
-ELECTRIC POWER
ra 121i RESEARCH INSTITUTE

20 13-088 BWR Vessel & Internals Project (BWRVIP)

May 23, 2013

Document Control Desk
U. S. Nuclear Regulatory Commission
11555 Rockville Pike
Rockville, MD 20852

Attention: Joseph Holonich

Subject: Project No. 704 - BWRVIP Response to NRC Request for Additional Information on
BWRVIP-100, Revision 1

Reference: Letter from Joseph J. Holonich (NRC) to Dennis Madison (BWRVIP Chairman),
"Request for Additional Information Related to BWRVIP- 100, Revision 1: BWR
Vessel and Internals Project-Updated Assessment of the Fracture Toughness of
Irradiated Stainless Steel for BWR Core Shrouds (TAC NO. ME8329)," dated August
22, 2012.

Enclosed are five (5) copies of the BWRVIP proprietary response to the NRC Request for
Additional Information (RAI) on the BWRVIP report entitled "BWRVIP-100, Revision 1: BWR
Vessel and Internals Project, Updated Assessment of the Fracture Toughness of Irradiated
Stainless Steel for BWR Core Shrouds." The RAI was transmitted to the BWRVIP by the NRC
letter referenced above.

Please note that the enclosed response contains proprietary information. A letter requesting that
the response be withheld from public disclosure and an affidavit describing the basis for
withholding this information are provided as Attachment 1. The response includes yellow shading
to indicate the proprietary information. The proprietary information is also marked with the letters
"TS" in the margin indicating the information is considered trade secrets in accordance with
1OCFR2.390A.

Two (2) copies of a non-proprietary version of the BWRVIP response to the RAI are also
enclosed. This non-proprietary response is identical to the enclosed proprietary response except
that the proprietary information has been deleted.

If you have any questions on this subject please call Ron DiSabatino (Exelon, BWRVIP
Assessment Committee Technical Chairman) at 610.765.5753.

Sincerely,

Dennis Madison
Southern Nuclear
Chairman, BWR Vessel and Internals Project
Together . . . Shaping the Future of Electricity
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KENNETH CANAVAN
Director, Plant Technology

May 16, 2013

Document Control Desk
Office of Nuclear Reactor Regulation
U.S. Nuclear Regulatory Commission
Washington, DC 20555-0001

Subject: Request for Withholding of the following Proprietary Information Included in:

Responses to NRC Request for Additional Information Related to BWRVIP-100, Revision 1: BWR Vessel
and Internals Project, Updated Assessment of the Fracture Toughness of Irradiated Stainless Steel for
BWR Core Shrouds

To Whom It May Concern:

This is a request under 10 C.F.R. §2.390(a)(4) that the U.S. Nuclear Regulatory Commission ("NRC") withhold
from public disclosure the report identified in the enclosed Affidavit consisting of the proprietary information
owned by Electric Power Research Institute, Inc. ("EPRr') identified in the attached report. Proprietary and non-
proprietary versions of the Response and the Affidavit in support of this request are enclosed.

EPRI desires to disclose the Proprietary Information in confidence to assist the NRC review of the enclosed
submittal to the NRC. The Proprietary Information is not to be divulged to anyone outside of the NRC or to any
of its contractors, nor shall any copies be made of the Proprietary Information provided herein. EPRI welcomes
any discussions and/or questions relating to the information enclosed.

If you have any questions about the legal aspects of this request for withholding, please do not hesitate to
contact me at (704) 595-2731. Questions on the content of the Report should be directed to Andy McGehee of
EPRI at (704) 502-6440.

Sincerely,

Together . . . Shaping the Future of Electricity

CHARLOTTE OFFICE
1300 West W.T. Harris Boulevard, Charlotte, NC 28262-8550 USA e 704.595.2000 * Fax 704.595.2860
Customer Service 800.313.3774 • www.epri.com
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AFFIDAVIT

RE: Request for Withholding of the Following Proprietary Information Included In:

Responses to NRC Request for Additional Information Related to BWRVIP-100, Revision 1: BWR Vessel
and Internals Project, Updated Assessment of the Fracture Toughness of Irradiated Stainless Steel for
BWR Core Shrouds

I, Kenneth Canavan, being duly sworn, depose and state as follows:

I am the Director of Plant Technology at Electric Power Research Institute, Inc. whose principal office is
located at 1300 West WT Harris Blvd, Charlotte, NC. ("EPRI") and I have been specifically delegated
responsibility for the above-listed report that contains EPRI Proprietary Information that is sought under this
Affidavit to be withheld "Proprietary Information". I am authorized to apply to the U.S. Nuclear Regulatory
Commission ("NRC") for the withholding of the Proprietary Information on behalf of EPRI.

