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GENERAL ELECTRIC COMPANY, 175 CURTNER AVE.. SAN JOSE, CALIFORNIA 95125
MC 682, (408) 925-5040

NUCLEAR POW

SYSTEMS DIVISION

MFN-002-80

U. S. Nuclear Regulatory Commission

Washington, D. C. 20555

Attention: Mr. Stephen H. Hanauer, Director
Unresolved Safety Issues Program

Gentlemen:

SUBJECT: TECHNICAL REPORT ON MATERIAL SELECTION AND PROCESSING
GUIDELINES FOr 3WR COOLANT PRESSURE BOUNDARY PIPING",
NUREG-0313, RFV, 1

General Electric commente ~he subject document, noticed in the November 16,

1979 issue of the Federal Register, are enclosed.

Please note that the technical comments are contained on the first six
pages; the remainder of the material is enclosed for back-up. This
material consists of Appendices A through H and Attachments A, B, and C.
The back-up material is very important in Justifying GE comments and

should be distributed to all reviewers.

If you have any questions on the enclosures, please contact Mr. R. L.

Gridley at (408) 925-3732 of my staff.
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Safety & Licensing Operation
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Enclosures

cc: Mr. Darrel G senhut, Acting Director
Division of C ting Reactors
Office of Nuc Reactor Regulation

Mr. L. S. Gifford, GE-Bethesda
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INTRODUC/ION

General Electric feels that expeditious implementation of techno-
Togical advances is important to the future of nuclear power, which
fn turn is essential to meeting the energy needs of this nation.
While selective inspection of components and systems which have

been identified as subject to Stress Corrosion Cracking is bene-
ficial for the efficient operation of nuclear reactors, the benefits
of inspection must be weighed against the hazards of exposing non-
destructive testing personnel to significant levels of radiation,

The attached comments are organized in the following menner: the
NUREG 0313 page and paragraph are indicated, followed by suggested
wording changes. A brief statement of GE's rationale for the
suggested change follows with reference to an appendix where a
more complete discussion of GE concerns is given plus references,
papers and other supporting documentation.

90014002



NUREG 0313
Page &
Paragraph

Page 1 & Title

GE_COMMENTS

Insert "Stainless Steel" after "BWR Coolant" and before
“Pressure Boundary Piping",

200°F Minimum Limit for Inspection of Piping

Page 1
Paragraph 2

Change to read, "The guidelines. . . have been modified
to include ASME Code Class 2 piping and to exclude pipe
whose normal service temperature is at or below 200°F,

NUREG 0531, page 4.6, 4.4.4 recognizes that "increasing
temperature in BWR environments, . . increases the Sus~
ceptibility to IGSCC" Reg. Guide 1.44 in paragraph C.4 a
recognized that stress corrosion was not a concern below
200°F, Neither NRC pipe crack studies nor GE pipe crack
reviews have documented a stress corrosion problem in BWR
piping at or below 200°F., Selective inspection of identified
problem areas is far more useful in detecting cracks and
reduces unnecessary radiation exposure to personnel,

See Appendix A,

Use of Cast Austenitic Stainless Steel

Page 7
Paragraph 11.A.]

Substitute "Cast Austenitic Stainless Steels with > 5%

Ferrite "for" Type CF3 Cast Stainless Steel

This material has never cracked by IGSCC in 2 BWR pressure
boundary. Service and laboratory experience have been
excellent. (lassing cast austenitic stainless steels with
304 will result in increased inspection and resultant
unwarranted radiation exposure to NDT Inspectors. Omission
of some grades of this material would improperly emphasize
augmented inspection where it is less yaluable.

. 90014003



" NUREG 0313
Page & Paragraph

Nitrogen in Austenitic Stainless Steels

Page 7
Footnote

Change "These materials have . . . nitrogen (0.1% max.) to
"These materials have . . . nitrogen (0.16% max. ).

The use of slightly higher nitrogen contents than are common
in normal practice is desirable because nitrogen has been
fdentified as retarding sensitization and reducing crack
growth rates in austenitic stainless steels. Slightly
higher nitrogen contents are known to improve mechanical
properties and compensate for low carbon levels in 304L and
316L grades. ASTM has accepted the "LN" designation and
ASTM specifications for these materials are being issued.

See Apoendix C.
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 NUREG 0313
Page & Paragraph

Page 7
Section A-]

Conforming Processes

Page 7
Paragraph II A.2

Page 10
Paragraph 4

Substitute "Austenitic stainless stee) weld metal with
2 5% ferrite" for "Type 308L stainless steel weld metal with
at least 5% ferrite content."

The majority of field welds are 308 weld metal. Other
similar alloys have also been used. The high ferrite con-
tent has been responsible for an excellent service history:
No stress corrosion cracking has been observed to originate
piping welds of these materials in the field. Cracks have
been observed to arrest in 308 weld metal.

Add "Heat Sink Welding and Field Corrosion Resistant Cladding
are considered to be conforming processes."

Change to read, "Heat Sink Wwelding has been evaluated and
accepted by the NRC."

Heat Sink Welding (HSW) has performed very well in the Pipe
Test Laboratory. HSW produces compressive residual stresses
on the pipe I.D. surface and reduces sensitization in the

weld HAZ. Field Corrosion Resistant Cladding (CRC) has also
performed well in laboratory tests due to the stress corrosion
resistance of the clad material overlaid on the heat affected
zones of butt welds. G.E. considers that these processes are

» qualified for specific applications in BWR piping. See

Appendices D and E.
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, NUREG 0313
Bage A 2aragraph

The Electro Potentiokinetic Reactivation Test

Page 9
Section B

Paragraph 2

Instead of "The Electrochemical Potentiokinetic Reactiva-
tion (EPR) test has not been formally evaluated and accepted
by the NRC", substitute "The Electrochemical Potentiokinetic
Reactivation (EPR) test has been evaluated and accepted and
is recognized as an acceptable means of screening materials
for sensitization."

Under NRC sponsorship, the EPR test has been extensively tested
in comparison with ASTM A-262 practices A and E. This test is
superior to ASTM A-262 practices A and E in detecting sensitiza-
tion in steels. EPR results have successfully predicted 1GSCC
Susceptibility. A large number of other organizations have
accepted and use this test. ASTM has reccgnized and accepted
EPR, and a specification for this procedure is in progress.

See Appendix F,

Field Corrosion Resistant Cladding for Repairs

Page 10
Paragraph 3

Change to read "which may become sensitized as a result of &
butt welding prozess.”

This modification will allow field CRC use in BWR's. Although
field CRC may result in a slight degree of sensitization in

the region at the edge of the cladding, field CRC has shown a
factor of improvement of 7 in severe pipe tests. Since cladding
is a welding process, this paragraph as it stands can be inter-
preted as a prohibition of field CRC in contradiction with
Section IIC which allows field CRC for repairs and in plants
already under construction. 2ee Appendix D and £,

90014006



*+ NUREG 0313
Page & Paragraph

Service Sensitive Lines

Page 11
Section B
Paragraph 2

G.E.'s pesition is that Recirculation Risers and Recirculation
Inlet lines at safe ends where crevices are formed by the
welded thermal sleeve attachments should be subject to
augmented inspection proposed and approved on a case by

case basis rather than designated and "service sensitive".

Field cracking of recirculation risers and safe ends has not
developed a repetitive pattern. Numerous inspections in the
United States have not identified additional cracks. sSee
Appendix G.

Applicable Code Requirements

Page 14 & 15
Paragraph 1 8

Add, "except for older plants where earlier code requirements
are in effect."

There exists an apparent contradiction between NUREG 0313 and
previously expressed NRC Policy. The NRC's policy on the
effective application of the ASME Code has been, as of 10/18/79,
th:t sections of the Code more recent than 1975 apply to plants
with docket dates more recent than July 1, 1978. Older plants
would be subject to the S$75 code, but not to newer sections
uniess the utility elects to do so. The NUREG position on this
matter should be clarified to made it consistent with this
position.

see Agggngix H.
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NUREC 0313
Page & Paragraph

Selection of Welds Considering Seismic and Fatigue Loads

Page 15
Paragraph 2b & C
. Paragraph 3a-

Omit this paragrapn.

It can be demonstrated that inspection of welds and systems is more
effective where the likelihood of stress corrosion cracking is higher
due to factors such as high sustained stress and sensitization,
Inspection of welds where significant seismic or fatigue loads

have been postulated for hypothetical seismic events and where

other factors which ordinarily are associated with cracking

are absent seems of limited value. Stress corrosion is known

to occur when associated with sustained stresses: isolated

high stress transients are not a concern in this area.

General Comment to Section I1T

General Electric considers that the IGSCC stress rule approach,
which it has used to describe cracking patterns, should be
employed in selecting weld sites for additional in-service
inspection. As documented in Attachment C (%ZD0 23684), the
stress rule technique does demonstrate acceptable field failure
correlation, Accordingly, all NRC issues relating to the 1GSCC
stress rules should be identified and settled such that the next
medification of NUREG 0313 can endorse these technigues as
alternative means of selecting weld locaticns for augmented
inspection wupon case-by-case NRC approval,

’

90014008
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APPENDIX A

200°F Minimum Limit for Inspection of Piping

A1l piping cracks to date where service conditions are documented have occurred
at temperatungs well above the 200°F limit. Temperature plays 2 significant

role in stress corrosion in the BWR environment; NUREG 0531, pages 4.6, 4.4.4
recognizes that "increasing temperature in BWR environment. . . increases the
susceptibility to IGSCC". In addition, Reg. Guide 1.44 recognized that
temperature plays a significant role in stress corrosion. This document requires
control of materials except where "material exposed to reactor coolant which has
a controlled concentration of less than 0.10 ppm dissolved oxygen at al)
temperatures above 200°F during normal operations"”.

G E. Laboratory data, attached demonstrates the relationship between temperature
and the occurrance of stress corrosion. No stress corrosion has been found in
welded stainless steel in a BWR environment at or below 200°F.

No Tow temperature stress corrosion problem in a BWR environment has been
identified to date, either in NRC documentation or in G.E. reports,

The benefits of increased in-seryice inspection - improved crack detection rates, re-
duced risk of leakage, are dissipated if increased in-service inspection is applied to
Tines where experience has shown cracking to be highly improbable. The risk of
increased radiation dose rate to NDT inspectors and the economic losses to

utilities and their customers due to decreased availability must be balanced

against possible advantages. Due to the lack of an identifiable problem, no
'Such“advantages-are apparent in this case.

Reference: “BWR Coolant Oxygen Control" by R.L. Cowan, J.C. Elliott and
0.H. Johanneson, NEDO-23631 77, NED106 Class I, June 1977. (portions attached).

90014009
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APPENDIX B B-1

Use of Cast Austenitic Stainless Steel with > 5% Ferrite

The NUREG -0313 1ist of acceptable materials for 1GSCC resistance, paragraph I1- A-}
should include cast Austenitic stainless steel with > 5% ferrite. Since the pur-
pose of the document is to reduce the incidence of IGSCC or.urrences in BWR piping,
it is not clear why the NRC would choose to prohibit materials that have never
cracked by 16SCC in 2 BWR pressure boundary. The only IGSCC incident of Cast
Austenitic Stainless Steek with 2 5% ferrite cracking, General Electric is aware
of occurred in the Dresden-2 Jet Pump transition casting. This failure was attri-
buted to improper processing that resulted in surface carburization; surface
carburization can occur in CF3 or any cast austenitic stainless steel. Surface
carburization is avoided by proper process control.

General Electric performed a large test matrix on Type CF3 and CF8 castings
utilizing constant extension rate tests in 550°F 8 ppm oxygenated water. The
matrix shown below included high carbon and low ferrite material. All failures
were ductile (no stress corrosion cracking).

Material Test Matrix

Material Carbon Ferrite
CF3 .035 max. 4 - 6 FN
CF3 ‘ 035 max. 8 - 10 m
CF3 or CF3A 035 max, 12-14 FN
CF3 or CF3A .035 max, 18-20 FN
CF8 .05-.,06 4 - 6 FN
CF8 .08-.06 8 - 10 FN
CF8 or 8A .05-.06 12 - 14 FN
CF8 or 8A .05-.06 18 - 20 FN
CF8 .07-.08 4 - 6 FN
CF8 .07-.08 8 - 10 FN
CF8 or BA .07-.08 12 - 14 FN

CF8 or 8A ,07-.08 18 - 20 N 90014017

Heat Treatment 1150°F - 24 Hours
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Appendix B (cont)

In conclusion, General Electric finds it inconsistent to class all cast austenitic
stainless steel with > 5% ferrite (except CF3 castings) along with Type 304 stain-
less steel, This overly resistrictive classification may result in vastly in-
creased inspection requirements for castings - large amounts of unwarranted
radiation exposure to NDT insepctors will result. General Electric, therefore,
strongly recommends that all cast austenitic stainless steels with > 5% ferrite
be included in the 1ist of "corrosion resistant materials."

90014013
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APPENDIX C

Nitrogen in Austenitic Stainless Steels

G.E. strongly urges acceptance of a nitrogen content of ,16% by the NRC, A
.10% nitrogen content is currently accepted as a maximum impurity level for
this element in most norma! grades of stainless steels.

Several conferences have been held by the ASTM on the effect of trace elements
including nitrogen on the properties of stainless steels (1,2,3). Kovoch (3)
has shown that for heats of equivalent carbon levels, increasing the nitrogen
content up to about .25% retards sensitization and reduces the crack growth
rate in boiling MgCl,. Rabbe and Heritier (3) of Cruesot-Loire have verified
that increased nitrogen contents, optimally about .16% improve I1GSCC resistance
in austenitic steels. Columbier anc Hochman have shown reduced crack depth in
the Strauss test with increasing Nitrogen content up to ,1€%,

Steels where low carbon grades are used to achieve necessary stress corrosion
resistance generally have lower mechanical properties. Nitrogen improves
mechanical properties and SCC resistance as well,

In recognition of the above, "LN" grades of 304 and 316, high nitrogen (.16%)
and low carbon, have been accepted by ASTM and specifications for these materials
are in progress,

In view of the desirable mechanical and SCC resistant properties of these

materials, change of NUREG 0313 to allow a slightly higher nitrogen content
(.16%) 1s justified.

