NINE MILE POINT I
PIPE CRACK TASK FORCE REPORT

Compiled by
D. E. Delwiche

- /2204/10v-
Approved: e{}fﬂ

G. M. Gordon, Chairman
Pipe Crack Task Force

= Wﬁgﬁffﬁ@’

REGULATORY DOCKET FILE COPY




.
.
,
.
.
.
.
e
- .
N
.
.
L)
'
.
a
. " oo
-y ) » K »‘ "“}P
5o ” N s & o
e, . Tda Yesd CEEE Wi




CONTRIBUTORS TO NINE MILE POINT I

PIPE CRACK TASK FORCE REPORT

TASK FORCE MEMBERS

G.M. Gordon, Chairman
(General Electric Company)

R. Oleck
(Niagara Mohawk Power Corporation) g

J. Danko
(Electric Power Research Institute)

_ K. Schmidt ’ g '
(Nuclear Energy Services)

|
|
|
|
R. Hookway
(Teledyne Engineering Services)

SUPPORTING CONTRIBUTORS

Niagara Mohawk Power Co.
F. Hawksley

Electric Power Research Institute

M. Behravesch (NDE Center)
. Becker (NDE Center)

Kazuoka

Dau
Stone (NDE Center) |
Childs

=oomour

Nutech
R. Cargill

Battelle Columbus Laboratories

\ M. Landow .
K . V. Pasupathi , . |







SUPPORTING CONTRIBUTORS (Cont'd)

Nuclear Energy Services

P. Barry
M. Stamm

Teledyne Engineering Services
R. Pace

General Electric Co. - Nuclear Energy Business Operation

M. Bensch

. Horn

. Sundberg
. Gordon

. Rajala -
Cutt
-Delwiche
Carnahan
Ranganath
Ramp

Acknowledgements

Slincere appreclation Is expressed to the
following Individuals and companies for
the use of thelr data In the preparation
of Sectlon X: |, Hamada, Y. Mori, F.
Hataya and S. Hattorl of Hitachi Research
Laboratory, M. Akashl of Ishikawajima -
Harima Heavy Industries Co., Ltd. and M.
Hishida of toshiba Corporation, ‘

e e

v o [

I -t = e
N ey




L%




Page
MAJOR CONCLUSIONS. . e ceeeeecrvasrsovossosoosncanssssssnassasssosess cecseacee i
EXECUTIVE SUMMARY e vt vv v eneenennenonnonsasssseossessesasssnnsnansssssscsns . S-1
A. Extent of Cracking...coeeeeeeceecnvecanes Ceserasessasnsenses S-2
B. Metallographic Examination.....ceevveeencrenccecniceenceanns S-3
C. SErESSES.eieeunrsorrecsresassscsoesatasssssnssscssssssscsnns S-4
D. MaterialS..c.c.cececeesceosscosssassascnnse v reenes : ........... S-5
R o3 1LY B T 11111=Y 1} S S-7
C F. Ultrasonic EXamination...eeeeeeeeeescceoccesnaceccanssssoone S-7
Furnace Sensitized Safe-End Procedures....ccceecececsccans S-8
Piping Procedures........... P R PR TR S-8
Crack Growth/U.T. Detectability..... ceevesnns eeeecsvesacns S-10
G. Cause of Cracking...ccvvuceeeiirinnececiennancens coseoserans §-12
SECTION I. INTRODUCTION....uveeveevecococococovesnsasssassassssocnnssons 1-1
SECTION II. EXTENT AND DISTRIBUTION OF CRACKING...... Ceetscerscssesenes . 2-1
Examination ResUlts..ceeerecreerecsrscoceoacecsccnccsccsonsnns 2-1
Correlation of U.T. and PT Results..c.ccceveeennns cetesessnns 2-2
SECTION III. LABORATORY CHARACTERIZATION OF CRACKS...cecvecevcsnncns eeees 3-1
INtrodUCtioN.. e eeeeeeroeetsecssssssascesconccascesoscsnsnns 3-1
Observations and ConclusSioNS...veeveecececcancesnones PPN 3-1
Field Examination.....iceveeeiececenees teesesassrssecsesnons 3-2
Metallographic Examinations......c.ccevveiniecnnenanncnaannee 3-6
A. Boat Sample "A"....ciiiiiiennenns Ceeiecesesesaseannans 3-6
B. Boat Sample "B"..i.ietetecrttiettttttctccrcrctscrsroans 3-8
C. Sample 3 - Piping SectionS....ccccevecvececencecsccenns 3-10
D. Boat Samples "C", "D", "E", and "F"...ceureiiiiiennnns 3-12
E. Section of Elbow-to Pipe Weld.....ccevveinnnenciinnns 3-14
Composition - Chemistry and Structure.......ccccvvvuiiacnes 3-16
Sensitization Measurements........... Ceeeseetesatittcaarrnnns 3-16
A. ASTM A-262 Practice A.ceeereeeeernsenecanccocsssansns 3-16
B. Electrochemical Potentiokinetic
Reactivation (EPR).eeeeeeeceeecevocsnonaccnoconones ... 3-16
HardnesSS. e eeeeeeesececesovscsssssnssassoscsscsscscscssonanses 3-17
Ferrite SUrVEeY...eieeererecnserossonssvssoscossacsssssnssnses 3-17

" TABLE OF CONTENTS .




SECTION

SECTION

v
[

SECTION

Iv. .

VI.

TABLE' OF CONTENTS .(Continued)

. .Page

STRESSES AND STRESS RULE INDEX....... eeeeenaes eeresene eaes 4-1"
Background........ Ceresesotaans h......z.:.ﬂ.......}.... ...... 4-1
Weight During Normal Operation....... ceetcrtieticieieieceess 4-2
Thermal Expansion........ celeeeieeneans feienens :...;;..... 4-3
Operational CONCErNS....eeeeeereenenss Ceereneneeaen Ceeenee. 4-8
A SNUDDEIS..evueennerneenneennns Ceveceesenes cecscsonsoan 4-4
B. Pump Vibration............... cesereeenianns ceense ceees 4-5
C. Sway Braces..... cesesenaaes et reee et eeaaaann 4-5
Stress Summary........,,.......,...............l.....:...... 4-6
Residual Stresses....cceevevvrniereerennnnnns Y B
Stress Ruel INdeX....ceeeeneeeeeeennnnnss Cereeeens e eeeaees 4-7

References.....oceeiiiiieesennneenns e eeae e 4-12
MATERIALS AND FABRICATION HISTORIES.............. RN ees B-1
Recirculation System Configuration........_ ....... cesrereenns 5-1

Material and Fabrication............ ceseesaens ceeesertecsnes 5-2 |
A. Pipe...... e eeeneeee e e e eeeeen 5-2
B. Elbow and Tees......... ~:°°"""""‘ .......... ceeeeees 5=3
C. Safe-ENdS...ceeeeresseneenes ererereaeen vevreveene.. 5-8
Welding............ cetresecicanes ceessesssisaranas tecevevens 5-4
WATER CHEMISTRY AS POTENTIAL CONTRIBUTING FACTOR............ 6-1

Evaluation of General E1ectric‘water~0hemistry

Data Base of NMP-1.........c0cvunen cerereecssvennas cetsessens 6-1
“A. Reactor Water Conductivity.................. vessersess 6-3
B. Reactor Water Chloride..........ccocuvneesn R R
C. Hydrogen Ion:Concentration.....,...... ........ ceceneee 6-4
D. Reactor Water Silica........ Creeserscenes cecesesesssss 6=5
E. Feedwater Conductivities........evevvvnns teresesresnas 6-5
F. Feedwater Dissolved Oxygen....... ceeteecens B
G. Metallic Impurities....cccvvveiiiiriicccnrenncincesss 6-6
Evaluation of Water Chemistry Trgnsients.......,............ 6-6
SUMMAYY.eeeensnnssns cetesesencanes .........;..f... ..... :..... 6-8




SECTION VIII.

SECTION

SECTION VII.

Ix.

TABLE OF CONTENTS .(Continued)

) Page

EFFECTS OF DECONTAMINATION........ LS e 7-1

INtroduCtion..eeeeeecesnssdovercecoresccecnsanans feesssesense 7-1

Decontamination and Stress Corrosion Cracking.....eeeeesecss . 7-2
A. Laboratory Studies.....c.coeeeveens eeseecesecsansasoas 7-2
B. Operating Experiences.....cceceeeeees Tieueecenasaietens 7-6

DiSCUSSTON.etetererrencsesnscanns N ee 71-7

CONCTUSTONS e vvecesnmerosssscssssecssssscssssns ceeereresenes 7-8

RETEreNCES. s vvurerrnerrnoens Ceeeecacecsrasesesseresetsearons 7-9

ULTRASONIC EVALUATION. cecovvencececacnaccoscnns eereeseeens 8-1

Introduction and Background.............. P 8-1
A. Sequence of Events..... Cetesrsesesctesesnsne cresesenas 8-1
B. Principle Aspects of the 1982 U.T.

Examination at Nine Mile Point 1....cceeveceninnnnncss 8-3
Recirculation System ISI Examination ResultS......ccvveeenns 8-5
ISI Inspection Comparisons 1979-1982......cccciceecrnccncese 8-6

A, Safe-~Ends...ceeeeecearerssscacssocncrccsosossnsscsncecns 8-7
B. Balance of Recirculation Pipe System..f ............... 8-8

Evaluation of Ultrasonic Examination Performance’

Following Pipe Removal........... sereesessiaes N . 8-10
A. Correlation of U.T. and PT Data.....cccvcveececccccncns 8-11
B. Search Unit and Procedure Correlation.......ceeeeeesns 8-11
C. Effects of Chemical Decontamination on Detection...... 8-12
D. In-Situ vs. Laboratory U.T. Examination............ ‘ees 8-15
E. Crack Depth Information....... ceresseasans feeeeesseenes 8-16

APPENDIX A - Procedure EXCerpts...cceseececcecencncciionenss 8-31

APPENDIX B - Transducer Usage for Safe End Examination...... 8-36

APPARENT CRACK GROWTH RATES - GENERIC IMPLICATIONS.......... 9-1

A. Materials Data Base........... ceseseseresanse cecesesoas 9-1

B. Crack Growth Rates of Nine Mile Point Material........ 9-2

C. Model Qualifications and Predictions.........c.ceeuenes 9-4

1. Circumferential Flaw......... N 9-5

2. Axial CracK.e.c.ceosveveecncens eeesessesseessastans 9-8



TABLE " OF#CONTENTS *(Continued)

- D. ‘U.T. Detectability vs. Geometry vs. Crack . «.
Growth Rate....ccveveeenens T
E. RE ErENCES. cetsertrreerosccaoscrscsssscressssssosanes
SECTION X. STRESS CORROSION PERFORMANCE OF TYPE 316 NUCLEAR
GRADE S/S.+vvvseerensueesessnenesloneueeisineeeiaineeiinn
Introduction........... teeerssssecsnee ceeessasen ceecreseanne
Theoretical Analysis....... ceecscssranas Cecesesanne ceesenens
A. ThermodynamiCS..veeecovoceenccooces cesessansan cerecranse
B. KineticS.eieevsveeeesassoosoncess Ceescesescsrsenaseane
Sensitization and Corrosion Test RESUTES. s evvneernnneennnns .
A. Crack Initiation....ceeveveeneinneens R PR LI TR R PR
B. Crack Propagation...ccteeesceeseecceseeccecoccceccoces
Discussion............ eeesescencersrssesseereseens cereseane
: ConclusionS..cuveceeesse Ceeeteereetaesentstsaaesasnonne cetenne
i References........ ceecenne Cerevesessanens Ceeeeccncracans cene
'SECTION XI. EVALUATION OF RECIRCULATION SYSTEM REPAIRS.
AND REPLACEMENT....covevuenns evsesne Ceseeseessctcncenss ceee
A Safe End Replacement........... cereeees ceeresaesenns Ceeeenen
; Pipe Replacement....... Ceeeeeneees eeees Cereicaseiaesinannns
' Expected Performance of Repairs/Replacement.......cccevevaes

APPENDIX A. Mill Test Certificates and Test Reports.......

Page

9-10
9-14

10-1
10-1
10-2
10-3
10-5
10-7
10-7
10-13
10-14
10-15
10-18

11-1
11-1
11-2
11-2

A-1




10.

MAJOR. CONCLUSIONS

Crack1ng at Nine Mile Point-1 (NMP-1) was due to weld Heat Affected
Zone (HAZ) Intergranular Stress Corrosion Cracking (IGSCC) with initia-
tion on inner surface.

The extent of IGSCC cracking at NMP-1 was somewhat greater than that
observed at most other plants. 85% of recirculation piping welds have
indications of cracking.

Shop and field welds were equally affected, indicating welding fabrica-
tion was not a significant variable. - g ’

The base material was normal (e.g., not sensitized) but weld heat
affected zones (HAZ) were 1ightly sensitized Type 316 S/S.

The leaking safe-end cracks were all axially oriented, potentially

making ultrasonic examination (U.T.) difficult.
bl

. Cracking in piping welds was not detected prior to 1982 due to Timited
sampling and the U.T. technique employed for the assumed non-service

sensitive system.
The{ U.T.jtechniques employed in 1982 were highly effective.

A high percentage of welds have Stress Rule Indices (SRI) >1.2. This
was perhaps due to the larger percentage of welds to fittings which

geneﬁa]]y experience higher stresses. Also the pressure stress contribu-

tion to the SRI may have been slightly higher.

Plant steady state water chemistry was equivalent to the average U.S.
BWR plant.

Higher than average C1- _and conductivity transients occurred in '71 and
'79 but it is unlikely those contributed to crack initiation.
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12,

13.

Aside from a high incidence of SRI Z};Z;Vnone'of the contributing factors

(stress, environment, sensitized material) were excessive enough to expect
the”degree‘of IGSCC which occurred. This preponderance of cracking, even

for this old a plant, may be an upper bound.in the IGSCC data base.

Pipe decontamination did not aggravate cracking but appears to have
made cracking more visible to ultrasonic examination. .

Even for those welds with the maximum extent of cracking, full. structural
margin existed, and would have been maintained for at least an additional

18 months.

- NMP-1 CRACKING FULLY CONSISTENT WITH OUR UNDERSTANDING

- THEREFORE, TYPE 316 NUCLEAR GRADE REPLACEMENT MATERIAL
IS FULLY ADEQUATE FOR PLANT DESIGN LIFE.

22
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EXECUTIVE SUMMARY

On March 23, 1982, during a hydrotest at Nine Mile Point-1 (NMP-1) prior
to startup, inspection revealed through wall leaking cracks in two of the ten
furnace sensitized recirculation safe ends. On March 26, 1982, ultrasonic
examinations on these two safe ends and one other confirmed crack-like indi-
cations. In mid-April, 1982, two boat samples were obtained from one of the
safe ends in the vicinity of the through wall cracks. One each of these
samples was sent to General Electric and Battelle Laboratories for evaluation.
The results of those evaluations in mid-May confirmed the presence of inter-
granular stress corrosion cracking (IGSCC). Subsequent ultrasonic examination
of the 28" recirculation piping revealed crack-1ike indications in many of the
piping weld heat affected zones examined at both shop and field welds.

Following the discove}y of extensive IGSCC at NMP-1, Niagara Mohawk Power
Corporation (NMPC) decided to replace the entire 28-inch recirculation system
piping consisting of five loops including safe ends with Type 316 Nuclear
Grade material. To provide added assurance that the 316 Nuclear Grade
replacement material will not suffer similar cracking due to some unique
plant specific cause, NMPC appointed an interdisciplinary Task Force on
September 29, 1982. The sté%ed objectives of the Task Force were:

1. -Investigate the cause of cracking in the recirculation system
piping and safe ends.

Determine the reasons why cracking was not seen before 1982.
Evaluate the adequacy of ultrasonic’testing techniques. ,
Evaluate system pipe stresses, and stress rule index values.
Examine other relevant issues which may bear on generic concerns.
Evaluate the adequacy of replacement material. '

S OB Ww N

The Task Force has held four meetings to fully review the NMP-1 IGSCC ﬂ

f situation and to establish the necessary inputs needed to allow accomplishment
' of the stated objectives. This report documents results of relevant investi-
gations, findings, and assessments made by the Task Force.
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A. Extent of Cracking

To date, 62 of the 76 welds-in the -five recirculation loops have been’
examined using either ultrasonic (U.T.) and/or dye penetrant (PT) examination
proceduréé. -0f these, 53-(85%) were found to have indications of -cracking
associated with a heat affected zone (HAZ). Shop welds and field welds were
approximately equa]iy affected. | ‘

Because each weld has two heat affected zones (HAZ) adjacent to it, it
is perhaps more appropriate to'gonsider the frequency of HAZ cracking. Con-
sidering ‘a total” of 104 HAZ's examined, 75 (72%) had crack indications, with
approximately equal percentages of ‘shop and field HAZ's cracked. Figure S-1
is a layout of the cracked and uncracked weld locations in’ each Toop.

In a number of the welds with U:T. and/or PT indications, the exXtent of
cracking was found to be quite extensive with the cracking covering a signifi-
cant fraction of the circumference. An example of such an extensively cracked
weld is shown in Figure S-2. It can be seen from the map of PT indications,
the cracking on the elbow side of the weld covers about 180° of circumference.
. The measured depth of 0.2 to 0.45" based on sensitive U.T. examination from
the cut edge of the pipe are also shown. The region of maximum crack depth
was further evaluated by progressive grinding and crack depth was found to be
about 0.5 inches, about 50% of wall. A structural margin evaluation was per-
formed for the most extensively cracked weld characterizeéd and it was verified
that adequate margin existed for all cases. Further, the plant could have
continued to operate for another 12-18 months without dropping below code
allowable structural margins. ‘

Significant additional in-service-ultrasonic inspection on'several older
BWR plants has been performed subsequent to the NMP-1 examination in response
to the IE Bulletin 82-03. The results to date are summarized in Figure S-3.
As may be seen, for most of the plants eva]uated; less than 10% of the welds
inspected had reportable indications. However, in the.cases of NMP-1, Hatch 2:
Browns Ferry-1, and Vermont Yankee, a significant’ fraction of the welds did
have reportable indications.

