
March 19, 2004
Mr. Vince Langman
ACR Licensing Manager
Atomic Energy of Canada Limited (AECL) Technology, Inc.
481 North Frederick Avenue, Suite 405
Gaithersburg, Maryland  20877

SUBJECT: REQUESTS FOR ADDITIONAL INFORMATION - ACR-700 PRE-APPLICATION
CLASS 1 PRESSURE BOUNDARY DESIGN AND MATERIALS REVIEW OF
FUEL CHANNELS AND ON-POWER FUELING

Dear Mr. Langman:

Atomic Energy of Canada Limited (AECL) submitted a formal request for a pre-application
review of the Advanced CANDU Reactor (ACR-700) design on June 19, 2002.

The Nuclear Regulatory Commission (NRC) staff is reviewing technical information provided by
AECL as part of the ongoing pre-application review activities for the ACR-700 design.  The 
NRC staff has determined that additional information is necessary to continue the review.  The
requests for additional information (RAIs) are included in the enclosure.  The topic covered in
these RAIs include the Class 1 Pressure Boundary Design and materials review of fuel
channels and on-power fueling.  A draft copy of these RAIs were sent to you via electronic mail
on February 19, 2004.  On March 5, 2004, AECL participated in a meeting with the staff to
discuss the content of the RAIs and agreed to provide most of the ACR-700 information
requested in the RAIs by March 31, 2004.  The remaining information requested in the RAIs will
be provided by April 15, 2004.

If you have any questions or comments concerning this matter, you may contact the
undersigned at (301) 415-4125 or jsk@nrc.gov.

Sincerely,

/RA/

James Kim, Project Manager
New Reactors Section
New, Research and Test Reactors Program
Division of Regulatory Improvement Programs
Office of Nuclear Reactor Regulation
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cc: See next page
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Enclosure

REQUEST FOR ADDITIONAL INFORMATION - LETTER 5
ACR-700 Pre-Application Review - Class 1 Pressure Boundary Design and Materials

Review of Fuel Channels and On-Power Fueling

The following questions and comments were generated in support of the pre-application review
of the Class 1 Pressure Boundary Design and materials.  The following additional information is
required for use in the Safety Assessment Report:

A.  Class 1 Pressure Boundary Design

91. Atomic Energy of Canada, Limited (AECL) requested staff acceptance of certain aspects of
the ACR-700 pressure boundary design.  AECL should define the extent of the reactor
coolant pressure boundary and discuss its compliance with the definition of the reactor
coolant pressure boundary provided in 10 CFR 50.2.  AECL should provide this information
for the case where the fueling machine is attached and the case where the fueling machine
is not attached.  AECL should identify any pressure boundary components that meet the
definition of the reactor coolant pressure boundary provided in 10 CFR 50.2 and are not
designated Class 1.   AECL should provide the basis for the classification of the
components not designated Class 1. 

92. AECL should clearly define which aspects of the Class 1 pressure boundary design meet
ASME Code requirements and which aspects of the Class 1 pressure boundary design do
not meet the ASME Code requirements.  AECL should identify the specific paragraphs of
the ASME Code that can not be met and identify the proposed alternative design criteria
that will be used for the ACR-700 design.  AECL should discuss how the alternative design
criteria satisfy 10 CFR 50.55a(a)(3).

93. AECL should discuss the load combinations and associated stress limits used for the
design of ASME Class 1 pressure boundary components and compare them with the staff
guidance provided in Standard Review Plan (SRP) (NUREG-0800) Section 3.9.3.  AECL
should also discuss any special limits that will be used for the rolled joint design.

94. AECL should provide additional information regarding those aspects of the pressure tube
design that will be qualified by testing.  Specifically, AECL should identify the test
procedures, indicate the number of tests performed, and discuss how these tests assure
that all design conditions have been bounded.  AECL should also discuss how irradiation
creep behavior is bounded by the testing.

95. AECL should discuss compliance of the ACR-700 Class 1 pressure boundary design with
the General Design Criteria (GDC) in Appendix A to 10 CFR Part 50.  Specifically, discuss
how the Class 1 pressure boundary design satisfies GDC 4, GDC 14 and GDC 15. 

