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Redacted Version

B&W mPowerTM Modular Reactor
Approach to Reactivity Control

July 7, 2009

Note: Proprietary or Commercial Confidential Information (CCI) is
enclosed in square brackets. Reasons for the identified CCI to be withheld

are provided in an accompanying Affidavit.
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B&W mPower Modular Reactor
Approach to Reactivity Control

Introduction
The B&W mPowerTM reactor is a modular integrated pressurized water reactor design utilizing inherent

safety features and a passive systems approach to safety, with fuel based on current PWR technology

but operated at lower power densities and temperatures. A unique feature of the B&W mPower design

for reactivity control is

][CCI per

Affidavit 4(a)-(d)] The B&W mPower design does not need nor use liquid poisons for either normal

operation reactivity control or accident mitigation.1

This document describes the approach for compliance with the reactivity control General Design Criteria

(GDC 26, 27, and 29), and requirements related to reduction in risk from anticipated transients without

scram (10 CFR 50.62), for the B&W mPower reactor.

B&W believes this approach is consistent with requirements contained in 10 CFR 50 and 52 related to

new reactor designs such as the B&W mPower design. Accordingly, B&W believes that the use of two

independent reactivity control systems, [ ][CCI per Affidavit 4(a)-(d)] meets the

intent of these regulations.

This document provides:
* A discussion of the B&W mPower safety philosophy, particularly with regard to reactivity control
* Descriptions of the two independent reactivity control systems
" Description of the B&W mPower design approach to compliance with reactivity control GDCs

and ATWS requirements

This document is intended to provide the NRC staff with information to facilitate early discussions of

compliance of the B&W mPower design for reactivity control with the relevant regulations.

B&W mPower Safety Philosophy
The B&W mPower reactor is designed to protect public health and safety through the use of inherent

safety features and passive safety systems. These features are combined to provide multiple defenses

against the release of radioactive material beyond the plant boundary.

The safety philosophy is built upon the following features:

The B&W mPower design does not need nor use water injection as part of its emergency core cooling function.

This document does not discuss the emergency core cooling function nor its design, in depth, but this particular

aspect of the design is mentioned because of the reference to poison addition by the emergency core cooling
system in reactivity control General Design Criteria 27.

July 7, 2009 Page 2 of 17



B&W mPower Modular Reactor
Approach to Reactivity Control

* A fuel assembly design based on current generation PWR technology but operated at lower
power densities and lower temperatures,

" The use of an integral nuclear steam supply system with the steam generator located inside a
single pressure vessel,

" Use of a natural circulation cooling system, with heat exchangers inside the vessel, using stored
water to remove heat from the reactor coolant, and which is available at all reactor pressures
and temperatures,

* Placement of the NSSS inside a cylindrical containment structure sized to accommodate the
design basis LOCA blowdown without active cooling systems, and

* 1

I[CCI per Affidavit

4(a)-(d)]

The B&W mPower reactor utilizes a shortened

version of a conventional light water cooled

PWR fuel assembly. Each assembly is supported

by the lower core plate and laterally positioned

in the reactor core via features on the top and

bottom nozzles that engage mating features on

the upper and lower core plates, respectively.

The upper and lower fuel assembly nozzles are

made from austenitic stainless steel and the

structural components in the active portion of

the fuel assembly (fuel rod cladding, mid grids

and guide thimbles) are of Zircaloy-4 to reduce

parasitic neutron absorption. The end grids,

which are located above and below the active

core, are made of age-hardened Inconel-718.

The fuel, in the form of uranium dioxide

ceramic pellets, is hermetically sealed in the

Zircaloy-4 clad fuel rods, providing the first level

of containment to prevent the release of fission

products. Core peak and average temperatures

are low.