S-2




B. Metallographic Examination

Boat samples and biping segments containing .cracks were.removed~from the
recirculation piping system of NMP:I and sent to laboratorieslformmetallo-
graphic evaluation and failure anéiysis. The boat samples and piping segments
contained representative examples of axially oriented and circumferentially
oriented cracks removed from furnace sensitized RPV sdfe ends as well as from

. shop and field welds of the recirculation loops.

Optical metallographic and scanning electron fractographic examinations
have resulted in the following conclusions:

) The through wall safe end cracking was due to 16SCC of a furnace .
sensitized high carbon Type 316 stainless steel. '

0 Although trace elements were found on the fracture faces of one of
the boat samples, the-origin of the containments could not be deter-
mined from the examinations performed, nor can the presence of the
containments be associated with the presence of cracking.

0 The through wall leakage was, in each case examined, due to axially .

oriented cracks.

0 A1l shop and field weld heat affected zone (HAZ) pipe cracking was
intergranular stress corrosion cracking, with inner surface
initiation.

0 Electrochemical potentiokinetic reactivation (EPR) measurements and
other sensitization studies showed that pipe and elbow base metal
was nonsensitized (annealed) material, while the weld heat affected
zones (HAZ's) were found to be 1ightly sensitized in a typically
narrow zone. Cracking was associated with the weld HAZ's.

0 Some crack propagation into weld metal had occurred; however,
arrest would occur as the crack propagated towards weld regions
of higher ferrite content.




Stresses ! . C e e e

A detailed fnvestigation of the NMP-1 recirculation system stresses was
made to determine whether the -extensive cracking that took place was attribu-
table to unduly- high stress Jevels. .As part of‘this evaluation, investigations
were made to assure that there were no outside influences on the.stress in the
system that would contribute to an.increased frequency of cracks.

The details are presented in Section IV of this report.
The conclusions are:

1. A1l weight, thermal and vibratory stresses are’ low for both normal and
- abnormal ogerating modes and in no way contribute to cracking here more
than in any other plant.

2. The pressure stress contribution to the SRI is somewhat higher than that
for more recent BWR recirculation loop designs. The pipe wall thickness
in more recent BWR is higher, mainly to provide greater seismic margins.
Nevertheless, the pressure stresses are still within the appropriate
design code allowables. R

The Stress Rule Index (SRI) was computed by Teledyne Engineering Services
for a typical NMP-1 recirculation loop (loop 15). The values are preseﬁted
in Table S-1. for reference. These values were bqsed on stresses developed
by Teledyne in the re-analysis for this task forced in which the minimum
thickness for stress computation was used instead of nominal values. The SRI
values calculated here by TES-compare closely with those values calculated
by General Electric and presented to the NRC in October 1982. The differ-
ences whiqh'do exist are ‘due primarily to‘the treatment of a branched’ (Sweep-
o-let) type of connection. The number used by TES for this type of connection
was higher (2.1 vs. 1.7) than that used by GE, reflecting a greater level of
conservatism in the TES results. For the NMP-1 case, the main contributors
to the SRI are“pressure stress and weld residual stress. As can be seen,
the SRI values exceed the field threshold cracking value of 1.1 for all
welds evaluated. This is unusual and may be

S-4..
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Table S-1

SRI Values for NMP-1 - Loop 15
(Developed by Teledyne Engineering Services)

Node Location As Desianed SRI
101 Elbow . 1.2
105 Tee ) ) 2.2
115 Tee 2.1
135 Valve 1.2
155 Elbow 1.2
156 Pump u - L3
200 Pump : 1.2
205 Elbow 1.2
225 Valve 1.2
270 Elbow 1.4

due to spmewhat higher pressure stress p1u§rthé absence of a significant num-
ber of pipe/pipe butt welds in the NMP -recirculation system. Pipe/pipe butt
welds have lower code stress intensification factors and are generally below
the threshold SRI value in other BWR plants.

D. Materials .

The five 28-inch recirculation loops were constructed of Type 316 stain-
less steel pipes, elbows, and fittings. The straight sections of pipevwerg
fabricated by the National Annealing Box Company of rolled and welded plate.
The elbows and reducing tees were fabricated by the Crane Company of wrought
plate. A1l wrought pipes, elbows, and reducing tees were solution annealed
and water quenched. Shop welded subassemblies were fabricated by the Grinnell
Company. Shop welds were not given a subsequent heat treatment.

The National Annealing Box spool pieces were formed from four heats of
material with carbon contents ranging from 0.042% to 0.055%. The elbows and -
tees were fabricated from 19 heats of material with carpon contents ranging
from 0.050 to 0.075%. In most cases, the heats from which the specific piping
segments were fabricated is not documented. ‘

S-5




The ten 28-inch reciréu]ation safe ends were fabricated from,the same
heat of 0.054% carbon Type 316 stain]essf%iee] féﬁgings per ASTM A336.
Although the safe end forgings were solution heat treated following fabrica-
tion, the safe ends were subsequently post-weld heat treated with the reactor
pressure vessel résulting in a furnace sensitized condition.

The GE purchase specification for the recirculation system required all
welded joints to be made by the inert-gas tungsten-arc process with internal
gas purging for at lTeast the root pass and the second layer. Shielded metal

~arc was allowed for the remainder of the weld. The weld filler meta] was

required to meet ASTM A298 or A371. The acceptance criteria also called for
a 5% minimum ferrite, as measured on undiluted weld deposit, and a Cr to Ni,
ratio minimum of 1.9.

Estimates for typical heat input values during welding are 26 to 88
K.joules/inch for the shop welds, and 25 to 44 K.joules/inch for the field
welds. o |

The replacement piping for the NMP-1 recirculation system piping is
fabricated from a Type 316 Nuclear Grade material. This material choice, with

controlled fabrication procedures, is anticipated to be fully resistant to IGSCC,

and will preclude this BWR from any additional IGSCC concerns in the recircu-
lation piping sysﬁem.

ﬁrihr to the bulk of the in-service U.T. 1nspection perfbrméd in March
1982 at NMP- 1, the five rec%rcu]ation loops were decdhtamindted to reduce
personnel Man-Rem exposure A review of the relevant laboratory data, and
the operat1ng experience of reactor systems decontaminated by the same pro-
prietary CAN-DECON process indicates that decontamination, per se, had no
impact on the observed occurrence of intergranular stress corrosion cracking
(IGSCC) of the large diameter Type 316 sta1n1ess stee] p1p1ng at Nine Mile
Point Unit 1. The on]y contribution that the CAN -DECON cleaning process
appears to have had on the p1p1ng IGSCC is that it 1ncreased the detectability
of the cracks during u]trason1c exam1nat1on A similar effect of decontam1na—
tion on U.T. crack detectability may have occurred at Vermont Yankee recent]y,
where U.T. examination subsequent to decontamination resulted in 58% of the

S-6




welds exhibiting reportable indications (up to 360° around the HAZ in several
cases). LT C

E. Environment

With respect to the NMP-1 coolant énvironment, the steady state long
term conductivity values have been equivalent to that 'of a typical domestic
U.S. BWR, while the weekly maximum chloride levels have been .somewhat higher
than average although still well within specification. In addition to these
steady state values, two significant off-chemistry transients occurred and
these were evaluated. As a result it-is concluded that there is no obvious
basis for believing that water chemistry played a significant role in accel-
erating IGSCC at NMP-1.

F. Evaluation of Ultrasonic Effectiveness

Following the discovery of the visually detected leakage of two of the

* ten furnace-sensitized recirculation system safe ends, U.T. examinations of

the two affected safe ends, and one other safe end, as well as a significant

. portion of the balance of the recirculation piping system performed. As

described previously, these added examinations revealed indications in the

. heat affected zones of recirculation system welds at the inner surface. A

* (3‘5 >

large number of indications, in the five recirc?1ation loops were identified,
and by subsequent penetrant examination and metallographic laboratory examina-
tions were confirmed to be cracks caused by a stress corrosion mechanism.

Since the plant contained extensive IGSCC, iné]uding leaking axial safe
end cracks in 1982, the question arises as to why no reportable indications
were found by U.T. in earlier examinations including the one nine-months
earlier in 1981. To evaluate this qdestion, a detailed assessment was per-
formed for the U.T. procedures employed over the 1979-82 period for the
furnace sensitized safe ends and also for the balance of the recirculation
piping welds which were examined by a less sensitive procedure prior tp 1982.




FURNACE SENSITIZED' SAFE END PROCEDURES

]

A review of the ISI records of the 1979-82 period compares the inspection
parameters of the safe ends in loops 11-15. 1In reviewing these and other -
supporting records the fo110w1ng conc]us1ons have been reached relative to
the compar1son of the 1981 and 1982 NMP- 1 safe end 1nspect1ons.

1. A'higher sensitivity was used for the scanning in 1982.

In 1982, more gaih was added to the calibration sensitivity for scanning °
than in 1981 (typically 10dB versus 6dB).

2. The time devoted to some of the safe end examinations in 1981 appears o
to be too short for optimum detection of IGSCC.

3. The 1981 inspection took place after the presence of IGSCC had been
confirmed by leakage, creating a psychology of inspection contributing
to more careful examination and more willingness to call cracks.

4. The through wall leaking safe end cracks are axial and thus were probably
soméwhat shielded from effective U.T. examination by the unground weld
crowns. ’

PIPING PROCEDURES

A similar review of the piping inspections derived from the ISI records
of 1981 and 1982 for the common Jo1nts 1nspected in both years was also

-

performed

The fo]]ow1ng conc]us1ons are considered to relate to the difference’
between the 1981 and 1982 1nspect1on results on the balance of the recircu-
lation system, and may exp]ain why the cracking condition was not detected
in earlier inspections:

S-8




Only two joints were inspected during the 1981 ISI, namely 32-FW-10-W
and 32-FW-36-W. Compar1son of ISI results in 1981 and 1982 is hence
limited to these two welds.

The procedure used in 19é1 (a procedure acceptable to Section XI,
Appendix III) is ineffective for detection of IGSCC because of the 50%
DAC reporting level.

Indications were found in both joints in 1982 with amplitudes less than
50% DAC (10% notch) using 1/2" diameter 1.5 MHz transducers.

The transducers used in 1982 resulted in effectively a hgre sensitive
examination compared to 1981.

The 0.5"x1.0" 2.25 MHz transducer used in 1981 will have a lower sen-
sitivity to small defects (due to its large size) than the transducers
used in 1982. It is expected that these indications would have been on

" the order of 20% DAC ar less in 1981. The 1981 pnocedufe required a 50%

DAC reporting level.

Unground crowns may interfere (often do) with detection of cracks, in
particular axially oriented ones. ’

PT of 32-FW-36-W revealed a substantial axial crack. This crack is not
easily detectable ultrasonically due to interference from unground crown.

In 1982, more gain was added to the calibration sensitivity for scanning
than 1981 (both 10 dB and 20 dB versus 6 dB).

The time spent on scanning and recording 'is considerably Tower for 1981
than 1982, and may be too short for optimum inspection for IGSCC.

The same psychology .of inspection after confirmation of IGSCC was pre§ent
in 1982 as in the case of the safe end inspection.
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IGSCC experience of inspection personnel was" higher in-1982 than 1981 .
(availability of IGSCC samples and participation in EPRI NDE Center
workshops). o ‘

9. Chemical decontamination appears to have increésed detectability of .-
cracks. A high ‘frequency of 360° intermittent cracking.was found in-pipe
segments which had been examined subsequent to chemical.decontamination.

LYY

CRACK GROWTH/U.T. DETECTABILITY

The above discussion leads to the conclusion that the 1982 examination
was more sens1t1ve than the 1981 examination, such that axié]]y oriented
cracks of some depth on the order of 20% wall thickness, might not have been
detected in 1981. However, if assuming a 20% wall crack was present in 1981,
a higher ‘than expected residual stress and an abnormally high. crack growth
rate would be required to drive the crack throdgh-wa]] in the-time between the
1981 and 1982 exam dates. * To help resolve this-disparity, analytically and
expe?imenta]]& determined stress profiles were developed to establish a
residual stress estimate for axial cracks in the furnace sensitized-NMP safe-

end welds. In addition, a section of a cracked NMP safe-end was characterized
by U.T. examination, and select cracks were removed for a three dimensional

profiling.

The analytical residual stress analysis, with supportive experimentally
determined through-wall residual stresses from similar large diameter piping
configurations, predicts that a flaw of 10% wall will grow to a length of
n0.50" in 9 months of operation. And it would requireran additional 12 months
to propagate the crack through-wall. With these levels of residual stress,
the crack would have to have been at least 45 to 50% through-wall 10 months

prior to 1€akage.

4

A corre]at1on between the crack size pred1ct1on and a U.T. characteriza-
t1oh was then accomplished by duplicating the 1981, and improved 1982 ISI -
examination techniques on ‘a segment of a cracked NMP pipe to safe end weld.
Following U.T. evaluation, the pipe segment was sectioned, and four cracks
were selected for a three dimensional profiling. The first crack would have

| \

.
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been called a reportable indication using the 1981 techniques. The second

crack would be marginally detectable with the 1981 technique, and the third
and fourth would not have been called reportable indications. Through the
use of the more sensitive 1982 ISI methods all except one are reportable
indications, with estimated crack depths by U.T. from 0.12 inches to 0.20
inches. :

The, three dimensional crack profiling has shown the axial cracks to be
-~ on the order of 40 to 60% wall, rather than the 12 to 20% as U.T. examination
would indicate. The results are tabulated below:

. Detectable* by . Detectable* by | : .
Crack 1981 ISI Methods 1982 Improved Techniques Crack Depth -
6 Yes Yes “ 0.52 in. (50% wall
| and_o.zo in. deep
‘ secondary crack)
4 Marginally Yes 0.610 in.
‘ (48% wall)
1 . No. Yes 0.620 1in. !
, (59% wall)
7 No Marginally 0.400 in.
: (38% wall)

*With unground weld crown.

The table suggests the 1imit of detectability for the 1981 examination
without ground weld crowns was approximately 45% to 60% thru-wall. (Visibility
of crack No. 6 was enhanced by the secondary crack.) With the improved tech-
nique, the detectability is significantly improved. However, further study
would be required to establish the actual lower 1limit of detectability of an
axial crack in the configurations observed at NMP-1. It can be concluded
from this study that because of the U.T. methods employed and the presence
of unground extended weld crowns at the safe eng to pipe/elbow welds, axial
cracks up to 45 percent thru-wall, were probably present at the time of the
1981 ISI examination, but not detected. With the improved methods used in




the 1982 ISI exam1nat1on, the ax1a1 crack1ng of this depth wou1d have been
detected. )

G. Cause of Cracking }

The pattern of intergranular cracking observed at NMP-1 was somewhat
greater than that observed at most other BWR plants. " The cracking covers a sig-
n1f1cant fract1on of the circumference of a large percentage of the weld heat
affected zones (HAZ), in the 28-1inch d1ameter rec1rcu1at1on system p1p1ng. ’
Based on the observed pattern of extens1ve U.T. and P.T. indications, it is"
important to establish any plant unique causative factors that might influence
the 1ong term performance of the Typeﬂ316 Nuclear Grade hepTacemeht"materia1.,

In the present NMP-1 Task Force investigation of causative and poten-
tially aggravating factors, each of the three concurrent necessary conditions
associated with IGSCC of welded stainless steel in BWR environment was
examined in great detail. These factors are (1) a sensitized microstructure,=
i.e., chromium depleted grain boundaries, (2) high temperature, high purity
water containing dissolved oxygen (and possible contaminants), and (3) total
sustained appfied plus residual stresses exceeding a threshold value, i.e.,
resuiting in microstrains capable of contihuous]y rupturing the passive grain
boundary film normally formed at the metal/water interface (surface).

Figure S-4 1ists some of the potential aggravating factors explored by
the Task Force and descr1bes the situation existing for each factor at NMP-1.
Slightly h1gher pressure stress level and the absence' of p1pe/p1pe butt velds
may have been aggravat1ng factors. These resulted in a very high percentage
of welds. with SRI >1.2. This may have contributed to the large number of
cracked welds observed. Although the presshre stresses were fully compliant
with all relevant codes, on the _average they are higher than those present
at recent BWR plants. “Thus, the presence of higher SRI values at NMP- 1 would
exp1a1n the higher 1nc1dence of 1ntergranu1ar crack initiation since the SRI
is a measure of the probab111ty of crack initiation at a given weld HAZ.

The SRI has not however, been correlated with the total humber of multiple
nucleated cracks at any given HAZ or with the depth of cracking (which is a
function of the through-wall stress distribution).
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In addition to the high percentage of SRI >1.2 welds, the implementation
of decontamination prior to most of the U.T. examination appears.to have
resulted in the reporting of a significantly higher percentage of welds with
360° intermittent indications than for other plants é*amineq without
decontamination. ‘ )

The Task Force considered the relevance of the préviods1y observed NMP-1

_ piping materials performance on the long term performance of the Type 316

Nuclear Grade -replacement material.’ It is concluded, based on a review of

the Type 316 Nuclear Grade literature and available test results that no

IGSCC is to be expected over the remaining NMP-1 operating- 1ifetime since

one of the three necessary conditions, i.e., sensitization, is not present
with the low carbon (fp.OZ%) material. Thus, regardliess of SRI value, 16SCC
will not initiate. Further, the Type 316 Nuclear Grade material has added
resistance against potential off-chemistry ;ransients that might inadvertently

.occur over the remaining plant lifetime.

a4
I'S
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Figure S-1.

uT = UT Indications NI = Not Inspected

Status of Pipe Crack Evaluation at Nine Mile Point.
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Figure S-1.

Status of Pipe Crack Evaluation at Nine Mile

Point (continued)
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Approximate No.

.

Percent of Pipe
Welds With -

*Presumed to be due to fatigue.

**Includes one indication for 28" furnace sensitized safe end.
***Includes one 360° circumferential indication in manifold end cap 20 30%

of wall confirmed to date.

