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SUBJECT: BRAIDWOOD STATION, UNITS 1 AND 2, AND BYRON STATION, UNIT NOS.
1 AND 2 — BACKFIT IMPOSITION REGARDING COMPLIANCE WITH
10 CFR 50.34(b), GDC 15, GDC 21, GDC 29, AND LICENSING BASIS
(TAC NOS. MF3206, MF3207, MF3208, AND MF3209)

Dear Mr. Hanson:

The U.S. Nuclear Regulatory Commission (NRC) staff has reviewed the licensing basis
documents submitted by Exelon Generation Company, LLC (Exelon, the licensee) for its
Braidwood Station, Units 1 and 2, and Byron Station, Unit Nos. 1 and 2 (Braidwood and Byron),
particularly, the updated final safety analysis report (UFSAR). The staff has determined that
Braidwood and Byron are not in compliance with Title 10 of the Code of Federal Regulations
(10 CFR) Part 50, Appendix A, general design criteria (GDC) 15, “Reactor Coolant System
Design,” GDC 21, “Protection System Reliability and Testability,” and GDC 29, “Protection
Against Anticipated Operational Occurrences,” 10 CFR 50.34(b), “Final Safety Analysis Report,
and your plant-specific design bases showing there will be no progression of Category Il events
into Category lll events (“prohibition of progression of Condition [l events”).

”

Based upon the NRC staff's review of the analyses contained in the Braidwood and Byron
UFSAR, Chapters 15.5.1, “Inadvertent Operation of Emergency Core Cooling System during
Power Operation (IOECCS),” 15.5.2, “Chemical and Volume Control System (CVCS)
Malfurction that Increases Reactor Coolant Inventory (CVCS) Malfunction,” and 15.6.1,
“Inadvertent Opening of a Pressurizer Safety or Relief Valve (IOPORYV),” the NRC staff
determined that the UFSAR predicts water relief through a valve that is not qualified for water
relief. Therefore, the staff concludes that the UFSAR does not contain analyses that
demonstrate the structures, systems, and components will meet the design criteria for Condition
ii faults as stated in the Braidwood and Byron UFSAR, Chapter 15.0.1.2:

Condition If - Faults of Moderate Frequency

These faults, at worst, result in the reactor trip with the plant being capable of returning
to operation. By definition, these faults (or events) do not propagate to cause a more
serious fault, i.e., Condition lil or iV events. In addition, Condition Il events are not
expected to result in fuel rod failures or reactor coolant system or secondary system
overpressurization.
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Because the analyses in UFSAR, Chapters 15.5.1, 15.5.2, and 15.6.1, do not show that
Condition Il faults will not cause a more serious fault, the NRC staff concludes that these
UFSAR analyses do not demonstrate compliance with GDCs 15, 21, and 29.

In addition, 10 CFR, Section 50.34(b), requires each UFSAR to include, among other things: “a
description and analysis of the structures, systems, and components of the facility, with
emphasis upon performance requirements, the bases, with technical justification therefore, upon
which such requirements have been established, and the evaluations required to show that
safety functions will be accomplished. The description shall be sufficient to permit
understanding of the system designs and their relationship to safety evaluations [SEs].”
Because of the NRC staff's conclusion that the UFSAR does not show compliance with GDCs
15, 21, and 29, the plant-specific design basis with respect to propagation of Condition Il events,
the staff also determines that Braidwood and Byron are not in compliance with 10 CFR, Section
50.34(b), and the UFSAR provisions identified above with respect to prohibition of progression
of Condition !l events.

The NRC staff's conclusions with respect to noncompliance with GDCs 15, 21, and 29,

10 CFR 50.34(b) and UFSAR provisions with respect to prohibition of progression of Condition i
events, differs from a previous NRC position on the acceptability of the Braidwood and Byron
design bases. The staff’'s earlier position was documented in the SE for an increase in reactor
power enclosed with a letter dated May 4, 2001 (Agencywide Documents Access and
Management System (ADAMS) Accession No. ML011420274). Therefore, the staff has
determined that the current conclusion and position constitutes backfitting under

10 CFR 50.109(a)(1). The staff believes that the backfitting falls within the compliance exception
in 10 CFR 50.109(a)(4)(i), and therefore has not prepared a backfit analysis to support the
backfitting.

The enclosure to this letter provides the bases for the NRC staff's conclusions for its
determinations with respect to non-compliance with GDCs 15, 21, and 29, 10 CFR 50.34(b),
and the plants’ licensing bases with respect to prohibition of progression of Condition I events.
The enclosure also provides the bases for the staff's determination that the compliance
exception applies to the backfitting, and represents the documented evaluation required by

10 CFR 50.109(a)(4) whenever the NRC invokes an exception under that paragraph from
preparation of a backfit analysis.

In conclusion, the NRC staff finds that the licensee is not in compliance with GDCs 15, 21, and
29, 10 CFR 50.34(b), and the design bases with respect to prohibition of progression of
Condition Il events. The licensee must take action to resolve the non-compliance.