B.  10 CFR 50, Appendix A, General Design Criteria (GDC)

96. The NRC staff requests that AECL discuss compliance of the ACR-700 Class 1 and 1C
pressure boundary design with the GDC in Appendix A to 10 CFR Part 50.  Specifically,
discuss how the Class 1 and 1C pressure boundary design satisfies GDC 1, 4, 14,15, 30,
31, and 32 from the materials engineering point of view.
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The following is a discussion of compliance with the GDC 14 for the area of materials
engineering.  This discussion does not reflect an agency position but is merely a
discussion of GDC 14 for the purpose of illustrating a method for AECL to improve its
understanding of the GDC.  Compliance with the GDC is discussed throughout the SRP,
which is contained in NUREG-0800.  In some SRP sections, there are specific statements
of what constitutes compliance with GDC 14 while in other cases, GDC 14 is combined
with other GDC including GDC 1, 4, 15, 30, and 31.  This combining of GDC requirements
was probably performed since the criteria overlap each other in many cases.  These GDC
are contained in Appendix A to Part 50 of Title 10 of the Code of Federal Regulations.  The
requirement for these GDC are as follows:

GDC 1:  Structures, systems, and components (SSCs) important to safety shall be
designed, fabricated, erected and tested to quality standards.  Where generally accepted
codes and standards are used, they shall be evaluated to determine their adequacy and
sufficiency to assure a quality product in keeping with the required safety function.  A
quality assurance program shall be established to ensure these SSC will perform their
safety function.

GDC 4:  SSC important to safety shall be designed to accommodate the effects of and be
compatible with the environmental conditions associated with normal operation,
maintenance, testing, and postulated accidents.  These SSCs shall be appropriately
protected against dynamic effects (except for pipe ruptures if the Commission reviews and
approves analyses that indicates that the probability of pipe rupture is extremely low).

GDC 14:  The RCPB shall be designed, fabricated, erected, and tested so as to have an
extremely low probability of abnormal leakage, of rapidly propagating failure, and of gross
rupture.

GDC 15:  The reactor coolant system (RCS) shall be designed with margin to assure the
design conditions of the reactor coolant pressure boundary (RCPB) are not exceeded
during normal operation.

GDC 30:  The RCPB shall be designed, fabricated, erected, and tested to highest
standards practical and means should be provided for detecting, and to the extent
practical, locating leakage.

GDC 31:  The RCPB shall be designed with sufficient margin to assure that when stressed
under operating, maintenance, testing, and postulated accident conditions the boundary
behaves in a nonbrittle manner and the probability of rapidly propagating fracture is
minimized.  The design shall reflect operating conditions and uncertainties in determining
material properties, the effects of irradiation on material properties, residual, steady state,
and transient stresses, and size of flaws.

GDC 32:  The RCPB shall be designed to permit periodic inspection and testing of
important areas and features to assess their structural and leaktight integrity and an
appropriate material surveillance program for the reactor pressure vessel.
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Based on a review of SRPs in the materials engineering area, information provided to
demonstrate that the ACR-700 design satisfies GDC-14 from the material engineering
point of view would need to address at least the following statements.

The applicant must demonstrate that the materials selected satisfy Appendix I of Section III
of the American Society of Mechanical Engineers Boiler and Pressure Vessel Code
(ASME Code) and Parts A, B, C and D of Section II of the Code.

The applicant must demonstrate that the components are constructed in accordance with
and receive the fabrication inspections required by Section III of the ASME Code.

The applicant should indicate that the yield strength of cold-worked austenitic stainless
steel will not exceed 90,000 psi.  The applicant should also meet the guidelines of
Regulatory Guide (RG) 1.85 if using materials of construction that are approved for use in
ASME code cases.  RGs provide an acceptable method to meet the regulations, but are
not themselves requirements.

The applicant must demonstrate they will meet the requirements of Appendix G of 10 CFR
Part 50 so as to ensure adequate fracture toughness.

RG 1.36 should be followed to demonstrate the compatibility of austenitic stainless steel
with thermal insulation. 

RG 1.44, “Control of the Use of Sensitized Stainless Steel” and RG 1.37, “Quality
Assurance Requirements for Cleaning of Fluid Systems and Associated Component of
Water Cooled Nuclear Plants,” should be followed.

Welding of austenitic stainless steels in the RCPB should be in accordance with the
recommendations of RG 1.31, RG 1.34, and RG 1.71.  These controls provide reasonable
assurance that welded components of austenitic stainless steel will not develop micro
fissures during welding and will have high structural integrity.

For steam generators, crevices between the tubesheet and the inserted tube will be
minimal.  The tube support plates will be manufactured from ferritic stainless steel and
promote high velocity flow along the tube (i.e., they are not circular drilled holes).

For materials not specified in the ASME Code (or deviations from a listed specification in
the Code), their suitability is evaluated on the basis of data submitted in accordance with
the requirements of Section III, Appendix IV-1400 and 10 CFR Part 50, Appendix G. 
These data must include information on mechanical properties, weldability, and physical
changes of the material.