REFERENCES

1) ASTM STP 418, 1967, Effects of Residual Elements on Properties of
Austenitic Stainless Steels.

2) ASTM STP, 1973, Elevated Temperature Properties as influenced by Nitrogen
Additions to Types 304 and 316 Austenitic Stainless Steels, 900] 40‘4

3) ASTM STP 679, Nov. 1977, Properties of Austenitic Stainless Steels and
Their Weld Metals Influence of S1ightly Chemical Variations,

4) Atainless and Heat Resisting Stesls 1967, Colubier and Hochman.

(portions Attached)
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154 Biainless steels

beat treatmeni was selected as giving & criterion of shsolute Im-
munity, and with s view to distinguishing sensilivity between the
effects of very small differences In carbon content [{28). The pro-
cedure s capable of detecting sensitivity to intergranular corrosion
under extremely severe corditions such as are seldom encountered
In practice, Including the effects of permanent exposure to s cor-
ros:ve medium above 400°C,

Nickel influences the limiting carbon content; as the Ni content of
an asustenitic 183 Cr steel is raised from 9 to 139, the carbon con-
tent must be reduced from 0025 to 0.016% to maintain absolute
fmmunity {(Fig. 3.19).
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I the chromium content is reised to 20-25%, the nickel content
must be raised i proportion to it in order to retain the fully aus-
tenitic structure, and the beneficinl effects of the increased chromium
sre nullibed by the adverse effects of the mickel. As a result, fully
pustenitic steels with 253 Cr can tolerate no more earbon than those
with onlv 1= Cr, if the criterson of immunity to Intergrgnuler
corros.on 1s extremely severe, asinthis case, |.e. absolute immunity
throughout a 700-hour test in the reagent following 100 hours sensi-
trzation 2t 550°C.,

\ccording to the same test (100 hours at $550°C), nitrogen is harm-
ful in the range 0.02-9.06¢7,. with 8 maximum effect al about 0.04,;
8l nitrogen contents exceeding 0.11 however, no adverse effects can
be detected (Fig. 3.16). A different picture emerges |29] when the
re-heating temperature used is 650°C; the steel becomes Incress-
Ingly sensitive as the niirogen content is raised from 0.05 to 0.25%
(Pig. 3.17), but the effect is extremely slight at chromium contents
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steels; since nickel has an advarse InMluence, whereas
contents can be tolerated without {1} effect, it follows that a steel in
which some nickel has been replaced by nitrogen should remain

0 00s B0

Himmune st higher carbon

The fact that niirogen can be added In appreciable amounts 1o
sustenitic stecls with 20F Cr without causing any harmful effects
can have important practical applications. Nitrogen is a powerful
sustenite stabilizer and can replace part of the nickel in sustenitic

-

tents than t !
Molybdenum reises the tolerance limit for carbon. Two sleels
were compared, containing 187 Cr, 157 Ni, 0.0263 N, 0.457 St and
1.47 Mn and differing only in carbon and molybdenum contents. The
first contained 0.036F C and 3.1% Mo, the second 0.0267 C eand no
molybdenum. After 100 hours sensitizstion st $50°C, the first steel
was immune to intergranular corrosion, whereas the second was
badly sttacked. This is s most important fact, since it is precisely
the Mo-bearing austenitic steels that are most frequently used in
the media thst give rise to Intergranular corrosion {e.g. dilute
sulphuric acid solutions).
- The time of exposure to temperstures in the critical range Is
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APPENDIX D

Heat Sink Welding (HSW)

General Electric considers HSW to be fully qualified for field application as a
satisfactory means of achieving stress corrosion resistance for Type 304 stainless
steels. Heaf Sink Welds in Genera) Electric's pipe testing programs have per=
formed very successfully. It is clear from these results of General Electric and
other investigations, that HSW's derive their benefit by both controlling the
degree of sensitization in the HAZ and producing compressive residual stresses

on the pipe ID, surface in the HAZ. Based on these results, General Electric
recommends that NRC endorse the HSW technique for low stressed welds in plants

and currently under construction and for repair of larger (510 inch diameter)
pipes in flowing water system of plants being operated.

Basis - Laboratory Data

Heat Sink welding has been the subject of an intensive joint effort by General
Electric, the Electric Power Research Institute (EPRI), the Bechte!l Corporation,
the Battelle Memorial Institute, and individual consultants and utilities over

the past five years. The final report on the G.E. effort is listed as Reference 1.
This report documents the following essential information;

1. Heat Sink welding is a practical means of improving the IGSCC
resistance of Type 304 stainless steel. The HSW process can be
accomplished with either the spray cooling or flowing water cooling
process as well as with stagnant water for vertical piping runs,

2. The benefits,of Heat Sink welding are due to the combined effect
of reduced degree of material sensitization and to the favorable
residual stress pattern established on the inner diameter surface.
A representative illustration of the residual stresses established
near piping welds for reference and HSW conditions is shown in

Figure 3.2
90014016



Basis - Laboratory Data i

3. The HSW process has been rigorously qualified for use in BWR's by
means of extensive pipe tests in the GE pipe test laboratory. The
results of these tests on HSW's with a machined surface have demon-
strated to date a statistical factor of improvement of >15.1 over the
reference welded condition. These tests were conducted on four-inch
diameter pipe test specimens (Figure 4) which represent the worst case of
residual stress and sensitization anticipated to exist in the field.
It is extremely significant that all of the failures of HSW's in general
Electric's rtatistical program have occurred by a partially or wholly
transgranuler mode. This cracking mode has been associated previously
only with low carbon stainless steel and is attributed to the severe
nature of the pipe test. In effect, the HSW process has made a very
susceptible high carbon heat of ‘material behave as a low carbon heat.
Note that two of these HSW pipes were tested at a very high primary
axial tensile load of 136% o, and the other two were tested at 110 %y

Y
Both of these stresses far exceed any value experienced in BWR operation.

At the lower load of 110% s, the only failure was an entirely transgranylar
failure unrelated to the weld HAZ.

Basis - Inspection vs. Remedy

G.E. considers that it is always preferable to improve materials and material
conditions. This philosophy is based on the firm belief that even the best
inspection techniques and sampling programs do not provide the highest degree
of technical assurance that qualified IGSCC - resistance measures provide.

Wider implementatich and, therefore, better overall stress corrosion improve-
ment, would surely result from NRC endorsement of HSW at the earliest possible
time. It is suggested that the NRC endorse HSW tehcniques for use now as
IGSCC resistant measures,

90014017
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REFERENCES

“Evaluation of Near Term BWR Piping Remedies* Final Report, by
A. Giannuzzi & N.R. Hughes, May 1979 (Draft), Attachment B.

"Evaluation of Near Term BWR Piping Remedies" Final Report, by
N.R. Hughes, December 1979, (Draft) summary sheet attached.
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1. SUMMARY

Full size environmental pipe tests have been performed to evaluate the resistance to intergranular stress
corrosion cracking (IGSCC) of Type 304 stainiess steel piping fabricated by various alternate techniques. These
technigues have been termed “'nea’ term BWR piping remedies’” since they utilize existing Type-304 stainiess
steel piping. Yhis program constitutes an extension of a broader program tc identify and investigate piping
remedies, as reported in EPRI NP-1222, May, 1879 Each of four near-term remedies have shown significant im-
provement in IGSCC resistance over reference Type-304 stainiess steel The four remedies are.

1. Solution Heat Treatment After Weiding SHT
2 Solution Heat Treatec Corrosion Resistant Cladaing Shop CRC
3 As Deposited Corrosion Resistant Clacding Fielg CRC
4 Heat Sink Welging HSVY

The remedies SHT, Fieid CRC and Shop CRC were tested with triplicate heats. while HSW was tested with one
hea! known 10 be susceptible to IGSCC in the reference condition. The sugnificant finding for each of these
remedies (s Oiscusses beicw.

1.1 REFERENCE CONDITION

In the reference condition [normai heat input welding practice with ingige diamete’ (i ¢ ) surface grincing
after weiging] ali three heats we'e susceptidie 10 IGSCC in pipe 1ests These tests were a!l nominally 285 C
(880°F)6 = 2 pom oxygen cycic siress tests 10 @ maximum stress of 136%q of the 288 °C 552 °F) yieid streng!™
of each neat Times of tirs! failure vared significantly wi'h cardon content and absolute stress The mes!
suscestipie heat M7616(C 080 carpon) resultec in a first faiiure at 104 hours. while the (east susceptidie hea’
45437C (0 042°: carbon) cycles without failure untii 3252 hours Faiiure anaiysis of each heat showec the cracr
ing to be IGECC except for a transition to transgranular mode at migwall of the heat 454870 failures It has been
conciuged that this type of transgranular cracking 16 an artifact of the severe test anc is nol relates to any 0o
ing water reactor (BWR, service phenomeno~

1.2 SOLUTION HEAT TREATMENT

Testing of the three SHT pipes in this program has been uneventiul. The three pipes accumulated 581"
95839 and 10646 hours, without incident. Resulting factors of improvement are 89.5 8.7 and 3.0 for heats M7616
MO063 and 454370, respectively These factors were limited by test program length and vary significantly due 1o
the wide ditferences in failure times of the reference Type-304 pipes

1.3 SHOP CORROSION RESISTANT CLADDING

The performancze of the Shop CRC pipes was as successful as the SHT pipes Times on test of 9788 832
ang 6806 hours transiated 1o factors of improvements of B2 2 77 and 1.9 for heats M7616 MOUB3 ang 454377

14 FIELD CORROSION RESISTANT CLADDING

Fieid CRC is cesigned 1o be appled in the field and therefore a small sensitized zone remains at the end
of the CRC. This characteristic of CRC caused the M7616 heal to develop a throughwall crack at 714 hours, a
factor of improvement of 65 The fact that heat M7616 is partially sensitized in the as-received conditicn may
nave contributed to this faiiure The second heat in the matrix MOOE3 ran successfully the iengtn of the program
for a tactor of improverment of 7.5 (8601 hours) The heat 454970 failec atier reacning a factorof 1.9 This faiiure
was transgranuiar and can be attributed to the severe cyclic nature of the pipe test. The crack which initiated ir
an area unrelated to the CRC, but whith was coic worked Dy @ machining operation (s not considered to repre
sent any known fielg ioagding situation
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These results with fieio CRC indicate that it is a remedy that can provide a significant margin improve.
ment over Type-304 reference weids although the expected improvement is not as large as Shop CRC or SHT
Consideration of Fieid CRC is warranted in field fabrication situations utilizing Type-304 piping and can be
expected to result in a 40-year plant life when applied 1o large diameter piping The benefit of Field CRC i1s
increased when it is shown that the material to which it is applied is not initially sensitized

1.5 HEAT SINK WELDING

Rather than using three heats in the MSW matrix, two stresses and two surface conditions were utilized
These variations aid provide a range of results discussed in Subsection 38 5 Heat sink welding showed a very
favorable factor of improvement adecuate to recommend it for field use The series of welcs fabricated as the
current field specification recommends (no 1 .d. surface gringding) and tested at 1367 ¢ of o, produced a first faiiure
at 1650 nours for a factor of improvement of 15 1 Conservative caiculations predict that a factor of only 4 0 s
required to achieve a 40 year life in large diameter piping

Faiure anaiysis has provided adaitional insignt into the benelits of MSW s Sensitization due 10 welding
can De greatly reduced to the point where an IGSCC susceptidie heat ke M7616 behaves like a low carbon hea!
e, faiure is Dy a partially transgranular mode Further, when tested at 110% o, the counter bore notch is
favored over the weid heat affected zone (MAZ) as a crack location because compressive residual stress and
only moderate sensitization make the MAZ an uniikely iocation for IGSCC initiation The failure in the 110°%; 0,
pipe was entirel, transgranuiar In a test (ess severe than the normal Pipe Test Laboratory (PTL) cycle the
achievable facior of improvement for MSW s may De greater than the 151 value achieved in this progra™
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APPENDIX E

Corrosion Resistant Cladding

General Electric agrees with the apparent intent of the NRC to give credit to
non-solution heat treated CRC. This discussion found in Section IIC states

that field CRC may be used for repairs and for plants already under construc-
tion. This endorsement, however, is clouded by the next paragraph which states
the following: “The joint design of all welds must be such that any high stress
areas in the unstabilized wrought austenitic stainless steel, which may become
sensitized as a result of a welding process, is not exposed to the reactor water.

Since it is recognized that field CRC may result in a slight degree of sensitiza-
tion in the region at the edge of the cladding (a welding process) this require-
ment could be interpreted as a prohibition of field CRC even though it was just
endorsed. This contradiction may be remedied by changing the phase in the above
quoted passage from "as a result of a welding process" to "as a result of butt
welding."

The latest data availadble on field CRC which has been submitted to the NRC
indicates a minimum factor of improvement of 7 in severe pipe tests, General
Electric believes that these results are more adequate to support a clear NRC
endorsement of the technique.

REFERENCES:

1.  "Evaluation of Near Term BWR Piping Remedies" Final Report by A.Giannuzzi &
N.R. Hughes, May, 1979, Attachment B.

2. “Evaluation of Near Term BWR Piping Remedies" Final Report by N.R. Hughes,
December 1979, (Draft) Summary sheet attached [paces D-4, D-5),
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APPENDIX F

The Electro Potentiokinetic Reactivation Test (EPR)

This test 1s used and accepted as superior to others tests for sensitiza-
" tion by the following organization:

General Electric Co.
Nuclear Energy Division
Manufacturing Division
Corporate Research ,nd Development Laboratory
Steel Producers
Crucible
ARMCD ’
Universal
Nippon
Sumitomo
Nationa) Laboratories

Brookhaven
Argonne
Battelle
Technical Research Centre of Finland
Japan Atomic Energy Research Institute
Universities
J. of Dayton
U. of Delaware
U. of Florida
U. of Tokyo
Private Industry
Rockwell International Science Center
Texas Instruments 900 | 4022
IH1 (Japan)
Hitachi
Toshiba
Industrial Research Institute (Tokoye )
Creusot - Loire




U. S. NUCLEAR REGULATORY COMMISSION
SEVENTH WATER REACTOR SAFETY RESEARCH INFORMATION MEETING
November § - 8§, 1979

THE EPR METHOD FOR THE DETECTION
OF SENSITIZATION IN STAINLESS STEELS

W. L. CLARKE
GENERAL ELECTRIC COMPANY
VALLECITOS NUCLEAR CENTER

PLEASANTON, CALIFORNIA
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THE EPR METHOD FOR THE DETECTION OF
SENSITIZATION IN STAINLESS STEELS

-

-

The Reactor Primary Coolant System Pipe Rupture Study was conducted for the Metallurgy
and Materials Research Branch of the Division of Reactor Safety Research, USNRC. The
over-all objective of the program was to improve the reliadbility of reactor system
piping by increasing knowledge of failure causing mechanisms and by enhancing the
capability for design evaluation and analysis, Toward the attainment of that cbjective,
& program was completed to develop a quantitative method (EPR) for nondestructively
measuring the degree of sensitization in Types 304, 304L, 316, and 316L stainless steels.
The technique was extended to characterize weld heat affected zones and to correlate

the degree of sensitization with intergranular stress corrosion cracking (IGSCC)
resistance. Studies were directed toward establishing procedures for, and qualifying,

8 technique to obtain EPR measurments in-sityu on reactor components in the field.