+1 of 2 indications still under evaluation

+inc'ludes 2 FSSE

Approximate No. of Welds With Reportable
Plant Welds Inspected ' Crack Indications Indications
Nine Mile Point 1 62 53 8§
Monticello 135° 6 4
Browns Fe;ry Uﬁi{ 2 49 ox 4*
Quad Cities Unit 1 9 0 0
Dresden Unit 2 54% 10%* “ 20
Millstone Unit 1 13 0 .0
Hatch Unit 1 63 6 9
Hatch Unit 2 117 38*** 32
Brunswick Unit 1 36 3 8
Oyster Creek 31 2 6
Duane Arnold 63 0 0
Peach Bottom 2 3 1 33
" Peach Bottom 3 97 15 15
(ongoing)
" Vermont Yankee 59 34 58
(ongoing)
Browns Ferry Unit 1 33 22 67
(ongoing)
Cooper 116 15 13
(ongoing) .

Figure S-3. ISI of Large S/S Piping Welds per NRC IE Bulletins 82-03

and 83-02 for Domestic Operating Plants Who Have Inspected

(as of 6/83).
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POTENTIAL AG&RAVTING FACTORS |

' DEGREE OF SENSIfIZATION

- Possibility of furnace sensitization
due to fabrication procedures.:

- Presence of localized and/or uniform
cold work.

- Excessive weld repairs.

STRESS LEVEL

- Potential for excessive stresses/
cyclic loadings.

Pressure stresses.

Stress intensification factors
due to the presence of fittings.

Plant run with some loops valved
out.

Hangup at supports.

ENVIRONMENT
- Steady state water quality.

- Water chemistry transients.

- Pipe decontamination prior to U.T.

SITUATION AT NMP-1

Evaluation of fabrication records
plus metallography indicates no
furnace sensitization presént.

Evaluation of metallography indicates
no ‘undue cold work was present.

Metallographic evaluation of cracked
welds_indicates that weld repair is
not a significant factor.

Somewhat higher than in recent BWR's
but still well within relevant 1968

B 31.1 code allowables. But it is not
clear, whether this is unique to the
NMP-1 design. Therefore, no difinitive
conclusions can be made on the role of
pressure stress.

More pipe/fitting welds "and -fewer
resultant pipe/pipe butt welds than:
for most other BWR recirculation’
systems resulting in high stress
intensification factor welds.

Added stresses were minor.

Added stresses were minor. . °

Avg. conductivity/slightly higher
than avg. C1°.

1971 & 1979 conductivity and chloride
transients are unlikely to have
accelerated crack initiation.

Did not aggravate cracking but made
cracking more visible to U.T.

Figure S-4. Potential NMP-1 Aggravating Factors
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_ SECTION I
INTRODUCTION

, | The Nine Mile Point-1 (NMP-1) nuclear power plant is a Model 2 Boiling hater
Reactor (BWR) owned and operated by Niagara Mohawk Power Corporation'(NMPC). The
nuclear steam supply system (NSSS) was designed by the General Electric Company.

The érchitect-engineer function was performed by Niagara Mohawk who in turn
contracted Stone and Webster Company to construct the power plant. The construction
permit was issued in April 1965, with first synchronization achieved four and
one-hé]f years later in November 196§. Commercial operatioq began in December 1969,
and full power was achieved two months later in January, 1970. '

Nine Mile Point-1 was originally deéigned to generate SOO.MWe at full power.
This was later increased to 610 MWe. The plant has five separate recirculation
loops which are constructed of 28" diameter, Type 316 stainless steel biping.
Through March, 1982, the NMP-1 plant was in operation for approximately 12
years, (78,000 on-1ine hours). On March 20
1982, the reactor was shut down to repair a recirculation pump seal. Following
-this repair, a hydrotest of the primary system was performed on March 23 to check
g the repair. During this check leakage was visually detected at two of the ten
recirculation system safe-ends. These safe-ends, constructed of T-316 stainless
steel, had been furnace sensitized during the initial manufacture of the reactor
pressure vessel. With this discovery, further vi;ya] inspection revealed three
pinhole indications and a single 1/2" long indication oriented parallel to the ‘axis
of the safe-end(s). A1l the indications were located in the heat-affected zone
(HAZ) on the safe-end side of the weld joining the piping to the safe-ends Ultra-
sonic inspections were then performed on the two leaking safe-ends plus one additional
safe-end, and intermittent crack indications were confirmed and verified by a boat
sample to be IGSCC. Based upon these events, Njagara Mohawk decided to replace
all the recirculation system safe-ends.

‘

An NRC meeting was held in Bethesda, Md., on April 22,“]982,‘to review these
IGSCC incidents and to obtain NRC approval for the proposed safe-end replacement
program. -




Following the initial series of inspections, the non-destructive examination
effort was expanded. Ultrasonic examination was .performed on the HAZ's of the
recirculation pump discharge éasting to riser elbow welds. Code reportable

indications were found in two of the five elbow we]ds and non-reportable U.T.
indications were found in the other three. The 1nd1cat1on orientation was’
circumf?rentia1. "Examination by dyé'peﬁetrant'on theu1ns1de diamter of the pipe
confirmed the presence of cracks, and-rep]iéatiqn-téchniques;substantiated the
intergranular nature of the cracks. Finally, a boat éamp]e was removed from one
disch?rge weld and destructively examined fevea1ing intergranuTar‘sfress‘corroéfon'
’craéking (IGSCC). Once again the examinatidh effort was expanded. Ultrasonich
““inspection was performed on “all rema1n1ng welds where radiation fields were accept-
able. Cracking was indicated in a large number of welds.

In a letter dated August 6, 1982, 'NMPC notified the NRC of this extensive .
additional apparent cracking and indicated the intention to replace all the
_ 28-inch recirculation system piping.

The presence of IGSCC in large diameter piping was not new. “In early 1978,
cracks were found at the KRB plant- in West Germany. A total of six welds were
“ found cracked in the HAZ on the pipe side of the pipe-to- safe-end welds. These circum-
ferent1a1 cracks, found in 24" diameter T-304 stainless steel piping, initiated *
very close to the fusion line and propagated up to 0.2" into the pipe wall.
This plant had also operated for a substantial time, approximately 68,000. hours. )
The discovery of cracks in large diameter recirculation piping was not unexpected
" after the earlier IGSCC incidents -in small diameter piping. " The necessary
conditions for IGSCC: sensitized material, high_stressés, and oxygenated coolant,
exist regardless of pipe‘diameter. The NRC also concluded that there ‘was no
safety concern for cracking in large piping as stated in NUREG-0531.

In early 1981, additional cracks were detected in the 22" diameter recirc- .
ulation ring header at the Fukushima Unit 3 nuclear power plant. These cracks,
were located adjacent to the sweepolet which joined the header to the riser
piping. Indications were found in a total of three tee joints using ultrasonic
examination and later confirmed using dye penetrant. The header had been constructed
of Type 304 stainless steel. Following detection, the joints were given an“induction
heating stress improvement to mitigate IGSCC, temporarily, and replaced one year
later with T-304LC stainless steel as a permanent fix.
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Based on extensive NRC review of the cracking in the NMP-1 recirculation
piping and its generic implications, in Bethesda, Md., on September 20, and
October 15, 1982, the NRC issued IE.Bulletin 82-03, Rev. 1, (dated Oct. 20, 1982)
which established specific recommendations to be taken by eight licensees who
owned plants that were to have antoutage prior to January 31, 1983. The recommenda-
tions required inspection of the recirculation piping. These inspections led to
the discovery of cracking in 1a;ge diameter T-304 stainless piping in six other
plants to date, Monticello, Hatch-1, Brunswick Unit-1, Dresden-2, Vermont Yankee,
and Hatch Unit-2.

Following the discovery of extensive IGSCC at NMP, NMPC decided to replace
the entire 28-inch recirculation system p1p1ng with Type 316 Nuclear Grade material.
To provide added assurance that the 316 Nuc]ear Grade rep]acement material will not
suffer similar cracking due to some unique plant specific cause, NMPC appointed
an interdisciplinary Task Force on Sept. 29, 1982. The stated objectives of the

Task Force were: *
1. Investigate the cause of cracking in the recirculation system piping and
- safe-ends.
2. Determine the reasons why cracking was not seen before 1982.
3. Evaluate the adequacy of ultrasonic testing techniques.
- 4. Evaluate system pipe stresses and stress rule index values.
#; 5. Examine other relevant issues which may bear on generic concerns.
6. Evaluate the adequacy of the replacement recirculation piping material.

The Task Force held four meetings to fully review the NMP-1 IGSCC ;ituation
and to establish the necessary inputs needed to allow accomplishment of the stated
objectives. This report documents results of relevant investigations, findings and
assessments made by the Task Force.
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. 'with the metallographic examination results in the next section,

SECTION II
EXTENT AND DISTRIBUTION OF CRACKING

Of the 76 welds in the five recirculation loops, 62 have been examined by

“ultrasonic testing (U.T.) or liquid penetrant (PT). Boat samples of leaking

safe ends and cracked weld heat affected zones (HAZs) have been sent to General
Electric in San Jose and J.G.-Sylvester Associates, Inc., for metallographic
examination. Full-circumference samples containing the weld and, in most cases,
several inches of pipe on either side have been distributed to a variety of testing
labs through the coordinative efforts of the Electric Power Research Institute (EPRI).

EXAMINATION RESULTS -

The ultrasonic and liquid penetrant examination results are recorded on the
recirculation system loop welding diagrams shown in Figures 1-5. Forty-four welds
have been examined by U.T., with indications reported in forty- three. The indications
ranged from barely perceptable spots to lengths of six inches or longer. HMNot all:
of the U.T. indications were reportable in accordance with Section XI of the ASME
code. The distribution of crack lengths as determined by U.T. is shown in Figure 6,
which illustrates that the majority of the recorded indications are one inch or
less in length. ‘ :

) : . N - e ‘k‘ 3
Forty-nine of the 76 recirculation system welds were liquid penetrant examined

in order to obtain additional data as to the extent of cracking, and to corroborate

the U.T. data. Most of this work was performed at Battelle Labs under contract
with EPRI. Several welds were examined at Nine Mile Point by Niagara Mohawk and
General Electric bersonne]. Indications were found in 37 of the 49 welds examined
by PT. Weld rollout diagrams with shetchés of the PT indications are attached
(Figures 7 through 11). Photographs of selected PT indications are presented
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CORRELATION OF U.T. AND PT RESULTS

Because indications were detected in nearly all (43 of 44) of the welds
examined by U.T., but only about three-fourths® (38 of 49) of those examined by
PT, it is apparept that there are other effects producing U.T. indications or
tight cracking not detected by PT. A comparison of the U.T. and PT results for
the weld HAZs examined by both techniques is provided in Table 1. Of 51 weld-
HAZs examined by both U.T. and PT, there are 40 in which agreement (cracking or
no cracking) exists. Two of the HAZs have PT but not U.T. indications, and
nine have U.T. but not PT indications.

‘The latter result, U.T..but not PT indications, could result from oxide
" buildup within a crack, preventing. the penetrant from entering, or from U.T..
signals caused by geometric reflectors. Conversely, U.T. non-detect%on could
result from an inability.to properly position the U.T. probe due to geometric
constraints of the pipe surface, or from IGSCC related attenuation resqlting
from extensive grain boundary deterioration. ‘ |

%

Tables 2 through 4 summarize the U.T. and PT data. Table 2 lists the number of
welds with U.T. or PT indications in either of the adjacent HAZs, and Table 3 is a
comparison of the frequency and extent of cracking in the suction and discharge sides
of the loop. Table 2 shows that 53 of the 62 welds examined (85%) have crack
_indications associated with them. Thirty-four of the 62 examined welds are field
welds, of which 29 (85%) have indications. TWenty eight are shop welds, of which
24 (86%) have indications. And as can be seen ‘in Table 3, the frequency of crack1ng
is about equal for the suct1on and d1scharge s1de

’

Table 4 shows that 75 of 104 (72%) HAZs:examined-have indications. This is
less than the percentage of welds with indications because several welds.have
indications in only one of two HAZs. As is the case for.shop and field welds, the
incidence of cracking of shop and field weld HAZs is near]y'identical (indications
in 75% of shop weld HAZs, 71% of field Weld HAZs). . Table 4 also compares the
incidence of cracking among the HAZs of pipes, elbows, reducing tees, and safe ends
Pipe and elbow HAZs, which comprise the majority of the population, also have nearly
identical rates of cracking: 80% vs 74-77% for pipes and elbows respectively.
Because it is not clear whether the indications next to Loop 14 SW-9 are on the
elbow or the tee side, 0 of 7,or 1 of 7 reducing tee HAZs may have indications.
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In either case, this is substantially lower than the incidence of cracking of the

other fittings. Since the carbon content of the tees is between 0.054% and 0.075%

(see Section V), and the stress rule index -is greater than 2.0*(Section 1V),

there is no obvious explanation for this, other than the fact that tee HAZs
_comprise a small percentage of the total popu]gtidn of HAZs and thus have a. higher

probability of deviating from the mean..

For the HAZs with PT indicétibns, the fraction of the circumference that is -
cracked has been estimated. The results are listed in Figures 1-5 and summarized :
in Tables 5 and 6. A size distribution of the PT indications is shown in Figure
12. Table 5 lists the average percent of circumference cracked for each type of
HAZ. For the HAZs of shop welds, field welds, pipes and elbows the average
circumferential extent of cracking is 15-16%. This, and the fact that there
was 1ittle variation in the incidence of cracking (% of HAZs cracked), illus-
trates that the HAZs of shop and field welds, and of pipes and elbows were
equally susceptible to cracking in the environment to which they were exposed.

, The average circumferential extent of cracking of furnace sensitized safe ends
is slightly higher than that of pipe and elbows, with much of the safe end cracking

;axial and, in two cases, through-wall.

ntt

,E The extent of cracking in each of the five recirculatioh loops is compared

"in Table 6. The incidence of cracking ranges from 59% in loop 15 to 94% in
loop 12, and the average circumferential extent ranges form 6.3% in loop 11
to 22% in loop 13. It appears that the mostextensive cracking occurred in loops
12 and 13, but the leaking safe ends were in loops 11 and 15. On an absolute scale
the incidence of cracking in each loop is quite high. It should be noted, however,
- that the degree of inspection peFfbrmed on the Nine Mile Point-1 recirculation
system was unusually high, and that Nine Mile Point-1 is one of the oldest oprating
BWR plants. Other plants, until recently, have not inspected to the degree of
Nine Mile Point-1.

*These fittings can be treated as "branch connections" rather than reducing Tee's.
As branch connections the stress rule index value is 1.7 rather than 2.1.
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« TABLE: 1 ‘ S

COMPARISON OF ULTRASONIC AND LIQUID PENETBANT EXAMINATION RESULTS

No. of HAZs * No. of "HAZs No. of HAZs

Recirculation No. of HAZs: With Agreement With UT, With PT,
Loop PT'd and UT'd Between PT & UT ° But Not PT Ind. But Not UT Ind.
11 12 . -7 . 5‘ 0
12 ) 10 a 8 2 0
13 13 ‘ 0 1 2
14 g 8 0 - 0
15 8 7 1 0
51 40 9 2
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" TABLE 2

COMPAR&SON'OF SHOP AND FIELD WELDS

'
L]
.

No. Welds With

Total 76

*Fraction of examined welds.

2-5

Type of » No. Welds UT.or PT
Loop Weld No. Welds Examined Indications
11 Field 9 7 6
Shop 6 6 5
12 Field 9
Shop
13 Field
Shop
14 Field 9 5
Shop 6 5
- 15 Field 10 8 6
Shop 7 5 4
Field 46 - 34 29 = 85%*
Shop 30 28 24 = 86%*
62 53 =85%*



TABLE 3.

Compairison of Suction and Discharge Piping Welds

No. HAZ's With Indications/
No. Examined

ngg Suction ‘Discharge
‘ N e/ 9/11
| 2 8/9 , 717
| : 13 - 1011 8/11
14 M 7/11
15 10/13 . 3/9

01/55 (75%) 34/49 (69%)

Ave. % Circ. by PT
(HAZ's w/PT Ind.)

Loop ~ Suction Discharge
1 5.0% - 6.7%
12 11% 20%

13 40% ‘ 9.1%
14 18% . g 8.9%
15 \ 13% 29%

| 20%* ‘ 13%*

*Note that this is not simply the .average of the above averages.

3
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L-¢

HAZ Type
Shop Weld

Field Weld

Pipe

" Elbow

Tee

Safe End

TABLE 4

EXAMINATION RESULTS BY HAZ

No. HAZs With Indications/No. Examined

Loop 11 Loop 12 Loop 13 Loop 14 Loop 15 "Total

7/12 9/10 9/12 9/12 7/10 41/56 (73%)

8/10 6/6 9/10 5/10 . 6/12 34/48 (71%)

9/10 7/8 9/12 7/10 - 7/9 39/49 (80%)

5/8 77 7/8 5-6/8 5/8 29-30/39 (74-77%)
0/2 0/0 0/0 0-1/2 0/3 0-1/7 (0-14%)
1/2 B VA 2/2 1/2 1/2 6/9 ° (67%)

15/22 (68%)

15/16 (94%)

18/22 (82%)

14/22 (64%)

13722 (59%)5’

75/104 (72%)




TABLE 5

Average Fraction of Circumference Crackeagby PT

HAZ Type
Shop Weld

Field Weld

Pipe
Elbow
Tee

Safe End

Extent of Cracking by Recirc. Loop

Loop
n
12
13

14
15

Ave. 4 Circ. by PT

TABLE 6

16%
16%

15%
15%

0% or 13%
23%

% Circ. by Pt
LHAZS with PT Indications)

2-8
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17
22
13
19




Weld
FW-1
Ski-1

SW=-2
-2 -

FW-3
SH-3

Fil-4
FW-26
SW-17
SW-16
SH-15
Fl-23

=22

HAZ

Safe-End
Elbow

" Elbow

Tee
Tee
Pipe
Pipe
Pipe
Pipe
Elbow

Elbow (Upstream)

Elbow

Elbow

Pipe

Upstream Pipe
Downstream Pipe
Pipe

Elbow

Elbow

Pipe

Pipe

Safe End

Figure 1.

sy r

.2

3 ’

UT Results

No Indications
Indications
Indications
Indications
Indications
Indications

‘Indications

Indications
Indications
No Indications
Indications
Indications

Indications *
Indications

+ 2-9

P2t

.28

PT Results

. No Indications

No Indications
No Indications
No Indications
No Indications
No Indications

No Indications

Circ. Indications
Circ. Indications
Circ. Indications
. No Indications

No Indications
No Indications
No Indications

Circ. & Axial Indications

No Indications

Axial Indications
Circ. & Axial Indications
.Circ. & Axial Indications

% Circ. by PT

Ol 1 OOO0OOO0OO

Circ. & Axial Indications, Leak 10-15

Recirculation Loop No. 11 Examination Results.