C.  Inservice Inspection

97. The Technology Report, Chapter 11, Inspection and Monitoring of CANDU Fuel Channels, 
addresses the Periodic Inspection Program (PIP) which involves inspection of a relatively
small sample of tubes on a recurring basis to ensure identification of generic problems. 
Table 11-1 provides a summary of inspection requirements.  The governing standard for
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periodic inspection is CSA-285.4-94.  This standard appears to contain considerably less
detail regarding inservice inspection than the ASME Code, Section XI, and lacks sufficient
detail for staff's review of the PIP.  For example, Section XI, “Rules for Inservice Inspection
of Nuclear Power Plant Components,” contains general requirements for preservice and
inservice inspection on scope and responsibility, examination and inspection, standards for
examination and evaluation, repair/replacement activities, system pressure tests, and
records and reports.  The sections on examination include component locations to be
inspected, inspection areas or volumes, methods, frequency, acceptance criteria, and
qualifications of examination personnel.  Flaw evaluation criteria are contained in
Section XI as requirements.  Appendix I to Section XI further specifies the examination
techniques to be used.  For example, Appendix I requires that certain components be
examined in accordance with the requirements of Appendix VIII to Section XI. 
Components covered by Appendix VIII must be examined by performance demonstration
techniques that apply to the total examination system - equipment, procedures, and
personnel.  Please explain the extent to which the ASME Code, Section XI, applies to the
components in the Code Class 1 and 1C pressure boundary.  For those components not
covered by the preservice and inservice inspection rules of ASME, Section XI, provide a
reconciliation summary between CSA-285.4 and other AECL documents, as applicable,
and the ASME Code, Section XI.  The reconciliation summary should address the areas
covered by Section XI as addressed above. 

98. Certain ASME Code requirements, including requirements in Section XI, are endorsed by
reference in NRC regulations.  This action makes these code requirements have the force
of any other regulation.  AECL will utilize the ASME Code, CSA standards, and possibly
other AECL documents for design and inservice inspection of the ACR-700.  Related to the
preceding question, the NRC will evaluate the acceptability of the documents that
supplement the ASME Code.  The NRC will also need to address how the supplemental
documents will be incorporated into the regulatory framework as requirements.  The
preceding is for AECL’s information and AECL is not expected to respond on this topic.

99. GDC 32 of Appendix A to 10 CFR Part 50 requires, in part, that components which are part
of the reactor coolant pressure boundary shall be designed to permit periodic inspection
and testing.  In addition, the ASME Code and GDC 1 require that other safety significant
components be inspected and/or tested.  In the ACR 700 design, it appears that certain
components may be inaccessible for either post-fabrication inspection or inservice
inspection (e.g., calandria tubes and lattice tubes).  If there are components that can not
be reliably inspected/tested, please identify these components and discuss what programs
are in place to ensure these components are acceptable for initial and continued service. 
For example, is there a program (or requirement in the Code) to periodically verify that a
component which is not accessible for inspection/testing is performing as expected
(e.g., through destructive examination of that component).  It is noted that for several
components (e.g., calandria tubes) information pertaining to the inspectability was
provided; however, all components did not appear to be addressed.

100.It appears that there is a code requirement for monitoring the fracture toughness and
delayed hydride cracking velocity for pressure tubes and that this requirement only applies
to the CANDU lead unit with a particular type of pressure tube alloy (section 11.2.4.5). 
Given that there are many factors that affect these material properties, discuss the
technical basis for limiting this requirement to a lead plant (operating experience in light
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water reactors has indicated that the “lead plant” is not always the first plant to experience
an issue).

Please discuss any other situations in which the concept of a lead plant is applied in
determining the inspection and testing requirements.  In general, the NRC's regulations do
not recognize the concept of a lead plant.  For example, the requirements associated with
a design certification would apply equally to all combined operating license holders of the
certified design. 

101.In section 11.3, a discussion of your multifunctional AECL fuel channel inspection system
(AFCIS) is provided.  Discuss the criteria by which this system was qualified.  For example,
discuss how the AFCIS was qualified to measure the pressure tube to calandria tube gap
and how the uncertainties in these measurements are accounted for in determining the
acceptance criteria and inspection frequency.

102.In section 11.1 you indicate that your inservice inspection program tends to be reactor
specific and is generally directed by the reactor operator with concurrence of the regulatory
authority.  Please discuss this process since it appears to significantly differ from U.S.
practice.

