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ABSTRACT

The French code, “Design and construction rulesfor mechanical components of PWR nuclear island” RCC-M
and the Russian code “ Regul ations for strength analysis of equipment and pipelines of atomic power plants’ PANE
G-7-002, both for nuke plant design, are sometimes used in China, and discrepancies in understanding some
articles of such foreign design codes will some times give different conclusions as“ acceptable” or “unacceptable”
the concerned material or product. Section IV of RCC-M concerns with qualification and performance of welding
operations. Article S 3150 in this section covers the retesting procedures and article S 3152 in it relates to
destructive tests. One sentence in Article S 3152 reads like this, “Where an unsatisfactory result is due to the poor
execution of the test or the presence of a defect in the specimen, the relevant result must be discarded and the test
shall be repeated.” The “presence of adefect” arose discrepancies in understanding the sentence because there is
no definition in RCC-M to clarify their scopes such as how big a defect should be considered asa*” defect” that can
invalidate the test results. Section 5.5 of PANE G-7-002 concerns the determination of critical brittle temperature.
It stipulatesthat critical brittle temperature T is atemperature at which the impact strength values must be higher
than the specified ones. The specified criterion values of impact strength are related to the yield strength but it is
not quite definite that the yield strength values in the table should be the documented minimum values for
different materials or that they should be the tested results of the concerned lots of materials the specimen
represents. The two different understandings of the yield strength values will sometimes give contrary
conclusions. This paper introduces the different opinionsin understanding the code texts, makes clear what it
supports, and states in detail the reasons it so believes. .
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1. INTRODUCTION

China's nuclear safety regulatory body accepts lower tier norms and standards of a foreign country when a
nuke plant isimported from the country, provided that these norms and standards are endorsed for use by the native
regulatory body and they do not conflict with China's nuclear safety regulatory codes or laws. The French design
code RCC-M[1], isused in China because the nuke plants Da Ya Bay and Ling Ao are imported from France and
Second Qinshan Nuclear Power Plant takes Da Ya Bay as the prototype. The Russian design code PANE
G-7-002[2] is used in China because Tianwan Nuclear Power Plant is imported from Russia. Though as many
supporting materials as practicable are collected to ensure proper use of the foreign codes, discrepancies in
understanding some articles are in no sense uncommon. Here below are two examples that different
understandings of code articles give contrary conclusions to the acceptance of the concerned products.

The reactor pressure vessel of Second Qinshan Nuclear Power Plant unit 2 is manufactured according to
RCC-M. RCC-M S 7810 requires that “The Manufacturer shall prepare production weld test coupons during
manufacture as evidence of the consistency and quality of the production welds and to ensure conformity with the
operation requirements determined by the welding procedure qualification test. The production weld test coupons
shall be representative of the production weldsto which they refer.” RCC-M also requires that “ The dimensions of
the production weld test coupons shall satisfy the requirements of the welding procedure qualification test coupon
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and shall be sufficiently long so that all the tests, retests and simulated repairs (specified in S 3111) required for
qualification can be performed.” Unfortunately, this requirement was not quite satisfied. After unexpected but
necessary sample tests, the coupon was amost used up and a double sampling retests was impossible for an
unsatisfactory test result. Facing such a special situation, taking into consideration that the coupon happened only
to be able to provide for a repeated test, the manufacturer argued that only such a repeated test is required
according to Article S 3152 of RCC-M. In other words, the manufacturer found a*“ defect” in the fracture surface of
the tested sampl e with unsatisfactory result. As a staff member of the regulatory body, the author of this paper does
not think it reasonable.

Tianwan Nuclear Power Plant is imported from Russia and the nuclear island design follows Russian code
PANE G-7-002. The concept of leak before break (LBB) is applied to, among others, main coolant pipelines
(MCP). According to Russian nuclear regulatory guideline, “Guidance for LBB safety concept application to
piping systems of nuclear power units’ G-LBB-01-99[3], the material properties of the component must
demonstrate sufficient ductility up to the whole lifetime period before the component becomes a candidate of LBB
application. One of the criterion is that the critical temperature of brittleness, Ty, must be below 20°C. To check
whether this criterion is satisfied, PANE G-7-002 is used to govern the determination of Ty. Appendix 2 “Methods
of determination of mechanical properties of structural materials’ to PANE G-7-002 says in Section 5.5
“Determination of critical brittle temperature” that

“5.5.1 Critical brittle temperature Ty is atemperature at which the following conditions are satisfied:

5.5.1.1 At temperature T the arithmetic mean of the impact strength shall not be below the valuesindicated in
Table A2.1 and its minimum value shall equal at least 70% the tabulated values.