Pressurizer
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Figure 1 - B&W mPower Integral System

The integral reactor concept incorporates the major NSSS components (i.e., the reactor vessel, steam

generator, pressurizer) into a single pressure vessel (see Figure 1). The reactor core is located near the
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B&W mPower Modular Reactor
Approach to Reactivity Control

bottom of the reactor vessel and the steam generator is located in an annular volume immediately
below the vessel upper head. A steam pressurization space is located at the top of the vessel to
facilitate reactor pressure control. All penetrations used for normal reactor coolant makeup, letdown,
and pressure relief are located near the top of the vessel. This arrangement was chosen to provide the
following features:

* The top of the pressure vessel is the true high point of the system. The reactor vessel pilot

operated relief valve (PORV) and safety valves serve as the high point vents of the system.
* The total reactor coolant inventory is large for the core power level such that transients and

postulated design basis accidents do not result in rapid changes in the primary system. This
allows sufficient time for control, reactor protection and safety systems to prevent core
damage.

* The design basis loss of coolant accident (LOCA) is based on the break of small diameter pipe
attached near the top of the reactor vessel. The design basis LOCA results in very slow
depressurization and core cooling is never interrupted.

The design basis LOCA does not require coolant addition during the blowdown phase to maintain core
cooling. The emergency core cooling system (ECCS) function is therefore performed by a passive decay
heat removal system (DHRS) as shown in Figure 2. The DHRS consists of independent and redundant
heat exchangers, located inside the reactor vessel in the downcomer annulus, with piping and remote
operated valves to provide the cooling water flow paths from dedicated water storage pools.

][CCI per Affidavit
4(a)-(d)] The system is designed to passively remove core decay heat without operator action for
periods exceeding 72 hours, minimizing additional coolant loss after the LOCA blowdown is complete.
The system is available to remove core decay heat at any reactor pressure, allowing it to be used for any
loss of heat sink related transients and postulated accidents. Thus, the B&W mPower designfunction
provided in traditional PWR designs by auxiliary feedwater initiation is provided by the initiation of the
Decay Heat Removal System (DHRS).

The B&W mPower NSSS is located inside a steel-lined containment structure to assure that potential
radioactive releases from the reactor due to postulated failures of the reactor coolant pressure
boundary are contained and isolated from the environment. Because of the inherent characteristics of
the integral reactor, the containment can passively accommodate the mass and energy releases from
design basis accidents and meet regulatory requirements for overpressure protection.
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][CCI per Affidavit 4(a)-(d)]

Figure 2 - DHRS Design Approach

I

][CCI per Affidavit

4(a)-(d)]
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B&W mPower Modular Reactor
Approach to Reactivity Control

Both reactivity control systems are capable of independently shutting the reactor down with hot reactor

coolant and fuel, [ ] [CCI per
Affidavit 4(a)-(d)] One of the two systems is capable of shutting the reactor down, cold,

] [CCI per Affidavit 4(a)-(d)]

[
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B&W mPower Modular Reactor
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][CCI per Affidavit 4(a)-(d)]

[Figure 3 ][CCI perAffidavit 4(a)-(d)]

I.
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][CCI per Affidavit 4(a)-(d)]

[Figure 4 - ][CCI per Affidavit 4(a)-(d)]

I
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][CCI per Affidavit 4(a)-(d)]

[Figure 5 - ][CCI per Affidavit 4(a)-(d)]
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I

][CCI per Affidavit 4(a)-(d)]
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[Figure 6 - ][CCI per Affidavit 4(a)-(d)]
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B&W mPower Modular Reactor
Approach to Reactivity Control

Reactivity Control Approach
I

][CCI per Affidavit 4(a)-(d)]

Normal Operation

][CCI per Affidavit 4(a)-(d)]

Abnormal Operational Occurrences / Postulated Accidents
I

][CCI per Affidavit 4(a)-(d)]
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B&W mPower Modular Reactor
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Regulatory Requirements for B&W mPower Reactivity Control

Requirements Background

10 CFR 52.47 requires that a Design Criteria Application address the principal design criteria of the

facility including the General Design Criteria contained in Appendix A to 10 CFR part 50 that

establishes minimum requirements for the principal design criteria for water cooled nuclear power

plants similar in design and location to plants for which construction permits have previously been

issued by the Commission and provides guidance to applicants in establishing principal design criteria for

other types of nuclear power units."