Initially, a study was completed to assess the feasibility of measuring degree of
sensitization in Type 304 stainless stee! using the EPR (Electorchemical Potentiokinetic
Reactivation) technique. On the basis of that study, the EPR was determined to be

8 viable method for quantitatively measuring sensitization in Type 304, and was considered
superior to the presently accepted chemical methods. The EPR methed clearly distin-
guished between annealed Type 304 stainless steel, and material subjected to sensitizing
heat treztments. In addition, the method was found extremely useful in characterizing
weld heat affected zones, where it appears that a correlation exists between the degree
of sensitization, measured by EPR, and IGSCC resistance in a BWR coolant environment,

The susceptibility to sensitization was evaluated electrochemically by developing
potentiokinetic curves of a polarized sample obtained by controlled potential sween
from the passive to the active region (reactivation) in a specific electrolyte. The
criteria used to distinguish between sensitized and annealed steeis is the value of
the activation charge, Pa (C/em2), which is given by the intergrated area below the
reactivation peak of the curve. Sensitized steels are easily activated and show
higher Pa values than annealed steels which are not susceptible to IGSCC

The value of the Pa measured is gependent on polarization rate, composition and
temperature of the electrolyte, composition of the steel tested, sample surface

90014024
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condition, and other factors. These test parameters must therefore be kept constant
20 study the reactivation of passive steels.

In addition to the sensitization measurements obtained for numerous heats of Types 304
and 3041 stainless steel, a number of parametric studies were completed to obtain the
greatest sensitivity possible. This sensitivity is necessary, espec1a11y‘§hen evaluating
marginally susceptible (IGSCC) materials, such as low and medium heat input welds. Also,
one of these parameters, the reactivation scan rate, was modified to permit utilization
of the EPR technique for Types 316 and 316L stainless steels. The technique is currently
not adoptable for the stabalizes stainless steels (Types 321 and 347), but can te
modified for use on certain nicke!l 2lloys. The procedures for performing an EPR test

ére presented as an appendix at the end of this manuscript,

The primary emphasis of more recent EPR development studies was to establish a method
for nondestructive measurement of sensitization in the field. To accomplish this
objective, it was necessary to design and construct a miniaturized field cell, and

@ portable polarization system. A number of field cells were constructed, and one
design qualified for in-sity full usage. The portable polarization system was designed
in conjunction with an outside vendor*, and is currently being marketed

commercially (together with the field cells). The field measurement procedures have
been prepared and are being pudblished in the final NRC program report (NUREG/CR-1085,
Nov. 1878). The procedures require the evaluation of the outside of piping, conseguently,
Judgements must be made relative to expected behavior on the inside (exposed to the
cociant environment), The EPR field technique is very useful in assessing the
metallurgical condition of the component base metal, and can easily identify sensitized
material as-received from the supplier, or that produced during fabrication or installa-
tion. It is also possible to identify high heat input welds by measuring the weld heat
affected zones on the outside of a pipe or component. However, until the EPR is used
extensively so that a bulk, of data is obtained forAgt;iistica1 analysis, no claims are
currently being made relative to predictions of IGSCC resistance of weldments based
s0lely on putside measurements.

The EPR technique is currently being used extensively as aguality control acceptance test
by Genera) Electric,Wilmington manufacturing for all incoming Type 304, 304L, 316, and
316L materials. It is also specified for fabricated parts (forgings,

flanges, etc.) where lack of sensitization in the finished product is specified. In

-] ¢
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addition, a number of steel suppliers have purchased EPR equipment and are using the
technique in their Quality Control for material supplied to General Electric Company
for nuclear applications. It is expected that the General Electric Company services
group will provide EPR field measurement services on customer request in the near
future. We are currently awaiting the supply of the portable polarization equipment,
and the training of field service personnel. -
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Quarterly Reports

PREVIOUS REPORTS

F-7!

GEAP-10207-3: January-June 1975
GEAP-10207-34 July-December 1975
GEAP«10207+35 January-March 1976
GEAP-10207-36 April-June 1976
GEAP-10207-37 July-September 1976
GEAP-10207-38 October-December 1976
GEAP-10207-39 January-March 1977
GEAP-10207-40 April-June 1977
GEAP-10207-41 July-September 1977
GEAP-10207-42 October-December 197

NUREG/CR-0306 Janyary-March 1978
NUREG/CR-0567 April-June 1978
NUREG/CR-054] July-September 1978

TOPICAL REPORTS

GEAP-21382 "Detection of Sensitization in Stainless Steel Usin,
Electrochemical Techniques", August 1976.

GEAP-12637 ‘“Detection of Sensitization in Stainless Stee): 11.
EPR Method for Nondestructive Field Tests", February 1978.

NUREG/CR-1085 *The EPR Method for the Detection of Sensitization
in Stainless Steels", November 1879,
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PAPERS

"Detection of Sensitization in Stainless Stee! Using Electrochemical
Techniques™, NACE Corrosion Conference, Paper No. 180, San Francisco,
CA, March 1977,

-~

-

“Comparative Methods for Measuring Degree of Sensitization in Stainless
Steel“, ASTM STP 656, 1978,

"Nondestructive Measurement of Sensitization of Stainless Steel: Relation
to High Temperature Stress Corrosion Behavior", NACE Corrosion Conference,
Paper No. 91, Atlanta, GA, March 18739,

"The Effects of Sensitization on the SCC Behavior of Types 316 and 316L
Stainless Steel“, accepted for publication, NACE Corrosion Conference,
Chicago, 111., March 1980
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APPENDIX G

Service Sensitive Lines

Extensive inspection has already been performed on a 'arge number of welds in
the Recirculation Risers in Domestic plants. No ir-

cracking was detected. A 1ist of plants inspected

ular stress corrosion
Its is attached.

7 \
/ £ BB A
A 7
IV [ LR

/i -\L__ D. Dq__ 'Q§
/, : \
2 \

R CIQE\ ATION RISERS

F=>__ RECIRCULATION RISE!
RECIRCULATION == j A,B,D, E.F, 6, J, K
RISERS CeH £

3
L)(L 5?

»

RECIBCULATION SYSTEM RISER WELD IDENTIFICATION

SHOP MADE SEAMS FIELD MADE SEAMS
A,C, AND D B, F, AND E

WELDS WHICH HAVE EXPERIENCED 1GSCC IN FOREIAN PLANTS APE C,D, E, AND F
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ASTM has accepted this test; a procedure has been written and round robin tests
are in progress.

Test data obtained by G.E. (attached) shows the strong correlation between
EPR results and stress corrosion testing. Other tests methods including

ASTM A262 practices A and £ have not shown as good a correlation with stress
corrosion susceptibilty.

The EPR test represents a significant advance in the technology of avoiding
stress corrosion. Use of this test can predict much more accurately stress
corrosion behavior in a BWR environment.(1‘2) Acceptance of this test would
not signal a relaxation of NRC requirements of this test which is no less severe
than A262, practices A or £, only more accurate.

Use of EPR is to tne advantage of all concerned,
not only G.E., but also the NRC, utility owners and customers, and the
general public.

REFERENCES:

1. "“Comparative Methods for Measuring Degree of Sensitization in Stainless
Steel" by Clarke, Cowan, Walker from ASTM STP 656. Attachment A,

2. "The EPR Method for the Detection of Sensitization in Stainless Stecls”
by W.L. Clarke, November 1979, (Attached).
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RECIRCULATION RISER U.T. SURVEY
DOMESTIC PLANTS

PLANT NO. NO, (C) (D)  YEAR NO.&STARTUPS YEAR LAST
EXAMINED" (E) OR (F)  STARTUP SHUTDOWAS IS]
MONTICELLO 29 16 9/70 9l 1976
MILLSTONE 6 6 1/71 134 1976
DRESDEN 2 20 0 10/70 97 1976
DRESDEN 3 5 2 7/71 79 1976
QUAD CITIES 1 13 3 4/72 112 1976
QUAD CITIES 2 10 - 5/72 102 1975
PILGRIM 2 0 7172 69 1975
COOPER - - 7/74 55 1976
FITZPATRICK 21 12 2/76 50 1877
DUANE ARNOLD 3 0 2/75 57 1976
BROWNS FERRY 1** 6 2 10/73 68 1976
BROWNS FERRY 2** 4 2 8/75 39 1876

*  REPORTED EXAMINATION ON ALL (A) AND (B) WELDS 1975, 1976.
** COMMERCIAL OPERATION INTERRUPTED FOR OVER 8 MONTHS, CABLE FIRE.

¢ UT PROCEDURES USED AT THESE SITES WERE REVIEWED AND FOUND TO BE
ADEQUATE, 4

e NO I1GSCC DETECTED 9001403
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APPENDIX H

ASME Code and Inspection Requirements

Recent NRC rulings in the Federal Register indicate that ASME Code application
to nuclear plants has now been clarified. The NRC ruling stated that plants
with Docket dates prior to July 1, 1978 would be subject to ASME Code revisions
no more recent than the Summer 1975 addenda. The summer 1975 addenda to the
ASME Code does not include requirements for determining such values as 2.4 Sm
combined primary and secondary stresses. These requirements have been added
in more recent addenda. Determining these factors would constitute extreme
hardship for many plants. These values are called for in NUREG 0313, Rev. ]
(for comments), page 15. Without clarification as to which plants these
requirements are applicable, the NRC is imposing code requirements more recent
than 1975 on plants whose Docket date is prior to July 1, 1978. This appears
to be in direct contradiction with the NRC's October 9, 1979 ruling. From

this ruling, which was issued concurrently with NUREG 0313, it would appear that
the NRC wishes to exempt older plants from meeting recent code requirements,
including the provisions in page 15 of NUREG 0313.

By designating certain lines “Service Sensitive", the NRC has already effectively
applied In-Service Inspection Requirements to susceptible lines.

The apparent contradiction NUREG 0313 and the NRC's ruling may be readily
resolved by incorporating the NRC's recent ruiing in this NUREG,
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factor and multiplying e factor by the
dillerence betwees e quantity
requesied and Lbr amoun! approved for
the farm (o paragraph (¢)(3)(L)(B) of thus
wcuon . .

(L) Price support will be svallable en
baied tobacco ! suction sales during -
e saze penod tha! price support (s
offered oo burley tobaceo tied b bands
fo the tadilona! manner, :

(iv] Identification cards for tobaceo
spproved for warketing o bales with

mce support A Baled Burley Tobaczeo

ertficaton card showing 110 percest
of the pounds of baled tobaceo
spproved for marketing witk price .
support shal be lssued for each farm for
whick approval s pven. The »
Kentification card (oge ber with the
1978 burley tobacco marketing card
shal be used lo ident’y any baled
tobecco for which price support 1s
desired Separate sale bllls marked
“Baled Buriey”™ sbal be prepared by the
warebouse 10 ident’ sales of baled
burley tobacco Eazh bale (o the lot skall
be properly Idenufied by o card g or.
other iderulication atteched Bereto,
showing the beske! nuzmber 1o addition
the warehouse shall mark “No Price
Bupport” oo the baske! ticket and oo @
sale bill for any daled tobsces oot
identified by an identificaton card A
separate bashel ticke! and sale bil
marked “No Price Support”™ skall be
prepared for that quantty of baled
fobacco weighed in (ha! is 1n excessof
the balance of be pounds shown oo the
identification card

(v) Specification of bales:

(A) Bales accepted for price support
Dust be spproximately 1x2x3 fee! (o
iize. :

(B) The leaves In bales accepted for
srice support mus! be untied an
ariented ‘

Yﬂ) Crade loan rates for tobaceo
Selivered for price support The grade
can rates for baled burley tobaczo will
¢ the same as the grade loan rates lo
¢ established for 187%-crop burley
obacco Led in bands in the taditosal
sanner, - )
¥ . . . ©

1464T Enginie producers

(.) L] 2 3
{5) The producer has complied wilh
iny certification he/she meay bave
secuted with respect to any baled 1879
'0p burley tobacco delivered for price
“ppart.

. . . € &

Note: This final rule bas been reviewed
ader the USDA criters eatablished o
“plement Executive Order 12044,
“mproving Covernment Relations® A
Permination has been made Gt s action
ould nol be clasnfied “significant” ander

" Weldor B Dmmey, .

ose crileris A Pina! lmpas Sutemen! has
o prepared and b svalebie bom Robert
L Tarery Price Suppo~ and Loen Divasion,
Room 3*s-Soutk Bulding PO Bax 3415,
Wabingion DC X250,
Bmed ot Waushingion, D.C. on Seplember
L Sl .

Acing Executve Vi President, Comumod. ty
Crdii Corpamaian ‘ )
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NUCLEAR REGULATORY
COWMISSION

10 CFR Pt

Domestic ern.!ng.ef Production and
Utiization FazlliUes, Coces and
$andards for Nuciear Powerplants

Aceney: US Nuclear Regulatary
Commission )

ACTOK Final rule

SUMMARY; The Nuclear Regulatory
Comminion (s amending I repilation,
des and Standards " o (ncorporate

by relerence o pew ecion and addenda

of s satiooal code tha! provides rules for
the construction of puclear powerplant
componesis This ameodment provides
for the use of updated methods i

. putlear powerplant constructon.