EPRI Information is identified in yellow shading with double square brackets. [[This sentence is an example.]]
Tables containing EPRI proprietary information are identified with double square brackets before and after the
object. The proprietary information is also marked with the letters "TS" in the margin indicating the information
is considered trade secrets in accordance with 10CFR2.390A.

EPRI requests that the Proprietary Information be withheld from the public on the following bases:

Withholding Based Upon Privileged And Confidential Trade Secrets Or Commercial Or Financial
Information:

a. The Proprietary Information is owned by EPRI and has been held in confidence by
EPRI. All entities accepting copies of the Proprietary Information do so subject to written agreements imposing
an obligation upon the recipient to maintain the confidentiality of the Proprietary Information. The Proprietary
Information is disclosed only to parties who agree, in writing, to preserve the confidentiality thereof.

b. EPRI considers the Proprietary Information contained therein to constitute trade
secrets of EPRI. As such, EPRI holds the Information in confidence and disclosure thereof is strictly limited to
individuals and entities who have agreed, in writing, to maintain the confidentiality of the Information.

c. The information sought to be withheld is considered to be proprietary for the following
reasons. EPRI made a substantial economic investment to develop the Proprietary Information and, by
prohibiting public disclosure, EPRI derives an economic benefit in the form of licensing royalties and other
additional fees from the confidential nature of the Proprietary Information. If the Proprietary Information were
publicly available to consultants and/or other businesses providing services in the electric and/or nuclear power
industry, they would be able to use the Proprietary Information for their own commercial benefit and profit and
without expending the substantial economic resources required of EPRI to develop the Proprietary Information.

d. EPRI's classification of the Proprietary Information as trade secrets is justified by the
Uniform Trade Secrets Act which California adopted in 1984 and a version of which has been adopted by over
forty states. The California Uniform Trade Secrets Act, California Civil Code §§3426 - 3426.11, defines a "trade
secret" as follows:
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"'Trade secret' means information, including a formula, pattern, compilation,
program device, method, technique, or process, that:

(1) Derives independent economic value, actual or potential, from not being
generally known to the public or to other persons who can obtain economic
value from its disclosure or use; and

(2) Is the subject of efforts that are reasonable under the circumstances to
maintain its secrecy."

e. The Proprietary Information contained therein are not generally known or available to
the public. EPRI developed the Information only after making a determination that the Proprietary Information
was not available from public sources. EPRI made a substantial investment of both money and employee hours
in the development of the Proprietary Information. EPRI was required to devote these resources and effort to
derive the Proprietary Information. As a result of such effort and cost, both in terms of dollars spent and
dedicated employee time, the Proprietary Information is highly valuable to EPRI.

f. A public disclosure of the Proprietary Information would be highly likely to cause
substantial harm to EPRI's competitive position and the ability of EPRI to license the Proprietary Information
both domestically and internationally. The Proprietary Information can only be acquired and/or duplicated by
others using an equivalent investment of time and effort.

I have read the foregoing and the matters stated herein are true and correct to the best of my knowledge,
information and belief. I make this affidavit under penalty of perjury under the laws of the United States of
America and under the laws of the State of California.

Executed at 1300 W WT Harris Blvd being the premises and place of business of Electric Power Research
Institute, Inc.

Date: a , . 1 "5

Ken eth Canavan

(State of North Carolina)
(County of Mecklenburg)

Subscribed and pworn to (or affirmed) before me on this /__Iday of T, 20/__, by
414l,' . /14,,a. , proved to me on the basis of satio'a-tory evidence to be

the person(s) who appeared before me.

Signature 'QAozI •/. i (Seal)

My Commission Expires ,•'•day of • 20i&,



Responses to NRC Request for Additional Information Related to
BWRVIP-100, Revision 1: BWR Vessel and Internals Project, Updated Assessment of the
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Responses to NRC Request for Additional Information Related to BWRVIP-1 00,
Revision 1, BWR Vessel and Internals Project - Updated Assessment of the Fracture

Toughness of Irradiated Stainless Steel for BWR Core Shrouds

Each item from the NRC Request for Additional Information (RAI) is repeated below verbatim
followed by the BWRVIP response to that item.