D.  Code Classification

103.To understand the appropriate design and inspection requirements for structures, systems,
and components in the ACR-700 design, it is necessary to understand their Code
classification.  Please provide a summary of the classification of the major SCCs in the
ACR-700 design (with emphasis on the components making up the fuel channel design.)

E.  Degradation Mechanisms and Related Inspection and Monitoring

104.The Fuel Channel Technology Report (FCTR) states that "the pressure tube to end fitting
rolled joints in a CANDU reactor have never come apart nor allowed excessive leakage of
the reactor's coolant" (p. 3-3).  Please describe quantitatively the amount of leakage that
has occurred at these joints in relation to any applicable fitness for service guidelines.  How
was the leakage detected, and how was it addressed?  What was the cause of the
leakage?  Could this leakage have caused long-term degradation of the structural integrity
of the joint or any other components?  Please discuss any efforts being undertaken to
ensure leak tight joint integrity given the higher temperature and fluence and geometry
changes in the ACR-700 relative to earlier reactor designs.

105. The Fuel Channel Technology Report (FCTR) describes the enhanced
deuterium/hydrogen ingress in the rolled joint due to galvanic corrosion between the
dissimilar end fitting and pressure tube materials (p. 9-10).  If this fitting creates a
galvanic corrosion cell, then the generation of hydrogen is a cathodic reaction that must
be coupled to an anodic (corrosion) reaction (or reactions).  The FCTR indicates the
oxidation of zirconium to zirconium oxide is the anodic process for uncoupled zirconium
alloy in the coolant environment.  However, the predominant anodic reactions in a
galvanic corrosion cell may not be the same as for the uncoupled alloys in the same
environment.  Since the rate of the cathodic reaction(s) must be equivalent to the rate of
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the corrosion reaction(s), enhancing the rate of hydrogen generation due to galvanic
coupling would increase the rate of the corresponding corrosion reaction.  Corrosion
reactions occurring in a localized area can cause rapid penetration.  What are the
corrosion reactions that form the anodic part of the galvanic corrosion cell, and where do
they occur?  Do these galvanically driven corrosion reactions have any direct effect,
such as thinning, that degrades the joint or any other components?  What is the effect, if
any, on the end fitting material (i.e., martensitic stainless steel) from hydrogen ingress? 
Is the corrosion and/or hydrogen ingress monitored in any way?

106. In the Fuel Channel Technology Report (FCTR), potential degradation mechanisms
have been identified for various components.  In addition, operating experience
associated with some components was provided (e.g., pressure tube leakage and
ruptures).  Please provide a summary table that indicates the following for each
component in the fuel channel

a)  potential degradation mechanisms

b)  if the mechanism has been observed in a plant, a discussion (or reference) to
pertinent operating experience including a discussion on (or reference to) the severity of
the degradation and whether it was within expectations given the service life (if not, a
discussion of the corrective actions)

c)  the inspection or monitoring requirements for this mechanism (or a reference to
where the requirements are listed).  If no inspection or monitoring is performed (or if the
requirements are not in the Code or the plant technical specifications), the basis (or
reference to the basis) for this approach.

d)  the qualification data or qualification criteria (or reference to these data or criteria)
supporting this inspection or monitoring method

e)  the basis for the flaw acceptance criteria (including a listing of what the safety factors
associated with this criteria are) including a discussion of whether the acceptance
criteria accounts for continued degradation between inspections

f)  when the scope of inspection or frequency of monitoring would be increased (e.g., if
the amount of sag expected at a specific time of life is more than predicted, is the scope
expanded).

g)  the basis for the inspection frequency (or reference to the basis)

107. The FCTR indicates that Alloy X-750 is used in the garter springs.  As mentioned in
section 17.5 of the FCTR, Alloy X-750 is susceptible to experienced primary water
stress corrosion cracking.  Please discuss AECL investigations into the potential for the
background level of moisture in the annular space to cause degradation of the garter
spring material or any other materials in this environment such as the bearings or the
bellows.
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108. The ACR-700 pressure tube end fitting is designed from a modified Type 403 stainless
steel with an Inconel alloy 625 feeder elbow attached by a weld.  A feeder tube is
welded to the outlet side of the feeder elbow.  The staff is not clear regarding the
material or materials that make up these feeder tubes between the feeder elbow and the
headers.  Please provide information on the materials specifications for the tube
material(s).  Please address the potential for degradation, such as erosion corrosion or
stress corrosion cracking, to occur in any locations in these elbows and tubes.  Please
include the results of operating experience and any additional research performed to
account for differences in design and/or environmental conditions from existing CANDU
reactors.