5.5.1.2 At temperature (T+30)°C the arithmetic mean of the impact strength shall not be below the values
indicated in Table A2.2 and its minimum value shall equal at least 70% the tabulated values. The minimum value
of the fracture ductile component shall not be below 50% the values given in Table A2.2.

Table A2.1 Critical Values of Impact Srength at Temperature T,,°C
Yield strength Ry, at temperature of 20°C, Impact strength (KCV),,
M Pa(kgf/mm?) Jem?(kgf m/cm?)
Up to 304(31) inclusive 29(3.0)
Over 304(31) to 402(41) inclusive 39(4.0)
Over 402(41) to 549(56) inclusive 49(5.0)
Over 549(56) to 687(70) inclusive 59(6.0)

Table A2.2 Critical Values of Impact Srength at Temperature Tk+30, °C

Yield strength Ry, at temperature of 20°C, Impact strength (KCV),;,
M Pa(kgf/mm?) Jem?(kgf m/cm?)
Up to 304(31) inclusive 44(4.5)
Over 304(31) to 402(41) inclusive 59(4.0)
Over 402(41) to 549(56) inclusive 74(7.5)
Over 549(56) to 687(70) inclusive 89(9.0)

5.5.5 The test results shall be processed as follows.

5.5.5.1 Making reference to the known value of the material yield strength at atemperature of 20°C, select the
respective criterion values of the impact strength (KCV), and (KCV),, from TablesA2.1 and A2.2. ... ...

The yield strength shall be determined as an average value of the results of the tests of three and more
specimens or as a maximum value of the results of the tests of two specimens.”

As for the MCP-RCP (Reactor Coolant Pump) weld joint in Tianwan NPP, the documented yield strength of
the deposited material at 20°C is 490 M Pa, but the tested yield strength at 20°C and averaged from three specimens
is more than 700 M Pa. When the critical brittle temperature T, was checked, the impact strength (KCV), fall into
the interval of 49 Jem? and 59 Jcm?. To argue that the Ty is verified, the licensee explains “the known value” of
the material yield strength in Article 5.5.5.1 as “the documented value’. The review staff member disagrees with
this because the last sentence of Article 5.5.5.1 says that the yield strength shall be determined by tests.
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2. HOW TO DEFINE A “DEFECT” IN TESTED SPECIMENS

As for the disagreement about understanding the RCC-M article described above in the introduction, the
discussion can be started from the expected function of destructive mechanical tests. The purpose of such testsisto
figure out the mechanical property values through a certain number of test results, and it requires that the test
specimens be representative to the considered material or product in terms of the tested property. In other words,
the specimens should have “real values’ of the measured quantity that are as close as possible to those the
considered material or product has. If the specimens have “real values’ obviously higher than those of the
considered material or product, an over estimation of component bearing capacity will lower the safety level of the
product or installation. This must be avoided, especially for nuclear facilities. If the specimens have “real values”’
obviously lower than those of the considered material or product, an under estimation of component bearing
capacity will unnecessarily increase the costs of the product or installation, and it may even make the design or
fabrication very difficult. This should also be avoided. In order to assure the representativity of the specimens,
most national standards specify explicitly the proper sampling methods, including location, orientation and
number. Besides, national standards usually specify the preparation methods of specimens in order to reduce the
influence on the property values. For example, American standard ASTM E8M-2001 requires that the reduced
sections of prepared specimens should be free of cold works, notches, chatter marks, grooves, gouges, burrs, rough
surfaces or edges, overheating or any other condition which may del eteriously affect the properties to be measured.
When materials are tested with surface conditions other than as manufactured, the surface finish of the test
specimens shall be as provided in the applicable product specifications. Particular attention should be paid to the
uniformity and quality of surface finish of specimens for high strength and very low ductility materials, since
this has been shown to be a factor in the variability of test results. It can be seen that restrictions on specimen
preparation are mainly to prevent the specimens from having obviously low “real values’ of the measured
quantity than those the considered material or product has.