The matters addressed in this letter were discussed with your staff during teleconferences on
March 26, 2014, September 1, 2015, and September 14, 2015. You may choose to implement
the backfitting by taking steps to comply with the NRC regulations identified above, or appeal
the staff's backfitting determination. Within 60 days of the date of this letter, advise the Director,
Office of Nuclear Reactor Regulation of your decision to implement the backfit requirement and
the schedule for achieving compliance, or if you choose to appeal. If you choose to appeal,
your response must be submitted in accordance with NRC Management Directive (MD) 8.4,
“Management of Facility Specific Backfitting and Information Collection,” MD 8.4 Handbook,
paragraph (I1)(B)(8). A copy of MD 8.4 is enclosed for your convenience.
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If you have any questions, please contact Joel S. Wiebe at 301-415-6606 or e-mail
joel.wiebe@nrc,qov

Sincerely,

Anne 7. Boland, Director
igfon of Operating Reactor Licensing
Office of Nuclear Reactor Regulation

Docket Nos. STN 50-456, STN 50-457,
STN 50-454, and STN 50-455

Enclosures:
1. Safety Evaluation
2. NRC Management Directive 8.4

cc: Listserv
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SAFETY EVALUATION BY THE OFFICE OF NUCLEAR REACTOR REGULATION

RELATED TO CONDITION Il EVENTS THAT COULD GENERATE

MORE SERIOUS EVENTS AT

BRAIDWOOD STATION, UNITS 1 AND 2

AND

BYRON STATION, UNIT NOS. 1 AND 2,

DOCKET NOS.: STN 50-456 AND STN 457 AND

STN 50-454 AND STN 50-455

1.0 EXECUTIVE SUMMARY

The U.S. Nuclear Regulatory Commission (NRC) staff reviewed the licensing basis documents
submitted by Exelon Generation Company, LLC (Exelon, the licensee) for its Braidwood Station,
Units 1 and 2, and Byron Station, Unit Nos. 1 and 2 (Braidwood and Byron), particularly, the
updated final safety analysis report (UFSAR). The NRC staff has determined that Braidwood
and Byron are not in compliance with Title 10 of the Code of Federal Regulations (10 CFR) Part
50, Appendix A, general design criteria (GDC) 15, “Reactor Coolant System Design,” GDC 21,
“Protection System Reliability and Testability,” and GDC 29, “Protection Against Anticipated
Operational Occurrences.”

Specifically, the analyses contained in the Braidwood and Byron UFSAR, Chapters 15.5.1,
“Inadvertent Operation of Emergency Core Cooling System during Power Operation (IOECCS),”
15.5.2, “Chemical and Volume Contro! System (CVCS) Malfunction that Increases Reactor
Coolant Inventory (CVCS) Malfunction,” and 15.6.1, “Inadvertent Opening of a Pressurizer
Safety or Relief Valve (IOPORV),” predict water relief through a valve that is not qualified for
water relief. Therefore, the UFSAR does not contain analyses that demonstrate the structures,
systems, and components will meet the design criteria for Condition |l faults as stated in the
Braidwood and Byron UFSAR, Chapter 15.0.1.2:

Condition Il - Faults of Moderate Frequency
These faults, at worst, result in the reactor trip with the plant being capable of returning

to operation. By definition, these faults (or events) do not propagate to cause a more
serious fault, i.e., Condition Il or IV events. In addition, Condition Il events are not

Enclosure
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expected to result in fuel rod failures or reactor coolant system or secondary system
over pressurization.

Because the analyses in UFSAR, Chapters 15.5.1, 15.5.2, and 15.6.1, do not demonstrate
compliance with GDC 15, GDC 21, and GDC 29, the UFSAR is not in compliance with 10 CFR
50.34(b), “Final Safety Analysis Report,” which requires a final safety analysis report to include
(among other things):

a description and analysis of the structures, systems, and components of the
facility, with emphasis upon performance requirements, the bases, with technical
justification therefore, upon which such requirements have been established, and
the evaluations required to show that safety functions will be accomplished. The
description shall be sufficient to permit understanding of the system designs and
their relationship to safety evaluations.

The NRC staff's conclusion differs from a previous position on the acceptability of the Braidwood
and Byron design bases as documented in the safety evaluation (SE) for an increase in reactor
power enclosed with a letter dated May 4, 2001 (Reference 1). Therefore, the staff has
determined that the staff's current conclusion and position constitutes backfitting under 10 CFR,
Section 50.109(a)(1), and that the backfitting falls within the compliance exception in 10 CFR,
Section 50.109(a)(4)(i).

This SE provides the bases for the NRC staff's conclusions regarding noncompliance with
GDCs 15, 21, and 29, and 10 CFR 50.34(b) and also includes the “documented evaluation” that
the staff’s proposed backfitting falls within the compliance exception in Section 50.109(a)(4)(i).