We]@
FW-5
Y]

- SH-4
Fi-7
SW-5
Fi-8
=31
SW-20
SW-19

SW-18

HAZ

- Safe End

Elbow

. Elbow

Pipe

Pipe

Pipe

Pipe

Elbow

Upstream Elbow
Elbow

E1bow

Pipe

Upstream Pipe
Downstream Pipe
Pipe

Elbow

Figure-2.

R F
/L E- C s 4>f-rl\
M4 i

=

SW.18

$Wa19

SW.$

_UT Results

Indications
Indicatioqs

Indications
Indications
Indications
Indications
Indications
Indications
Indications
Indications
Indications
Indications

Recirculation Loop No. 12 Examination Results.

.30

$¥.20

PT Results

No Indications
No Indications
1 Axial Indication
‘No Indications

2 Axial Indications

Circ. Indications

Branched Circ. Indications

Branched Circ. Indications

Circ. Indications

Circ. Indications

Branched Circ. Indications
' Branched Circ. Indications

Circ. & Axial Indications

Circ. Indications

2-10°

% Circ. by PT




WHeld

SW-6
, SW-7
FU-10
FW-11
SW-8
FU-12
FW-36
SW-23
U SW-22
{

- SW-21
"FW-33

FW-32

FW-9 -

HAZ

. Safe End

ETlbow

Elbow

Pipe .
Upstream Pipe
Downstream Pipe
Pipe

Pipe

Pipe

Elbow

Upstream Elbow
Elbow

Elbow

Pipe

Upstream Pipe
Downstream Pipe
Pipe

E1bow

Elbow

Pipe

Pipe

Safe End

Figure 3.

SWe?

L
A=

SWe21

10 $W.22
N
FWe34 «
.38
$¥.23
W.8 :
12 ‘
UT Results PT Results
Indications erc. & Axial Indications
Indications No Indications
Indications Branched Circ. Indications
Indications Branched Circ. Indications
Indications Indications
- No Indications
Indications -——-
Indications ———
Indications Circ. & Axial Indications
Indications Circ. & Axial Indications
Indications Branched Circ. Indications
. Indications Circ. & Axial Indications
Indications Branched Circ. Indications

No Indications

No Indications
Indications

Branched Circ. Indications

~Circ. & Axial Indications

Circ. Indications

No Indications

No Indications

Circ. Indications

No Indications

Circ. & Axial, Indications
Circ. Indications

Recirculation Loop No. 13 Examination Results.

2-11

% Circ. by PT

> 50%
0
45-50
35-40

40-45
156-20
40-45
0-5
20-25
30-35
5-10
0-5
0
0
0-5



HAZ

Safe End
El1bow

-Elbow or Tee

Elbow or Tee
Tee

Pipe

Pipe

Pipe

Pipe

Elbow

Upstream E1bow
E1bow

. ETbow

Pipe
Upstream Pipe

Downstream Pipe
. Pipe

E1bow
El1bow
Pipe

. Pipe

Safe End

Su-9 H‘

SW.10

I

s
SW.24
[
g
=14 SW.25
[LOH
o P33
W40
SW-26
Sw-11
UT Results . PT Results

No Indications
No Indications
Indications
Indications .,
Indications
Indications
Indications

"Indications
. Indications

Indications
Indications
Indications

Circ. & Axial Indications
No Indications

. Circ. Indications
No Indications |

Circ. & Axial Indications
Circ. & Axial Indications
Branched Circ. Indications
Circ, & Axial Indications
Branched Circ. Indications
Circ. Indications
Circ. Indications
Branched Circ. Indications
Circ. Indications
Circ. Indications

' No Indications
No Indications
No Indications’
No Indications

Figure 4. Recirculation Loop No. 14 Examination Results.

2-12

% Circ. by PT

30-35
0
10-15
0
"15-20 .
15-20
©15-20 ¢
“'0-5 '
20-25 .
5210 .
0-5 :
0-5
0-5
20-25

cocoo




Weld

SY-13
Fi-18
Fi-20
SW-14
FW-21
Fi-46
SH-30
FU-43
 sy-27
, Fl-42

FW-17:
SW-12-

FW-19

HAZ

Safe End
Elbow
Elbow
Pipe
Pipe

Tee
Tee .
Pipe
Pipe
Pipe
Pipe
Elbow
Upstream Elbow
Elbow
E1bow
Pipe

Tee
Elbow
Elbow
Pipe
Pipe
Safe End

Figure 5.

$We12 /L

Su.14

UT Results

Indications
No Indications
Indications
Indications
Indications
No Indications
No Indications
Indications
Indications
Indications
Indications
Indications
Indications
Indications

2-13

PT Results

Circ. Indications, Leak

No Indications

Circ. Indications
Circ.. Indications

Circ. Indications

No Indications

Circ. Indications

Circ. Indications

Branched Circ. Indications -
Branched Circ. Indications

No Indications
No Indications
No Indications
No Indications
No Indications
No Indications

Recirculation Loop No. 15 Examination Results.

% Circ. By PT

20-25
0
10-15
15-20

5-10

0-5
20-25
40-45
20-25

[ NoNolel ool
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repd

4 : —___TUTAL. WELDsS
1 : .. FIELD WELDS (FW)

———— SHOP WELDS (SW)

NUMBER OF INDICATIONS

N
-

" ’ = -L—'ﬁ. o
: 3

" ia --2“ 34': 4«1 5:{ écl )é'u
" CRACK LENGTH (INCHES)

nl-

Figure 6. Frequency Distribution of Crack Lengths
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g—- MAJOR RADIUS OF ELBOW

FIGURE 7:

SAFE-END
LOOP 11 WELD FW-1 1.
ELBOW NO INDICATIONS
12 2 4 6 8 10 12
ELBOW
*
———t—s
LooP 11 WELD SW-1 -
*?
TEE '
*Possible lack-of-fusion.
12 2 4 6 8 10 . 12
TEE
LooP 11 . WELD SHW-2
PIPE NDICAT
. . w A J L4 L J L d v L J A4 v, A d v
12 2 4 6 8 10 12
Dye Penetrant inspection results, welds of Loop 11.

(Refer to Figure 1 for weld locations.)
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1Y

PIPE

‘LOOP T ~ WELD SW-3

ELBOW H | _
(12 o'elock 18 major radius of elbow.)
12 2 4 6 8 10 12
ELBOW (Upstream)
shongt s e
LooP 11 WELD FW-4
ELBOUW
(Cut through middle of weld.)
12 2 4 6 8 - 10. 12
PUMP
LOOP 11 ' WELD FW-26
oo Nare 2 |
ELBOW ‘
(Cut through middle of weld.)
' v A J L J v L4 . L4 A4 v v A
12 2 4 6 8 10 12

FIGURE 7. (continued) Dye Penetrant inspection results. Welds

_ of Loop 11. (Refer to Figure 1 for weld locations.)
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- d

N
LR B ]

ELBOW

LOOP 11 ’ WELD SU-17

PIPE NO _INDICATIONS

(12 o'clock is minor radius of elbow.)

L ¢ L] v L4 R L 4 L4 L L 4 .

12 2 4 6 8 10 12
PIPE
LCOP 11 o WELD SW-16 .
PIPE NO INDICATIONS
12 4 8 10 12
(12 o'clock is major radius of elbow weld.)
ELBOW
L4 L2 SN p——
PIPE (Weld was cut ' through 1/4 of crown on the
pipve eide with plasma torch.)
‘ L v R L4 v A d . A4 v A J -
12 2 4 6 8 10 12

FIGURE 7. (Continued) Dye Penetrant results, welds of Loop 11.

(Refer to Figure 1 for weld locations.)
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LoOP 11

. WELD FW 23

YA

-

e e

(Half weld. Plasma cut on pii)é side of weld)

PIPE
(12 o’clock is major radius of elbow.)
12 2 4 6 8 - 10 12
« i f WELD
PIPE ] NOT INSPECTED —
) 1] .
s j ‘, “ r o B
~ LOOP 11 WELD FW-22
e V4 ) ]i )
SAFE END .
(12 o'clock is section stamped 2-1.)
12 2 4 6 8 10, 12
FIGURE 7. (Continued) Dye Penetrant inspection results, welds of
. Loop 11. (Refer to Figure.1 for weld locations.)




(12 o'elock ig major radius of elbow weld.)

ELBOW . Boat Sample
' . v {l)

LOoOP 12 ’ , WELD 'SW-4

\

PIPE ‘
Parted through middle of weld.

{

. | § v L 4 R L 4 ¥ L 4 L] L J L

12 4 6 8 . 10 12
_PIPE
: 2 1
___Loop 12 . .WELD SW-5
ELBOW
(12 o'elock is major radius of elbow.)
12 2 4 6 8 10 12
(12 o'elock is major radius of elbow.)
ELBOW
S PP e e A s e - ]
LOOP 12 WELD FW-8
PUMP
Parted through middle of weld.
. L J R J A J L4 L . @ L 4 . L4 a v
12 2 4 . 6 8 ‘ 10 12

FIGURE 8. Dye Penetrant inspection results, Loop 12 welds.
(Refer to Figure 2 for weld locations.)
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(12 o'cZock 18 ménof radéué‘éf éibbw,)
PUMP
LoOP 12 " WELD FW-31
o 4 = PR . Y= =ﬂd
ELBOW
Parted through center of weld.
12 2 4 6 8 10 12
ELBOW )
- -, . A,
LOOP 12  WELD $W-Z0
T S —~ ~—~ g~ .
PIPE”
(12 o'elock is minor radius of elbow.)
12 2 4 6 8 10 12
4 Trepanned sections for erack’ sizing
PIPE (indicated by dashed lines)
I I/ fw" A’ W'FN\ l":-:‘#'«—s o~ o w'ﬁ-.\w b e &bﬁ:‘\
{ | LOOP 12 (] WELD SH-19\ - ( !
\:—5“ e e W -~ ~a7 ~  C_»n
PIPE .
(12 o'clock is punch mark on weld.)
. v ) R4 L L4 L J v Lo @ L A e
12 2 4 6 8 10: 12

FIGURE 8. (Continued)' Dye Penetrant inspection results, Loop 12 welds.
(Refer to Figure 2 for weld locations. Y
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=

Plasma cut through edge of crown on .
. pipe side of weld. °

e

PIPE
. e
LOQP 12 _ WELD SW-18
Ve - ; T ——t
ELBOW
(12 o'clock ig major radius of elbow.)
12 2 4 6 8 10 12

s [

FIGURE 8. (Continued) Dye Penetrant ihspection results, Loop 12 welds.

(Refer to Figure 2 for weld locations.)
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‘Only 12 o'elock to 6 o'clock (180°) of
SAFE END this weld ig recorded on this sketch.
(—A\:l-ll—.—‘d————' Aom __ALMI/IO{/—A. -t
LOOP 13 . - WELD FW-9
ELBOW
(12 ofclock i8 magjor radius of elbow)
12 4 ‘ 6
' UT Depth measufjffffi':)
‘- A o
ELBOM 20 35 4g”
I.Q$1455r30‘
GO PN pepriiniintng e D -l
LOOP 13 WELD SH-6 /f ]
—Mql\-\\
PIPE S ofprv BY
GRINDING
12 2 4 6 8 10 12
PIPE
pUES 3 A ..dl.-&. }‘w —— ..—J\)N-;‘\?- o A s P o]
LOOP 13 WELD SY-8
o T p—_— —— ——
ELBOU )
(12 o'elock is major radius of elbow
. L J L J RJ L J Ld v L4 v s e v
12 2 4 6 8 .10 12

FIGURE 9. Dye Penetrant inspection results, Loop 13 welds.
(See Figure 3 for weld locations.)
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FIGURE 9. {Continued)

(12 o'elock is major radius of elbow.)
ELBOW
[y w—— ,_.___;: :\ T o — e a—
LooP 13 WELD FW<12
PUMP
Section was parted through center of weld.
12 2 4 6 8 10 12
(12 o'elock s minor radius oj;elbow.)
PUMP
Loor 13 WELD FW-36
—— ‘ ; >
§ ’ ELBOM
Section was parted through center of weld.
12 2 4 6 10 12
ELBOW
- AL et D et —_ Dy o~
LOOP 13 WELD SW-23
"""k' e e o= o Af_,. — R ——
PIPE .
(12 o'elock i8 minor radius of elbow.)
. L 4 m 2 L 4 - L 4 v v v v o — -y
12 2 4 6 8 10 12

Dye Penetrant inspection results, Loop 13

welds. . (Refer to Figure 3 for weld locations.)
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Avw ! [3
L e | N i

PIPE . ’ :“7 ‘f*m"Not ﬁecorded

.

- e i - R N S . m—
LOOP 13 ) ~ VELD sHW-22
e
PIPE
Three 902 sections were received.
12 2 4 6 8 10 12
(12 o'clock is minor radius of elbow.)
PIPE '
LOOP 13 - WELD SW-21
ELBOW NO INDICATIONS OBSERVED
Section was plasma cut at weld crown on pipe side.
12 2’ 4" 6 8’ 10 12
(12 o'elock is major radius of elbow.)
ELBOW
‘ LooP 13 m " WELD FW-33
PIPE -
Most of weld root and HAZ destroyed by pZasma
\ cuttzng.
) L 2 v " L 2 ” v v . ' v v o= " 4
12 2 4 6 8 10 12

FIGURE 9. (Continued) Dye Penetrant inspection results, Loop 13
‘welds. (See Figure 3 for weld locations.)

2-24




PIPE

LI

This section not recorded.
7 )

Mo o e T N e by
' LOOP 13 WELD FW-32
ﬁv—i
SAFE-END
(12 o'clock is long seam of spool piece.)
12 2 4 6 8 10

welds. (See Figure 3 for weld locations.)

2-25

FIGURE 9. (Continued) Dye Penetrant inspection results, Loop.J3
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el

" b R Y

-

. (12 o'clock .at left edge of section
SAFE-END lst?Tped ?-1.) '

o Pipe was rYeceived in four 90° sections:

P A . P - ) h e .Vaé\- ~—

LoopP 14 o WELD FW-13 s
ELBOW . Elbow seam welds = . -
2 4 i L ‘v : ‘ ﬂ — i §;

12 2 4 "6 8 10 12

(12 o'clock at major radius of elbow.)

ELBOW (?)

LooP 14 WELD SW-9

- e ongy——

TEE (?2)
Section was cut through crown of elbow side of weld.
12 2 4 6 8 10 12
(12 o'clock at majof radius of elbow.)
PIPE ’
o\..,:?’-".$\ I’-“\‘ ,,'?:\\‘ . ) e — oA A
( tworis ¢ ) | L} Y WELD SH-11
‘\)/ w’c:-;‘ﬁ \\‘:;.a;...—-no\ A
2-1 2-2 2-3
ELBOW -
Three trepans removed for crack sizing.
h L 4 L J v 1 4 - L4 . L4 L4 L N Lf gm—
12 - 2 4 6 8 10 12

FIGURE 10. Dye Penetrant inspection results, Looﬁ 14 welds.
(Refer to Figure 4 for weld locations.)
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’

(12 o'elock i8 major radius of elbow.)
ELBOW .
L AT N < S JE— s;-'k
LOOP 14 ' WELD FW-16
PUMP . . .
Section was parted through center of weld.)
12 ¢ 2 4 6 8 10 . 12
(12 o'clock is minor radius of elbow.)
PUMP
LOOP 14 WELD FW-14
=4 )
ELBOW
' Seetion was parted through center of weld.)
v 1 4 v L v v v v v v -y
12 2 4 6 8 10 12
(12 o'elock i8 minor radius of elbow.)
ELBOY
N N e e, o o~ N g o °t -
LooP 14 WELD SW-26
r~ e ~ A = e
PIPE -
.’ L 2 L J . L J L4 L 4 v v L4 L4 1
12 2 4 6 8 10 12

FIGURE 10. (Continued) Dye Penetrant inspection results, Loop 14
welds. (Refer to Figure 4 for weld locations.)
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PIPE (Upstream)

.

- LOOP 14 T WELD SW-25

>t . -t

s

PIPE (Downstream)

(12 o'clock at punch mark is center=of’weZdJIm

12 - 2 4 6 8 10 12
PIPE :
e e m——— e o o —— e
LOOP 14 WELD SW-24
E = -~
ELBOW
(12 o'clock is at major radius of elbow.)
12 2 4 6 - 8 10 . 12
ELBOW
LooP 14 WELD F1-38
PIPE .
Section was plasma cut through center of welds..
NO INDICATIONS were observed in remaining areas.
h L 4 L v L v p - L 3 | e v e ameaen e,
12 2 4 . 6 8 10 . 12

- FLGURE 10. (Continued). Dye Penetrant inspection results, Loop 14

“welds. * (Refer -to Figure 4 for weld locations.)
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LOOP 14 .« WELD FW-37

NO INDICATIONS OBSERVED

12

SAFE END
2 4 6 8 10

12

FIGURE 10. (Continued) Dye Penetrant inspection, results, Loop 14

welds. (Refer to Figure 4 for weld locations.)