In addition, please address programs that will be implemented to inspect or monitor the
condition of these elbows and tubes and the basis for these programs.

109. In section 9.2.3, information pertaining to the possible blocking of the “pig tails” in the
annulus gas system was provided.  To limit this blocking, oxygen is now maintained in
the annulus gas system.  Please discuss whether the addition of oxygen has been
successful in limiting the blocking of the system.  Also discuss how it was determined
that the pig-tails were becoming blocked.  Discuss whether blocking of the pig tails (or
annulus gas system) can go undetected during operation and the implications of this.

110. Many of the plots of corrosion rates (or oxide thickness) show a large amount of scatter. 
Conceptually discuss how the design of the various components accounts for the scatter
in these correlations to ensure that the component will maintain adequate margin
against failure (under normal operation and postulated accident conditions) at the end of
the operating life of these components (or at the most limiting time in life given that
some factors may “strengthen” a material whereas others “weaken” a material).  For
example, are 95-percent upper prediction limits (or bounding estimates) used on all
inputs of the analyses?

In addition, for several components there are a number of degradation mechanisms that
potentially can affect their integrity.  Discuss how the effects of these mechanisms are
combined in assessing whether adequate design margins are maintained at the end of
life (i.e., has the pressure tube been analyzed for the worst case sag, the worst case
corrosion, etc, to ensure that at the end of the operating life (or the most limiting time in
life) the pressure tube will still have margin to failure (as specified in the Code or in the
design rules) under normal operating and postulated accident conditions).

111. Discuss your policy for removing data from correlations.  Are all data retained unless
they are determined to be from an invalid test (which must be distinguished from a test
that did not match expectations)?

112. The staff will need to review the research programs which support extending
qualification of the component materials from existing CANDU operating conditions to
ACR-700 operating conditions for each of the degradation mechanisms.  Please discuss
the status of these programs and the possibility of scheduling a separate meeting to
discuss the basis for these programs and available results.
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113. The Fuel Channel Technology Report (FCTR) describes long-term thermal fatigue tests
of the rolled joints in a water loop followed by helium leak test and hot pullout test.  The
FCTR does not address fatigue of the Fuel Channel base metal (Zr-2.5Nb) or of the End
Fitting base metal (403 SS) in the ACR-700 water coolant including impurities under
operating temperatures and stresses.  Research for LWR materials has shown that the
environment can have a significant effect on the fatigue and SCC resistence of
austenitic and ferritic steels.  In pure water with oxygen levels in the parts per billion
(ppb) range (similar to oxygen levels in PWRs), the fatigue life of austenitic stainless
steel components is reduced relative to that in air, while there is no significant reduction
to fatigue life of austenitic steel for oxygen levels in the parts per million (ppm) range
(similar to BWRs).  On the other hand, for oxygen levels in the ppm range, while the
fatigue life is not reduced compared to that in air, the susceptibility of these materials to
stress corrosion cracking (SCC) is increased.  For ferritic steels there is a reduction in
fatigue life when oxygen levels are in the ppm range, but no reduction in fatigue life at
the ppb level.  Ferritics are more resistant to SCC, but less resistant to erosion
corrosion.  Therefore, it is important to know how ACR-700 materials behave in their
operating environment so that long-term integrity and safety margins can be evaluated.

What information is available to support the design basis relative to the effect of the
ACR-700 coolant environment, including impurities, on component fatigue life and SCC
susceptibility of pressure boundary materials?  In the absence of experimental
information, what justification, or accommodation, is made for the fatigue design
curve/method used (such as those derived from test data in air)?

114. The FCTR describes extensive creep testing including thermal creep, irradiation creep,
and irradiation growth, however it is not clear whether the tests were conducted with the
creep specimens in contact with typical reactor water including impurities.  The coolant
environment (including impurities) could reduce the creep life of components as
observed also for fatigue life described in the previous question.  Was creep testing on
component materials performed in typical reactor water containing impurities?  In the
absence of experimental information, what justification, or accommodation, is made for
the creep design curve/method used (such as those derived from test data in air)?

115. The FCTR discusses the gas side corrosion and hydrogen ingress in terms of
maintaining an oxidizing, dry environment.  Have creep, fatigue, and SCC testing been
conducted in this environment of carbon dioxide, hydrogen, oxygen, water, and other
possible impurities to evaluate the effect on pressure tube, end-fitting, and calandria
tube life under operating temperatures and stresses?

116. What materials and which components have a fatigue or creep analysis for design? 
What are the environmental and stress conditions surrounding those components?