20 APPLICABLE NRC REGULATIONS

Regulations in 10 CFR § 50.34(b), “Final Safety Analysis Report,” require:

Each application for an operating license shall include a final safety analysis report. The
final safety analysis report shall include information that describes the facility, presents
the design bases and the limits on its operation, and presents a safety analysis of the
structures, systems, and components and of the facility as a whole.

After the NRC staff reviewed and accepted the plants’ licensing basis documents, which
included, among other things, a final safety analysis report (FSAR), the NRC issued operating
licenses for Braidwood Units 1 and 2 on July 2, 1987, and May 20, 1988, respectively, and for
Byron Units 1 and 2 on February 14, 1985, and January 30, 1987, respectively.

Chapter 15.0.1.2 of the Braidwood and Byron UFSAR states:
15.0.1.2 Condition Il - Faults of Moderate Frequency
These faults, at worst, result in the reactor trip with the plant being capable of returning

to operation. By definition, these faults (or events) do not propagate to cause a more
serious fault, i.e., Condition lll or IV events. In addition, Condition Il events are not
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expected to result in fuel rod failures or reactor coolant system or secondary system
over pressurization.

This definition is taken from American Nuclear Society (ANS), ANS-N18.2-1973, “Nuclear
Safety Criteria for the Design of Stationary Pressurized Water Reactor Plants” (Reference 2).

The following 10 CFR Part 50, Appendix A, GDC, (Reference 3), relate to the relief of water
through the pressurizer power-operated relief valves (PORVs) and pressurized safety valves
(PSVs).

GDC 15 - Reactor Coolant System (RCS) Design (Reference 3)

The reactor coolant system and associated auxiliary, control, and protection
systems shall be designed with sufficient margin to assure that the design
conditions of the reactor coolant pressure boundary are not exceeded during any
condition of normal operation, including anticipated operational occurrences.

GDC 21 - Protection System Reliability and Testability (Reference 3)

The protection system shall be designed for high functional reliability and
inservice testability commensurate with the safety functions to be performed.
Redundancy and independence designed into the protection system shall be
sufficient to assure that: (1) no single failure results in loss of the protection
function and (2) removal from service of any component or channel does not
result in loss of the required minimum redundancy unless the acceptable
reliability of operation of the protection system can be otherwise demonstrated.

GDC 29 - Protection against Anticipated Operational Occurrences (Reference 3)
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.

3.0 TECHNICAL EVALUATION

The NRC staff's evaluation will cover the following three accident analysis in Chapter 15,
“Accident Analysis,” of the Braidwood and Byron UFSAR: (i) the inadvertent operation of the
emergency core cooling system during power operation (IOECCS); (ii) the chemical and volume
control system (CVCS) malfunction that increases reactor coolant inventory; and (iii) the
inadvertent opening of a pressurizer safety or relief valve (IOPORV). All three analyses in some
way fail to demonstrate compliance with the UFSAR definition of a Condition Il event and GDCs

15, 21, and 289.

The NRC'’s long-standing position is that each Condition Il event must be shown to meet the
three Condition !l defining criteria: (1) no fuel damage, (2) no overpressure of the reactor
coolant system (RCS) or main steam system, and (3) no progression into an event of a more
serious category without the occurrence of another, independent fault. The original Bryon and
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Braidwood safety evaluation reports (NUREG-0876 and NUREG-1002, respectively) contain
these requirements in Chapter 15.2. Thus, a Condition Il event could require analysis of as
many as three or more cases, each based upon assumptions and methods designed to
demonstrate compliance with one of the three specific analysis criteria. One assumption that is
particularly important to the non-escalation criteria is that water relief through a valve that is not
qualified for water relief will cause that valve to stick in its fully open position. A stuck-open
valve is an uncontrolled loss of RCS inventory in excess of the normal make-up capacity and a
progression to a more serious Condition Ill event, similar to a small-break- loss- of-coolant
accident (SBLOCA).

The Standard Review Plan (SRP), Chapter 15, “Introduction - Transient and Accident
Analyses,” states that the GDC can be considered met if the acceptance criteria for anticipated
operational occurrences (AOOs) or Condition Il events are met.

A. Analysis Acceptance Criteria for AOOs. The following are the specific criteria
necessary to meet the requirements of GDC for AOOs:

i. Pressure in the reactor coolant and main steam systems should be
maintained below 110 percent of the design values in accordance with the
American Society of Mechanical Engineers (ASME) Boiler and Pressure
Vessel Code.

ii. Fuel cladding integrity shall be maintained by ensuring that the minimum
departure from nucleate boiling ratio (DNBR) remains above the 95/95
DNBR limit for PWRs [pressurized-water reactor] and that the critical power
ratio (CPR) remains above the minimum critical power ratio (MCPR) safety
limit for BWRs [boiling-water reactor].