Not Recorded
SAFE-END
*LOOP” 15 * WELD FW-17 o
ELBOY
12 - 2 4 8 10 12
1 Not Recorded
E#EQH erack depth = 0.55" .
e e by U.T. ~— TN ——
LooP 15 WELD SW-12
r.-—-——- N e wr on o P
PIPE
12 2 4 8 10 12
(12 o'elock is major radius of elbow weld.)
PIPE
s’ Sy P, bond e e ot
LOOP 15 WELD SW-14
An approximate 1/4" thick flange was welded on the elbow
side of weld. The HAZ and weld were obstructed in several
ELBOW areas from this welding. The pipe side was plasma cut at
the weld crown.
t v A J v L4 - L4 L J v N L4 L J J
12 - 2 4

8 ", 10 12

FIGURE 11. Dye Penetrant inspection results, Loop 15 welds.
’ (Refer to Figure 5 for weld locations.)
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" (12 o'clock ie major radius of elbow weld.)
ELBOW
PN e
LOOP 15 " 'WELD FW-21
PUIP ' _ ,
Section was parted through the middle of weld.
¥ 14 v L 4 v v i v 4 A 2 v
12 2 4 6 8 10 12
(12 o'clock is minor radius of elbow.)
PUMP ‘Boat Samplel;:)
L00p 15 WELD FW-46
T e R e~
ELBOW Section was parted through the middle of weld.
Algo a boat sample was removed in the elbow HAZ.
12 2 4 6 8 10 12
(12 o'elock is 'minor radius of elbow.)
ELBOW
LOOP 15 WELD SW-30
- ——— - oy — — Y™
PIPE
Section was plasma cut near weld on pipe side.
! v L v ': L4 v b4 hd v . v '
12 2 4 6 8 10 12

FIGURE 11. (Continued) Dye Penetrant inspection results, Loop 15
) welds. (Refer to Figure 5 for weld locations.)
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PIPE
Loop 15 ~ "WELD Fu-43
{ .
ELBOW NO - INDICATIONS
12 - 2 4 6 8 - 10 ¢ 12
ELBOW
Loop 15, = -  WELD SW-27
_PIPE , NO INDICATIONS -~ -~
12 2 4 8 10 12
PIPE
q LOOP 15 " WELD Fu-42
' 1
SAFE-END | NO INDICATIONS i
F v L4 v L2 . L4 A4 L - " T -g—
12 2 4 6 8 10 . 12

~ FIGURE 11. (Continued) . Dye Penetrant inspection results, Loop 15

welds. (Refer to.Figure 5 for weld locations.)
,
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0-5

" 151
o 10 S
N 5-10
=
=

;- 15-20 20-25
10-15 40-45
25-30 35-4(
30-34 45-50 55-60
| \

TOTAL % OF CIRCUMFERENCE CRACKED (BY P.T.)

*ONLY INCLUDES HAZ’s W/P.T. INDICATIONS

Figure 12. Extent of Cracking/Frequency Histogram.
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SECTION III
LABORATORY. CHARACTERIZATION OF CRACKS

’

INTRODUCTION

To characterize the ektent and morphology of cracking, boat samples were
removed from four weld areas for laboratory examination, and one quarter
circumference of pipe to elbow weld (loop 15, shop weld 12) was shipped to
GE Vallecitos Nuclear Center for a comprehensive"eva1uation and failure analysis.
An additional boat sample, containing a cracked region of a safe-end was cut out
and shipped to Battelle Columbus Laboratories for deta%]ed examination. The
examinations included visual examination, ﬁeta]]ography, and scann}ng electron
microscopy, with the objective of characterizing the mechanism.of cracking.

OBSERVATIONS AND CONCLUSIONS

1.

The mechanism of the through-wall cracking, which caused thé safe-end to
leak, is IGSCC of furnace sensitized Type 316 stainless steel. The
mechanism of the pipe heat affected zone cracking was IGSCC of weld
sensitized Type 316 stainless steel.

Shallow transgranular cracking, incidental to the IGSCC, was found on the
0.D. surface of Boat Sample "A" from weld FW-22 of Loop 11 leaking safe-end.

The cracks of Boat Sample "B" from the same Loop 11 safe-end were found
to contain contaminants. Analysis.of the material showed the presence
of sulpur and chlorine and a number of other elements.

The origin of contaminants cannot be determined from the examinations
performed. It's possib1erthey could have been introduced subsequent to
the cracking of the pipiné. No contaminants were found on the fracture
surfaces of Boat Sample "A".




. 4. A1l safe-end thru-wall cracking, which-resulted in leakage, was observed
to be associated with axially (Transverse) oriented cracking.

5. A1l cracks-examined were intergranular, with an inside surface 1nt1at1on{
in the we]d heat affected zones of both field and shop we]ds

6. Electrochemical potentiokinetic react1vat1on (EPR) measurements on
several areas-of pipe and elbow base meta{ gave readings near zero,
verifying.the base material is in a solution annealed condition. The .
weld heat affected zones have low.values indicating a narrow sensitized
region. This was a]so verified by metallography.

7.- Carbide prec1p1tat1on was ev1dent (by metal]ograph1c examination) at
crack initiations.

8. Some cracks propagated into the weld metal to a maximum d1stance of 050"

9. Some cracks had propagated across the longitudinal previously so1ut1on
‘annealed pipe seam welds in the heat affected zone region of the butt
weld. '

FIELD EXAMINATION

Introduction

In April, 1982 ultrasonic (U.T.) indications were discovered in a 28-inch Type
316 stainless steel elbow, welded in the ‘field 'to the discharge side of the No. 15
recirculation pump.- (Weld FW 46 in Fig. 5 of Section 2.) Cracking was confirmed
by subsequent.visual and dye penetrant examination of the pipe I.D. In-situ metal-
lography was performed to determine the cause of cracking. Replicas of a visible
crack in the HAZ were examined by the General Electric Co. in San Jose and confirmed
IGSCC. )




Results and Discussion ‘ ‘

The affected elbow is located in the pump discharge portion of the No. 15
recirculation loop and connects the recirculation pump outlet to a vertical run of
piping. It is welded directly to the cast stainless steel recirculation pump.

The weld was made during field fabrication of the recirculation loop. '

_Access to the elbow was gained via the recirculation pump, as sketched in
Figure 1. Circumferential cracks were visible approximately 0.125 - 0.250 in. from
the weld fusion 1ine at 7:00 and 9:00.* A third visible crack, reported to be
located at 12:00, was not investigated. ’

-

—

In-situ metallography was performed by a Niagara Mohawk Power Co. employee
working with a General Electric Company engineer and consisted of:
- 1. Polishing the surface to a 600-grit finish. '
2. Etching e1ectro]ytica11y with oxalic acid.
% 3. Reproducing the surface structure with cellulose acetate replicating
" tape. “ ' ‘ '

The visible :crack at 9:00 was chosen for examination.

A composite photograph of the replica is shown in Figure 2. The cracking is
oriented horizontally across the top. Grain boundaries are not visible, but the
angular, branched appearance indicates that the crack is intergranular. Areas of
interest are indicated by the arrows marked A, B, and C. At location A, branches
of the main crack appea} to have surrounded several grains. At B and C it appears
to zig-zag around the grains. Short penetrations into the adjacent grain boundar1es
are visible at location B. The intergranular crack morphology combined w1th its
location in the presumably weld senistized HAZ leads to the conclusion that the

mechanism of cracking is IGSCC.

Subsequent U.T. examination of other welds in the recirculation systems, resulted
in the identification of a large number of indications considered to be cracks. All
original recirculation system piping, between safe-ends and pump nozzles, for both
suction and discharge sides of all five loops was removed for replacement. As will
be discussed in a later section, the original piping is being replaced with a Type 316
Nuclear Grade stainless steel with a much lower susceptibility to intergranular stress
corrosion cracking (IGSCC) than the orginally used material:.

*This reference system is defined by-looking into the pump outlet (against the
flow direction) with 12:00 at the top.
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Twelve sections of welded piping which had been cut from the recirculation
systemand taken out of the drywell were examined visually and by 1iquid penetrant.
Each section consisted of a 10-15 inch ring, containing a circumferential veld,
which had been removed from one end of either: 1) the 90° pump suction elbow
(reactor vessel outlet) which connects. the outlet safe-end to the downcomer or,
2) the 76° pump discharge elbow which connects the riser to a spool piece. (The
spool piece is welded to the inlet safe-end.). The position of the elbows is shown
in Fig. 1, Section 2, a sketch of recirc. loop No. 11. 1In loop 15 the positions
of the shop and field welds of the 76° discharge elbow are the reverseﬂof loop 11.

The results of visual and liquid penetrant examination are given in Table 1.

A total of 20 heat affected zones (HAZ's), not including safe-ends, were examined.
Visible cracks or crack-1ike PT indications were found in 11. Three HAZ's exhibited
cracking over more than 30% of the circumference. Figure 3 phbtographs show
circumferential PT indications on the elbow side of the loop 13 discharge elbow to
‘riser weld. Approximately 30% of the circumference is cracked. Figure 4 shows
“indications on both sides of the elbow to riser weld from the pump discharge side
of loop 12. Note the short axial indications in the HAZ on the pipe side of the
weld.

The most extensive PT indications were found in the loop 13 suction elbow-to-
‘7downcomer Qe]d (Figures 5 and 6). Approximately 50% of the elbow HAZ and 40% of
"the pipe HAZ were found to contain circumferential cracks. Several cracks were
visible without Tiquid penetrant. Boat samples were removed near the 9:00* and
10:00K1ocatjons using a hand held cutting tool. ‘The excavations that reéu]ted were
1/4-3/8 in. in depth. Figures 7 and § shoﬁicircumferentia1 PT indications running
continuously through the excavations, indicating that the cracks are at least 1/4 in.
deep. A larger grinding tool equipped with a strawberry burr was used to chase the
cracks further into the pipe wall. It was found (Figure 9) that the crack near
10:00 on the elbow side of the weld penetrated near]y 0.50 in. into the pipe wall.
Note that the crack turned to follow the weld fus1on 1ine after propagating radially
for about .30-, .35 1in,

*The Tongitudinal weld seams of the elbow were designated as 6:00 and 12:00.




U1trasonic crack depth measurements were made between the two excavations
by a GE Test Engineer. The transducer was placed on the end of the pipe about
0.50 in. from the weld root. This technique was made possible because the rough
plasma-arc cut surface had been machined flat. Measurements at six locations
from 9:00 to 10:00 ranged from 0.20 in. to 0.45 in. (see Figure 10). Good agreement
between U.T. and grinding.was obtained at the 10:00 Tocation where the crack depth
measured 0.45 in. by U.T. and 0.50 in. by grinding. The .deepest crack measured
by U.T. was 0.55 in., in the loop 15 suction elbow/pipe ring, on the elbow side.
The corresponding PT indication was light compared to an adjacent indication which
measured 0.30 in.in depth by U.T. “
Many of the twelve examined weldments were found to contain fairly.dark
circumferential PT indications which hugged the edge of the weld root. An example
is shown in Figure 11. Boat samples removed from two such Tocations revealed that
the indications were caused by a superficial lack of fusion between the weld root
and adjacent base material. In most cases it was not difficult to distinguish
indications of this type from crack-1like indications.

To determine whether the base material of the recirc. piping was sensitized due
to the possibility of an inadequate solution heat treatment, EPR measurements were
conducted on the loop 13 suction elbow Measurements on both the inner and outer
surfaces, well away from all c1rcumferent1a1 and longitudinal welds, resulted in
Pa values less than 10°3c/cm2, indicating that the base material is in the solution
annealed condition. This finding is consistant with documents stating that elbows
~ fabricated by the Crane Company were heated to 2,000°F + 25°F for one hour per inch
of thickness and water quenched. ’
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METALLOGRAPHIC EXAMINATIONS

Boat samples and piping segments containing cracks were removed froﬁ the recircu-
lation piping system and sent to 15boratorigs for metallographic evaluation and
failure analyses. Listed in Table 2 is a gescription of the samples removed for
examination and an identification of the investigating laboratory.

The results of the metallograpic examinations performed on the boat samples are

described in detail in the following sections. Table 3 is a summary of metallographic
examinations.

A. BOAT SAMPLE "A"

Boat sample "A" is one of two samples removed from the outside surface of the
leaking regions of the safe-end of recirculation loop safe-end weld No. FW-22 of
the Nine Mile Point recirculation loop Number 171. Each samp]e'coqtained the outer
surface portion of the visible cracks at the 12:00 location. The orientation of
each crack was nearly transverse (axial). Figure 12 is a schematic showing the

‘location of the safe-end weld samples examined at Battelle Columbus Laboratories

(BCL) and at General Electric Companies Vallecitos Nuclear Center (GE-VNC). Sample
"A" included part of the safe-end-to-pipe weld.

The Toop 11 recirculation loop discharge safe-end is one of two 28-inch safe

“ends found to have had through wall leakage. The safe-ends were fabricated from

Type 316 stainless steel (0.054%C) and were used in a furnace sensitized condition
due to the RPV post weld heat treatment.

Visual Examination

A Tow magnification photograph of sample "A" is shown in Figure 13. The thick 5
(1eft) end was cut partially into the safe-end-to-pipe weld. The thin end points
toward the reactor vessel. The visible crack had not quite propagated through-wall
in the plane of the cut surface, but there was not much material holding the
specimen together, making it easy to break apart.

Metallography

The sample was broken into two pieces, identified as A-1 and A-2. Section
A-1, the thick end, was mounted on its 0.D. surface to enable examination of the
surface cracking. Section A-2 was mounted on its side to reveal surface and
sub-surface cracking. Low magnification photographs of sections A-1 and A-2 after
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BOAT SAMPLE "A" (Cont1nued) i

po11sh1ng and ‘etching are shown in F1gures 14 and 15 respect1ve1y. The safe-end

. to pipe weld can be seen in Figure 14. F1gure ‘15 shows another weld approx1mate1y
0.25 in. away, which is probably the result of a repair weld or weld metal build up
during original fabrication. ‘ ‘

A high magnification photograph of the fracture end of section A-2 is shown
in Figure 16. This is the lower 1eft‘portion of Figure 20, 0.06-0.08 in. below the
0.D. Surface. The primary fracture and the secondary cracks behind it are inter-
granular, and the clearly visible grain boundaries show that the microstructure
is sensitized. It is apparent that the in%ergranu]ar stress corrosion (IGSCC)
‘cracking initiated on the I.D. surface, and Figures and 15 provide corroborating
evidence. This cracking occurred as a result of the combination of sensitization,
high temperature oxygenéted water, and a tensile stress (residual and applied).

. The upper left region of Figure T5 is shown at high magnification in Figure 22.
The'top of Figure 17 is the safe-end 0.D. surface. Two transgranular cracks can
be - seen propagating in from the 0.D. The one on the 1éft, marked A, is 0.005 in.
deep in the plane of polish. These cracks are incidental to the leaking cracks and
may have resulted from a chloride containing substance being in contact with the
outside of the safe-end. It is possible that they initiated when hot reactor water
began leaking from the through-wall cracks and interacted with the piping insulation.

Figure 18 reveals that the tip of the crack-in section A-1 penetrates approximately
0.006 in. into the safe-end to pipe weld. IGSCC will occasionally penetrate a short
distance into a weld before crack arrest occurs because.dilution of the outermost
portion of the weld results in a local region low in delta ferrite. This phenomenon
occurs during weﬁding due to the mixing at the weld-base metal interface. Hence
depletion of the outermost weld metal of ferrite forming elements can occur.

Scanning Electron Microscopy (SEM)

SEM was used to examine the 0.D. surface, and the fracture surface after the
specimen was broken open. A composite 50X photograph of the axially oriented crack
on the 0.D. surface is shown in Figure 19. The crack length is about 0.22 in.,
but this figure is an approximation because the crack becomes very thin, making
the tip difficult to locate.
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BOAT SAMPLE "A" (Cont1nued) i

A typical area of-the fracture surface is shown in Figure 30. The fracture is
Jintergranular and covered by scaly oxide depos1ts Energy dispersive X-ray ana1y51s
shows that the scale deposit-is Cr rich, as ‘would be expected of the oxide layer.
No contaminants were found onlthe fracture surface.

B. BOAT SAMPLE "B"

Boat samp]é "B" js the second of two samples removed from the outside of the
leaking regions of the safe-end of recirculation loop safe-end weld No. FW-22
of recirculation loop Number 11. This sample was examined at the Battelle Columbus
Laboratories (BCL). | “

Visual Examination

The boat sample shipped to Battelle was a small wedge shaped piece approximately
1 inch long and 1/4 inch thick. Figure 12 shows the schematic sketch of the safe-end
"and location of sample "B" which was examined at Battelle Columbus Laboratories. The
“sample was visually examined with a stereomicroscope. One crack approximately 1/2"
long was observed on the outer surface. In addition, crusty crystalline-like deposits
were observéd on the outer surface, along with some rust colored stains. Figure 2]
‘shows the appearance of the specimen in the as-received condition.

‘“Scanning Electron Microscopy

The as-received sample was examined with the scanning electron microscope. The
primary purpose of this examination was to analyze the deposits on the surface using
the energy dispersive X-ray analyzer. Figures 22 and 23 show the appearance of
deposits observed on the outer surface of the piping along with the X-ray analysis
obtained on the deposits. It can be seen that the deposits: are very high in silicon
along with iron and chromium and nickel. In addition, trace concentrations of
sulphur, phosphorous and chlorine were observed. Semiquantitative analysis obtained
on one area of the deposit is shown below:

Si 37.2%
P 0.625
S 0.55
C1 0.47
Ca 0.064
Cr 35.57
Fe 23.38
Ni 2.04
Cu 0.4
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e performed It is possible they could have been 1ntroduced subsequent to the cracking

BOAT SAMPLE "B" (Continued)

; Metallography m | . ‘ .

Subsequent to scanning electron microscopy examination, a small piece was cut ‘
from the end’containing the crack. Th1s piece was mounted in a metallographic mount
and prepared for examination of the transverse cross section. The examination
revealed one long thru-wall crack with significant branching. Figure 24 shows the
appearance of the crack in the etched condition. It can be seen that the crack is
entirely intergranular.