117. CANDU reactors use heavy water as a coolant.  The proposed coolant for the ACR-700
is light water, however heavy water will still be used as a moderator.  In this regard, is
there test data available that compares fatigue, creep, corrosion, SCC, and DHC
behavior of the component materials in typical heavy water (including impurities) to that
in typical light water (including impurities) and in air where appropriate?  In the absence
of experimental data what assumptions are made with respect to the materials behavior
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in the particular environment versus the available data?  Explain and justify the
assumptions.

118. Hydrides form in the outer surface of pressure tubes that come into contact with
calandria tubes because of hydrogen diffusion to the lower temperature at the contact
point and the dependence of the hydrogen solubility limit on temperature.  Hydrides are
undesirable because of the potential for DHC.  Is there data on the temperature of the
pressure tubes at the point of contact with the garter springs?  If not, is there analysis of
the pressure tube temperature at locations where garter springs contact both the
calandria tube and the pressure tube, taking into account the temperature difference
between the two tubes and the thermal conductivity of the garter spring?

119. The increase in the maximum operating temperature of the ACR-700 to 325°C will
increase the kinetics of many of the materials degradation processes and modes.  Does
data exist on the different degradation processes and modes at the higher temperatures
and in the appropriate coolant environments?  If not, has existing data been
extrapolated to account for the effects of increased kinetics, such as increased crack
growth rates and reductions in crack initiation times?  What were the assumptions and
bases for the extrapolations?  Are there adequate safety margins remaining at these
higher temperatures?

120. DHC requires hydride precipitation and a tensile stress above a certain threshold. 
Figure 9-2 of the FCTR shows the deuterium concentration profile along a pressure tube
in a CANDU reactor after 14 EFPY of operation.  Superimposing the hydrogen solubility
limit (terminal solid solubility - TSS) on this curve indicates hydrides are present at the
inlet and outlet of the pressure tube.  This is also shown in Figure 9-14.  Please provide
an analysis or Figure that shows the normal operating, transients, and design basis
accident stresses relative to the DHC threshold stress superimposed on the deuterium
concentration profile.  Include operating stresses such as channel vibration during at-
power operation and start-up and shutdown stresses.

121. Please provide the technical basis and any unpublished data to support the relationship
in section 12.2.1.3 of the fuel channel technology report that the lower bound of KIH =
4.5 MPa(m)^0.5. 

Please provide data and analyses demonstrating similarities and differences between
hydriding and deuteriding in the Zr-2.5Nb pressure tube material. 

F.  Application of Leak-Before-Break

Regulatory Structure

[1] 10 CFR Part 50, Appendix A - General Design Criterion 14 - Reactor Coolant Pressure
Boundary

[2] 10 CFR Part 50, Appendix A - General Design Criterion 4 - Environmental and Dynamic
Effects Design Bases
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[3] Federal Register, Volume 52, page 41283, “Modification of General Design Criterion 4
Requirements for Protection Against Dynamic Effects of Postulated Pipe Ruptures,”
October 27, 1987. (52 FR 41283)

[4] Draft Standard Review Plan (DSRP) Section 3.6.3

[5] NUREG-1061, Volume 3, “Report of the U.S. Nuclear Regulatory Commission Piping
Review Committee, Evaluation of Potential for Pipe Breaks”.

Analysis

GDC 14 establishes the overarching requirements for reactor coolant pressure boundary
integrity.  GDC 4 addresses specific concerns related to the dynamic effects of postulated
piping ruptures, including pipe whip, jet impingement, etc., and provides a clause stating that
such effects may be eliminated from a facility’s design basis “when analyses reviewed and
approved by the Commission demonstrate that the probability of fluid system piping rupture is
extremely low under conditions consistent with the design basis of the facility.”   The
performance goal associated with the use of the term “extremely low” relates to having rupture
frequencies of 10-6 of less per reactor year when all rupture locations are considered in the fluid
piping system to which the “analyses” are being applied.  This performance goal is clearly
specified in 52 FR 41283.

In 52 FR 41283, the NRC also clearly laid out the fact that the “analyses” referred to in GDC-4
are those outlined in Chapter 5 of NUREG-1061, Volume 3 and called “Leak-Before-Break”
(LBB) analyses.  The information in NUREG-1061, Volume 3, Chapter 5 is consistent with that
in DSRP 3.6.3.