EFFECTIVE DATE Novezber 1, 1973
POR FURTHER INFORMATION SONTALT
M A Taboade Office of Slandards
Developmest US Nuclenr Reglatory
Commissicn Washington, D.C. 20558,
(307 4435595,

BUPHEINMENTARY INFORWATION On
December 18 *978 the Pluclenr
Regulatory Commission published o the
Federal Register (43 FR $8825) 8
proposed amendment 1o {us regulations
10 CFR Par 80, “Domestic ijcenning of

,Productior and Utllizatioe Facilities,” to

ancorporate by reference pew addenda
‘n tbe American Society of Mechanical
Ergineers (ASME) Boiler and Pressue
Venrel Code. The propossd amendzent
10 10 CFR 50.85a wowd incorporcte by
reference oe Winter 1677 addends and
the Summer 1878 addenda to Sechon M
of the ASMNE Boiler and Pressure Vessel
de a2d also containg misor and

editorial changes. .

The 1977 Edition of Section XI, *Rules
for lasemvize [napection of Nuclesr
Power Plan! Componenis,” of the ASME
Code and Section XJ addends since the
Summer 1975 Addenda bave been
evaivated by the stall and are belng
referenced wilh modifications ln s
separale amendment to the regulations,

The proposed amendments alao
Included minor and edilorial changes to

-

30 CFR 50 550 1o make relereres to
Becton U (o the regulations consisten! .
wild changes 1o Sechor I in the Winter
1977 AdCenda. These c’anges io Bection
I of the ASME Code relaie to the
®ebod for delermining the edibon and
eddesda applcable o components of
the reacior coolan! pressure boundary.
The code presesty provides tha!
Componenis mee! the requirements of
oditons or sddende (o efect on the date

" of purchase order of e componenta

Bince the (asuance of the Winter 1977
addenda. the code mles for selecting the
epplicable edition and addends are
more Dexible Under these rules the
Licenaee muy establad the date of the
code edition and sddenda 1o be appled
o 0 component These dates may be the
saxme for all compooents of & poclear
powerplast to accommodate
standardzation bu! (o 0o case may the
detes be ewrlier han three yean prior to
the docke! date for the applcation for
e nuclear powerplan! construction
permil These niles aloo perm!! more
curren! code editons and e”dends to be
wsed The proposed amendment would
modfy § 50.554 o be coruistent with .
ese changes (2 the code but would
relais some restrictions tn the
regulations oo the wae of editions and
addesda ssved prior to the Winler 1572
Addenda . .

Interested persons were lnvied to
submit written comments far
consideration (o connection with the
proposed amendzen! by January 17,
1879 Four letters were received tn
response 1o the notice of proposed |
ruemaking In gesera! the lettery
supperied Whe proposed amendxent and
did ool con'alz substantive negative
commeris However, several ;
suggestons for changes to he proposed
amendmen! were made. Three of s
letiers suggested hat e second
sentence of propesed paragraph (b)(1) ks
ambiguous and abouwld be clarified or
deleted This sentence slates bal “the
edition and sddends selected far
Bection I for a given componest also
estadlsbes a requirement hat e
ientcal edion or addenda be
srplicable to all otber sections of the -
ASHE Code used for the consiruction of
e componezts”™, 3

Tbe Commission agrees hat the
senfence In question is smbiguous and -
does not edequalely describe, as
Intended the code peosilion en .

pplcability of other sections of tha .
code relerenced (o Secton [IL As
written, the proposed rule cou'd be
Interpreted (o prohibit the use of newer
editions and addenda of relereaced
sections and (o require vnnscessary
addilonal welding qualificetion tasty, - -

v
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Interpretetions aot intended The intez! .
of S sezience was 0250y 10 describe
the oode position op the subject Bunce
the ASME Code bas recezty publubed
an avplification of their posinas in

“Lieprelatons™ (111-1-76-80) dated
1975 e senlence L questos s not -
needed and bas been deloted o e
sotce of ruie=aiong :

la the lourth lo*er received. the
sugiesloc was made ot footmote §,
which descibes be code provisions for
(mpiementation of Sectoz 1 be
amended wallow for reroactve e
implementatios of paragraph NCA-1100
of Sectioe [T of the AS)E Code which
goverry code e Son and addenda *
epplicabllity. These provisions permit
Bew companecs of puclenr power a
plants W be constructed to an edition or
addenda W be delermimed by the owner
of the plast, retroactive o the Wister
1977 Addenda Footnole § was not
revised because the Commission
considers the ASME Code provisions
and footnole S mhick cover this point to
be sdeguite and approprate Lsizg
ese rles the prnciple of
standardization =ay be appled 10 new
tonslruction bu! lizited W editions and
sddends rince Woler 127, .

Pumsuart to the Atomic Energy Act of
1854, as amended, the Energy .
Reorganizatioz At of 1574 a9 amesded
wnd Sectons S82 and $53 of Title § of the
Jnited Sates Code the felowing
imendzents 2 Title 10 Ciapier L Code
f Federal Regulstora Pas 5 oy
wblished a3 o document ambject
odificaton

1. b § SO 5%e of 10 CFR Par 50,
arag=aphs d)(1). (e)(3). (4)(3}. (e)13).

og (1){3] are revised 10 read as follows:

K55 Codes sndsuncdade j
Each opernting Licerss for o boiling or
ressuritad waler<cooled puclear power
1cility shall be subject Lo the conditions
I paragmaph (g) of s section and each
anstrucuon permit far & utilzaton
cility shall be subiect o the following

nditions (o add.tion o those specified
§ 035
B L

Y1) As used in %y section

ferences 'to Section I of the ASME
Jiler and Pressre Vesse! Code refer o
wtom ML Division 1. end Include

tions throogh the 1977 Edition and
cends Uuoogh the Summer 1978
idenda . .
.

e ——————— |

Thew incorpors 1o by e os provisions
W AFTUveC by e Dirwcior of e Fodersl
i Moo U W7 My U end o
ey I, N - ?

e\ 3

7

{
J“' u \X

] -
Bt d

\ ULl

| o W
-
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- ™
i\ | -

1A\ .
AN !

412\
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(c] Presrze vensele -+ )
- - . . . -, .
(3) For construction permity tasned on
or alier July 1 187¢ presscrr vessels
which are part of e reactor eoolant

- pressure boundary Yshal meet the

requirements for Class 1 components set
ford o Section [T V444 of e ASME
Boller and Pressure Vevse! Code
Provided, Tha! the ASME Code .
provisions applied to the prevsure

vessels shal be oo enrler than hoge of .

the Sunmer 1772 Addends of the ™

edton

.. - A e PR eesr, e %
{d) Piping:

v . . - . =

(3) For construction permits issued on
or afier Jaly 1. 1874 piping which is part
of the resctor conlan! pressure -
boundary *sbal meet the requirements
for Class 1 componests set forth in
Section [ **% 4 of the ASME Boler and”
Pressure Vessel Code Provided That
e ASME Code provisions spplied to
the piping stal be 0o earleer thas those

of Winter 1872 Addaads af the 1871
editon ! : ‘
. . . . - ¢

(e) Pumpa. & .
. . . - . -

(3) For constrotion permits wssed on
or after July L 187¢ pezps winad are
part of the reactor soolan! precsure
boundary’ sbal mesl Lie requirements
for Class 1 compozents se! fortd in
Section M 2494 of 5e ASNT Bofler and
Pressuce Vesse! Cole: Provided Thal
the AS\NE Code provisiars applied to
be pumps shal be oo earlier han iose
of the Wntler 1972 Addenda of the 1571

edition
« . 3 - A .
N Valves: %

(3) For construction permits ssued on
or afler July 1, 1574, va'ves which are

art of (ke reactor coolasnt pressury
Eomda.-y "ahal meet e requirements
set forth o Section LI "4 4% of the ASME
Boller and Pressure Vessel Code: .
Provided Tha! the ASME Code
provisions applied 1o the valves shall be
00 earlier thae ose of the Wister 1972
Addenda of the 1571 editian
. . . . . ol
" 2 Footzotes € 5 aad 81o § 5055 are
revised to read as folown:

‘USAS end ASME Code addends (ared
prior fo e Wniler 1977 Addends are
onscared © e " ellact” o “efectre” 8
mooihs afier Bey date of issance - d aliar
they are (ncorporated by releren & la
paragraph () of this section Addends to e

© ASME Code irvowd % er the Samover 1977

Addends sre comndeed 1o be "in eMect® or
“eflectve” afer the da s of pbiaca tion of te
addends ond st er ey wr menrpomy ed by

. relerence tp puragrag (b of U secixm

. power plaal

*For ASME Cade B2 tians and Addeoda
Bsued pror o the Wit 1977 Addenda
Code Ed tion and Addenda 1pplcable w the .

+ @omponemt s governed by the order or

Sontract date for the componrsl mot Lhe
sontract date for the nuclear energy system
For e Wister 1977 sddends and Fuleeg wend
odivons end addends e mehod for

dete e applacable Code od Lot and

-

Séiends » cocuned o Paragrapl NCA 11K i

©f Section I of the ASME Code -
CASME Code cares wiick have bees

detarmomed ruiabie fov nar by the “

Commission s1a® am listed @ NRC  +

Repulatamy Cuude 154 “Code Case

Accepa bty ASNT Seetion [ Desigy end

Pabncalon” and ARC Repulatary Cuce LA

“Code Came Acarpia bl ty—ASLTE Secuas I

Materale” The we of other Code cases may

be authorized by e Commission cpan

Fegues! pursuant W § 30584 (a )2

3 . v O' -

(Secs 103 104, 1010 MUb L Sy,

B4 27, 048 (2 USC 1133, ;s 22 (T))
Deted 8! Washington, DL this 17% dayof

Beplember 1973, -
For the Nuclear Repdatory Comminrion

Lae V. Coselch, R

bmunomlqroptvom

PR D "t 118 7 e e T T

UG OO R . .\

10 CFR Part 80

Comestic Licensing of Production and
Utilization Faciites: Codes and
Sandards for Nuctear Powerplants
ACDRCY: US. Nuclear Repulaiory -
Commussicn. |

-

"+ acrion Final nde.

SUMNARY: The Nuclear Regulatony
Commission s amend.ng iU regulatio,
“Codes and Standards.” 1o incorporate
by relerence s aew edition and addrads
of 8 pational code tha! provides rules for
the inservica (nspection of puclear
camponents. This ‘

amendzen! provides for the ase af

epdaied metbods o nuclesr power plaat -

frupection

UFECTIVE DATE November L 1370

FOR PURTHER INFOP JATION CONTACLT
Mz A Taboada, Office of Standards
Development, US Nuclear Regulatory
Commission. Washing'on, D.C. 20858,
(307 4432297 -
BUPPLINENTARY INFORMATION Op .
January 18 1575 the Nuclear Regulatory
Commission published (n the Federal
Register (44 FR 3719) 2 proposed

. Amendment to It regulations, 10 CFR

-

Part 50, “Dorsestic Licensing of
Production and Ulilization Facilities,” to
Incorporate by referencze new addends
to & relevenced section of the American
Society of Mecharnica) Engineers
(ASME) Boller and Pressure Vessal
Code The amendmens b 10 (FR ) L5

-

~
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would ipcorporate by reflerence the 1977
Edition and addenda through the
Summer 1976 Addends to Section XL
*“laservice lnapecion of Nuclear Power
Plant Componenls.” of the ASME Code
witk mod.fications. ‘

The 1577 Ed Lon of Section XJ and
addends lasved from Winter 1875
Addenda through the Winter 1577
Addends which bad not been |
incorporsted by reflerence o § 50.55a,
coniais severa’ major changes to the
eode which, I incorporated wto the
NRCs regulations, would significantly
reduce the examinatan reguirements of
foservice inspeclon programs presestly
required by the Comminsion for the -
reacior coolan! pressure boundary and
for systems required for sale shutdown
of the reacior. [t was the delermination
of tbe Commission (ba! this edilion and
these addends would be accepiable for
fncorporation by seference into the
regulations only wilk appropriate
podifications to retawn those  °
requiremenis cons dered necessary for
an acceplable inaervice inspection

profram.

In s regerd the Summer 1978
Addenda provide such mod.fications o
Bectioz XJ of the ASME Code.
Examination requirements removed
from the code by the Winter 1878
Addesds through be Winter 1677
Addenda but sUL required by the
regulstions bave eitber been restored or

een superseded by provisions
considered 1o be improvements .

In light of the changes io the Summer
1878 Acdezds, the Comuzmission is
amencing | 50 55a 10 Incorporate by
reference the 1977 Edition of Section X1
of the ASNE Code and Addenda
through the Summer 1876 Addenda.
Certain limitations and modificatons to
Bection XJ of the Code are Included (o
the amendment to address the
epplicability of specific editions and
adcends and to provide for Dexibility
#nd corsistency io be implementation
of he Code The Limitstons and
modifications Include tbe following

1. Tt applicability of certain code
$éenig 1o Section XI of the ASME
Code begualdied to assure Lhat
Spprop . ale inservice examination
require enls are included in inservice
bnspect’ n prograrms for puclear
facilitie? These requizemenis were
removes from Secton X1 of the Code In
e Winter 1875 Addenda and bave
®iher Leen reatored or have bees
Supesseced by acceptable aliermnatives
In e Suoumer 1578 Addenda. The
smencrent Un eflect, requires the
spplication of the Summer 1578
. Acdenda to hose Lnservice inspection

'Programs batapply ediions and
s #Scends of Sectica X Lrom the Wioter

-~

* ERAMNTRY

.