RAI 1

Section 2.2.1 of BWRVIP-100, Revision 1, "BWR [Boiling Water Reactor] Vessel and Internals
Project: Updated Assessment of the Fracture Toughness of Irradiated Stainless Steel for BWR
Core Shrouds" (Ref. 1, referred to hereafter as "the report") states that a power law fit was used
to construct a line that bounds the available data for the power loss coefficient (C) as a function
of fluence. The report further states that the power law fit for n was defined as a function of
fluence so that when it is used in combination with the bounding relationship for C, the resulting
predicted material resistance to fracture as a function of ductile-crack extension (J-R) curves
match or are conservative compared to the experimental J-R curves.

The proposed lower bound fluence-dependent J-R curve does not bound one data point in
Table 2-1 (the only point not bounded by the curve in Figure 2-4 of the report). Considering the
significant scatter of the data points shown in Figures 2-4 and 2-5 of the report, discuss the
necessity of proposing a J-R model that is more conservative than the model based on
Equations 2-2 and 2-3 of the report.

Response to RAI 1

Review of the comparisons between the predicted and actual J-R curves in Appendix A shows
that the predicted curves represented by Equations 2-2 and 2-3 provide a close match to the
experimental data for two of the experiments and are conservative for the remaining
experiments. Because the predicted J-R curves either match or are conservative relative to the
actual data there is no need to modify the predictive relationships in Equations 2-2 and 2-3.

RAI 2

Section 2.3.4 of the report provides a discussion of the basis for the fracture toughness values
to be used for the linear elastic fracture mechanics (LEFM) analyses of core shrouds with
fluences equal to or greater than a particular value. The proposed fracture toughness Kic value
in the fluence range where LEFM must be used is justified based on M. L. Herrera, et al.,
"Evaluation of the Effects of Irradiation on the Fracture Toughness of BWR Internal
Components," ICONE, Vol 5, American Society of Mechanical Engineers 1996, and W. J. Mills,
"Fracture Toughness of Type 304 and 316 Stainless Steel and Their Welds," Intl. Materials
Reviews, Vol. 42, No. 2, 1997, pp. 45-82. Section 2.3.4 states that [Mills] provides a range for
the saturation fracture toughness Kic values for welds exceeding a particular dpa
(displacements per atom) value. Based on these results, Section 2.3.4 indicated that the
proposed Kic value was considered reasonably conservative.
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Table 2-2 of the report lists several Kic values determined for specimens over a range of neutron
fluence/dpa values. Some of these Kic values are lower than the proposed value to be used for
the LEFM analyses.

Based on the above, since the proposed Kic value does not bound all the Kic values from the
literature or the data listed in Table 2-2 of the report, justify why the use of Kic value proposed
for the LEFM analyses of core shrouds above a particular fluence value continues to be
conservative, or propose a different Kic value to be used in these evaluations.

Response to RAI 2

Table 2-2 and Table 2-3 together list 47 experiments performed at fluence levels equal to or
greater than 3E21 n/cm 2. Of these 47 experiments, 34 had ductile crack extension. Thirty-three
of the 34 specimens with ductile crack extension have equivalent fracture toughness
considerably higher than [[ ]]. One of the specimens with ductile crack extension has
an equivalent fracture toughness less than [[ ]]. Nine of the 13 specimens that did not
have ductile crack extension have fracture toughness greater than [[ ]]. Consequently,
42 of 47 specimens or about 89 percent of the experiments with fluence 3E21 n/cm 2 or greater
have fracture toughness greater than [[ ]]. Using a fracture toughness that bounds 89
percent of 47 total data points provides a reasonably conservative representation of the fracture
toughness for fluence 3E21 n/cm 2 or greater.