Analysis of Material Trapped Within Crack

Examination of the meta]]ographie specimen in the as-po]ished condition showed
the presence of é significant amount of corrosion products or contaminants in the
crack. In order to determine the nature of the material, the specimen was examined
with an energy d1spers1ve X-ray ana]yzer associated with the scann1ng electron-microscope.
A nymber of areas in .the crack wére examined. In all cases varying amounts of
chiorine and sulphur were observed along with a number of other elements. Figures 25,
26; 27, and 28 show the appearance of the contaminant and the results of the X-ray '
analyses obtained on the material. Also shown are the semiquantitative elemental analyses. E
obtained. These two areas shown were found to contain the highest amount of chlorine
and sulphur. The origin of the material cannot be determined from the examinations

. ————

of the piping.

SEM Examination of the Fracture Sprface

&

The fracture surface of a portion of the specimen was examined with the SEM,
after the fracture surfaces had been separated by a saw cutting through the unbroken .
ligament. Figure 29 shows a typical area on the fracture surface. .The intergranular
fracture morphology is clearly apparent. This fracture morphology is typica]wof
that observed in the intergranular stress corrosion.cracking mode in boiling water
reactor stainless steel pipe.




C. SAMPLE 3 - PIPING SECTIONS - SUCTION

" SAFE-END AND ELBOW WELDS

Sample 3 .are piping sections containingvé part of the suction safe-end to
elbow weld FW-17 of loop 15 and a part elbow-to-pipe weld, SW-12, just down-
stream from FW-17. As described . earlier, leaking was found at the 8:00 o'clock
position on the safe-end, and numerous U.T. and P.T. indications were observed
‘about the circumference of the weld on both the safe-end, and the pipe sides.
U.T. and P.T. indications were found on the pipe-to-elbow weld SH-12.

.The port1ons of the Toop 15 suction safe- end-to e]bow we]d were removed and
shipped to Batte]]e Columbus Laborator1es for examination. Thgssect1on was located
near 7:00 o'clock, (F1gure 30). The second ‘sample, also sent to Battelle for '
examination was removed from the 12:00 o'clock position of weld No. SW-12 of
Toop 15 (one weld down-stream from FW-17). The piping section is shown in
Figure 36. ’ - |

Several metallographic samp]es vere removed from the two piping sect1ons for
opt1ca1 meta]]ograh1c examination. The cutting d1agran|of'the portion from the
7:00 o'clock position 1s given in F1gure 30. The arrows indicate the surfaces that
viere exam1ned F1gure 31 is the cutt1ng diagram for the port1on of the pipe-to- -elbow
weld removed from the 12:00 o'clock position.

Figure 32 is a 4X view of sample "A-4" showing the crack in the safetend. This
etched view was prepared by grinding through the pipe wall thickness beginning on
the pipe I.D. surface. This is the inner surface view of the axially oriented
through wall leaking crack in the safe-end. The 0.D surface view of the same crack
can be seen in Figure 30, on that sample marked "A-4"." ’

Figure 33 is a cross-section etched view of the same sample of Figure 32. 'No
cracks were observed in this sample of the safe-end-to-elbow weld. |

Figure 34 is a sectional view of sample "B-1", removed from the portion of the

loop 15 suction elbow-to-pipe weld SW-12. A short crack can be seen near the weld
fusion 1ine on the pipe side of the weld. Sample "B-2", shown in Figure 35, is a
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sample removed from a location just adjacent to sample "B-1" of Figure 31.. This
polished and etched view reveals a crack near the fusion line on the elbow side
of the weld. '

“Sample "B-3", shown po1ished'and etched in a 4X view in Figure 36 is a cross

sectional view of the elbow seam weld.. No evidence of cracking was found in this
view.
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D. BOAT SAMPLES "c", "D!, "E", AND."F* . ., -

. . S ) Lo + 5 ..
LI . s D 1 Te . b "}-

Boat Sample "C"

This section was cut across the weld SW-6 between an elbow and pipe on loop 13,
(see Fig. 3 of Section 2). LT ©
Figure 37 after penetrant’examination. ‘The large.-indication at the’left is the
elbow side, and a smaller indication on the right is in the pipe side. Details of .-
the crack on the elbow side are shown in Figures 38 and 39. Figure 38 shows the
crack location with respect to the weld. The cracking is completely intergranular,
and carbides can be seen outlining the grain boundaries, indicative of 1light
sensitization. Figure 39 shows enlarged detail of the center and bottom of the
section. The carbides at the grain boundaries are more evident at higher magni-
fication. This crack went through the entire section, about (200", ‘Figure 40
shows the crack on the pipe side. It is ~.120" deep, and stops imhediately at the
circumferential weld. The crack is in the longitudinal seam weld of the rolled and
welded pipe. Since this weld has been solution annealed (prior to welding), the

‘ferrite content is extremely low and the material behaves similarly to wrought material.

Figure 41 shows the end of the crack, and it has arrested almost.on contact with the
higher ferrite circumferential weld.

.Boat Sample "D"

This section was cut from the same weld as sample "C", but at a different
circumferential location. The as-received sample is shown in Figure 42, with a
large crack visible on the elbow side. Durihg handling, this section separated.
Figure 43 shows a portion of the fracture, and a second adjacent crack. Figures a4
and 45 show more detailed:views at the beginning and end of the crack. Grain boundary
carbide precipitates are readily visible. The grain size of the elbow material is
larger than normally encountered. The crack mode is intergranular. The section
which separated during handling was examined by scanning electron microscopy (SEM).
The entire fracture surface was intergranular. The presence of heavy oxide obliterated
any other fracture features which may have been present.

312,

!




Boat Sampele "E"

This section was removed from loop 12, shop weld SHW-4, shown\in the sketch
of Section 2. A penetrant indication was present on the elbow side of the weld,
as shown in Figure 46. The indication was not a crack, but a very small lack
of fusion area which acted as a crevice and retained the penetrant. Figure 47
illustrates this condition.

Boat Sample "F"

This sample was removed from loop 12, field weld FI-5, between the safe-end
and elbow, on the suction side of the pump. An indication was present on the
elbow side, as shown in Figure 48. This indication proved to be slight lack of
fusion between two weld passes as shown in Figure 49. No propagation had occurred.
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Section of Elbow to Pipe HWeld

A 90° section of elbow to pipe weld from shop weld SW-12, Toop 15, was examined
in great detail. (See Figure 5-0f Section 2.) The section had been cut through
the edge of the weld on the pipe side, and again about 10" into the elbow. Looking -
at the inside surface, the entire section was 22" long (circumferentially) and 10"
axially. It consisted of 5/8" of pipe, the we1d, and 9 1/2" of elbow material.
The inside had been decontaminated electrolytically, so the surface was clean and
bright except for large areas where slag from the plasma cutting operation had
adhered. To simplify handling, a circumferential cut was made about 1" on the
elbow side of the weld, resulting in a ring section 22" long and 1 3/4" wide, con-
taining 5/8" of pipe, plus weld, and 1 1/8" of elbow materig]. This section was
cleaned of slag, and examined by dye penetrant. Masking tape marked at 1" intervals
was fastened to the inside to map indication locations. Seven indications, varying
from 5/16" to 1 1/4" in length, were found on the pipe side, for a total length of
5 1/4" or 24% of the total circumference. One indication 7/8" long was present on
the elbow side, 4% of total length. Typical indications are shown in Figures 50
and 51. Assuming that the center of each indication should be the deepest part of
the crack, sections from the center of each indication were polished, and the crack
depth measured by microscope. The cracks on the pipe side ranged in depth from
.100" to .275". The crack on the elbow side was .137". These measurements are in
good agreement with the depths estimated previously by ultrasonic examination of
.1 to .2".

Metallographic sections were prepared from one crack on each side of the weld.
The entire crack on the elbow side is shown at Tow magnification in Figure 52.
Crack depth at this plane was .110". It was intergranular, and penetrated into
the weld about .015". More detailed views of the beginning and end are shown in
Figure 53. Significant grain boundary carbide precipitates are evident in the
vicinity of the crack. The section was repolished and etched with Kahlings reagent
to emphasize ferrite in the weld. Figure 54 shows the crack arresting when it
reaches an area of the weld containing significant ferrite. Figure 55 shows the
pipe side of this section. No cracking is present, a]though grains are outlined
by carbides, which is caused by weld sensitization.

3-14, : .




The crack on the pipe side is shown in Figure 56. The crack is intergranular,
and has propagated into’ the weld ~.050". The beginning and end of the crack are

- shown-in Figures 57 and 58. There were very few carbide precipitates at this

location. Most of the propagation into the weld has been in a low ferrite zone.-
Because of the apparent lack of visible carbides at this section, further work

was done using SEM and also dark field illumination. -Figure 59 shows the pipe heat
affected zone at 800x by SEM. Figure 60 'shows a similar.area at 800x by dark field
illumination. Almost continuous carbides are present in both photos.

.
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COMPOSITION
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Cheriistry & Structure o
Since the heat numbers are uﬁknownt chemical analysis of the elbow and pipe
side of loop 15 shop weld 32-SW-12-W was performed and the results are given in
Table 4. The compositions including.carbon contents of both, the elbow.and pipe. @ .
materials (.065 and .049%,,¥g5pective1y)_ane within the normal range, for regular
grade .Type 316 stainless steqi.,= - e . ~

SENSITIZATION MEASUREMEN%S

A. ASTM A-262-Practice A

In order to determine the degree of sensitization in the safe-end material,
boat sample "B" was repolished and subjected %o the ASTM A 262 Practice A Sensitization
test. Figures 61 and 62 show the structure observed on the specimen. The evaluation
of the etched structure revealed that the sample was primarily a Hual structure.
Closer examination revealed that several grains were completely surrounded by ditches.
Hence, according to Practice A the sample has to be evaluated as having a ditch
(sensitized) structure.

<B. Electrochemical Potentiokinetic Reactivation (EPR):

EPR measurements, a method for determining the degree of carbide precipitation
in stainless steels, were made on pipe and elbow base metal and heat affected zones.
A11 base metal measurements resulted in readings of <wzero, indicating a lack of
sensitization. The values for the weld HAZs were low, indicating a narrow sensitized
region existed. The Tow EPR values compare with the metallographic examination, where
carbides were evident only in a narrow region of the weld heat affected zones. Al-
though most experience with EPR has been on Type 304 stainless, with some procedural
changes, the technique is also applicable for use with Type 316 stainless steel. The
EPR values of welded Type 316 S/S are lower than for an equivalent carbon content
welded Type 304 S/S (see Section X.). The EPR tests verify that the base material
is in the solution annealed condition.
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- HARDNESS

A hardness survey was made on thé weld, SW-12, pipe and elbow weld removed
from Toop 15, with the following results:

¥ -

Location . Hardness Rp
Weld . ) 90-92
Fusion line, pipe side '90-92
Fusion line, elbow side 88-91
Pipe, base metal ' 85-88
Elbow, base metal 84-88

"The hardness appears normal. ' .

e

FERRITE SURVEY

_Measurements by Ferrite Scope were made on various portions of a weld section
(SW-12 of Toop 15). ]

Location 4 Ferrite %
Main weld, center - 10.5-11.5
Consumable insert 1

Fusion line- . 3-6

These numbers appear reasonable except for the consumable insert (root).

_Since none of the cracks appear to have involved the root pass, the low ferrite

has not been associated with the cracking problem.
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TABLE 1

Results of Visual and Liquid Penetrant Examination

Weld
Elbow/Safe-End
FW-1

Elbow/Pipe
SH-1

E1lbow/Safe-End
FW-5

*Elbow/Pipe -

Sk-4

Elbow/Pipe
SW-6

E1bow/Safe-End
Fi-17

Elbow/Pipe
SW-12

Suction

3-18
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Results

PT indications attributed to lack of
fusion at weld root.

PT indications attributed to lack of
fusion at weld root,.

Superficial lack of fusion at weld
root verified by boat sample. Elbow
carbon content=0.045% -

Axial PT indication in elbow HAZ,
superficial lack of fusionatweld
root verified by boat sample.

Extensive cracking in both HAZ's:
Approx. 50% of circumference in elbow
and 40% ‘in pipe. Max. measured crack
depth=0.5 in., by grinding. Base
material not sensitized by EPR.

PT indications in safe-end only.

PT indications in both HAZ's. Max.
depth by U.T.=0.55 in.” Quarter ring
sent to Vallecitos revealed cracking
over 24% of circumference of pipe and
4% of elbow.




TABLE 1

(Continued)

Discharge

Weld
" Elbow/Spool Piece
FW-23
Elbow/Riser
W-18
E]bow/RiseF
Si-21
Elbow/Riser
SW-24

Elbow/Riser
FW-43

Results

Short circumferential PT indication
in elbow. Most of pipe HAZ obliterated
by plasma-arc cut.

PT indications in both HAZ's. Carbon
content of elbow = 0.063%.

Circumferential PT indications over
approx. 30% of elbow. Elbow carbon
content = 0.063%.

PT indications in both HAZ's. Elbow
carbon content - 0.054%.

No PT indications.




SAMPLE

Boat Sample "A"
Boat Sample "B"

Piping Sections

Boat Samp]e "c"
Boat Sample "D"
Bqat Sample "E"
Boat‘Samp1e "FY

+Section of Elbow -
To-Pipe

’

TABLE 2

SAHMPLE DESCRIPTION

IDENTIFICATION

Axially oriented leaking crack -
safe-end side of weld FW-22 of

Toop 11.

Axially oriented leaking crack -
safe-end side of weld FW-22 of

Toop 11.

Sections containing axial

cracking - suction safe-end
to elbow weld FW-17 of loop
15, and SW-12, elbow to pipe

weld of Toop 15.

Cracked - both sides of elbow-
to-pipe weld SW-6 of loop 13.

Same as Boat Sample "C".

Penetrant indication - elbow

side of SW-4 of loop 12.

Penetrant indication - elbow

side of FW-5 of loop 12.

90° section of elbow-to-pipe
weld from SW-12 of loop 15.
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LABORATORY

General Electric
Vallecitos Nuclear Center

Battelle Columbus Labora-’
tories '

Battelle Columbus Labora-
tories

General Electric
Vallecitos Nuclear Center

General Electric
Vallecitos Nuclear Center

General Electric
Vallecitos Nuclear Center

General Electric
Vallecitos Nuclear Center

General Electric
Vallecitos Nuclear Center




SUMMARY OF METALLOGRAPHIC EXAMINATIONS

TABLE 3

MATERIAL
Safe-end-field weld HAZ

Pipe & Elbow Shop Welds

Spool piece - seam weld

Pipe & elbow.field
welds
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SAMPLE(S)

Boat sample A & B from
FW-22 of loop 11

‘Sample FW-17 of loop 15

Sample SW-12 of loop 15
Sample SW-6 of Toop 13
Sample SW-4 of loop 12

~

Sample SW-12 of loop 15
Sample SW-6 of loop 13

Sample FW-5 of loop 12

P.T. of FU-23 of loop 11,
and F{-31 of loop 12

*Note: This not confirmed by Met. work.

RESULTS

on both 1.D. & 0.D. of -
safe-end.

Material sensitized (by
PWHT of RPV).

IGSCC present.

Trace contaminants of
S.P. and €1 found.

Thru wall crack is axial {

I1GSCC contained in weld HAZ's
of elbow material and pipe )
material.

Many P.T. indications are
due to lack of fusion.

Solution annealed condition.

Cracking by IGSCC only if
weld material is in HAZ of
circumferential weld.

Some P.T. indications due
to lack of fusion @& fusion
line.

Other P.T. indications due
to IGSCC.*



Al

c*
Co
Cr
Cb
Cu
. Mn
Mo
Ni

Si
Ti

TABLE 4

CHEMICAL ANALYSIS OF LOOP 15 (32-SH-12-W)

.~ SUCTION ELBOW/PIPE MATERIALS

Pipe Elbow
<.005% .006%
.003 .001
.049 .065
0.14 0.23
17.36 - 16.64
0.05 0.05
0.15. - 0.23
1.64 " 1.68
2.70 2.49
13.67 13.01

033 027
017 014
0.46 0.65
.006 .020
.06 .04

*Determined by LECO carbon analyzer

.024

.020
0.92
<.005

.03




"‘, FIELD WELD 46 OF LOOP 15

FLOW BAFFLE

LOCATION OF CRACKING 4

. NE

<
Y - 28"
FLOW BAFFLE - END VIEW
Figure 1. Sketch of Loop 15 recirculation pump showing location ’

of HAZ crack indications.
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ELBOW

Figure 4. Loop 12 Pump Discharge Weld No. FW-31.
Weld HAZ indications on side surface
of pipe and elbow. :

ELBOW

Figure 5. Photo of Indications in Loop 13
Suction Elbow/Pipe Weld (Weld SW-6).
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Figure 6. Photo of PT Indications in Loop 13
Suction Elbow/Pipe Weld. (Weld SW-6)
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Figure 7. Excavation Remaining After Boat Sample
Removal at 9:00.
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Figure 9. PT Pattern of Crack in Loop 13, Weld SHW-6,
After Grinding.
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Figure 10. Loop 13 Suction Elbow/Pipe Weld, Showing Results of U.T. Depth Measurements.
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SAFE-END

Figure 11. PT indication due to superficial lack of fusion
at weld root.
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1"+Long x 1/4" Dp.
%* Samﬁle B - Examined at BCL

Sample A
Examined at G.E.

Pipe to Safe End Weld
FW-22 of Loop 11
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Schematic Showing the Location of the Safe End Weld
Samples Examincd at BCL (Section View), and GE - VNC.

Figure 12.

_ 3-31




SAFE-END
TO

. PIPE WELD

0.D. SURFACE

Figure 13. Photograph of Boat Sample showing partially
opened crack, 3.5%.
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Figure 14. 0.D. surface of Section A-1 after breaking open
to reveal fracture surface, Oxalic Acid Etch. 15X

0.D.