9 — Sl

)
o\

1975 Addends through the Wister 1977
Addenda. ® s

L The azendment provides |, :
Allernatives (o e Code requirements
for determining the extent and
frequency of inservice inspection of pipe

.welds Opersting facilities and facilities

fn the constructon stages wilk (nservice
lnepection programs (fazilities with
spplications for consiruction permits
docketed prior to July 1,1978) may apply
e Summer 1075 Addenda in Leu of
later Addenda for delermining the
exaxination prograz for Code Clans 3
and Code Class 2 pipe welds Only code
sddends incorporated by reference o

§ 50558 may be used by facility
Licensees for inspection programs. and

the Summer 1975 Addends are the last

addends so (ncorporated prior to this
amendment By applying this option,
operating facilities with ongoing
inservice (nspection programs would
bave continuwty (n the extent and
frequency of examisations for pipe
weids The amendment also provides for
the use of the Summer 1875 Addenda for
esiablahing the pipe welds to be
examined in the Pesidue! Hea! Removal
Bystem the Emergency Core Cooling
Bystex and the Containmesnt Heat
Remeoval System pending the
developzent of new code provisions
with sazmplng plans for these syslema
3. Provisions added 1o a-ticle WB-
2000 of Section XJ of the ASME Code by
the Wister 1975 Addenda contaized for
the firs! time, requirements for inservice
inspeciion of stesz geserator tubing.
However, it bas been he practice of the
Comminsion to include detalled
provisions for the inservice inspection of
sfeam generator tubing (n the technical
specifications for a specific reacior. The
potential for conflicting requirements
would exist if these code requirements
were incorporsted by reference Into the
repulalions without appropriate
mwodifications. Since e provisions tn
the technical specifications approved by
e Commission are, (o geaenf more

:complele and more current, the

samendment requires that where
dillerences between the code
requireents in aricle WB-2000 and
the technical specilcations fora
paruciiar reacior exisl, the inservice
Inspection program for sleam generator
tubing shal be governed by the
requirements (n the techaical
specifications.

o sddition to Iocorporation by
reference the new ASME Code editicn
and addends wilh modifications, the
Commission bas made severa! minor
and clarifying amendments to § 50.55a.
These nclude o change in the time
interval for revising programs for

fnservice examination of components
and for testing pumps and valves o
make this interval consistent with the
inservice inspection interval io Section
X of the ASME Code. The interval for
reviaing naervice lnspection programs
for operating placu is extended bom &
and 20 months 1o 120 months, Such &
change makes the reglatios more .
practcal 1o lwplement and saves time
and eflort for botd the NRC and the
Lcenser witbou! an incrensed risk to the
public bea!h and safety Exiending the
period for revising e prog=am is not
cotsidered & aigrufican! relaxation of
safety requirements since Sectioc X1 s a
relatively mature code and new code
changes generally deal with practical
considerations of implementation or the -,
spplication of pew developmests. New
eode changes do no! normally modity
the salety nspects of he code. Further,

- asotated o § 50.554, the Commission

mey (mpose new code requlremests at
any time U salety corsiderstions so
dictate. - .
Interested persons were lavited to
submit 1o the Comminion written
commen's on he proposed amendments
for I consideration Fow letters with
comments were received b response. In
genersl the letters supporied the
proposed amendment No substantive
pegalve comments were made. LA
However, he letier did nclude
requess for clarification of specific
provisions of be proposed amendments.
The proposed provisions o question . ..
bave been clanfed in e amendment.
Copies of the comments along wi'h
e comment anaylsis supporiing this
amendmen! are available for public
Inspection st the Commission's Public
Document Room, 1717 H Streel NW.,
Washing'on, D.C Bingle coplies of the
commen's and comment analysis may
be obtained upon request from A,
Taboade, Office of Standards ‘
Development, US. Nuclear Regulatory

. Comminsion, Washington, D.C 20888

Pursuant to the Alomic Ezergy Astal

1554, a0 amended. the Energy

Recorganization Act of 197¢, as amended,
and sections 852 and 853 of title 5 of the
Uzited Siates Code, the following
amendments 10 Tite 10, Chapter 1, Part
80 of the Code of Federal Regulations
are published o @ document subject to
colfication .

1o § 50550 of 10 CFR Part 88, .
paragraph (5)4)(v) s deleted
peregraphs (g)(2) and (5)(3)(v) arw _
amended by deleling the words '
“become ellectve™ and substituti
herefor "are Incorporated by reference
{n paregraph (b) of this section, subject
to the Lmitations and mod . fications
Usted berein™; and paragraphs (b)(2)

.. 90014035
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Rules end Repulations -

and (g¥ M Srough 5)4)(iv) e revised  Editon and Addends

to read s follows:

I 58 Coder nd rtandards. -
Rach opers ting beeene for 8 boiling or
ressunzed waley <ooled puclenr power
Uty shall be subiect 1o the condilions
®paragph (g) of s sestios and each
nstuctae per! [or 8 vilzaton
‘scility shall be schiect to e following
onditons ko additoe o hose specified
2§ 505k
' . . - .

(2! As ased tn (i section,
elerences "o Section XI of the ASME
oler and Presse Vesse! Code reler o
wction X1 Diviron 1 and imalude
ditens through the 12~ E4 top and
ddends Uurough the Summer 1978
vddenda. mbject 1o the following
mitatons end mod. fcatons

(5} Applicobility of specic oditbions
nd oddenda Wheo spplying the 1974
dition only the addeods trough the
unmmer 1875 Addenda may be nsed
vhee applying the 1977 E<. uon all of
¢ addends throogh the Summer 1978
ddends must alss be nsed
(U} Presrow-retaining we'ds [z ASME
oce Ckm I piping fepples to Toble
A B2 end [ WB-250-1 and
clegory B-J] U the facility’s
splcation for 8 consmuchon pemmit
a3 dockeled prior to July L 1978 the
tent of examization for Code Class 1
Pt welds may be detemmined by the
qurexmests of Table TAB-2500 and
ble TMB-2800 Categary B of Section
of the ASME Code o e 1574 Edivoo
d addends through e Summer 1878
idenda or otter requirements the
Mmoo may adopt - ’
(1b) Siecr generoior ubing (madfies
uele M B2 I the techaical
eaficatons of & nuclear power plast
Jude surveillance requirements for
‘am generslors diflerent han those in
tcle MWB-2000, the (ooervice
Ipechon program fof sleam generator
siag shal be governed by e .
jviremenls (o e technical
sahcations
i) Pressuce-retaining welds o ASME
deClas 2p/20g (cpples to Tebles
2527 or MW C-2520-1 Colegory C-
(Al Approprate Code Class 2 Pipe
' o Residual Hea! Removal
veca Exergeacy Core Cooling
viera, and Contanment Heat
Bovel Systers shall be examined
textent of examinatisa for these
‘ems sbal "2 determined by (he
ubements « fzaregroph PWC-1220,
SeTWC~ 2 Calegory CF a2d C-G

"Paage VG241 o e 1574

——— -

e lacory, ~lervnz provisions wem

nadbh) v o vl 2t Tadersl Rogiian o

AV g "1 and Febesary 7100
- =

through the '
Bumzmer 1975 Addends of Sectios XJ of
the ASME Code. “ . ‘

(B) For s noclewr power plant wdiose
application for 8 corutruction permut s
dockeled prioe to July 1, 1978 the extent
©f examinstion for Code Class 2 pipe
welds may be determined by the
requirexenls of paregraph MM Ca1220
Table T C-2520 Category C-F and C-C
and paragreph NYC-2411 to the 1574
Ed.uon end Addenda the
Summer 1875 Addeods of Sectan XI of
@e ASME Code or olher requirements
the Comminsion mey adopt.
~ v 3 . .

@) lservice laspection Regalrements:
. . . . . .

(4) Througbou! the pervice uh'éla

bolzg or pressurzed waler sooied

puclews power lacility, components
(locluding suppors) whuch are classified
83 ASME Code Class 1, Class 2 and
Class 342l mee! e requirementy,
excep! desgm and access provisions and
presenvice examing Yoo requirexents,
set forh in Sectios XJ of ed.tiocs of the
ASME Beler and Preaswre Vewmse! Code
and Addenda bat become efective
subseguesn! Lo ed Locs spesfied io
Paragrapts (5)2) and (§X3) of tus
seclon and are locorporated by
reference i parngraph (b) of s
section to (be extent prociical withia
the Loutations of des gz gromety azd
malerals of constructioo of e

o pones s,

(1) lnservice examinations of
campaterls. trservice tes to verlly
operatiooal readners of pumps and
vahes whose fusctioo U required for
salety and syslem presrace testa
conducied during the nital 120-mozth
inspecton interval shall comply wilh (he
requlrements (o the latest edilion and
sdcenda of the Code locorporated by
reflerence in paragraph (b) of (his section
on the date 12 mooihs prior 1o the date
of Lruance of the operating license,
subject to the Lomitations and .
madifications Ured @ puragraph (b) of
s secuom ;

(U) lnservize examinations of
componenis nsemiice tesls 1o verify
operatioral resdiness of pumps and
valves whose funciion [s required far
sale'y and rysiem pressure tesls,
conducted during ruccess/ve 120-month
inspection Intervals shall comply with
Ge requirements of he latest edition
and adcenca of the Cade ooorporated
by reference Lo paregraph (b) of this
section LI months prar to the stamt of
he 120-mon'h trpsection (oterval,
subject o the hautations and
modifizations Lated o pargraph ()
this section. ¥ . ‘

(W] Far o lecllity whose opersiing
Ucense was tusued prior ko March 1.

1976, the provisions of paragrapt (gX4¢) {

of this section are eTectve afier
Beplember 1, 1976 o! the start of the
Bexi-one third of & 120 month inspection
ioterval During that third of an
lnspection ntemva! and the remainder of
e lspecton toterval the lnserice
examinations of componenis lests o
verk) operstional readiness of pumpe
and valves whose funclon s required

for salety azd rysiem pressure vl for

wuch faclities abal comp'y with (he
requlrementy tn e Liest edition and
addenda of the Code incorporated by

relerence o paregraph (b) of this sectioen

on the dale 12 months pror to (he rart
of bt third of an tupection mlerval
subject o the Nmilations aad :

mod.fications Luted (s paragraph (b of
is section. -, ve . atn

(Iv) lnservicw examingtions of :
components, lests of pumpe and ralves,
and sysiem pressure lesls may meel the
requlrements se! forb bo subsequent
edUons and sddends hat are
locorporated by reference o paragraph
(1) of s section. subject to the
Limitations and mod.fice tions listed o
prragraph (d) of this section, and
subject to Commisrion sporoval
Portiozs of ecitions or addenda way be
csed provided tha! all related

- a

requlrements of the respective editions -
- - R

or sddends are et _
(Seca 103, 104 381 Pub L &30 88 Sl
DAY i ([WUAC 1T 214 4N
Dated &t Waskinglon DL his V0 ol
Seplember 1972 iy ‘”
Por the Nudew Repulatory Coganlssion. -

. Low V. Gossick,

Executive Directow for Operotions. . -
I3 Dom. " 50 P B4 & @ )
| SEL -, pee

e ——
SMALL BUSINESS ADNINISTRATION

13 CFR Part 121 Tl

(Rev. 13, Amc 30) - .

Small Business Size Sandarde
Methoos of Determining Smal
Business Status for Smaf Business
Acmmistation Loan Assisiance

AGENCY: Samall Buslnes Adm:umdnu'
ACTioN Final nile ’ s

SUMMARY. This rule defines the method
for determining o frm's small business
status for purposes of SEA Enancial -
8isistance wheo o frm end (s afflaled
concerns A engaped (n more thas one
Indasty with more ban ooe rize

standard Tle existing formuls nﬁbad r.

bas produced neq':;uhhqnd , »
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ATTACHMENT A

Authorized Reprint from
Special Technical Publication 656
Copyright
American Society for Testing and Materials
1916 Race Street, Pg;l:“lpnu. Pa. 19103

W. L. Clarke,' R. L. Cowan,* and W. L. Walker*

Comparative Methods for Measuring
Degree of Sensitization in Stainless
Steel

REFERENCE: Clarke. W L., Cowan R. L., and Walker, W. L.. “Comparative
Methods for Measuring Degree of Sensitization in Stainless Swel,” /niergranulur
Corrosion of Stainless Allovs. ASTM STP 6356. R. F. Steigerwald. Ed.. American
Society for Testing and Materials, 1978, pp. 99-1J32.

ABSTRACT: Three test methods for determining degree of sensitization in austenitic
stainless steels have been investigated. The results clearly show that all three test
methods are capable of detecting moderate-to-severe degrees of sensitization. but
the electrochemical potentiokinetic reactivation technique is the mosi sensitive for
quantitatively determining the levels of sensitization which are of primary concern
for industrial use. Both the ASTM Recommended Practices for Detecting Suscept-
bility to Intergranular Artack in Stainless Steels (A 262-75. Practice A) and the
electrochemical potentiokinetic reactivation methods appear 1o saturate at high degrees
of sensitization, which results in a loss of discriminating power berween diflerent
heats of material, While the A 262, Practice E. method does not appear to saturate
and retains its discriminating power at high degrees of sensitization. it is not a suit-
abie method for detection at the lower degrees. Of the three test methods, it appears
that the eiectrochemical potentiokinetic reactivation test is the most sunable for
determining the quantitative degree of sensitization over the levels of industrial concern

KEY WORDS: stainiess steels. intergranular corrosion. sensitizing. electrochemistry.
strains. loads. stress corrosion cracking

The accepted ASTM Recommended Practices for Detecting Susceptibility
to Intergranular Attack in Stainiess Steels (A 262.75, Practices A.E).used to
detect sensitization have three major deficiencies: (a) they do not readily
quantify the degree of sensitization, (&) they are not rapid (with the excep-
tion of ASTM A 262, Practice A). and (c) they are destructive (with the
exception of A 262, Practice A). The accepted practices were deveioped
to screen materials that would be subjected to highly corrosive environ-

'Principal metallurgical engineer. Vallecitos Nuclear Center. General Electric Company.
Pleasanton. Calif. 94560

‘Manager, Plant Component Behavior Analysis, ana principal metallutgical engineer
Plant Matenais and Processes. respectively, Generai Electric Company. San Jose, Calil
95128
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100 INTERGRANULAR CORROSION OF STAINLESS ALLOVYS

ments which could cause severe gencral intergranular attack in heavily
sensitized austenitic stainless steels. In recent years, experience has shown
that “moderately” sensitized matenals can undergo intergranular stress:
corrosion cracking (IGSCC) in environments that do not cause appreciable
intergranular attack in the absence of stress [£].* Thus, a more discern-
ing test is required for these apphications. Conversely, there are apphca-
tions where the use of moderately sensitized material, which could not pass
the current practices for determining the presence of sensitization, wonld
perform satisfactorily in the service environment 2] In these cases, a
manufacturer would be forced to use an extralow-carbon or stabilized
grade of material, with the associated cost or strength penalties. A test
that measured the degree of sensitization, in conjunction with calibration
tests in the service environment, could provide a “go/no go” matenals
acceptance criteria for both cases. A rapid nondestructive test would also
to helpiul for quality control on shop- or ficld-constructed components which
recetve thermal treatments during fabrication.