TS

RAI 3

The potential for a synergistic effect of thermal aging embrittlement and irradiation embrittlement
on austenitic stainless steel weld materials was identified as an open issue in the staffs
approval letter of BWRVIP-1 00-A, "BWR Vessel and Internals Project, Updated Assessment of
the Fracture Toughness of Irradiated Stainless Steel for BWR Core Shrouds," dated November
1, 2007 (Ref. 2). Reference 2 notes that data on the delta ferrite contents of stainless steel weld
metals was not included in BWRVIP-1 00-A (Ref. 3), and should be included in future work (i.e. if
additional weld metal specimens are tested) so that an effective assessment of synergistic
effects of neutron embrittlement and thermal embrittlement can be made. Delta ferrite content is
a key parameter used in assessing thermal aging embrittlement of cast austenitic stainless
steels and austenitic stainless steel weld metals. The staff notes that only one new weld metal
specimen was included in the report, a transversely oriented compact tension specimen of Type
316L weld metal. The report does not provide the delta ferrite content of this weld.

The response to RAI 100-3(b) related to BWRVIP-100, Rev. 0, addressed the similarity of the
thermal aging history of the weld materials tested to the thermal aging history of weld metals in
operating reactors. While the staff agrees the response demonstrated that the test materials
should have similar thermal aging exposure to those in operating reactors for a given neutron
fluence, the potential for a synergistic effect of thermal aging embrittlement combined with
neutron embrittlement could vary based on the delta ferrite content of the weld materials.
Therefore, in order for the staff to assess whether the weld metal results should be considered
bounding for all weld materials, the staff requests the following:

1. Provide the delta ferrite content in terms of weight percent for all the weld materials
listed in the report.
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2. If the delta ferrite content is not available, provide an estimate of the delta ferrite
content based on the chemical composition of the weld materials.

3. Provide a discussion of why the fracture toughness values in the report are
considered bounding for all BWR core shroud weld materials, considering the effects of
variation of delta ferrite content and chemical composition on the potential synergistic
effects of thermal aging embrittlement and neutron irradiation embrittlement.

Response to RAI 3

All the weld specimens shown in Figure 2-4 were irradiated in BWRs and generally have high
fluence and long operating times. While the delta ferrite contents for the welds were not
reported and are not available, the information in Figure 2-4 indicates that the weld data are
within the overall trend for the data population as a whole, and have high toughness at fluences
beyond 3E21 n/cm 2. However, for the 316L weld, it is known that ASME SFA 5.9-95 was
specified for manufacture of this weld. This typically results in a ferrite number (FN) of 8-16.
Additionally, if the material was 304 stainless and procured via typical ASME specifications, FN
would be in the range of 8-20. These values are consistent with delta ferrite levels documented
in BWRVIP-84 which has been reviewed by the NRC. Consequently, these data provide
reasonable representation of thermal aging effects that may exist in operating BWRs.

RAI 4

For LEFM evaluations of core shrouds with fluences in an intermediate range, Section 4 of the
report recommends the use of a particular Kic fracture toughness. For LEFM evaluation of core
shrouds with fluences in a higher range, the report recommends the use of a different, lower Kic
value. These Kic values are also recommended in BWRVIP-1 00-A, "BWR Vessel and Internals
Project Updated Assessment of the Fracture Toughness of Irradiated Stainless Steel for BWR
Core Shrouds (Ref. 3)," and BWRVIP-76-A, "BWR Vessel and Internals Project: BWR Core
Shroud Inspection and Flaw Evaluation Guidelines (Ref. 4)," and the higher Kic value was
included in predecessor documents such as BWRVIP-01, "BWR Vessel and Internals Project:
BWR Core Shroud Inspection and Flaw Evaluation Guideline (Ref. 5)," and BWRVIP-63, "BVWR
Vessel and Internals Project Shroud Vertical Weld Inspection and Evaluation Guidelines (Ref.
6)." BWRVIP-01 Section 4.3, p. 4-6 states that, "a conservative Kic value of { } ksi'/in, based on
the material J-R curve of Figure 4-2 [of BWRVIP-01], can be used in [LEFM evaluations]."
Figure 4-2 of BWRVIP-01 shows a J-R curve based on two stainless steel specimens irradiated
to a particular fluence. The NRC staff agrees that a Kic value converted from a Jic value based
on this figure would be at least equal to the Kic value recommended for LEFM analyses of
materials fluence in the intermediate range. However, the amount of data on which this Kic value
is apparently based appears very limited. Much more J-R data now exists, as documented in
the report. Further, no data supporting the lower Kic value for the higher fluence range have
been presented.
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The NRC staff therefore requests the following information:

1) Provide the basis for the use of the two different Kic values for LEFM evaluations of
core shrouds as described above. Specifically, describe the fracture toughness data
used to derive the values including:

a. Material type (e.g. Type 304 stainless), condition (i.e. solution annealed, cold
worked)

b. Neutron fluence(s)

c. Specimen type(s)

d. Test procedures or standards

2) Justify why the two Kic values are conservative for LEFM evaluations of BWR core shroud
materials over the applicable neutron fluence ranges.