The reviewer applies a third criterion, based on the ANS standards to ensure
that there is no possibility of initiating a postulated accident with the
frequency of occurrence of an AOO.

iii. An AOO should not generate a postulated accident without other faults
occurring independently or result in a consequential loss of function of the
RCS or reactor containment barriers.

For licensees that have the categorizations of References 4 or 5 [from SRP Chapter
15.0] (i.e., ANS Condition II, I, and IV events) in their licensing bases, the reviewer will
apply the following acceptance criteria:

M Condition li events
(a) Same as Criterion (1) (above), for AOOs.
(b) Same as Criterion (2) (above), for AOOs.

(c) By itself, a Condition 1l incident cannot generate a more serious
incident of the Condition Ill or IV category without other incidents
occurring independently or result in a consequential loss of function of
the RCS or reactor containment barriers.
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31 Inadvertent Operation of Emergency Core Cooling System (IOECCS)

3.1.1 Background

The IOECCS event is evaluated in the Braidwood and Byron UFSAR, Chapter 15.5.1. In 1993,
Westinghouse Electric Corporation (Westinghouse) published a nuclear safety advisory letter
(NSAL) (Reference 4) addressed to its customers who operate plants with emergency core
cooling system (ECCS) designs that employ charging pumps to perform a safety injection (SI)
function. Unlike the SI pumps, the charging pumps are capable of pressurizing the RCS to
levels that can exceed the opening setpressures of the PORVs and PSVs. (Braidwood and
Byron units are equipped with this type of pump). The licensee has adopted several of the
recommendations that Westinghouse described in its NSAL into their Chapter 15.5.1, IOECCS
analysis, as discussed below.

The design requirement prohibiting an event from progressing into a more serious event can be
met by demonstrating the mass addition is ended by the operator before the pressurizer can
become water-solid. If there is not enough time for such operator action, then it is necessary to
show that water can be relieved from the pressurizer as a reliable safety function. In both
cases, the rate at which the pressurizer fills is essential to the result and it is therefore
conservative to maximize the rate at which the pressurizer fills during an IOECCS. This is done
by assuming that the pressurizer PORVs and sprays are operable since they tend to limit the
rate of RCS pressurization, which would permit a relatively higher rate of ECCS delivery. Thus,
the pressurizer fills more rapidly as steam is relieved through the PORVs and sprays help to
control the pressure increase.

3.1.2 Technical Evaluation
3.1.2.1 Nonconservative Assumption

The Braidwood and Byron licensing basis IOECCS analysis is based upon the nonconservative
assumption that the PORVs and sprays are not available. The NRC staff interprets this
assumption to mean that the licensee believes that failure of a PORV to reseat need not be
addressed, since a stuck-open PORYV could be easily remedied by closing its block valve. This
approach was recommended by Westinghouse in 1993 (Reference 5), and rejected by the NRC
staff in 2005 (Reference 6). This recommendation was repeated by Westinghouse in 2007
(Reference 7), and continues to be unacceptable to the NRC staff because the stuck-open
PORYV is a Condition Il uncontrolled loss of RCS inventory in excess of the normal make-up
system capacity, not a Condition Il IOECCS. As discussed in the background, it is conservative
to model PORYV operation during an IOECCS event to maximize the rate at which the
pressurizer fills.

3.1.2.2 Failure to address return to operation
In UFSAR, Subsection 15.5.1.3, “Analysis of Effects and Consequences,” the licensee states:

Water relief from the pressurizer PORVs and safeties may result in
overpressurization of the pressurizer relief tank (PRT), breaching the rupture disk
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and spilling contaminated fluid into containment. The radiological releases
(offsite doses) resulting from breaking the PRT rupture disk are limited by
isolation of the containment.

The licensee has not addressed the questions of how long it would take to clean up a
contaminated containment, and whether the time required for completing the cleanup effort and
repairing or replacing any damaged PSVs could be long enough to delay the plant’s return to
operation beyond the short period that is implied in the UFSAR, Chapter 15.5.1.3, definition of
Condition Il events.

3.1.2.3 Redefinition of a Condition Ili Event
In UFSAR, Subsection 15.5.1.2, “Analysis of Effects and Consequences,” the licensee states:

The Sl flow refills the pressurizer until the pressurizer is water solid, and the
S| flow results in liquid discharge through the pressurizer safety relief valves.

American Nuclear Society standard 51.1/N18.2-1973 (Reference 2) describes example
15 of a Condition Il event as a “minor reactor coolant system leak which would not
prevent orderly reactor shutdown and cooldown assuming makeup is provided by normal
makeup systems only.” In Reference 2, normal makeup systems are defined as those
systems normally used to maintain reactor coolant inventory under respective conditions
of startup, hot standby, power operation, or cooldown, using onsite power. Since the
cause of the water relief is the ECCS flow, the magnitude of the leak will be less than or
equivalent to that of the ECCS (i.e., operation of the ECCS maintains RCS inventory
during the postulated event and establishes the magnitude of the subject leak).