Location of
Fig. 17

Location of -
Fig. 16

Figure 15. Section A-2, Oxalic Acid Etch, 15X.
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Figure 16. Lower left region of Fig. 15, showing intergranular cracking.
Oxalic Acid Etch, 125X.
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0.D. Surface

Figure 17. OQutside-initiated transgranular cracking on upper left region of
Figure 15, Oxalic Acid Etch, 125X.
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Figure 18. Crack arrest in weld materia, 125X
Oxalic Acid Etch.
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50X.

b ]

D. surface crack

SEM photograph of 0

Figure 19.
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Figure 20. SEM Photograph Showing Intergranular Fracture
and Scaly Oxide Layer 300X.
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€9990 n2.5X

Figure 21. Appearance of the Piping Sample from Nine Mile Point
Reactor in the As-Received Condition.
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SEM1023 20X

FIGURE 22. APPEARANCE OF THE SURFACE DEPOSIT FROM
THE NINE MILE POINT PIPING SAMPLE IN
THE AS-RECEIVED CONDITION.
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HC51947 and HC 51948

FIGURE 24. APPEARANCE OF THE CRACK IN THE ETCHED CONDITION.
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SEM1034 600X

FIGURE 25. APPEARANCE OF THE CORROSION PRODUCT OBSERVED
INSIDE THE CRACK.
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FIGURE 27. APPEARANCE OF THE CORROSION PRODUCT OBSERVED
INSIDE THE CRACK,
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) 85X

SEM FRACTOGRAPH OF THE NINE MILE POINT SAFE-
END SAMPLE SHOWING THE INTERGRANULAR FRACTURE
MORPHOLOGY .. ) -
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A423

FIGURE 30. CUTTING DIAGRAM OF A PORTION OF THE LOOP 15
SUCTION SAFE-END-to-ELBOW WELD. SECTION
WAS LOCATED NEAR 7 O'CLOCK. ARROWS INDICATE
SORFACE THAT WAS EXAMINED.

3-47



[\

ELBOW
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PIPE

A424

END-ELBOW-TO-PIPE

SECTION WAS LOCATED AT 12 0'CLOCK.
ARROWS INDICATE SURFACE THAT WAS EXAMINED.

LOOP 15 SUCTION SAFE

FIGURE 31. CUTTING DIAGRAM OF A PORTION OF THE .
WELD.
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FIGURE 32. SAMPLE A4 SHOWING THE CRACK IN THE SAFE-END. THE SAMPLE WAS GROUND THROUGH THE PIPE

WALL THICKNESS.
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FIGURE

33. SAMPLE A4 SHOWING A CROSS-SECTION THROUGH THE SAFE-END-TO-ELBOW WELD.
- OBSERVED IN THIS SAMPLE.

SAFE-END

NO CRACKS WERE
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FIGURE 34. SAMPLE B1 SHOWING A SHORT CRACK NEAR THE WELD ROOT ON THE PIPE SIDE OF THE WELD.
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FIGURE 35. SAMPLE B2 SHOWING A CRACK NEAR THE FUSION LINE ON THE ELBOW SIDE TO THE WELD.




SAMPLE B-3 SHOWING A CROSS SECTION OF THE ELBOW SEAM WELD.
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Figure 37. Penetrant examined - Boat Sample C, removed from
weld SW-6 of Loop 13
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Figure 38. Etched
Crack on elbow side - Boat Sample C.
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Etched - Boat Sample C
Detailed view, center portion.

Figure 39.




Figure 40.

Figure 41,

Etched view of crack on pipe side.
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Figure 42. Boat Sample D removed from SW-6 of Loop 13.

Figure 43. Etched view of Sample D, containing 33X
portion of fracture; and adjacent crack.
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Figure 46. Penetrant examined view of Boat Sample E
removed from SW-4 of Loop 12.
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Figure 47. Etched view of indication at
elbow side of Boat Sample E.
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Figure 48.

Figure 49,

P

ot .

Penetrant examined view of Boat Sample F
removed from field weld FW-5 of Loop 12.
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Figure 50. Penetrant examined view of
indication on elbow side. Section
was removed from SW-12 of Loop 15.
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Figure 51. Penetrant examined view of
longest indication, pipe side
of pipe-to-elbow weld SW-12 removed
from Loop 15.
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Figure 54. Kahling etched view of crack 128X
extending into weld. This view
shows crack arrest in weld metal
containing significant ferrite.

Figure 55. Etched view pipe side, same 128X
section as seen in Figure 50.
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Figure 57.

Segids S

Etched view, beginning of crack
of Figure 56.
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Kahling etched view of end of crack

of Figure 56.
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Figure 59.

SEM view of pipe side HAZ, showing

carbides.

Figure 60.

Dark field view of pipe side HAZ,
showing carbides precipitated at
grain boundaries.
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FIGURE 61. APPEARANCE OF SPECIMEN MICROSTRUCTURE AFTER THE DEGREE
OF SENSITIZATION TEST (ASTM-A-262 PRACTICE A). .
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FIGURE 62. APPEARANCE OF SPECIMEN MICROSTRUCTURE AFTER THE DEGREE
OF SENSITIZATION TEST (ASTM A-262 PRACTICE A)
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SECTION IV
STRESSES AND STRESS RULE INDEX

Based upon the investigation as described below, stresses in the
system are of nominal magnitude with the pressure stresses somewhat higher

than more recent BWR designs, and there is nothing with respect to operation,
support of the piping, or restraint of thermal expansion that have contributed

abnormally to the apparent extent of cracking discovered.

BACKGROUND

In an attempt to pinpoint the cause of the extensive cracking,

a detailed investigation of the pipe stresses in the system has been

performed comparing the as-designed condition with the as-installed in-

é]uding any variations from the originally expected operating modes for
.the system. ”

The piping of concern here was reviewed to investigate pipe

_stress due to pressure, weight during normal operation, thermal exban-

sion for all operating modes, and residual stresses. The stress rule

index was also computed. In addition, the as-installed support system

was reviewed to assure proper operation for all components. The compo-

nents included here are the snubbers, spring sway braces, and constant
support spring hangers.

Te]edyﬁe Engineering‘Services analyzed three of the five recircula-
tion loops with their associated branch piping.2 A11 recirculation loops are

similar in geometry with the exception of the branch piping. The range



of operational stress level of .the recirculation piping was bounded by
analyzing the geometries of recirculation- loop 12, which contains no
branch piping and 1loop 15' which' contains the 1largest (14-inches
diameter) diameter branch. " In addition, the two loops which were found
to have through wall indications were modelled. The two loops are loop
11 and loop 15.

Stress levels were consistently well below allowable for the
three loops. The effects of the branch piping on the recirculation pip:
ing were as anticipated (i.e., marginally larger stresses than the non-
branch loop). Therefore, the stresses reported within this document are
mainly for loop 15 which contains shutdown cooling branch piping.

WEIGHT DURING NORMAL- OPERATION

These include stresses due to the weight of the piping compo-
nents, insulat1on, and contents with the support system in the as-
designed condition and in the as-installed condition. Investigation of
the as- insta]]ed condition by NMPC personnel indicated a possib]e dis-
crepancy in “the ~spring hanger settings for the as- insta11ed versus the
as- des1gned cond1t1on. These d1screpancies are tabulated be]ow.

»

Load No. - Load No.
Hanger No. As-Designed . - As-Installed
H-3 Loop 11 ~20000 1bs ‘ 17900 1bs
H-3 Loop 12 ’ .
H-3 Loop 13 Loads are per hanger. Two hangers exist
H-3 Loop 14 at each support
H-3 Loop 15 .

NOTE: The above hanger load information has been verified by NMPC personnel
by calibration testing. See reference letters: R. Pavlik-ITT-Grinnell
Corp. to Niagara Mohawk Pwr. Corp. dated Jan. 25, 1982, and February 7,

1983.
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The maximum as installed weight stress for the recirculation
piping is approximately 375 psi at node 270 (see Figure 1). This is the
same as the as-designed weight case (i.e., the spring hanger load reduc-
tions cause only an insignificant change in stress on the recirculation

Toop piping).

To assure proper (exact) weight distribution on the new
system, new constant support springs will be installed.

An additional non-operational deadweight case was investigated
which includes a dewatered pump. This represents a condition that may
exist during plant shutdown while maintenance is performed on thé pump
or pump motor.’ The pump motor was also assumed to be removed. The
constant support springs are not pinned. The weight stress from this
case is approximately 1200 psi at node 270. These stresses are low and
will not be a problem for the recirculation system. ' '

THERMAL EXPANSION

During normal operation of the plant, the recirculation loops
are at the same temperature as the reactor due to the high flow rates
through the loops. That is, with the reactor at 5500F, the loops are
isothermal at 5500F. This represent§ the as-designed normal operating
condition.

There have been times during operation of the plant when' a
Toop (or Toops) have been "valved-out". In this event the pump is not
operating and the valves (upstream and downstream) are closed leaving a
stagnant leg of water below the valves. The stagnant water in the loops
cools off to approximately containment ambient (100°F) away <€rom.the
reactor. In addition, a case may be postulated vhere the branch piping
would flow inte the "vgived out" recirculation loop riser and in:tc the
reactor pressure vessel. The results would be a totally hot leg from
the recirculation pump isalation valve to the reactor. The siresses

A Y
.
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resulting from the “valved out® temperature distribution with branch
flow into a loop have been invéétigated“and found to be generally higher
than the normal operating condition stresses.- The maximum intensified
thermal expansion stresses during normal operation are approximately -
3000 psi at the branch tee. For the "valved out” branch flow case maxi-
mum intensified thermal stress levels occur at the same location and are
approximately 9200 psi.-

“ - B -

According to operating records at the site, the following
loops were "valved-out": )

Loop 11 - 66 days 9/20/72 (32 days)-and 8/27/79 (3d days)
Loop 12 - 32 days - - 8/17/73 .
Loop.13 31 days ’ 2/7/82.

Loop 15 720 days 6/21/79 to 7/3/81 -

‘The "valved out" stress level increase (see Table 1) does not
represent a significant increase in the SRI values which are in the
range of 1.2 (except at the tee welds, see Table 1). Further, Table 2
does not demonstrate any significant difference in crack location or the
number of cracks for the piping systems which have been "valved out" for
different durations of time (including no “valve out"). It therefore
appears that the “valved out" case does not contribute to the
recirculation pipe cracking.

OPERATIONAL CONCERNS

A. Snubbers: - The recirculation pump is on a "floating" base. The base
is supported by spring and snubber type supports only. A-‘portion of the
thermal expansion of the piping is accommodated by the floating pump base.
During the past (1979) outage the snubber configuration of the pump base was
changed. Also, the hydraulic snubbers throughout the recirculation piping
were replaced with mechanical type snubbers. To assure that binding of the

mechanical snubbers from displacements due to thermal expansion were not a




%

problem the vertical pump base snubbers were instrumented with LVDT's. The
plant operational LVDT displacement data measured at the recirculation pump
bases indicates that the snubbers were functioning properly under thermal load.
The measured snubber deflections were comparablie to the therma] expansion '
analysis deflections. ' -

To .further verify proper operability of the snubbers, a representa-.
tive sample of the snubbers were tested by Teledyne Engineering Services.
These tests indicated proper operation during normal plant conditions as well
as during dynamic loading events. This testing is reported in Teledyne h
Engineering Services' test reﬁort number TR-5923-1.

B. Pump Vibration: Pump vibration was not considered to be a problem

for the recirculation piping. Nipe Mile Point internal correspbndence
55-01-013 indicated that the -worst case impeller mass imbalance would result
in a maximum stress of 313 psi with a maximum deflection of 0.0074 inches.
Nine Mile Point has tested the pump vibration instrumentation (3-23-82). The
test data indicates that the maximum pump deflection is 0.9 mils (0.0009
inches) and the pumps vibration sensors are set slightly above the maximum
tested deflection. The tested deflection is significantly less than.the’
‘maximum deflection obtained from analysis, indicating that no vibrational ,
-stress problems exist from pump operation. . °

C. Sway Braces: The vibrational sway braces existing on the recircula-
tion piping risers if properly installed and operating are designed to have
no effect on the operational deadweight and the%ma] stress levels. A repre-
sentative sample of sway braces have been tested by Teledyne Engineering
Services to assure proper operation both in the past and for the future.

(See Teledyne Engineering Services' test report number TR-5923-1.)

/
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STRESS SUMMARY

The recirculation piping was reanalyzed for the operating con-
ditions discussed in Sections I and II only. The resultant.maximum
stress summary is listed for reciréu]ation loop 15. The additional in-
formation for loops 11 and 12 are listed for the same point to compare
relative stress magnitude between loops.

Recirculation Loop 15

Node 265 pump discharge riser tee

Operational weight and pressure stress = 8220 psi*
Thermal expansion stress range = 9138 psi

Recirculation Loop 11

Node 265 pump discharge riser tee

Operational weight and pressure stress = 8054 psi*
Thermal expansion stress range = 1676 psi

Recirculation Loop 12

Node 265 pump -discharge (no branch line or tee)
Operational weight and pressure'stress = 8014 psi*
Thermal expansion stress range = 947 psi

*Axial component of pressure stress.

The pressure stresses may be somewhat higher than other more recent BWR.recirc.
190p.de519ns, due to the pipe wall thickness. The pressure stresses are still
within the appropriate design code allowables.

RESTDUAL STRESSES .
Residual stresses present in the weld heat affected zone contribute
significantly to stress corrosion cracking and are therefore, accounted for
in the General Electric stress rule index (SRI).

A residual stress value of 27,000 psi for the 28-inch diameter run -
piping was used in calculating the SRI numbers. :This value is an extrdpolation of
data based on the envelope of maximum axial values measured by GE and others
on schedule 80 pipe sizes ranging from 4-inches to 26-inches.
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0.374.

For RESID = 27,000 the approximate contribution to the SRI is

STRESS RULE INDEX

The'stress rule index was computed for the-recirculation loop
using loads and stresses for the as-designed cases in addition to the

as-installed (including “valved-out" conditions) case.

vhere:

=)
+
-n

u

The stress rule index has been computed as follows:

_Pn+ Py +F +R
R = A g;‘?‘TUUZE

o
3

t
:1

©
o
!

= operating pressure {(psi)
= outside diamster {dinchec
wall thickness (inches)

o
«t C
1] '

Py Ma

&

resultant deadweight moment (in/1b)
moment of inertia (In4)
primary loop stress findex

T W =
N
n & u
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or

SRI = Sy
, k-1 ‘“z“ *+ €2 K2 zr Mi + K3 C3 Eag (ap TA - o Tg) +R
T Sy + .00ZE

Ky, K2, K3 = local stress indices (HB-3680, Reference 3)
C1, C2, C3 = secondary stress indices (NB-3680, Reference 3)

M;j = thermal (operating) resultant moment (in/1b)

Eag = Young's modulus (average for dissimilar materwals)

op, ap = thermal expansion (in/in/OF)

Ta, Tg = operating temperature (OF)
R = residual stress (Reference 4) (psi)
Sy = yield stress (Reference 3, Table 1-2.2) (psi)
E = Youngs modulus {Referenze 3, Table 1-5.0) (psi)

The Stress Rule Index was computed for recirculation loop 15 and is
presented in Table 1. The primary contributors to the Stress Rule Index
are pressure stress and residual stress. The higher pressure stresses here
appear to drive the SRI values somewhat higher, since the residual stresses
are assumed constant for a given pipe diameter. This may account for a
higher incidence to cracking. '
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Table 1

SRI (1) Max SRI (2)

‘Node Description As-Designed As-Installed
101 3 Elbow 1.239 : 1.391
105§3§ Tee 2.155 2.201

115 , Tee 2.132 2.283

135 Valve ' © 1,181 1.262 s
155 Elbow 1.188 1.287

156 . Pump 1.262 1.397

200 Pump 1.182 : 1.260
205 Elbow 1.179 1,339

225 Valve - 1,185 ' 1.282

270 Elbow 1.429 . 1.444

NOTE: (1) As-designed - dincluding normal deadweight + 5500F thermal
case effects.

(2) As-installed - including normal deadweight + “valved out"
pump with branch flow + “valved out" pump no branch flow
thermal range case.

(3) Tee indices used although the indices were designed to give
stresses -in the crotch region not at the weld.

It must be noted that the recirculation loops at NMP1 have less butt welds
than other BWR designs. Butt welds have lower Stress Rule Index values and,
therefore, would be less than 1.2. This fact would make the SRI values, as a
whole, higﬁer than for other plants with more pipe-to-pipe butt welds in their
designs.

Table 2 is a comparison of the maximum stress rule index and the number
of cracks in a given heat affected zone (Reference 1) at a specific location.
These data do not correlate very well leading one to believe that the carbon
content, previous cold working and heat treating of the pipe at a speci fic
location contribute more cracking than the magnitude of the stress in the
pipe. The actual locations may be found in Figure 2 for loop 15.

" Samples of the Nine Mile Point recirculation piping have been
analyzed for carbon content. The results of this analysis indicate that the
carbon content range is between 0.042 and 0.075 percent. The carbon content
is greater than the 0.035 percent upper bound therefore indicating the pipe
is in the susceptible region for IGSCC.

4-9




It can be seen from Table 1 that, except for the tee, the SRI )
values are all very similar at a value of about 1.2. This value is equal to
the threshold with respect to stress corrosion cracking as observed by GE for

a large number of plants/systems surveyed.

1t must be pointed out that the SRI values have been computed
and presented here for reference-and comparison by the reader with
other plants, etc., keeping in mind that the relative values only are of
most importance. The apparent higher values of SRI for the tee may be
appropriate for the branch pipe weld but not for the run pipe welds
since the stress indices (ASME Code) depict stresses at the crotch near
the branch weld. Therefore, the SRI at the run pipe welds would be
about 1.2 also.

j:j Indices apply here

+-

Indices for a straight pipe would be more appropriate here

The stress of importance with respect to IGSCC is the sustain-
ed tensile stress on the inside surface of the pipe in the heat affected
zone of the weld.

A similar situation exists for elbows in that C; and C2 do not

at times. In an

C1 and/or C2 represent maximum shear ‘stress
elbow C1 is representstive of the hoop stress in the crotch and C2
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represents hoop bending at the side.