Response to RAI 4

The EPFM flaw evaluation methodology defined in Section 2 is applicable in the transition
toughness region where ductile tearing is the failure mechanism. Both limit load and LEFM flaw
evaluation procedures may not be appropriate in the transition toughness region because they
are associated with different failure mechanisms. The results shown in Figures 3-1 through 3-9
were used to determine the flaw, toughness and load conditions where limit load or LEFM could
be used to assess margin on load in the transition toughness region. This information was
defined so that analysts who want to use conventional LEFM or limit load analyses or had
previously performed LEFM or limit load analyses could continue to use the conventional
analyses procedures and results provided they are within the parameters defined by the results
in Figures 3-1 through 3-9.

Determination of the appropriate conditions for application of limit load or LEFM analyses was
accomplished by comparing the margins calculated using the EPFM evaluation methodology
with the margins calculated using LEFM and limit load analyses. The flaw, toughness and load
conditions for which the margins computed by either LEFM or limit load are lower than the
margins calculated by EPFM define the conditions where LEFM or limit load can be used
conservatively. Because the material actually has the EPFM toughness properties shown in
Equations 2-2 and 2-3 Kic is used only as a computational variable to define where LEFM
margins would be less than the true margins, which are determined from the EPFM analysis.
Consequently, there is no need to determine a physical value of Kic.

A review of the information in Figures 3-1 through 3-9 indicates that the smaller of the margins
determined from either LEFM analysis with K1c equal [[ ]] or limit load provides
margins less than the EPFM margins at all fluence levels for the flaw conditions shown in
Figures 3-1 through 3-8. However, for the flaw conditions represented in Figures 3-9 both
LEFM analysis with Kic equal [[ ]] and limit load result in margins greater than the
EPFM margins at fluence levels between 1 E21 and 3E21 n/cm 2. To ensure that either the limit
load or LEFM margins are less than the EPFM margins at fluence levels between 1 E21 and

TS
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3E21 n/cm 2 the LEFM analysis must be used with K1c equal [[ ]] as shown in Figure 3-
9.
It is not necessary to use a lower toughness (i.e. K1c equal [[ ]] for those conditions
represented in Figures 3-1 through 3-8 where the margin from either LEFM analysis with K1,
equal [[ ]] or limit load are less than the EPFM margins because the lower of the limit
load and LEFM margins are already lower than the EPFM margins.

TS

RAI 5

The staff reviewed the margin assessment based on Figures 3-1 through 3-9 of the report and
agrees that evaluation using either the limit load method or LEFM method results in the lowest
margins for all the cases over the fluence range and range of flaw sizes and configurations
evaluated. However, based on the trends in Figures 3-7 through 3-9 it appears that for 3600
part-throughwall flaws, the elastic-plastic fracture mechanics (EPFM) method could potentially
produce the lowest margins for flaws deeper than 1 inch at the higher end of the fluence range.

The staff requests that EPRI discuss whether margin evaluations have been performed for such
flaw configurations, and whether there are certain conditions under which EPFM may be the
most limiting, such as higher fluences. If EPFM can be limiting for certain flaw configurations,
justify not recommending the evaluation of flaws based on the most limiting margin determined
by the LEFM, limit load and EPFM methods.