In this paper, progress in establishing a gquantitative test method for
measuring degree of sensiization 1 described. Three techniques were
investigated: (a) modified A 262, Practice A, (b) modified A 262, Practice E,
and (c) an electrochemical reactivation method. A fourth technique, a
dynamic straining stress corrosion test | 7] was used as a reference method
to determine the effect of moderate amounts of sensitization on IGSCC. In
this referce test, dynamic straming coupled with a very severe environment
(SS0°F high-purity water contaming 8-ppm O,) can cause intergranular
fracture of mildly sensitized stainless steel

Experimental Procedures

Matersals

There were thirteen heats of AISI Type 304 stainless steel used in the
sensitization measurements program.  These heats mcluded five heats ol
10.2 em (4 ), Schedule B0 seamless piping: one heat of 25.4 cm (10 ),
Schedule B0 and two heats of 15.2 em (b i), Schedule B0 seambess pipe;
onc heat of 66 cm (26 m ). Schedule 80 rolled and welded pipe; one heat
cach of 2.5 em (1 m) thiek torged bar, torged plate, and hot-rolled
plate; and one heat of 3 bom (1Va-m ) bar. The chemical compostthion
and mechantcal properties tor these muternials are giyen in Tables 1 and 2,
respectively.

For the bulk of the study, specimens trom lm.lvc heats were tested in the
as-recctved (nulf anncaled (MA)) condinos and, alter a low-temperature
sensttizatton (L IS) weatment at SCD7C (V327 tor 24 b in air, followed

"k itahc numbers in brackets seter to the Int of references appenacd 1o this paper.

TABLE | =Composition of sieels used in sensitization program (elemeni percent. nd = not determined).

Ni Mn Si Mo Cu

Cr

Heat

CLARKE ET AL ON DEGREE OF SENSITIZATION

— - ——

~ o _—- o
SEIRQIRLILITAR
COWEOTFFFHLOT >

= b=

22ENS59288L93
OQO‘OOQQC’«DQOGQ

» - < =
PR o > P o
ori- NeBo = 25 b
S8 ¥32:273%
€Hggl x5 252
IGr~§it—v‘3n~~_x

“4-in.. Scheduie 80 seamiess pipe.

A1 by 4ain. torged bar

‘6.in.. Scheduie 80 seamiess pipe

“1+in., hot-rolled piate,

“10-1n.. Schedule 80 seamiess pipe
‘2o-in.. rolied and weided pipe.

¥1 by 12440, forged plate

"I'e by 140, bar

‘s sinBali

Metnc conversion: | in. = 2.5 em
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102 INTERGRANULAR CORROSION OF STAINLESS ALLOYS CLARKE ET AL ON DEGREE OF SENSITIZATION 103

by turnace cooling. This treatment was used to produce light degrees of
sensitization to test the sensitivity of the various methods. Specimens from

65071006

two heats (M7616 and 27388) were also tested after solution annealing at
T 3 e s 1GI8°C (1900°F) tor | h and water quenching, followed by the LTS treat-
- it tiah b e o “ment. Additionally, one specimen from heat M7616 was tested in the
solution-annealed condition (solution-annealed treatment just described),

without a sensitization heat treatment.

w e ;; i ; 9' : ;: 222252 In addition, two smaller studies were performed to investigate the effects
= - - = Tevww of more severe sensitization treatments. In one series of tests, specimens from
E six piping heats were evaluated after sensitizing 40 h at 620°C (1150 °F);
E the other study was conducted on specimens from a single heat of bar stock
3 B3 IEhasn ae g Nacran (Heat X14902). These spectmens were sensitized 1, 4, 20, and 40 h at 620°C
Y o = %8;%%88:3‘383.0 (|'500'_)
=
L
2
& . 3 ey b oy Measurement of Sensitization
3 >z IgsS-gR3gcixEss
- ASTM A 202. Practice A— AN test specimens were evaluated for percent
- ditching after oxalic acid etching according to ASTM A 262, Practice A,
g i D e e TR mpdaﬁcd according to the procedure given iq Appendix 1. The modification
2 & 2V |voommpger®are of the ASTM practice consisted of measuring and reporting the amount
€ g of grain boundary length that shuwed a ditched structure. The specimens
H o examined were those already mounted which were renolished after electro-
2 g Py PR T e chemical potentiokinetic reactivation (EPR) iesting (discussed later).

: TINE Indornggssrosr e ASTM A 262. Practice E—Companion specimens to those used for the
= A 262, Practice A, and electrochemical tests were also evaluated for sen-
g — } 5} sitization using two modidications of A 262, Practice E, the acidified copper-
i R e o o i == copper sultate lqt. I ?n: conventional A 202? !’nclwc l: test gives "go/n'o
3 2152 15585598238 5285 5 : go” results, that is, either the specimen exhibits fissuring when bent, or it
s % { ) does not. The first modification used was to obtain semiguantitative data
S E =) by accurately measuring maximum penctration depths on tension specimens
s B R 2 et s ol i o which were strained 3 to 5 percent atier exposure to the test solution, and

II g > % lzeugsLumweLouw (Cc—) then examining metallographically prepared specimens (Appendix 1),
= ] The second method consists ol measuring the penctration which occurs
a 3 during the test period by means of the change in effective cross-sectional
= e arca of the specimen, by comparison of the ultimate tensile strength of
the tested specimen to a specimen of the same material which has not been
% exposed to the test solution [4]. This treatment of the data results i a true
3 measure of penetration during the test, regardiess of grain fallout (Ap-

pendix 1)
B ¥z z2,.87%8 EPR Measurements— The degree of sensttization was quantified using
Il $3R R8T the recently developed EPR method. This methed consists of developing
E BT Brini n 3 3 3

potentiokinetic curves. of a polarized specimen obtained by controlied

potential sweep from the passive to the active region (reactivation) in a



0r0p1006

104 INTERGRANULAR CORROSION OF STAINLESS ALLOYS

specific electrolyte; details of the test technique have been reported |5.6],
and are presented in specification form in Appendix 111 The test conditions
used for the EPR measurements are given in Table 3. The criteria used
to distinguish between annealed and sensitized specimens include the
activation charge, Q, given by the integrated arca below the reactiva-
tion peak of the curve (Fig. 1). Sensunized steels are easily activated
and show high Q values, compared to anncaled steels which are not sus-
ceptible to intergranular corrosion. The value ¢ is normalized by both
specimen size and grain size as described in Appendix 11 The data nor-
malized in this fashton are called P, and represent the charge per square
centimetre of grain boundary arca. This treatment of the data permits
normahzed direct comparisons of ditlerent heats of matenal which exhibut
ditferent Q values solely as a result of dillerences in gran size. This topic
has been described in detail |5).

The EPR specimens were 0.3 by 0.3-¢cm sections cut from the tab ends
of the uniaxial tension specimens tested for 1GSCC resistance. The specimens

- were mounted in a Maraglas compound, so that only one face of the specimen

was exposed. Electrical contact was made by spot-welding a stainless stecl
screw 1o each specimen before mounting. Finally, the mounted specimens
were polished before testing so that the effect of the test (grain boundary
attack) could be viewed and documented metallographically.

IGSUC Tests—The susceptibility to 1GSCC was determined by conducting
dynamic strain tests [ 1. 3] in 289°C (550°F) hgh-purity (approximately | uS)
water containing 8-ppm dissolved oxygen. This is a very severe test and
does not usually represent an environment of industrial interest. However,
this extreme case was used in this investigation to maximize the potenital
for correlation between sensttization and 1GSCC testing. In the application
of these tests in industrial practice, the type correlation performed in this
study would have to be undertaken in test environments of industnial in-
terest. In this test, umaxial tension test specimens are slowly strained to
failure at 0.0008 mm/min (0.032 mil/ min) in the “nvironment. Susceptible
matenals generally reveal shorter fallure times, lower breaking stresses,
and lower reduction-in-area (RA) values compared to similar tests performed
in air or inert gas. In addition, the data generated can be treated to obtain
a susceptibilily index, { o, with the expression

owll ¢+ Euw
N
a.(l + lio)
where
ow = maximum breakmg stress m water with O,

04 = maximum breaking stress i air,
E w = elongation in water, and
£ . = elongation in air.

]
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TABLE 3L TR test conditions.

Flectrobyte OSMH SO, + D01 MKONS
Temperature ¢
Specimen surface finish 1 pm (diamond paste)

Reavtivation sweep rate 6 V/h (cathodic)
Passivation potential time + 200 mV/2 min
Deacraton N,

Hokuto Denko with Princeton Applied  Research
Coulometer
PAC/em Y = QICVGHA (em’)*

Polarization system
Data normahzation

“GBA = calculated grain boundary arca in sample (sec Appendix 1H).

Greater susceptibility to IGSCC is indicated as [, approaches a value of
1. Finally, the failure mode is documented by scanning electron micro-
scopic and metallographic examination of the fractured specimens. Test
specimen gage length is typically 1.9 cm (0.75 in.).

Results

The results of the study to evaluate degree of sensitization in twelve heats
of Type 304 stainless steel in the mill-annealed condition, and after sen-
sitizing 24 h at S00°C, are given in Table 4. Specimens from seven of the

S S saaman s 1
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s -~
S l '
- Bl - - — —
: )
i
1 i
1 : A e s
1 110« crance mrrcaa nm® 2 €y FLAD POTINIIAL (V)
] \ tj~- e e ] “.' S COMMUSIN ST MY LAL vy
e 1 e oo e e o ol e o
|'-‘ l.. ° . 200 mv
POTENTIAL
FIG. | —Schematic of reactivation polanzaton curve sh g paraescnors of aicnest jor
EPR testing.
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twelve heats indicated IGSCUC susceptibility after dynamic strain testing,
with an o vaiue of 0.65 established for this heat treatment in this environ-
ment as the lower limit for susceptibility. The most extensive IGSCC noted
occurred in one of the 10.2-cm (4-in.) seamless pipe heats (M7616), where
1GSCC occurred even in the mili-annealed condition (Fig. 2) in this severe
environment. The mill-annealed specimen did reveal some mixed mode
cracking (intergranular plus transgranuiar), but crack initiation was always
intergranular. This particular heat of material was also extremely susceptible
to IGSCC in other studies |2, 5] using more severe sensitization treatments.
This level of susceptibility would have been predicted by degree of sensitization
measurements using both A 262, Practice A, and the EPR technique. But,
the EPR method provides guantitative data relative to the level of sus-
ceptibility between mill-annealed and sensitized conditions (£, = 7.3 and
40.0 C/cm? compares to fps = 0.69 and 0.92, respectively), while the
A 262, Practice A method shows little differentiation (40 and 50 percent
ditching). The etch structures developed after the A 262, Practice A, and
EPR exposures are shown in Figs. 3 and 4, respectively. As shown in Fig. 3,
the extent of grain boundary ditching appears comparable for both con-
ditions; however, the EPR-produced structures (Fig. 4) clearly delincate
the difference in grain boundary attack (chromium depletion around carbide
particles) [S] between the mill-annealed and lightly sensitized condtion.

In contrast, the A 262, Practice E, test does not appear very sensitive
at these lower degrees of sensitization. The structures developed in the
mill-annealed and sensitized specimens after three 72-h exposures are shown
in Fig. 5, where penetration depths after straining 3 to S percent can only
be measured with great difficulty. Based on the data developed by A 262,
Practice E, for the other eleven heats, the difference between penctration
depths of 0.2 mil for the mill-anneated condition and 0.4 to 0.8 mil after
sensitizing do not appear significant.

The 25.4 cm (10-in.) seamless pipe heat (TH6656) revealed the lowest
level (Jos = 0.65) of IGSCC after sensitizing of the seven susceptible
materials; this material was not susceptibie in the mill-annecaled condtion.
The fracture surface for this specimen alter dynamic strain testing is shown
in Fig. 6. Only one corner of the specimen revealed 1GSCC; the remainder
of the specimens failed ductilely (approximately 90 percent of the fracture
surface reveals HGSCC in highly susceptible materials atier severe sensitization
treatments) | ?]. This specimen also contained only a few secondary cracks,
while highly sasceptible materials, such as Heat M7616, usually develop
secondary cracking toe numerous for counting.

T'he etch structures produced in the sensitized Heat TH6656 specimen
during degree of sensitization measurements using the three methods are
shown i Fig. 7. Again, the A 262, Practice E, results are not sullicwntly
discerning to predict the 1GSCC behavior. Both the A 202, Practee AL and
EPR method reveal a sensitized microstructure, but only the FPR mcaue
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FIG 6 Fracture surface of sensstized (SO0°C/ 24 k) Type N stanless steel seamless pipe
(Hear THO650 ) tested by dynamec straim tn 289°C water with 8 ppm O) at on extension rate
of U 0% mm ‘mun (a) =40 (b) x> X

CLARKE ET AL ON DEGREE OF SENSITIZATION

a
l AT o
' > i
i ’ OO t
- . - ’
' 5 e
I".'-- ‘~
- ~ . Al . -
o * .
4 = A i ‘{' .
b S .
¢ R :
" _» s . & e -
4 . . - ., F 4 ‘\‘g\.
- ‘. » - e .
.‘ .i X . . ."‘:,O ./.,
‘ g > L -
. -~ 8 o 0 P . . ¥
.- 5 ‘- : ... " . : .‘-. * o
) s ’..‘.‘ M i .
. o » v g -
3 v, } S
. . i pe p
- . - : .. | ’
. - - i 20 o
.‘ E .. k 9 . ¢ o .
. - ' .
ol " ..\ i - L ., -
o - i A L
g l * R s & P .
- & i L I 5
.., '-‘... 0.' - ‘ qdaid
C o Yo . ’. - .
. . B

13

FIG. 7—Eich structures in Type WH starnless steel seamless pope (Hear THOO) sernatird
24 h at S00°C and tested for degree of sensutizution using three techmigues (a) A 202 Practwr

E (0.2 10 0.8 2l penetration), * 187. (b} EPR (P,

A U4 percent duching).

6.5 C/em?), X859 () A 202 Pruveee



114 INTERGRANULAR CORROSION OF STAINLESS ALLOYS

ment quantitatively ranks this heat near the lowest end of the scale of
susceptible matenals. According to the A 262, Practice A test, Heat TH6656
would be expected to be more susceptible to 1GSCC than Heats 812292
or 78500, using only degree of sensitization as a cniterion.