In the short term, the water flowing out of the RCS, through the failed PORV(s) or PSV(s), far
exceeds the rate of water flowing into the RCS from the ECCS. Once the valve is opened, the
water relief rate is determined by the critical flow of saturated water through the stuck-open
valves because of the pressure difference between the RCS and the pressurizer relief tank or
containment. Each of the Braidwood and Byron units is equipped with three Crosby PSVs, with
orifice areas of 9.25 square centimeters (cm) [3.64 square inches]. These PSVs, if stuck in the
wide-open position, would have a combined flow area of 27.76 square cm [10.93 square
inches]. The resulting uncontrolled loss of RCS inventory would be equivalent to a 3.73-inch
[9.47-cm] hot-leg break located near the top of the pressurizer. The NRC staff does not agree
with the licensee’s assertion that leakage from three PSVs can be considered as a limited
version of an inadvertent opening of a pressurizer safety or relief valve transient because the
conditions at the time of valve opening for the two transients are very different.

In the long term, as RCS pressure decreases and the ECCS flow rate increases, the relief flow
could eventually be offset by the ECCS flow.

In effect, the Braidwood and Byron IOECCS analysis redefines a Condition Il uncontrolled loss
of RCS inventory in excess of the normal make-up system capacity as a Condition | RCS leak
that can be remedied by using normal makeup systems. The ECCS is not a nhormal makeup

system but is an emergency system. The charging pumps when started by a Sl signal operate
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at maximum capacity to cool the core, not at a flow rate that is controlled to maintain a
programmed pressurizer level.

3.1.2.4 Water Qualification of PSVs

The Braidwood and Byron IOECCS analysis depends on water relief through the PSVs. PSVs
typically provide protection against overpressurization during Condition Il and IV events (e.g.,
feedline break). The Braidwood and Byron plants’ reliance upon the PSVs for mitigation of
Condition Il events is a departure from the design (or functional) objectives of the PSVs as
described in the UFSAR Chapter and Reference 8. Additionally, the licensee has invoked the
PSVs as a mitigation system but has not applied the single-failure assumption (required in
accident analyses to show compliance with GDC 21) to that system (i.e., failure of a PSV to
close) nor have they provided ASME water qualification documentation for the PSVs, causing
the staff to be unable to conclude that there is compliance with GDC 21. Specifically, the
following information is necessary to support water qualification of the PSVs:

(1 Under the ASME Code [American Society of Mechanical Engineers Boiler
and Pressure Code] requirements [Reference 9], it is necessary to
provide the original Overpressure Protection Report showing the IOECCS
event as a Condition |l event and defining the operating conditions and
required relief capacities associated with it. It is also necessary to provide
the manufacturer’s certification of the valves’ relief capacity, under
pressurized water conditions, and including test results.

(2) According to the ASME OM [Operation and Maintenance] Code
[Reference 10], it is necessary to provide the inservice test history
(procedure and results) for the pressurizer PSVs, including both water
and steam tests, or alternatively provide a certified correlation test
procedure and justification for use of an alternative test fluid.

3.1.2.5 I0OECCS as an Inadvertent Opening Power-Operated Relief Valve (IOPORYV)
UFSAR, Subsection 15.5.1.2, states:

The consequences of the event are bounded by the analysis described in UFSAR
Section 15.6.1, “Inadvertent opening of Pressurizer Safety or Relief Valve” (References
6 and 7). This event is also classified as an event of moderate frequency.”

The IOPSRY as reported in Subsection 15.6.1, is a Condition |l event that is analyzed to
demonstrate that no fuel clad damage will occur. This event, also known as

RCS depressurization, will cause a reduction in thermal margin (i.e., DNBR) since the

RCS depressurization will occur while the plant is operating at full-power. The analysis is
performed to show that the overtemperature AT reactor trip protection logic will trip the reactor
before departure from nucleate boiling (DNB) can occur. In fact, the Measurement Uncertainty
Recapture (MUR) application (Reference 11), states:
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The criterion of interest for the accidental depressurization of the RCS analysis, which
conservatively models the inadvertent opening of a PSV, is that the DNB design basis is
satisfied. The duration of the analysis extends to the time of reactor trip (less than

1 minute), and little more. There is no SI and no water discharge through a PORV or
PSV at any time during the reported analysis.

If the analysis of the IOPSRV were to be extended past the time of reactor trip, without
assuming operator action, then the RCS depressurization would eventually reach the low-low
pressurizer pressure Sl actuation setpoint. This is a valid signal that would start the ECCS and
would deliver flow at a relatively higher rate, due to the reduced RCS pressure. Consequently,
the pressurizer would fill very rapidly and cause water to exit the RCS through the open PORV.
The water discharge, if allowed to continue, would eventually cause the PRT rupture disk to
break open and allow RCS water to spill into the containment. Recovery will require cleanup of
the containment and repair or replacement of one or more pressurizer PORVs or PSVs. Under
these circumstances, it is reasonable to question whether the first ANS design requirement can
be met. There is no evaluation of this scenario in the Braidwood and Byron licensing basis.