Response RAI 5

In response to this RAI additional LEFM and EPFM analyses were performed for a 1.25-inch
deep, 3600 part-through-wall circumferential flaw at a fluence of 2.9E21 n/cm2. The results from
these analyses indicate that the margin on load from the LEFM analysis with Kic = [[ ]]
is 1.67 and margin on load from the EPFM analysis is 1.93. These results indicate that the
LEFM analysis with Kic = [[ ]] is limiting relative to the EPFM analysis at flaw depths up
to at least 83% of the wall thickness and fluence up to approximately 3E21 n/cm 2. TS

As already demonstrated in Figures 3-1 through 3-9 the margins from the LEFM analyses are
lower than the margins from the EPFM analyses at fluence levels less than 3E21 n/cm 2. At
higher fluences EPFM analyses are not permitted due to the concern that the EPFM analyses
would overestimate the margins. Nevertheless, if EPFM analyses were permitted at the higher
fluence levels it is unlikely that the EPFM analyses would result in margins lower than those
from the LEFM analyses. For example, Kic = [[ ]] is the allowable toughness at fluence
3E21 n/cm 2 or greater. Using Equation 2-1 with Equations 2-2 and 2-3 and a crack extension of
1.6 mm the Jmat at fluences of [[ ]] respectively. The equivalent
values of Kic are [[ ]], respectively. Consequently, the Jmat equivalent
toughness values at fluence equal to or greater than 3E21 n/cm 2 are higher than [[ ]],
and it is unlikely that the EPFM margins would be lower than the LEFM margins at higher
fluences.

TS
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RAI 6

Section 3.2.1 of the report provides the results of margins assessments in which the margins for
three different evaluation methods, limit load, LEFM, and EPFM, are compared over a particular
fluence range. The margin assessments for through-wall cracks, the results of which are shown
in Figures 3-1 through 3-6, used a particular fracture toughness (Kic) value for the LEFM
analyses. The margin assessments for part-throughwall 3600 flaws, the results of which are
shown in Figures 3-7 through 3-9 of the report, used two different fracture toughness values for
LEFM analyses. It is not clear why both Kic values were not used in the margin evaluations for
throughwall flaws. It appears that if the lower of the two fracture toughness values had been
used for the throughwall flaw margin assessments, the LEFM margins would be below the
ASME Code, Section Xl required margins for faulted conditions for throughwall flaws with
greater degradation levels (The degradation level of the throughwall flaws represents the
percentage of the weld cross-sectional area that is cracked.). This is because the LEFM
margins for higher degradation levels were already close to the ASME Code minimum margin.

The NRC staff therefore requests that EPRI explain why LEFM margins were not calculated
using the same two fracture toughness (Kic) values used in the margin evaluation of the
partthroughwall flaws, in the margin evaluations of throughwall flaws described in Section 3.2.1
of the report.

Response to RAI 6

The LEFM analysis with K1c = [ ] was used for Figures 3-1 through 3-6 because in all
cases the margins provided by the LEFM analyses with Kic = 150 ksi-'/in were lower than the
margins provided by the EPFM analyses. Consequently, there is no need to use lower values
of Kic because the LEFM margins with Kic = [[ ]] are already low enough. It was
necessary to use the lower value of Kjc = [[ in Figures 3-7 through 3-9 because that
was the maximum toughness that would provide LEFM margins less than the margins obtained
from the EPFM analyses. TS

RAI 7

Appendix A to the report contains graphs comparing the experimental and predicted J-integral
material resistance (J) versus tearing modulus (T) plots (J-T plots). The predicted J-T plots are
conservative if they lie below the experimental J-T plots. In a few cases the predicted plots are
higher than the experimental plots close to the vertical axis of the graph. Appendix A states that
the plots include a linear extrapolation from the J/T point corresponding to a certain
experimental crack extension value to T=0. The portion of the plot where the predicted J value
lies above the experimental J value generally appears to be in the extrapolated portion of the
graph. The NRC staff requests EPRI discuss the effect the nonconservatism of portions of the
predicted J-T plots would have on EPFM evaluations of cracked core shrouds.

Response to RAI 7

The linearization procedure was used to limit the amount of crack extension and allowable J
associated with the power law fit in the extrapolated region where there are no available data.
Using the linearization scheme rather than the power law fit to extrapolate the data is a
conservatism in itself. There are five specimens where the predicted values of J at T = 0 are
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greater than the extrapolated experimental values. For these five experiments the predicted
values of J range from 5 percent to 21 percent higher than the experimental values. Because
applied K, (and consequently load) is proportional to the square root of J the difference in
predicted and actual loads would range from 2 percent to 10 percent at the extreme end of the
extrapolation range (T=O) for these five specimens. In all other experiments the predicted
values either match or are less than the extrapolated experimental values. This information
demonstrates that the linear extrapolation scheme is reasonably conservative for the range of
experiments shown in Appendix A.
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