An intermediate level of 1GSCC susceptibility occurred in a heat of 1-in
forged bar (Heat 812292) dynamically tested alter the S00°C/ 24 h sensitization
treatment. A specimen from this heat revealed 1GSCC about 2 to 3 grams
deep (Fig. 8) and a transgranular region below the 1GSCC imtiated cracks.
The sensitization measurement etch structures for this heat are shown n
Fig. 9. The A 262, Practice E, test indicated penetrations of 0.1 to 0.4 mul,
which occurred at ship planes (Fig. 9a) produced by surface cold work
during spectmen machining.

The EPR test gave a relatively lugh value (P, = 16.8 C/cm?) for degree
of sensiization, and the structure revealed a profusion of precipitated
carbides (Fig. 9b). The carbides present are very small and difficult to
resolve using conventional metallographic techmgues. This precipitation
mode probably accounts for the lack of grain boundary grooving alter
A 262, Practice A, testing (Fig. Y¢), where the chromium carbides are
presumably too small for the sensitivity of the oxalic acid test. Thus, an
advantage 1s shown for the EPR test method, particularly for some pre-
cpitate morphologtes.

Generally, the A 262 tests (Practices A and E) are not sufficiently dis
cerning to distinguish between degrees of sensitization at these low levels
of sensitization. One exception is the evaluation of the 66-cm (26-1n) rolled
and welded pipe (Heat 834264), which has exhibited inconsistent behavior
in other related studies |6]. Specimens from this large-grained (ASTM
1.5 compared 10 5 10 5.5 for the other materials) matenal are highly sus-
ceptible to IGSCC but consistently yield relatively low sensttization values
in the FPR test. The A 262, Practice E, test also indicates relatively low
levels of sensitization, but the A 262, Practice A, test ranked this heat
properly. Although the EPR technique gave a low P. value for thas heat,
the post-test appearance did show conswderable grooving of the graie bound-
aries, indicating that post-test examination of the EPR attack should be
weighted 1n the decision process at low P values

Analysis of the remainder of the data m Table 4 indicates the EPR test
is more sensitive than either A 202, Practices A or E, in distinguishing
and quantifying degree of seasttization at these lower levels of sensitization
It s sigmificant that the high 1GSCC susceptibihity ol Heat M7616 can be
elimmated by solutivn annealing, even when the matertal 15 subscquently
given the low temperature sensttization treatment. Itwas dulticult to solution
anneal this matenal adequately. however, as even rapid awr cooling alter
the 10I8°C/h anneal resulted i a senatized structure stmilar to the mill
anncaled condiion given m Table 4. Complete solution annealing was
accomphished in this heat only alter water quenching in the cooling chamber
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FIG. B IGSCC in sensitized (500°C/ 24 B) Type 304 stanless steel (Hear 812292) iested by
dynasmic stram in 289°C water with 8 ppm O; at extension rate of O 0008 mm/ mn.

of the heat-treat furnace. Apparently, the precipitation of chromium car-
bides occurs extremely fast during cooling from the solution-anncaling
temperature, such that a “seeding” effcct results which enhances sensitization
during subsequent thermal treatments in the sensitization range |/}

Addinonal work was conducted to assess the three measurement methods
after more severe sensitization heat treatments. Measurements were per-
tormed on a heat of 2.5-cm (1-in.) plate (Heat X14902) which was sensitized
1, 4, 20, and 40 h at 620°C and furnace cooled. These results are given
in Table S, where all three methods indicate a saturation effect for this
heat alter sensitizing for 20 h or greater. All three methods reveal the lack
of sensitization in the as-received condition (mill annealed). The EPR and
A 262, Practice A, tests indicate a lower degree for specimens sensitized
4 h compared to 1 h, but this trend could be due to specimen varnability,
since the A 2062, Practice E, tests were conducted on separate specimens
while the A 262, Practice A, and EPR tests were conducted on the same
specimens ANl these sensitized specimens were susceptible to 1GSCC after
constant load testing in the severe environment of 289°C water with 8-ppmn
dissolved oxygen [6].

Six of the seamless pipe heats were evaluated further after sensitizing for
40 h at 620°C and furnace cooled. This sensttization treatmeny caused
extensive IGSCC susceptibility in all the Type 304 stainless steel pipe spec-
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TABLE S— Comparison of A 262, Practices A and E werth the PR method for sicasuring
degree of sensutization i Fype 3N plate (Heat X 13902}

EPR Mceasurcment

Time &t 620°C (11S0°F)  Average Penctration P Pracine A
h} Rate mm/h (sl h) {Crem (% Uitching)
As Received 0 00015 (0 006) <10 ! <1
1 € 0088 (0 345) 144 25135
5 00232 (0915) i ImS
20 Q0478 (1 BY) (LR (L)
40 00432 (1.70) ™S 190

imens tested by dynamic strain or constant load in the highly aggressive
289°C water with 8-ppm oxygen [6]. A typical example is shown in Fig. 10 for
Heat M7616 tested by dynamiic strain. These results (Table 6) indicate
that the A 262, Practice F, test is the most discriminating for greater degrees
of sensitization. Both the EPR and A 262, Praciice A, tests reflect a
“saturation” effect (Fig. 11), where any additional sensitization is not

F1G. 10 Fracture surfuce of furnace sensinzed (020°C/40 k) Type 30 stamlbess sieel
(Heat M7616) tested by dynamuc stran s 289°C water with 8 ppm O at exienston rute of
O 0008 i/ mun.
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TABLE 6 Comparison of three methods for measuring degree of sensatization of six
1GSCC suscepuible heats of Type 303 stamndess steel seamicss pipe sensin wd
40 h at 020°C (1I50°F)

Aol A Ado2 & EPRP,
Heat (% Duichang) men/ b (ol b} (Crem’)
Mbib gy 0057 (223) 120
M7772 100 ous (111 85
2P6424 100 0017 (065) 17
2Po 1% 100 0010 (b4) i)
454059 100 0002 (0ON) LY
fHobS0e 10 00005 (0.02) 8

distinguished by the test. The A 262, Practice A, test reveals a 100 percent
ditched structure for all heats given a severe sensitization treatment The
EPR test produces very high P, values but not a great deal of ditlerence
on a heat-to-heat basis, compared to that measured for the lower levels
of sensitization.

In contrast to this, the qu.mtlhcd A 262, Practice E, test does appear to
distinguish between heats given severe sensitization heat treatments smce
it is measuring a penctration mechanism, rather than a surface eftect where
a response is limited to the width of the aftected grain boundanies.

Discussion

The three test methods evaluated measure degree of sensitization in
somewhat different manners |2]. The EPR method measures the current
flow associated with active dissolution of chromium depleted grain boundary
areas as the potential is swept through the actve range at a fixed rate. The
A 262, Practice A, test evaluates the degree of gramn boundary “duching,”
presumably as a resuit ol dissolution of gram boundary chromum carbdes.
Finally, the A 262, Practice E, test considers the extent of grain boundary
attack which occurs in chromum-depleted arcas i an aggressive corrodent
at a fixed potential set by the solutton. f-ach method ha - aset of “boundary™
conditions within which 1t 18 capable ol discrniminating beiween ditferent
degrees of sensutization.

The upper boundary himne of the EPR test is the current assoctated with
complete gramn boundary activation Once this condition is reached, the
test will not be semsitive to gher degrees ol chromum deptenon. The
lower limit is established by the sensitivity of the clectronte circuitry los
detection of current tlow through the specimen

The upper it tor A 262, Practiee A, 15 100 pereent grain boundary
ditching, atter winch no further discruminations between more severely

CLARKE EY AL ON DEGHEE OF SENSITIZATION

FIG . 1 — Furnuce sensized (02071
cteh structures (a) after EPR testing
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sensitized materials can be made. No nationally recognized lower limit
has been established for this test; below some degree of sensiization, ne
discriminations can be made because no grain boundary ditching s ob-
served. It must be pointed up, however, that, according to ASTM procedures,
it is not the objective of the A 262, Practice A, test to give guantitative
data, but to provide qualitative results on a “'go/no go™ basis.

In the quantified A 262, Practice E, test there probably exists some upper
limit of sensitization detection which 1s reaction rate limited, that is, the
corrodent cannot reach the susceptible grain boundaries at a sufficiently
rapid rate. However, this upper limit has not been observed in our tests to
date. In the conventional A 262, Practice E, test, the upper limit is the
observance of some degree of fissuring and would probably vac; from one
individual evaluation to another [4]. The lower limit for the guantificd
A 262, Practice E, test appears to be a penetration of about 5.0 x 10 *cm
(0.0002 in.). The exposure time required to achieve this depth of attack
will vary with the degree of sensitization of the material (low levels of
sensitization such as encountered in welding usually require at least three
72-h exposures). In the conventional A 262, Practic: E, wethod, the lower
limit is the lack of observance of “fissuring.™

Given these characteristics of the three tests, one would expect the EPR
test to be the most discriminating over the full range of degrees of sensitization
and certainly the most useful for the levels of sensitization which are of
principal concern to the industry. Although it is true the EPR test saturates
out compared to the A 262, Practice E, method at higher degrees of sen-
sitization (Fig. 12), these higher degrees are not of practical importance
to the industry. The primary concerns relative to sensitization in Type 304
stainless steels are the low levels encountered duning production and lab-
rication (for example, welding and heai treating). It is at these low levels
of sensitization that the A 262, Practice E, test loses its discrimmnating
power. Additionally, because of its limited range of det=ction, the A 262,
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FI1G 12— Conceptual schematic of relasive test behavior.
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Practice A, test would be the least discriminating of the three methods ever
the full range of sensitization, and this hypothesis is supported by the
results of this study and other performed at the General Electric Company [4!.

A further advantage of the EPR techmque is that it appears capable
of providing “go/no go” indications of relative IGSCC susceptibilities
for multiple heats of Type 304 stainless steel in moderately sensitized
conditions. For example, a plot of £, versus EPR determined degree of sen-
sitization (£,) for eleven of the twelve heats studied is shown in Fig. 13,
Here, a least squares fit of the data provides a correlation coefficient of

DEGREE OF SENSITIZATION, 7, (Crom?)
2
T
WMORE SENSITI ZED s
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Iy 1 i 2 ol aehy ¥ g

e o os oe ar ow uwn
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FIG. 1) Correlation between degree of senstirzateon and 1GACC oo o oo choion bean
of Type 304 stainless stvel sensuized 24 b ot SEOPC eorrelaimm conibon w o 'y
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0.70, which indicates a good agreement between !GSCC in the extremely
severe test used in this study and degree of sensitization after a moderate
sensitization treatment. An even better correlation in this extremely ag-
gressive environment is obtained by performing a similar analysis, but
using welded specimens of the ten piping heats, where the degree of sen-
sitization is slightly higher |5]. As shown in Fig. 14, the correlat .a co-
efficient here is 0.89, which significantly supports the potential of the
EPR method for detecting IGSCC in sensitized stainless steel. Finally, work
being conducted under 1) S. Nuclear Regulatory Commission sponsorship
{6] indicates that the EPR techmque may be adapted for guantitative
measurement of degree of sensitization w the ficld nondestructively, which
is not possible using either of the other two measurement techmques.
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Concilusion

Based on the results of this study, the following conclusions can be made:

1. The EPR method is considered the most sensitive for quantitatively
measuring the levels of sensitization which are ol primary concern to the
industry.

2. Al three methods are capable of detecting moderate-to-severe degrees
of sensitization in austenitic stanless steel.

3. Both the EPR and the A 262, Practice A, method appear to saturate
at the higher degree of sensitization, which results in a loss of discriminating
power between different heats of material.

4. The A 262, Practice E, test does not saturate, and retains its dis-
criminating power at high degrees of sensitization, but it is not a suitable
method for detection at the lower degrees of sensitization.

5. The EPR method is the most suitable for detecting potential sus-
ceptibility to IGSCC and is the only techmique considered adaptable for
obiaining quantitative information in the ficld nondestructively. For use in
industry, this method will be required to correlate the EPR method to
the industrial environment of concern if it is to be used as an indication of
IGSCC potential rather than as a measure of sensitization caused by grain
boundary chromium depletion.
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APPENDIX 1
Determination of Carbide Precipitation In Wrought Austenitic Staintess Steels

Scope

This document describes a2 method for determming the relatine s of carbade
precipitation in the grain boundaries of wrought Types W04 W00 Bio and 3oL
austeatic stainless steel used i thas study.
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Applicable Documents. Codes. und Standards

Codes and Standards— The followmng codes and standards form a part of ths
specification to the extent specificd herein.

American Socrety for Testing and Matenals —(:) ASTM A 262, and (b) ASTM,
Estimating an Average Grain Size of Metals (E 112-74).

Exammation Reguirements

The matenial shall be evaluated mn accordance with ASTM A 262, Practicr A, as
modified by this specification. The low-carbon grades, Types JO4L and 316l shall
be heat treated (sensitized) at 1250°F tor | h before testing.

The evaluation shall include a relationship between the length of the diched
grain boundanes and the total length of the gram boundaries, expressed as per
centage, from a represemtative photomicrograph. The procedure shall consist ol
determining the ASTM gram size number per ASTM L 112 A representative
photomicrograph at an appropriate magnitication shalt be prepared based on the
following table and the portion ol the gram boundaries that are ditched shall be
crosshatched to facilitate measurement and caleulation of relative percentage of
ditches 1o total gram boundary (twin boundanes exciuded).

Range of ASTM Photosicrograph
Gram Size Numbers Magmification
Dwds 100
50wsSS 200
60w 75 400
S00

800 to 10

Method —The tollowing lustrates the method 1o be used in the evaluation. The
relative pereentages of ditched gram boundary length versus the total gram boundary
length are determined as follows. An overlay 1s made of the total gram boundary
structure

The dilferentiation between grain and twin boundanes trom photomicrographs
can be difficult, especially a1 the Jower percentages of ditching. The simulianeous
use of the photomicrograph and the same arca viewed ‘hrough the microscope may
be necessary to distinguish between the gram and twin boundaries. Also, a second
etching step may be wsed to delineate the gram boundanes. The second ctching
procedure consists of electrolytic 60 percent mitric acxd (HNO 3} at 40 mA/ em? and
an etching time of 30 s. The time can be ncreased depending on the mdvidual
spectmen requirements.,

An alternate method for developing an overlay of the total grain boundary struc
ture is 10 take a second specimen of matenial m close proximty and representing the
same cross section and gram size Gran boundary enhancement may be accom-
phshed by either ta) sensitizmg the specimen at 649 to 670°C (1200 io 1250°F),
mounting. polishing, and ciching with clectrolytic oxalic acid, or {b) mounting,
polishing, and etching with clectrolytic HNO, per the previous paragraph. The
total grain boundary length may be taken from this overlay per the previous para-
graph.