The NRC staff does not agree that UFSAR, Subsection 15.6.1, “Inadvertent Opening of
Pressurizer Safety or Relief Valve,” is an adequate or even relevant evaluation of the latter
stage of an IOECCS. The staff maintains that the IOECCS would proceed as a Condition Il
uncontrolled loss of RCS inventory in excess of the normal make-up capacity, similar to a
SBLOCA, as reported in UFSAR, Subsection 15.6.5.2.2. Specifically, the IOECCS would
resemble a 10 centimeter (4-inch) diameter break in the hot-leg, with full ECCS flow available.
Although this would not be considered as limiting as the limiting SBLOCA case, it would
nevertheless be classified as a Condition Il event. This Condition Ill event would have
originated as a higher-frequency Condition |l event, demonstrating non-compliance with the
licensing basis.

3.1.3 Conclusion

The Byron and Braidwood UFSAR, Chapter 15.5.1, IOECCS analysis contains a
nonconservative assumption, fails to address return to operation which is required to
demonstrate compliance with design requirements for a Condition |i event, depends on water
relief through PSVs that do not have appropriate water qualification documentation, and does
not analyze the event to an appropriate end state. Additionally, the analysis implements
recommendations from a Westinghouse NSAL that the NRC staff rejected in Regulatory Issue
Summary (RIS) 2005-29 and re-defines a SBLOCA Condition Il event as a more frequently
occurring Condition Il event. The identified issues with this analysis prevent the NRC staff from
concluding that the Condition Il design requirements have been met. Therefore, the NRC staff
has concluded that the Byron and Braidwood UFSAR, Chapter 15.5.1, IOECCS analysis is not
in compliance with 10 CFR 50.34(b), GDCs 15, 21, and 29.
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3.2 Chemical Malfunction That Increases Reactor Coolant Inventory (CVCS)

3.2.1 Background

Regulatory Guide (RG) 1.70 (Reference 12), “Standard Format and Content of Safety Analysis
Reports for Nuclear Power Plants,” specifies two CVCS malfunction events. One is to be
evaluated in the UFSAR as a reactivity anomaly, and the other is to be evaluated as a mass
addition event. The former event, the CVCS malfunction that results in a decrease in boron
concentration in the reactor coolant, is a Condition Il event that is evaluated to show that it will
not result in any fuel clad damage. The latter event, the CVCS malfunction that increases RCS
inventory, is a Condition Il event that is evaluated to show that it will not develop into a more
serious event, and that it will not jeopardize the integrity of the RCS. The SRP contains
guidance for the review of both CVCS malfunction events.

The CVCS malfunction that increases reactor coolant inventory causes the charging pumps to
add water to the RCS but at a lower rate than the IOECCS since they are not operated in the Sl
mode and not necessarily operated at maximum flow capacity. In this event, the reactor is not
immediately tripped. Power generation will continue until a reactor trip signalis produced by the
automatic reactor protection system (e.g., a high pressurizer water level trip signal). RCS
pressure is not decreased and core power is not increased. Therefore, core thermal margin is
not eroded. The possibility of the DNB is ended when the reactor is tripped.

3.2.2 Technical Evaluation
In its MUR application (Reference 11), the licensee states:

This event is bounded by the evaluation of the boron dilution event in Section 11.2.8 and
the analysis of the inadvertent ECCS operation at power event in Section 111.11.
Therefore, the conclusions presented in the UFSAR remain valid.

The UFSAR, Subsection 15.5.2, “Chemical and Volume Control System Malfunction that
Increases Reactor Coolant Inventory,” states:

An increase in reactor coolant inventory which results from the addition of cold,
unborated water to the reactor coolant system is analyzed in Subsection 15.4.6,
chemical and volume control system malfunction that resuits in a decrease in
boron concentration in the reactor coolant. An increase in reactor coolant
inventory which results from the injection of highly borated water into the reactor
coolant system is analyzed in Subsection 15.5.1, inadvertent operation
emergency core cooling system during power operation.

The licensee claims that the conclusions presented in the UFSAR Subsection 15.5.2 remain
valid. A reading of the UFSAR Subsection 15.5.2 (above) does not identify any conclusions.
The UFSAR Subsection 15.5.2 merely refers to Subsections 15.4.6 and 15.5.1, which discuss
the boron dilution and IOECCS events, respectively.
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It cannot be concluded that the IOECCS will always bound the CVCS malfunction. Itis
expected that the charging flow rate during a CVCS malfunction would not be as high as the
charging flow rate during an IOECCS, but this would not be sufficient to conclude that the CVCS
malfunction is bounded by the IOECCS. Unlike the IOECCS, there is no immediate reactor trip
during a CVCS malfunction. The reactor trip, if it occurs, would occur sometime after the CVCS
malfunction begins. There would be relatively less post-trip cooling to shrink the pressurizer
water level during a CVCS malfunction. Therefore, it is necessary to analyze or evaluate both
the IOECCS and the CVCS malfunction events.