10 CFR 52.47 (a) (15) requires that a Design Criteria Application provide "Information demonstrating

how the applicant will comply with requirements for reduction of risk from anticipated transients

without scram events in § 50.62."

Appendix A to Part 50 states in the introduction that "These General Design Criteria establish minimum

requirements for the principal design criteria for water-cooled- nuclear power plants similar in design

and location to plants for which construction permits have been issued by the Commission. The General

Design Criteria are also considered to be generally applicable to other types of nuclear power units and

are intended to provide guidance in establishing the principal design criteria for such other units . .' .

there may be water-cooled nuclear power units for which fulfillment of some of the General Design

Criteria may not be necessary or appropriate. For plants such as these, departures from the General

Design Criteria must be identified and justified."

The following sections discuss the requirements regarding reactivity control GDCs and anticipated

transient without scram (ATWS) and how the requirements are met by the B&W mPower design.

General Design Criteria 26
General Design Criterion 26 concerning reactivity control system redundancy and capability states, "Two

independent reactivity control systems of different design principles shall be provided. One of the

systems shall use control rods, preferably including a positive means for inserting the rods, and shall be

capable of reliably controlling reactivity changes to assure that under conditions of normal operation,

including anticipated operational occurrences, and with appropriate margin for malfunctions such as

stuck rods, specified acceptable fuel design limits are not exceeded. The second reactivity. control

system shall be capable of reliably controlling the rate of reactivity changes resulting from planned,

normal power changes (including xenon burnout) to assure acceptable fuel design limits are not

exceeded. One of the systems shall be capable of holding the reactor core subcritical under cold

conditions."
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B&W mPower Modular Reactor
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The key elements of GDC 26 and the B&W mPower compliance approach are:
* Two independent reactivity control systems of different design principles shall be provided:

][CcI per Affidavit 4(a)-(d)]

* One of the systems shall use control rods, preferably including a positive means for inserting
the rods, and shall be capable of reliably controlling reactivity changes to assure that under

conditions of normal operation, including anticipated operational occurrences, and with
appropriate margin for malfunctions such as stuck rods, specified acceptable fuel design limits
are not exceeded:
[Both of the B&W mPower reactor reactivity control systems use control rods. Both systems

insert control rods from the top of the core.

][CCI per Affidavit 4(a)-(d)]

The second reactivity control system shall be capable of reliably controlling the rate of

reactivity changes resulting from planned, normal power changes (including xenon burnout)

to assure acceptable fuel design limits are not exceeded:

][CCI per Affidavit 4(a)-(d)]

One of the systems shall be capable of holding the reactor core subcritical under cold

conditions:

One of the [XXXXX XXXXX XXXX] [CCI per Affidavit 4(a)-(d)] reactivity control systems is capable of

holding the reactor core subcritical under cold conditions.
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General Design Criteria 27
General Design Criterion 27 concerning combined reactivity control systems capability states, "The
reactivity control systems shall be designed to have a combined capability, in conjunction with poison

addition by the emergency core cooling system, of reliably controlling reactivity changes to assure that
under postulated accident conditions and with appropriate margin for stuck rods the capability to cool
the core is maintained.".

The key elements of GDC 27 and the B&W mPower compliance approach are:
* The reactivity control systems shall be designed to have a combined capability ... of reliably

controlling reactivity changes to assure that under postulated accident conditions and with
appropriate margin for stuck rods the capability to cool the core is maintained:

][CCI per Affidavit 4(a)-(d)]
* GDC 27 also states or allows for the required capability to be "in conjunction with poison

addition by the emergency core cooling system":
The B&W mPower design does not use water injection as part of emergency core cooling and
does not use nor need to use liquid poison for either normal operation reactivity control or as
part of assuring safe shutdown

General Design Criteria 29
General Design Criteria 29 concerning protection against anticipated operational occurrences states,
"The protection and reactivity control systems shall be designed to assure an extremely high
probability. of accomplishing their safety functions in the event of anticipated operational

occurrences."