NRC Staff Assessment of AECL Information

The NRC staff’s assessment is summarized in the following points:

122. From a regulatory perspective, it is unclear what, if any, “credit” is taken in the design of
the ACR-700 based on the analysis by AECL using leak-before-break principles.  As
noted above, in the U.S. regulatory structure credit for LBB approval is directly related to
eliminating the dynamic effects of piping rupture from a plant’s design and licensing
basis.  AECL must explain what credit is taken within the ACR-700 design for its
analysis to leak-before-break principles, or alternatively, how would the design have to
be modified if the NRC staff did not accept the AECL analysis.

123. The technical “sequence-of-events” analysis performed by AECL to demonstrate
leak-before-break principles is not consistent with the formal LBB analysis endorsed in
NRC NUREG-1061, Volume 3 or Draft SRP 3.6.3, although the underlying concept is
similar.  In the case of the formal LBB analysis of NRC NUREG-1061, Volume 3, there
is an understanding that passing such an analysis is equivalent to demonstrating the
probability of fluid system piping rupture would be on the order of 10-6 when all rupture
locations are considered in the fluid system piping or portions thereof.

AECL must provide more technical information to explain how their “sequence of events”
analysis is performed.  Information on the performance of the leak detection system
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would be relevant.  If, from question (1) above, the intent of their analysis using
leak-before-break principles is to address GDC-4 issues, AECL must show how their
analysis leads to a conclusion that it demonstrates the probability of fluid system piping
rupture would be on the order of 10-6 when all rupture locations are considered in the
fluid system piping or portions thereof.  The NRC staff would have to endorse a
subsequent policy change to accept the AECL analysis as a method for demonstrating
compliance with the “dynamic effects exclusion clause” in GDC-4.

124. Beyond the design of the pressure tubes, is AECL using leak-before-break concepts to
define what must be included (or may be excluded) from the ACR-700 design and
licensing basis?  For example, are pipe whip restraints installed to protect against the
dynamic effects of postulated piping ruptures?  This would be required under GDC-4
unless a formal LBB analysis supported eliminating the dynamic effects of piping rupture
from the ACR-700 design and licensing basis.

G.  Irradiated Materials

125. Please address the following topics.  To the extent portions of these topics may be
discussed in the fuel channel technology report, please refer to the applicable
subsections and tables. 

a) boundaries of concern for irradiation effects, i.e., components affected,

b) response to irradiation of the components within these boundaries; please also
address synergistic effects, such as irradiation and delayed hydride cracking, and the
effect on component response as a result of differences in component geometry and
environmental conditions between operating CANDU reactors and the ACR-700,

c) monitoring/inservice inspection to preclude failure of components within these
boundaries,

d) assumed failures of components within these boundaries, basis for failures assumed,
and basis for consequential failures or lack thereof, and

e) significance of assumed failure.

H.  On-Power Fueling

The design of the ACR must meet the NRC regulations which are contained in Title 10 of the
Code of Federal Regulations (10 CFR).  In addition to the regulations or requirements that are
contained directly in 10 CFR, certain sections of the ASME Code, Division 1, are incorporated
by reference in 10 CFR 50.55a.  For example, design rules of Section III and inservice
inspection rules of Section XI are incorporated by reference in 10 CFR 50.55a.  The NRC has
developed Regulatory Guides which describe methods acceptable to the NRC staff of
implementing specific parts of the Commission’s regulations, to delineate techniques used by
the staff in evaluating specific problems or postulated accidents, or to provide guidance to
applicants.  These Regulatory Guides are not substitutes for regulations, and compliance with
them is not required.  Methods and solutions different from those set out in the Regulatory
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Guides are acceptable if they provide a basis for the findings requisite to the issuance of a
design certification or license by the Commission.  In addition to these Regulatory Guides, the
NRC has a Standard Review Plan (SRP) which the NRC staff uses to review applications.  This
review plan frequently references the Regulatory Guides.  The SRP is organized by closely
related technical topics and the organization of applications for design certifications of light
water reactors (LWRs) typically follow the format of the SRP.

Although the AECL report on “The Technology of On-Power Fueling” provides an excellent
description of the function, operation, and design considerations of the fuel handling system, it
does not provide a clear description of how the Fuel Handling system meets the NRC
requirements.  For example, in the area of materials engineering, the document did not
describe what the material specifications were.  As a result the staff could not ascertain whether
the proposed design of this portion of the reactor coolant pressure boundary would meet the
requirements of General Design Criteria 1 and 30 of 10 CFR 50 Appendix A.  Similarly, it did
not address whether the materials were compatible with the environment (both internal and
external to the equipment), what the chemistry of the system would be, how the materials would
be fabricated and processed, how welding would be performed and what the inservice
inspection requirements would be.  All of this information is necessary to ascertain whether the
proposed design satisfies the requirements contained within 10 CFR 50, Appendix A. 
Furthermore, the design parameters of the system were not provided (e.g., design temperature,
pressure, dimensions, etc.).  The preceding is only a partial list of regulations in the area of
materials engineering.  A complete listing of regulations applicable to LWRs can be assembled
from the SRP.  A list of SRP sections in the area of materials and chemical engineering will be
provided separately.