For the same reason, there are also stipulations on treatment of test results. ASTM E8M[4] states that a test
specimen may be discarded and a replacement specimen selected from the same lot of material in the following
cases. “7.14.1 The origina specimen had a poorly machined surface, 7.14.2 The origina specimen had the
wrong dimensions, 7.14.3 The specimen’s properties were changed because of poor machining practice, 7.14.4
The test procedure was incorrect, 7.14.5 The fracture was outside the gage length, 7.14.6 For elongation
determinations, the fracture was out side the middle half of the gage length, or 7.14.7 There was a malfunction of
the testing equipment.” The standard also noted that “the test specimen is inappropriate for assessing some type
of imperfectionsin amaterial. Other methods and specimens employing ultrasonics, dye penetrants, radiography,
etc., may be considered when flaws such as cracks, flakes, porosity, etc., are revealed during atest and soundness
is a condition of acceptance.” European standard EN 876-1995[5] has such an article: “8.2 Examination of
fracture surfaces — After rupture of test specimen, the fracture surfaces shall be examined and the existence of
any imperfections that may have adversely affected the test shall be recorded, including their type, size and
quantity. If fish eyes are present, they shall be recorded and only their central regions shall be considered as
imperfections.”

To assure certain safety level of products or installations, normative documents usually require, other than an
individual specimen, sets of specimens to be tested. If all the specimens that are considered to be adequately
representative to the materials or products yield satisfactory results, the materials or products are usually regarded
to be acceptable with certain confidence. RCC-M stipulates in Section I, “Materials’, that results obtained shall
meet the given requirements. “If this is not the case and the test specimen has a physical defect (which does not
affect the usefulness of the product) or if unsatisfactory test results are due to incorrect mounting of the specimen
or a testing machine malfunction, the test shall be repeated using another specimen. If the results of the second
test are satisfactory, the part shall be accepted; if not, the following paragraph shall apply. Where unsatisfactory
results cannot be attributed to any of the above-mentioned causes, two retests may be performed for each
unsatisfactory result obtained. The second set of test specimens shall be taken close to those which were
defective. If the results of the retests are satisfactory, the part shall be accepted; if not, it shall be rejected.”
ASME[6] dtipulates in BP&V Section Il that “When there is evidence that a failed specimen was not
representative of the inspection lot and when no other sampling plan is provided or approved by the purchaser
through the contract or purchase order, at least two additional specimens shall be selected to replace each test
specimen that failed. All specimens so selected for retest shall meet the requirements of the specification or the
lot shall be subject to rejection.”

It can be seen that, for destructive tests, whether afailed specimen can be discarded or not depends on wether
there is evidence that the specimen is representative in terms of the measured value. The explanation of why
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RCC-M S 3152 does not contain this prerequisite ought to be that it is for welding procedure qualification. As
described in ASME BP&V 1X[7], “The purpose of the Welding Procedure Specification (WPS) and Procedure
Quadlification Record (PQR) is to determine that the weldment proposed for construction is capable of providing
the required properties for its intended application. It is presupposed that the welder or welding operator
performing the welding procedure qualification test is a skilled workman. That is, the welding procedure
qualification test establishes the properties of the weldment, not the skill of the welder or welding operator.” “A
WPS is a written qualified welding procedure prepared to provide direction for making production welds to
Code requirements.” Therefore, the specimens for welding procedure qualification test may not necessarily be
representative to the whole weldment. The test results only mean that following the WPS can produce wel dments
having the obtained property values with a certain guarantee probability. If the specimens have higher “rea
values’ than those of the weldment as awhole, the guarantee probability for specified property will be low. If the
specimens have lower “real values’ than those of the weldment, the guarantee probability will be high.

From the regulatory point of view, the specimens for welding procedure qualification test, like for
production coupon test, must also be representative to the whole coupon weldment. This is because if the
sampling, test methods and acceptance criteria for production coupon are the same as those for welding
procedure qualification, low guarantee probability caused by unrepresentative specimens will jeopardize the
philosophy of quality assurance. On the other hand, if the specimens for production coupon test are
representative but those for welding procedure qualification test are not, the low guarantee probability will also
impose a high risk of rejected product weldments.