I[CCI per Affidavit 4(a)-(d)]
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10 CFR 50.62 Requirements for reduction of risk from anticipated

transients without scram (ATWS) events for light-water-cooled nuclear
power plants.
Note: No discussion is provided for 50.62(a), (b) and (d) which concern the details of initial
implementation, applicability to legacy designs anddefinitions.

The ATWS requirements and the B&W mPower compliance approach are:
* (c)(1) PWRs must have independent, diverse, reliable equipment for auxiliary feedwater

initiation and turbine trip upon indication of an ATWS
The B&W mPower design function provided in traditional PWR designs by auxiliary feedwater
initiation is provided by the initiation of the Decay Heat Removal System (DHRS). The B&W
mPower design provides for DHRS initiation and turbine trip upon indication of an ATWS.

* (c)(2) pressurized water reactors manufactured by Combustion Engineering or by Babcock and
Wilcox must have a diverse, independent, reliable scram system ....
This portion of the regulation is specifically intended to apply to traditional PWRs manufactured

by CE or B&W. Although the B&W mPower reactor will be designed and manufactured by B&W,
the design is an advanced design that was not in existence at the time that 10 CFR 50.62 was
imposed. As such this provision of the regulation is not applicable. Nevertheless, the intent of
the regulation is met by the B&W mPower design in that the two reactivity control systems
provide for diverse, independent, reliable scram systems.

* (c)(3) boiling water reactors must have a diverse independent reliable alternate rod injection
(ARI) system with redundant scram air header exhaust valves
Since the B&W mPower reactor is not a BWR, this provision is not applicable.

* (c)(4) BWRs must have reliable automatic standby liquid control system (SLCS) injection
capability
Since the B&W mPower reactor is not a BWR, this provision is not applicable. As discussed in
other sections of this document the B&W mPower design does not utilize liquid poison for
reactivity control.

][CCI per Affidavit 4(a)-(d)]
* (c)(5) BWRs must have reliable equipment to trip recirculation pumps upon indication of an

ATWS
Since the B&W mPower reactor is not a BWR, this provision is not applicable.

Conclusion
The B&W mPower approach to reactivity control uses
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][CCI per Affidavit 4(a)-(d)] This design provides a highly reliable approach to assuring the
safety function of the reactivity control system.

The B&W mPower reactivity control systems design fully complies with GDCs 26 and 29. In the case of
GDC 27, there is a presumption (in the GDC) that liquid poison will be injected as- part of the post-
accident ECCS water injection. As discussed, the B&W mPower design does not use water injection as
part of the ECCS and does not use liquid poison for reactivity control, either for normal operation or to

mitigate accidents.

][CCI per Affidavit 4(a)-(d)]

This approach to reactivity control systems for the B&W mPower design (full compliance with GDCs 26

and 29 and meeting the intent of GDC 27) satisfies 10 CFR 52.47 and 10 CFR 50 Appendix A which
specifically state that the GDC "provides guidance to applicants in establishing principal design criteria"
and 10 CFR 50 Appendix A, which further allows for identification and justification of areas in which a

GDC is not fully met.

The reactivity control systems for the B&W mPower design also have diverse, independent, reliable
scram systems and meet the reactivity control system requirements specified in 10 CFR 52.47(a)(15) and
50.62 regarding ATWS. This document does not provide a detailed discussion, of other ATWS
requirements (i.e., the control of other systems to mitigate or control an ATWS event). Details of
compliance with ATWS (other than with regard to the reactivity control system) will be provided during

the normal licensing process.
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