3.2.3 Conclusion

The licensee has not provided an analysis for the CVCS malfunction that increases reactor
coolant inventory that demonstrates the plants’ ability to meet the requirements of a Condition |l
event. Therefore, the NRC staff has concluded that the Byron and Braidwood UFSAR Chapter
15.5.2 CVCS malfunction that increases reactor coolant inventory analysis is not in compliance
with 10 CFR 50.34(b), GDCs 15, 21, and 29.

3.3 Inadvertent Opening of Pressurizer Safety or Relief Valve (IOPSRV)

3.3.1 Background

The IOPORYV is evaluated in the Byron and Braidwood UFSAR Chapter 15.6.1. The analysis
demonstrates that the resulting RCS depressurization, while the reactor is at power, would not
lead to fuel clad damage (i.e., the minimum (DNBR will not fall below its safety limit value). The
analysis of this event is ended shortly after the automatic reactor trip.

3.3.2 Technical Evaluation

Although the reactor trip prevents fuel clad damage, it does not end the RCS depressurization.
Manual action must be taken to close the inadvertently opened PORYV or close its block valve. If
the PORYV is not closed or isolated, the continuing depressurization will lead to an actuation of
the ECCS on a low-low pressurizer pressure. If this occurs, the resulting ECCS flow rate will be
relatively higher than the ECCS flow of an IOECCS since the RCS backpressure will be lower,
possibly low enough to allow some additional flow from the high head S| pumps to enter the
RCS. This will soon lead to a water-solid pressurizer, and relief of water through the
inadvertently-opened PORYV. If the PORYV or its block valve is not closed before the ECCS
actuation signal is generated, and ECCS flow begins, the operator will have to end the ECCS
flow before isolating the PORVs. If the PORVs are isolated before the ECCS flow is terminated,
the PSVs could open, relieve water, stick open, and produce the equivalent of a hot-leg
SBLOCA.

In order to demonstrate the plant’s ability to meet the Condition Il design requirement prohibiting
an event from progressing into a more serious event, the analysis would need to address the
necessary actions after the automatic trip.
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3.3.3 Conclusion

The licensee has not provided an analysis for the IOPORYV that extends long enough into the
transient to demonstrate the event will not transition from a Condition 1l event to a Condition Il
event to meet the Condition Il design requirement. Therefore, the NRC staff has concluded that
the Byron and Braidwood UFSAR, Chapter 15.6.1, IOPORV analysis is not in compliance with
10 CFR, Section 50.34(b), and GDCs 15, 21, and 29.

3.4 Backfitting — Compliance Exception

The NRC staff's current conclusion that Braidwood and Byron's design bases do not comply
with GDCs 15, 21, and 29, and 10 CFR 50.34(b), differs from a previous NRC position on the
acceptability of the design bases for these plants as documented in the SE for an increase in
reactor power (Reference 1). Therefore, the NRC staff has determined that the current
conclusion and position constitutes backfitting under 10 CFR, Section 50.109(a)(1).

The NRC staff has determined that the backfitting falls within the compliance exception in

10 CFR, Section 50.109(a)(4)(i), because the staff's interpretation, guidance, and general
application (as opposed to the specific NRC approval for Byron and Braidwood) of GDCs 15,
21, and 29, 10 CFR, Section 50.34(b), have not changed, with respect to the unacceptability of
the specific Condition Il events at the Braidwood and Byron plants evolving to Condition 111
events. In addition, the staff’'s interpretation of these plants’ UFSAR provisions with respect to
prohibition of progression of Condition Il events has not changed. Consequently, a backfit
analysis is not required to support the staff's determinations, and the staff has not prepared a
backfit analysis to support this SE.

The NRC staff identified three GDCs applicable to this backfit. GDC 15 requires that the RCS
and associated auxiliary, control, and protection systems be designed to assure that design
conditions are not exceeded during normal operation including AOOs. GDC 29 requires that the
protection and reactivity control systems be designed to assure an extremely high probability of
accomplishing their safety functions during AOOs and GDC 21 requires protection systems to
be designed for high functional reliability and testability.

As explained in RG 1.70, Chapter 15.0, and SRP, Chapter 15.0, these GDC together provide
the regulatory basis for prohibition of Condition Il events (AOOs) evolving to Condition 1lI
events. Because the GDCs require that the design conditions not be exceeded during normal
operation, including AOQOs, and because the reactor protection and reactivity control systems
must be reliably designed, an AOO (Condition |l event), may not evolve to a more severe event
without an independent fault. Guidance for demonstrating compliance with these three GDCs
is contained in RG 1.70, Chapter 15.0, first published in February 1972, “By definition, Class 1
events do not propagate to cause a more serious event (i.e., a Class 2 or 3 event). It should be
shown that Class 2 events would not in themselves lead to the occurrence of a Class 3 event.”
This guidance was similarly reflected in SRP, Chapter 15.1.1, Section I1.2.c, when first
published in 1975 as NUREG-75/087 and stated, “An incident of moderate frequency should not
generate a more serious plant condition without other faults occurring independently.”
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Both RG 1.70 and the SRP have been revised over the years. The most recent revision of RG
1.70 was published in 1978 and the specific guidance on Class 1, 2 and 3 events has been
removed, but directs applicants to note:

that different initiating events in the same category/frequency group may be limiting
when the multiplicity of consequences are considered. For example, within a given
category/ frequency group combination, one initiating event might result in the highest
reactor coolant pressure boundary (RCPB) pressure while another initiating event might
lead to minimum core thermal-hydraulic margins or maximum offsite doses.