The portion of the total gram boundaries that are ditched should be identificd
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on the overlay. Discontinuous globular carbides are excluded from consideration
as ditches.

The lengths of the total and ditched grain boundaries can be measined using sn
strument, such as a Dictzgen “Plan Measure,” Model 17198, and the relative
percentage of ditched to total calculated.

Specimen Configuration — The tull cross section of matenial 2.5 em (1 in.) thick
or less shall be mounted to provie good edge retention. Thicker specimens may
be cut and mounted separately so that the full cross section is exanined.

Quahty Assurance Provisions

Samphing —Unless otherwise approved in an engmeering approved quality plan,
at least one test specimen per cach heat-treat lot shall be tested. It the heat treat
ot contams material from more than one mill heat, a sepavate spectmes lrom cach
mill heat shall be tested. Forgiags, pipe, and other product foran shall be obtained
with suthicient additional matenal to make test specimens.

Cernficate of Test—For veador supphied matenal, a statement of test results shall
be included in the material test cortficate which accompanics the materal or ship-
ment and shall include the measured percentage of ditched gram boundary. In
addition, a photomicrograph used for the evaluation properly marked with the heat
number and heat-treat lot number shall be provided.

APPENDIX 11

Quantitative Measurement of General Intergranular Corrosion Susceptibility
Scope

This standard cstablishes a method for the guantitative determination of the
susceptibility of metals 1o general intergranular corrosion in aggressive chemical
cenvironments.

This test method is intended 1o standardize laboratory test procedures and to
provide a means of quaniilying the susceptibality of both homogencously heat-
treated materials and materialy with localized areas of differential sensitization
(such as weld heat-alfected concs) to mtergrasular corrosion.

The method descnibed here is directed primarily toward austenitic alloys which
seasitize by carbide precipitation and associated chromium depletion of the grain
boundary material. However, the general method may be used with any metal or
alloy s any condition by selection of the appropnate test solution.

Summary of Method

This method represents @ modificaiion of ASTM A 262, Practice E. The ultimate
tenstle strength of the material of mterest in the desived heat treat condition is
determined and compared with the apparent ultimate tensile strength of corrosion-
tested matenial. The difterence between these two values s used to caleulate the
corrosion which occurred during the test penied. The accuracy of measwrement of
specimen gage section dimensions and failure load becomes morcasingly important
as the corrosion rate decreases. As deseribed hiere, the method roesults s a mean
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the bascline specimen should be pulled first. If more than one baschine speamen
is provided for a set, the baschine specimens should be distributed through the set
to account for any doft n the tensile machine load cell.

The load cell used for the tests should have the smaliest full scale load range
which will accommodate all the specimens to minimize crrors in interpolation of
failure load. A cell with a tull scale value of 454 kg (1000 Ib) s recommended, with
spevimen gage cross sectional arca adpusted to this lmit as desenibed m the second
paragraph under the Specimen Preparation heading.

Recorder charts of the load curve lor cach specimen shall be provided with the
fatled specimens. Interpolation of the fatiare load shall be made to the ncarest
pound. Accurate minterpolation 15 enttical when corrosion rates are low.

The fatled haives of cach specimen shall be taped together securely and identified
externally with the specimen number.

All specimens to be evaluated metaflographically shall be subjected 1o § to 3 per-
cent stram at room temperature with the surtace of interest in tenston. Higher stramns
may lead to tearmg of the unattacked matenal and misleading results. Specimens
shall be polished to a depth sufficient to remove edge eflects from strammg.

Corrosion Rate Calculatrons

The baschine fatlure stress shall be calculated for L:ach of the baschne specimens
for a common set and averaged to give mean baseling fatlure stress.

The corrosion rate shall be calculated for cach mdividual corrosion tested speci-
men and the mean conosion rate and standard devigtion calculated tor cach spect-
men group. This calculation i performed on the basis of the change n apparent
failure stress of the corrosion tested specimens as follows

o
s — — =
o,

COrTOsion rate =

exposure hours
where
r. = origmal specimen radms,
os = farluve load, and
0. = uitimate tensile strength.

On spectmens evaluated metailographicaily, the depth of attack may be measured
directly with a calculated eyeprece (Filar) or from photomicrographs of the surface.
At least x 100 is recommended, and higher magp fications may be required for
shallow attack . The corrosion rate s calculated by ywading the depth of pencitation
(i centimetres) by the exposare time (in hours) Lepresentative photographic docw
mentation i recommended

Sample Fvaluateon

The tractured tensilte ditference specimens shall be exammed visually and optically
for indications of unexpected conditions and all such resuits noted on the data sheet.
These molude observations, such as nonsmtorm neckimg, preferential mtergranular
attack, latlure m the weld rather than the weld beat allected zone, and Lalure 10
the gage shoulder rather than the gage scction. n addition, the location and nature
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of the fatlure should be compared ber-een specimens from the same set to evaluate
the physical censistency of the resulis.

Location of the manimum depih of penctration, in reference to the weld center
Iine, should be recorded for each speaimen. Differences in depth of penetration
between the two sides of the heat atfected zone should be noted f present. Dif-
ferences in depth of penetration between the surface of primary interest and the
oppustte surface should be noted. Photographic documentation of observed dif-
ferences is recommenaed.

APPENDIX Il

Electrochemical Potentiokinetlc Reactivation (EPR| Method for Determining Degree
of Sensitization In Stainless Stecls

Scope

This appendix describes an EPR test method for guantitstively determining the
degree of sensitization in thermally treated AISI Types 304, 3041, 316, snd 3160
stamless steels.

Applicable Documents, Codes. and Standards

Codes and Stundards—The following codes and standards form a vart of this
spectfication to the extent specified herein: (¢) ASTM E 11274, () ASTM Recom-
mended Practice for Standard Reference Method for Making Potentiostatic and
Potentiodynamic Anodic Polarization Measutements (G 5 72), (¢) ASTM Recom-
mended Practice for Conventions Apphcable to Electrochemical Measerements in
Corrosion Testing (G 3-74), and (d) ASTM Preparation of Metallographic Speci-
mens (E 3-62).

Equipment

Standard Polartzation Ce.l— Requirements shall be in accordance with Seetion 2.1
of ASIMGS.

Electrode Holder— Requirements shall be in accordance with Scction 2.2 of
ASIMG S,

Potennostar— Requirements shall be in accordance with Section 2 1ol ASTM G S

Potential Measuring Instruments — Requirements shall be i accordance with Sec-
tion 240l ASTM G S,

Current Measuring Instruments — Requirements shall be in 2ccordance with Sec-
ton 2 Sof ASTMGS.

Curvent Integration Measurement instruments —An mstrument that i capable of
integrating the current under the curve developed during reactivation should be
used. The instrument should be capable of measuring a current mtegral (im cou-
lombs) to within an accuracy of | percent of the abwolute value of o Cirrent range
between 0.001 and 1000 mA.

Anodec Polarization Circuit — Requirements shall be in scoomdance with Scetion
2.6 of ASTM G 5, except the current integration instrumcnt should be scrted in
series with the lead between the working electrode and potcntinia
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Electrodes—Working electrodes can be any shaped piece of metal at least 0 32
em (1/B in ) in diameter or on a side, by any sutable thickness, which has a stam-
less steel electrode holder mounting screw spot welded on the side opposite to
where the measurement will be taken and s potted i a suitable innocuous com
pound such that only one planar sarface 1s cxposed to the electrolyte

Counter Flectrodes— Requirements are i accordance with Section 2.7.2 of
ASTM G S,

Calomel Reference Electrode— Requirements are in accordance with Section 2.8
of ASTM G S,

Standard Experimental Procedures

Test Specimen Preparation—Prepare the surtace within 1 h of the cxperiment or
store the prepared specimen in a suitable desiceating cabinet. Wet grind with 240-
grit and 400 grit SiC paper, tollowed by wet polish with 600-grit sthicon carbide (510)
paper until previoys coarse scratches are removed, rinse with water, and dry. The
specimens should be final polished i two additonal stages with & and | pm duamond
paste or 0.05 pm alumina slurry on a nylon or silk cloth over microcloth prepared
polishing wheel per ASTM E 3.

Mount the specimen on the electrode holder as deseribed in Section 221 of
ASTM G 5. Tighten the assembly by holding the upper end of the mounting rod
in & vise or clamp while tightening the mounting nut until the gasket is propetly
compressed.

Clean the specimen just before immersion mnto the electrolyte by degreasing with
# suitable deiergent, rinsing in distilled water then alcohol, and air drying.

Prepare 1 litre of 0.5 M H,50. + 601 M potassiem thiocyanate (KCONS) from
reagent grade chemicals and distilled water (sulution can be made up m bulk and
stored lor one month). Transter approximately SC0 to 600 m! of solution to clean
polarization cell.

Bring the temperature of the solution to 30 = 1°C by immersing the cell m a
controfled temperature water bath or by other conventent means.

Place the specimen, platinum auxihary clectrodes, salt brdge probe, and other
components in the test cell Ensure that the salt bridge 1 filled with the test sols-
tion and contains no air bubbles, particularly n the restricted space within the tip
region. The levels of the solution in the reference and polanzation celly should be
the same to avord siphoning

Purge the solution before test intiation for about 2 min and continuomsly dunng
the test with high purnity nitrogen gas (99 9% percemt minimum) at 150 cm ' oun

Adjust the salt bridge probe tip so it 15 an close to the specimen surface as pos
sible, but not touching the sample or mount

Record the open cireust (rest) specimen potential, that s, the corrosion poteatial,
after about a 2 min immension. I the resi potential does not register normal for
the class of alloys being evaluated { - 350 to — 450 mV for Type 304 stamndess steel),
then cathodically charge the specimen at 600 mV for 2 t0 5 min and recheck the
rest potential I the rest potential s sull abnormal (usually around 200 mV), the
spectmen must be removed from the lask and repolshed 1o ehnanate the tarnsh
film

Passivation is accomplnhed by sctting the potential 1o+ 200 mV yersus stan
dard catomel electrode and holdmg tor 2 min Complete passivation can be checked
by vbserving the lack of change on the current mtegrator imstrument output.

Reactivatton Scon— Start the potential backscan (cathodic direction) using a
potentiodynamic sweep rate of 6 V/h (25 percent)
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Rezero and start the cursent integrator instrument, recording the current con-
tinuously with change in potential.

The recorder avtomatically plots the anodic polarization data on semilogarithmic
paper in accordance with ASTM G 3. It is acceptable for the EPR evaluation to plot
with the potential as the abscissa and the current as the orditate, in opposition
1o the recommended standard reference plot in ASTM G 3.

Lock reading on current integrator when current is close to the initial corrosion
potential and has just reversed polanty. Record this reading as the integrated cur-
rent value (in coulombs) i data record sheet.

Put all electrochemical polarization equipmeni on standby and remove £ versus
log ¢ plot from recorder for nclusion in data file.

Remove specimen from cell and holder, rinse in distilled water followed by alcohot
vinse, then air dry.

Data Acquisition and Analysis

Test parameters should be recorded as follows: EPR Run No., Specimen No.,
Material, Heat; Surface Condition; Specimen Location; Test Temperature, Sweep
Rate, Passivating Potential/ Time; Rest Potential. Use the following data record
sheet form or equivalent for recording these data.

Test data to be recorded include the charge, Q. in coulombs (integrated current
under anodic portion of curve during rea fivation) maximum anodic curve peak
height in milliamperes, and Flade potential in milhivolis {potential at which anodic
curve breaks upward during reactivation) Record on data record sheet.

Each potted specimen should be photographed after test (without additiona}
preparation or etching) at suitable magnification to document the microstructures
and extent of grain boundary grooving after the EPR test. An additional photo-
micrograph must be taken at x 100 to measure grain size. If the specimen is not
safficiently etched after the EPR test to delineate the microstructure for grain stze
determination, then the specimens should be etched with 10 percent oxalic acud,
clectrolytically as per ASTM A 262, Practice A, and 2 photomicrograph obtained.
Attach photos to data record sheet.

Determine the surface area by measuring all dimensions to the nearest 0.1 mm.

The integral charge value, Q, should be normalized to the grain boundary area
(GBA) of each specimen using the relationsing

b Ao & — Q -
P A em?) GBA
and
Q = charge measured on current integrating imnirument {conlombs),
GBA = A,[5.09544 x 10 " exp (0 Mo% X)),
where
A, = specimen Arva tem?) and

[

A

Note:  Show calculation i data recond sheet

ASTM gram stee ar x 100

Electrochemical Potentiokinetic Reactn ation - Data Record Sheat

1. EPR run number
2. Spocimen number
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3. Marenal and product form .
4. Matenal heat number Heat treatlotwo.
5. Specimen location < = .
6. Specmwen surdaccarea, A,  _em?
7. lnatal rest (corrosion) mV versas saturated calomel
potential : i electrode (SCE)
8. Test temperature e i S
9. Passivating potential time ke —mV versus SCE/time
10. Sweep rate : . V/h
11, Integrated current, Q, g e coulombs
12, Maximum anodic current . .mA
13.  HFlade potential : —_mV versus SCE
14, Gram size, X ” ASTM gram size
15. Normalized charge per gram boundary area (P.)
calculation
GBA = gram beundary area,
GBA = A,[509540 x 10 'exp (D 34696X)]
GBA =
where
A, = Specimen area n cm’,
X = ASTM grain size at x 100,
P. = Q/GBA where Q = mitegrated current in coulombs, and
16,  Atach:
1. Micrograph characterizing microstructure and extent of gramn boundary
grooving.
2. Separate micrograph, if needed, used to determine grain size.
Date:
Determmed by: . ——
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