It can be seen form the above discussion that representative specimens should have “real values’ about the
same as those the material or product has. In fact, destructive test specimens should only necessarily be
representative to the part of the material or product that nondestructive examination cannot find a defect. Thisis
because the part of the material or product that has no defect by nondestructive examination can only be
considered as homogeneous and has the same mechanical property as that the specimens have, while defects
found by nondestructive examinations can be dealt with through other ways.

Therefore, this paper suggests that RCC-M S 3152 be modified to clarify the “defect” that can invalidate an
unsatisfactory test result. Otherwise, unrestricted examination methods can amost always find a defect on the
specimen’ sfractured surface, and by invalidating specimens having low measured valuesin such away may make
the destructive tests unrepresentative.

3. PROPER DETERMINATION OF CRITICAL BRITTLE TEMPERATURE Tk

As the disagreement about understanding the PANE G-7-002 article described above in the introduction, the
discussion can be started from the implication of Ty. By defination Ty is the critical brittle temperature, or the
transition temperature from ductile behavior to brittle. The amount of energy absorbed by the specimen in strike
testsis in some extent a measure of ductility, but not a direct or explicit measure. Materials absorb same amount
of enenrgy when break in same strike tests may have quite different behavior in ductility or brittleness. Thisis
because the absorbed energy comprises of three parts --- for ealstic deformation, for plastic deformation, and for
tearing. Materials having higher yield stregth absorb more elastic energy before they undergo plastic deformation.
If they absorb the same amount of energy when break in strike tests as that absorbed by materials having lower
yield stregth, they should be considered as more brittle because they absorb less energy for plastic deformation,
and for tearing.

It can be seen form Table A2.1 and Table A2.2 in Appendix 2 “Methods of determination of mechanical
properties of structural materials’ to PANE G-7-002 Section 5.5 “Determination of critical brittle temperature”
that for agiven critical brittle temperature Ty, the required impact strength increases with the yield strength of the
examined material. According to Article 5.5.5.1 of the appendix, the criterion values of the impact strength (KCV),
and (KCV),, varies with “the known value” of the material yield strength at a temperature of 20°C. The reason is
likejust stated above.

If there is not the sentence of “The yield strength shall be determined as an average value of the results of the
tests of three and more specimens or as a maximum value of the results of the tests of two specimens’ in Article
5.5.5.1, “the known value” ought to be interpreted as “the documented value’ if one only reads the standard
literally. The presence of this sentence in the standard obviously rejects the interpretation of “the known value’ as
“the documented value”. This is because the documented values are usually the guaranteed values and for yield
strength they are only the lower bounds. But, on the other hand, the sentence mentioned just above specifiesclearly
that the yield strength shall be determined “as a maximum value of the results of the tests” if only two specimens
are used. Even if three and more specimens are used, the yield strength shall be determined as an average value,
other than the lower bound, of the results of the tests. The reasonability of this requirement lies in that it ensures
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certain amount of energy for ductile deformation. Because the “the documented value® of yield strength is the
lower bound, materials having very high yield strength can be accepted as very good just from the strength point
of view. But in fact, these materials are very bad from the ductility point of view and must be rejected.

Another fact supporting the author’s opinion is the Russian practice. During a nuclear safety regulatory
inspection, the records of determining critical brittle temperature tests of one Russian factory are checked, and they
clearly showed that the respective criterion values of the impact strength (KCV), and (KCV),, are determined
according to the tested values, but not the documented values, in compliance of Article 5.5.5.1 of PANE G-7-002
Appendix 2.

4. SUGGESTIONS

To become aworldwide used standard, RCC-M should be more systematic and precise.

The Utility and review staff of nuclear installations in China should investigate deeply into the regulatory
documents and related supporting materials of the country from which the installations are imported.

To promote the development of China's nuclear industry, China should develop its own systematic industrial
standards.

5. CONCLUSIONS

RCC-M S 3152 is suggested to be modified to clarify the “defect” that can invaidate an unsatisfactory test
resullt.

The criterion values of the impact strength (KCV), and (KCV),, in Table A2.1 and Table A2.2 in Appendix 2
to PANE G-7-002 Section 5.5 should correspond to the tested yield strength (average of three or the higher of two)
of the examined material.
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