In many cases these issues could be addressed by indicating that the structure, system, or
component would be fabricated, erected, tested, and inspected consistent with existing
Regulatory Guidance and/or the Standard Review Plan.  If methods different than those
discussed in these regulatory guidance documents are used, their use must be justified.  Given
the materials of the fuel handling system and the water chemistry regimes are probably similar
to those used in light water reactors, much of the guidance provided in existing NRC documents
is appropriate for the ACR; however, for areas such as for inspecting the fuel handling
equipment there may not be regulatory guidance for how to satisfy the NRC regulations.  This
will require detailed information from the applicant.

Despite the limitations of the report, the staff could ascertain that various technical and policy
issues will need to be addressed by AECL.  These issues are discussed below:

126.  Use of Canadian Codes and Standards

Because of the design of the ACR, the Canadians have supplemented the rules for
pressure retaining components contained within the ASME Boiler and Pressure Vessel
Code since the ASME Code rules may not apply, may not exist, or may be insufficient to
address the ACR design.

Applicants are required to follow the ASME Code as discussed in 10 CFR 50.55a.  As a
result, if the ACR-700 design is such that an ASME Code rule cannot be satisfied, the
applicant will need to justify the reason the Code rule cannot be satisfied and request an
exemption from the regulations pursuant to 10 CFR 50.12  or request NRC to approve
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an alternative to the ASME Code pursuant to 10 CFR 50.55a(a)(3)(i).  For the cases
where no ASME code rules exist or where they are insufficient to address a portion of
the ACR design, the code rules to be used (including the technical basis for the
standard) should be submitted for NRC review and approval.  The NRC would review
these supplemental codes to ensure they satisfy the NRC regulations pertaining to
Materials Engineering (e.g., General Design Criteria 1, 4, 14, 15, 30, 31, and 32).  For
the fuel handling system, none of this information was provided.  For the use of
supplemental codes, the NRC will need to address how the supplemental codes will be
incorporated into the regulatory framework as requirements (e.g., in the design
certification rule).

127. Inservice Inspection (ISI) Program

The inservice inspection requirements for the Fuel Handling system are not addressed 
in the ASME Code; however, a Canadian standard has been developed to address the
inspection of this portion of the reactor coolant pressure boundary.  Given that the
inservice inspection requirements for the Fuel Handling system would not be covered
through licensee implementation of 10 CFR 50.55a, the NRC will need to determine how
the inspection requirements would be captured elsewhere such as in a rule (e.g., the
design certification rule). and/or in the technical specifications. 

128. Operating Experience

The operational history of the fuel handling system was provided.  Although useful from
an operational standpoint, a more detailed assessment of the inspection results of the
fuel handling equipment will be needed to ascertain whether the inspection and
maintenance requirements are adequate for ensuring the integrity of this portion of the
reactor coolant system.  For example, in section 5.3.2.1, “Fueling Machine On-Reactor”,
a description of several hose failures was provided; however, the corrective actions
taken to address these occurrences was not provided (e.g., redesigning the component
or increasing the inspection frequency in the Canadian Standards Association (CSA)
standard).  In addition a Fueling Machine heat exchanger failed (Section 5.3.2.5);
however, the cause and corrective action were not provided.  The intent of this
information would be to verify the adequacy of the design and/or inspections for
satisfying the requirements of 10 CFR 50, Appendix A.

129. Limiting conditions for operation

Although a description of the fuel handling system was provided, critical variables that
must be satisfied for fueling to occur were not provided.  From a materials engineering
standpoint, critical variables may include limits on water chemistry and flaw acceptance
limits in the fuel handling system.

130. Classification of System Components

The description of the on-power fueling system did not contain sufficient detail for the
NRC staff to determine how various components were classified.  That is, the NRC staff
was unable to determine where the ASME Code classification boundaries have been
established.  The intent of this information would be to verify the adequacy of the Code
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classification boundaries with respect to NRC requirements.  NRC Regulatory Guide
1.26, “Quality Group classifications and Standards for Water-, Steam-, and Radioactive-
Waste-Containing Components of Nuclear Power Plants,” discusses requirements in
this area.
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