The most recent revision of SRP, Chapter 15.0, now contains more detailed guidance on
acceptance criteria for AOOs (see Section 3.0 above) and a reference to RIS 2005-29 which
discusses escalation from Condition Il to Condition Il events. Based on the consistency of this
guidance among multiple document revisions, the NRC staff has made no substantive changes
to the position that Condition Il events must be prohibited from transiting to Condition Il events.

As detailed above in Section 2.0, the Byron and Braidwood original licensing basis and UFSAR,
Chapter 15.0.1.2, today include the requirement that Condition Il events not transition to more
serious Condition Il or IV events.

The NRC staff has determined that the IOECCS, CVCS, and IOPORV UFSAR Chapter 15
accident analysis at Byron and Braidwood, as discussed above, in some way fail to demonstrate
compliance with the UFSAR definition of a Condition Il event and GDCs 15, 21, and 29. The
IOECCS event terminates with the opening of a PSV, which the UFSAR states, is analogous
with a SBLOCA, a Condition il event. For the CVCS event the licensee has not provided an
analysis that demonstrates the plants’ ability to meet the requirements of a Condition Il event.
For the IOPORV event the licensee’s analysis terminates before the reactor has reached a
steady state, leaving it open to question whether the requirements of a Condition Il event have
been met.

Parts of the current Byron and Braidwood IOECCS analysis were accepted as part of a stretch
power uprate license amendment in 2001 (Reference 1) and other UFSAR changes to these
three analyses were made under 10 CFR 50.59. The staff's acceptance of the lIOECCS
analysis in 2001 was based, among other things, on the use of water qualified PSV's which
upon further review, during the 2011 measurement uncertainty recapture uprate, was found to
be unsubstantiated.

Notwithstanding the 2001 power uprate approval, the NRC staff has continually applied the
prohibition of Condition Il to Condition 1ll events including 1998 and 2000 approvals of Millstone
and Callaway requests (ADAMS Accession Nos. ML011800207 and ML0O03719636) to upgrade
PORVs for water relief and a 2004 Beaver Valley extended power uprate (EPU) in which the
PORVs were qualified for water relief. More recent 2012 EPU approvals for Turkey Point and
Saint Lucie Unit 2 (ML11293A359 and ML12235A463) explicitly address the non-escalation
criterion for the CVCS malfunction and the IOPORYV events.
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The NRC staff has concluded that the compliance exception may be invoked because of the
NRC staff’s consistent interpretation of the GDCs and prohibition of Condition I events from
transitioning to Condition Il events.

This discussion constitutes the documented evaluation required by 10 CFR, Section
50.109(a)(4), for the NRC staff's finding that the backfitting of Braidwood and Byron is needed
for compliance with GDCs 15, 21, and 29, 10 CFR, Section 50.34(b), and these plants’ UFSAR
provisions with respect to prohibition of progression of Condition Il events.

3.5 Summary and Conclusions

Condition |l events must be shown to meet the three Condition Il defining criteria: (1) no fuel
damage, (2) no overpressure of the RCS or main steam system, and (3) no progression into an
event of a more serious category without the occurrence of another, independent fault. The
NRC staff has identified three UFSAR, Chapter 15, events that do not have analyses that
demonstrate the plants’ ability to meet all three of the Condition Il defining criteria, the specifics
of which are discussed above. The NRC staff has concluded that Braidwood and Byron UFSAR
analyses, Chapter 15.5.1, “IOECCS,” Chapter 15.5.2, “CVCS Malfunction that Increases
Reactor Coolant Inventory,” and Chapter 15.6.1, “IOPORYV,” are not in compliance with 10 CFR
50.34(b), GDCs 15, 21, and 29. On the basis of the foregoing, the NRC staff finds that
modification is necessary to bring the facility into compliance with GDCs 15, 21, and 29,

10 CFR 50.34(b), and the plant-specific design bases for the Braidwood and Byron facilities with
respect to prohibition of progression of Condition Ii events.
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If you have any questions, please contact Joel S. Wiebe at 301-415-6606 or e-mail
joel.wiebe@nrc.gov

Sincerely,

/RA/

Anne T. Boland, Director
Division of Operating Reactor Licensing
Office of Nuclear Reactor Regulation
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