies that the applicant has provided sufficient information and that the staff’s
technical review and analysis, as augmented by the application of programmatic requirements
in accordance with the staff’s technical review approach in the DSRS Introduction, support
conclusions of the following type to be included in the staff’s SER. The reviewer also states the
bases for those conclusions.
These areas include codes and calculational methodology used by the applicant in assessing
the nuclear design and operational behavior. In particular, reactivity effects and coefficients will
be closely assessed.
The applicant has described the computer programs and calculational techniques used to
predict the nuclear characteristics of the reactor design and has provided examples to
demonstrate the ability of these methods to predict experimental results. The staff concludes
that the information presented adequately demonstrates the ability of these analyses to predict
reactivity and physics characteristics of the plant.
To allow for changes of reactivity due to reactor heatup, changes in operating conditions, fuel
burnup, and fission product buildup, a significant amount of excess reactivity is designed into
the core. The applicant has provided substantial information relating to core reactivity
requirements for the first cycle and has shown means have been incorporated into the design to
control excess reactivity at all times. The applicant has shown that sufficient control rod worth is
available to shut down the reactor with at least the currently accepted (______ %Δk/k)
subcritical margin in the hot condition at any time during the cycle with the highest worth control
rod stuck in the fully withdrawn position.
On the basis of our review, the staff concludes that the applicant’s assessment of reactivity
control requirements over the first core cycle is suitably conservative, and that adequate
negative worth has been provided by the control system to assure shutdown capability.
Reactivity control requirements will be reviewed for additional cycles as this information
becomes available.
The staff concludes that the nuclear design is acceptable and meets the requirements of
GDC 10, 11, 12, 13, 20, 25, 26, 27, and 28. This conclusion is based on the following:
1.

The applicant has met the requirements of GDC 11 with respect to prompt inherent
nuclear feedback characteristics in the power operating range by:
A.

Calculating a negative power coefficient of reactivity.

B.

Using calculational methods that have been found acceptable.

The applicant needs to present reactivity coefficients actually used in transient analyses
and safety assessments and show that suitably conservative values are used. The staff
has reviewed the Doppler reactivity coefficients in this case and found them to be
suitably conservative.
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2.

The applicant has met the requirements of GDC 12 with respect to power oscillations
that could result in conditions exceeding specified acceptable fuel design limits by:
A.

Showing that such power oscillations are not possible and/or can be easily
detected and thereby remedied.

B.

Using calculational methods that have been found acceptable.

The staff has reviewed the analysis of these power oscillations in this case and found
them to be suitably conservative.
3.

4.

5.

6.

The applicant has met the requirements of GDC 13 with respect to provision of I&C to
monitor variables and systems that can affect the fission process by:
A.

Providing instrumentation and systems to monitor the core power distribution,
control rod positions and patterns, and other process variables such as
temperature and pressure.

B.

Providing suitable alarms and/or control room indications for these monitored
variables.

The applicant has met the requirements for GDC 26 with respect to provision of two
independent RCSs of different designs by:
A.

Having a system that can reliably control anticipated operational occurrences.

B.

Having a system that can hold the core subcritical under cold conditions.

C.

Having a system that can control planned, normal power changes.

The applicant has met the requirements of GDC 27 with respect to RCSs that have a
combined capability in conjunction with poison addition by actuating the system which
reliably controls reactivity changes under postulated accident conditions by:
A.

Providing a movable control rod system and a liquid poison system.

B.

Performing calculations to demonstrate that the core has sufficient shutdown
margin with the highest worth stuck rod.

The applicant has met the requirements of GDC 28 with respect to postulated reactivity
accidents by (reviewed by the organization responsible for the review/assessment of
nuclear design under DSRS Sections 15.4.8 or 15.4.9):
A.

Meeting the regulatory positions in Regulatory Guide 1.77 for PWRs applied to
the design basis positive reactivity insertion event for the mPower design.

B.

Meeting the fuel enthalpy limit criteria in DSRS Section 4.2, Appendix B, “Interim
Acceptance Criteria and Guidance for the Reactivity Initiated Accidents.”

C.

Meeting the criteria on the capability to cool the core.

D.

Using calculational methods that have been found acceptable for reactivity
insertion accidents.
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7.

The applicant has met the requirements of GDC 10, 20, and 25 with respect to specified
acceptable fuel design limits by providing analyses demonstrating:
A.

That normal operation, including the effects of anticipated operational
occurrences, have met fuel design criteria.

B.

That the automatic initiation of the RCS assures that fuel design criteria are not
exceeded as a result of anticipated operational occurrences and assures the
automatic operation of systems and components important to safety under
accident conditions.

C.

That no single malfunction of the RCS causes violation of the fuel design limits.

8.

For DC and COL reviews, the findings will also summarize the staff’s evaluation of
requirements and restrictions (e.g., interface requirements and site parameters) and
COL action items relevant to this DSRS section.

9.

In addition, to the extent that the review is not discussed in other SER sections, the
findings will summarize the staff's evaluation of the ITAAC, including design acceptance
criteria, as applicable.

V.

IMPLEMENTATION

The staff will use this DSRS section in performing safety evaluations of mPowerTM-specific DC,
or COL, applications submitted by applicants pursuant to 10 CFR Part 52. The staff will use the
method described herein to evaluate conformance with Commission regulations.
Because of the numerous design differences between the mPowerTM and large light-water
nuclear reactor power plants, and in accordance with the direction given by the Commission in
SRM- COMGBJ-10-0004/COMGEA-10-0001, “Use of Risk Insights to Enhance the Safety
Focus of Small Modular Reactor Reviews,” dated August 31, 2010 (ML102510405), to develop
risk-informed licensing review plans for each of the small modular reactor (SMR) reviews
including the associated pre-application activities, the staff has developed the content of this
DSRS section as an alternative method for mPowerTM -specific DC, or COL submitted pursuant
to 10 CFR Part 52 to comply with 10 CFR 52.47(a)(9), “Contents of applications; technical
information.”
This regulation states, in part, that the application must contain “an evaluation of the standard
plant design against the SRP revision in effect 6 months before the docket date of the
application.” The content of this DSRS section has been accepted as an alternative method for
complying with 10 CFR 52.47(a)(9) as long as the mPowerTM DCD FSAR does not deviate
significantly from the design assumptions made by the NRC staff while preparing this DSRS
section. The application must identify and describe all differences between the standard plant
design and this DSRS section, and discuss how the proposed alternative provides an
acceptable method of complying with the regulations that underlie the DSRS acceptance
criteria. If the design assumptions in the DC application deviate significantly from the DSRS,
the staff will use the SRP as specified in 10 CFR 52.47(a)(9). Alternatively, the staff may
supplement the DSRS section by adding appropriate criteria in order to address new design
assumptions. The same approach may be used to meet the requirements of
10 CFR 52.79(a)(41), and COL applications.
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