Table 2

' Node Max No. Cracks*,* LOOP: Total

Number  Description SRI 15 11 12 13 14 Cracks **
101 Elbow (1) 1.391 0 0 2 1 0 3
103 Elbow (J) 1.391* 6 3 6 3. O 18
105 . Tee 2.291 4 . 3 NA NA 0 I
.115 Tee 2.283 4 0 NA NA 0 4
135 Valve 1.262 4 4 4 4 4 20
140 Valve 1.262% 3 4 2 4 4 17
150 Elbow (1) 1,287% 4 6 7 7 4 28
155 Elbow (J 1,287 2 2 2 2 2 10
205 Elbow (I 1.339 2 2 5 3 4 16

*SRI assumed equal to SRI on opposite end of component.
**Represents the number of multiply nucleated cracks at the indicated node number.
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SECTION V
MATERIALS AND FABRICATION HISTORIES

The five"28-inch fecircu]ation loops were constructed of fype 316 stainless )
steel pipes, elbows and fittings. The straight sections of pipe consisted of
rolled and welded plate and were fabricated by the National Annealing Box Co.

The elbows and reducing tees were fabricated by the Crane Co. and were also
formed from wrought plate. Following fabrication all of the wrought pipes,
elbows, and reducing tees were solution annealed and water quenched. Shop welded
subassemblies were prepared by the Grinnzl1 Co. No additional heat.treatment was
performed

The ‘National Annealing Box piping was produced from four heats of material
which contained 0.042% to 0.055% carbon. The elbows and reducing tees were fabri-
cated from nineteen heats of material ranging from 0.050 to 0.075%C. In all but
a few cases the heats from which specific sections of piping were fabricated is
not known. The ten furnace sensitized rec1rcu1at1on safe ends were made from a
heat of 0.054%C material. ‘

&

RECIRCULATION SYSTEM CONFIGURATION

The five 28-inch diameter recirculation Toops are shown in Figures 1 through
5 of Section II; "Extent and Distribution ofICracking"; Each weld is identified
as either a shop er fie1d.we1d: The weld numbers correspond to the recirculation
pipiﬁg isometric diagram.'_Each portion of the system that includes one or, more
shop welds and is bounded by field welds is one subassembly. The subassembly welds
(shop welds) were made by the Grinnell Co. Loops 11 and 14 are identical but
di fferences exist among the remainder of the rec1rcu1at1on Toops due to the number
and 1ocat1on of reduc1ng tees and spool pieces.




"W

The wnought portion of the recirculation system was constructed of 31
lengths of rolled and welded piping, 15 90° elbows, 5 76° elbows, several
reducing tees, and ten safe ends. The valves, pump dishes, and the elbows
directly beneath the pumps were all made from cast stainless steel, and will
not be discussed further since IGSCC was confined to the wrought p1p1ng The
remainder of this chapter consists of a discussion of the material and fabr1cat1on

of the wrought rec1rcu1at1on system components

MATERIAL AND FABRICATION

A.  Pipe |

The straight segments of piping were manufactured by the National Annealing
Box Co. and consist of rolled and welded Type 316 stainless steel plate material.
The applicabie ASTM specifications are A358 for the plate and A240 for the pipe,
in accordance with General Electric purchase specification 21A2103. A total of
31 straight segments of pipe were produced for Nine Mile Point 1. The part No.;
length, material heat No. and slab No. for each section are listed in Table 1.
This data was compiled from the recirculation piping material Test Certifications,
which are found in Appendix A. The parent plate material was produced by
Allegheny-Ludlum. Four heats of material ranging from 0.042 to 0.055%C were used.
The chemical analyses of these heats are given in Table 2. The corresponding
mechanical properties are given in Table 3.

Although it is possible to determine the heat of material from which a
particular pipe number was fabricated the distribution of the pipes within the
recircu]ationrsystem‘is not known Hence a corre]at1on between pipe crack1ng and
heat number cannot be developed. Tab]e 4 lists the number of pipes from each heat

Ay

and the corresponding carbon content.

The longitudinal seam welds (one per pipe) were performed by an automatic
submerged-arc process per National Annealing Box procedure 7840-A. This procedure
required that the as-deposited weld metal contain a minimum of 5% ferrite as
determined by the Shaeffler diagram using the weld metal check analysis. The
chemical composition and calculated ferrite content of the weld metal is given
in Table 9. »




Following welding the pipe was solution annealed per National Annealing
Box procedure 7844-B, which specified heating to 1900°F-2050°F for 1’hohr per
inch of thickness and water quenching. This procedure required that cooling
between 1700°F and 1000°F be accomplished in.-three minutes or less, and that
rapi& cooling continue to below 800°F.B Electrochemical Potentiokinetic
Reactivation (EPR) measurements made at the site and at the Vallecitos Nuclear
Center have verified that the pipe base material is in the solution annealed

condition.

B. Elbows and Tees

" The 90° elbows (three per loop), 76° elbows (one per loop) and réducing tees
were supplied by the Crane Co., Midwest Fitting Division. These components were
manufactured in accordance with ASTM A403 Type 316 plate material. Note that each
loop also contains a cast 90° elbow located directly beneath the pump.

 As in the case for the straight pipes, available records do not indicate the
heats of material to which particular elbows belong. The chemical analysis of the
parent material is available however. Table 5 1ists 10heats used for 90° and 76°
elbows, and Table 6'1ists an additional 9 heats identified as having been used for
reducing tees. It is-likely that some of this material was used for plants other
than Nine Mile, but the fittings used at Nine Mile were fabricated from among
these heats. The rangeof C content is 0.050% to 0.075%. -

On-site examination of certain sections of recirculation piping revealed heat
numbers stamped on somE elbows. Originally it was required that heat numbers be
stamped on all of the elbows, but it is likely that many wefe eliminated by
weld-prep machining or covered by the weld crown. . The elbows onﬂwhich heat numbers
were found are listed in Table 7. Of these, cracking was discovered in all except
one (loop 12 suction), and there was at least one cracking incident for each heat
of material identified. ‘ .

Avai]ab]e records: indicate that all of the elbows and tees supplied by Crane
were solution annealed per Crane Co. procedure MIP-WP316-AN1, which specified
heating to 2000°F £ 25°F for-one hour per inch of thickness followed by water quench.
Cooling below 800°F was required in three minutes or less. EPR measurements have
verified that the elbow base material is in the solution annealed condition.
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C. Safe-Ends . . : ve . . N

The ten 28-inch recirculation safe-ends are Type 316 stainless steel forgings
per ASTM A336. Although solution heat treated following fabrication, the safe-ends
were subsequently post-weld-heat-treated with the reactor vessel, which caused
them to become sensitized. ‘A1l ten safe-ends were fabricated from the same heat
of material, which contained 0.054%C. The chemical analysis of the safe-end '
material is given in Table 8. ’

WELDING

The GE purchase specification for the Nine Mile Point 1 recirculation system
required all welded joints to be made by the ihert-gqs tungsten-arc process with
internal inert gas purging for at least the root pass and second 1aye}. Shielded
metal arc was allowed for the remainder of ‘the weld.

Weld filler metal was required to meet ASTM A298 or A371 or equivalent for
other processes. Austenitic stainless steel weld deposits (all pressure boundary
welds from safe-end to safe-end) were required to contain controlled amounts of
ferrite. Both 5% ferrite minimum and %Cr>1.9% Ni were allowable acceptance criteria.
A summary of the austenitic filler metal used for pressufe boundary welds in the
recirculation system is given in Table 10. The filler identified’in Table 10 as
having been used by National Annealing Box and Cr%ne was for longitudinal weld
seams in pipes and elbows. The Grinnell fii]er metal and consumable inert rings
vere used for shop welds.

The heat input during welding was estimated using the equation:
Current x Voltage '

H (joules/inch) =
’ Travel Speed

and using maximum values for the current an minimum values for the travel speed.

Heat input estimates for typical shop and field welds are given below:

1. Typical Grinnell Shop Weld
GTAW Root Pass:
SMAW Second Pass: " H
SMAW Cover Pass:

36,000 joules/inch
26,250 joules/inch
79,800 joules/inch
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2. Typical Field Welds

GTAW Root Pass: H = 36,000 joules/inch
SMAW Second Pass: H = 25,000 joules/inch
SMAl Cover Pass: . H = 44,550 joules/inch
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TABLE 1.

SUMMARY, OF NATIONAL ANNEALING BOX 28-INCH PIPE

PART_NO. LENGTH ~ HEAT SLAB
7835-1 7 ft 9.25 in 340041 4
2
3
4
5
7844~ 22 ft 9.00 in 29151 2
2 22 ft 9.00 in 46550 1
3 19 ft 3.0 in . 46580 1
4 15 ft 9.00 in . 29151 2
5 13 ft 5.50 in 349039 6
6 -7
7 7
8 6
9 12 ft 9.00 in 340041 3
10 12 £t 1.00 in < 29151 3
i 1 11 ft 8.50 in 29151 1
| . 12 340041 3
| 13 29151 1
14 340041 3
15 9 ft 11.50 in 340041 3
16 9 ft 8.50 in 29151 3
17. 3 ft 3.75 in 340039 6
18 7
19 (, 7
20 ' ( 6
21 29151 2
22 1 ft 4 in 6
23 7
24 | ( 7
25 f’ 6
(26 . 46580 1
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HEAT

1340039

340041
29151
46580

TABLE 2. -

CHEMICAL ANALYSIS OF ALLEGHENY-LUDLUM PLATE

[

.055
.049
.049
.042

|o

.023
.024
.016
.018

[%)

.010
.010
.017
.013

cr
17.40
17.10
17.20
17.62

i
13.00
13.50
13.52
13.40

2.42
2.46
2.39
2.77



HEAT
340039

29151

340041

29147

46850

PHYSICAL PROPERTIES OF ALLEGHENY-LUDLUM ‘PLATE

" TABLE 3.

SLAB

1
2
3
4
5
6
7

-t

HEAT
340039
340041
29151
46580

UTS (psi)

¥S (psi)
44900 86700
45700 86800
42800 87600
44200 86300
43000 89500
42900 88400
46000 88400
43400 83700
39200 81900
38900 82100
41000 78100
41300 81700
46200 85800
42700 32900
TABLE 4.

PIPING BREAKDOWN BY HEAT NO.'

ELONG (%)

FO
55
50
60

60

55

52

61
64

65
70
63

55

56

NO. PIPES

12
9
7
3

5-8

39%
29
23
10

FRACTION

RA (%)

67.9
70.1
69.6
69.0
69.0
69.4
65.7

71.4
69.3 -

69.5
71.0
73.0

68.0

68.8

0.055
0.049
0.049
0.042

BHN

156
163
153
156
156
156

170

159
143
143
143
149

159

149




65122

- 44842

- 45012

45110

65120

44840

- 65077

»45109 -

44839 .

Mill
Check

Mill
Check

*MiN
Check

Hin
Check

Mill

Check -

Mill
* Check

Mill

Check -

Mill
" Check

Mill
Check ™ -

NIt

Check

CHEMICAL ANALYSIS OF CRANE CO. ELBOW MATERIAL.

TABLE 5.«

c

.061
.065

.060

.059.

.053

.055~

.057

.060"

.057
.061

.061
.060

.060-

.062

.061
' .063

.051
.057

052
.050

Mn

1.60

1.62

1.77
1.79

1.80
1.78

1.53"
- 1.50

1.70
1.70

1.46
1.45

1.48
1.48

" 1.55-.

1.59

1.57

1.55

1.55
1.58

B!
.026

.029

.025-

.024

.025
.028

.020
.020

.019
.020

.020

021 -

.022

.020

.022
.021

~
.021
.022

.024
.021
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S .

.022

.026 .

.011
.014

.010
012

.021

.020

.010
013

.020
.020

.016
.015

.020 -

.020

©.021
.020

.013

012

.16.88




HEAT
. 65121

44838

Mill
Check

Mill

- Check

65123

45153

45030

45139 -

45157

45043 -

64788

Mill -

Check

Mill

- Check

Mil

- Check

Mill
Check

Mill
Check

Mill

Check

Mill
Check

CHEMICAL ANALYSIS OF. CRANE CO.

REDUCING 'TEE 'MATERIAL: :.

4

.056°
.060°

.054
.060

.058
.061

.059
.060

.065
.066

.060
.061

.057
.060

.066
.062

.068
.075

Mn-

1.85
1.80

1.80
1.81

1.74
1.70 .

1.64
1.65

1.65
1.64

1.70
1.68

1.1
1.70

1.69
1.70

1.44 .

1.25

.022
.020

.022

.018

.024
.020

.020

.022

.019
.020

.025
.020

.025
.021

.024
.020

.020
.008
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.020
.024

.017
.021

.022
.020

013
.014

0M
.010

.028
.026

.009
0N

.020
.020

012
.023

.57
.55

.62
.62

cr

1717

17.11

17.32
17.29

17.27

. 17.30 -

17.26
17.20

17.13
17.20

17.35
17.30

17.35
17.33

17.69
17.60

17.25
16.47

Ni

13.09

13.10

12.88
12.95

13.00
13.04

13.00
13.08

12.92
12.89

13.04
13.01

13.06
13.07

12.97

12.99

12.91
13.43

2.30
2.31

2.23- -

2.23

2.30:
2.28

2.47
2.42

2.25
2.24

2.27

.2.30

2.30
2.30

2.01
2.04




.TABLE 7. .
LIST OF ELBONS WITH KNOWN HEAT NO.

*

ELBOW TYPE LOOP SURROUNDING WELDS HEAT %
90° 12 Suction SW4, W5 - 44840  0.054
76° 12 Discharge SW 18, FW 28 45015 - 0.063
90° 13 Suction SW6, FW9 < 44840 0.054
76° 13 Discharge SW 21, FW 33 45015 0.063
76° 14 Discharge  SW 24, FW 38 45109 0.054

TABLE 8.
CHEMICAL ANALYSIS OF SAFE-END MATERIAL
HEAT c Si P Mn s Ni Cr Mo

»

E~-5349 .054 .50 .020 1.69 .009 10.84 18.00 2.37
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National Annéa]ing
Box Company

[$2]
s Crane
™ Mid West

Fitting Division

Grinnell Company

Weld Metal
Supplier

Arcos

Arcos

Chro-

mend
316

Chro-
menar

Consumable

Insert
Rings

TABLE 9.

-~

SUMMARY OF WELDING FILLER COMPOSITIONS AND
CALCULATED FERRITE CONTENT

Heat
No.

€8036-
T316

S-16-5B7F

4N105A

7776~
316L

o

.036
.045
.041
.057

. 048

.044

1,053
J028

.on

.028

1.47
1.60
1.64
1.56
1.64
1.52

1.24

2.16

1.88

1.58

.062

.014

.004

.021

l»
w
-t

016 .51

.008 .29

011 .39

019 .48

18.70
18.80
18.80
18.40
18.80
18.80

16.84

18.97

19.49

- 19.68

12.70
12.65
12.35
12.20
12.15
12.25

11.18

12.00

11.94

13.42

E

2.70
2.75
2.78
2.64
2.78
2.62

2.31

2.39

2.36

.045

% Ferrite

Schaeffler

5
5

1

o s o
AW W
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SECTION VI
WATER CHEMISTRY AS A POTENTIAL CONTRIBUTING FACTOR
7 , — . 4

It is known that significant at-temperature operat}on with out-of-
spec1f1cat1on water quality can lead to enhancement in IGSCC susceptibility.
Therefore, it is important’ to review the 1ong term and trans1ent water chemis-
try history at NMP-1 and to compare this history w1th:that of other BWR
plants with significantly higher and lower incidences of IGSCC.

EVALUATION OF GENERAL ELECTRIC WATER CHEMISTRY DATA BASE FOR NMP-1

This section summarizes the relevant water chemistry aata from the Nine
Mile Point reactor. These data are maintained in the General Electr{c Plant
Chemical and Radiation Technology time share files. These files are sub-
mitted monthly by each utility to General Electric to demonstrate compliance
to tne contractual fuel warranty operating limits. The forms are sent to
key punch operators who transcribe the data onto magnetic tape. While some
verification effort has been made on the data from each plant, there are
undoubtedly a few tran§cription errors which have not been corrected.

The chemisfry parameters which are maintained in the data base and are
plotted in this report are as follows:

1. Reactor Water

A. Veekly Average Conductivity (uS/cm at 25°C)

This is a numerical average of.5-7 daily readings in a given week.

B. Weekly Maximum Conductivity (uS/cm at 25°C)

The highest value from A in a given week.

C. MWeekly Avenage Chloride Concentration (ppb)

This is a numerical average of 5-7 daily measurements in a given

week.
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Weekly Maximum Ch1orjde Concentraiion (ppb) “
The highest va1ug from Cina give? week.v
E. Hydrogen Ion‘C9ncentration (pH at é5°c)
‘This can be a week]y gverage or perhaps only a single measurement
in a given week. ' ‘ . '
F. Silica Concentration (ppb)
This can be a weekly average or perhaps only a single measurement
in a given week. 7
Feedwater »
A. Weekly Average Conductivity (uS/cm at 25°C) "
Same as reactor water.
B. MWeekly Maximum Conductivity (uS/cm at 25°C)
‘Same as reactor water.
C. Dissolved Oxygen Qoncentration (ppb)
This ?an be a weekly éverage or perhaps only a single measurement
in a given week. Maximum data are provided when there is more
than one analysis in a week.
D. Metallic Impurities (ppb)

There are many variations in presenting these data.

1. Insoluble Fe
2. Soluble Fe




1

3. Total Fe .
4. Insoluble Cu . ~ - | .
. 5. Soluble Cu
6. Total Cu . ‘ ,
7. Total Metals (Fe, Cu, Ni, Cr) e .
8. Total Fe.+ Cu i |

Insoluble Fe) and Total Cu where fuel warranty limits have been
established for these parameters.

Most of the data presented encompass the time period from plant startup
in 1969 to the shutdown in early 1982. For better readability, each set of
data is presented as two plots - 1969 to 1977 and 1975 to 1982. Large time
gaps where data are not presented generally reflect a refueling or extended

Of these, the most important are Total Metals (dominated by
|
|
|

maintenance outage.

A. Reactor Water Conductivity

The weekly average and weekly maximum reactor water conductivities are

‘shown in Figures 1-4. As a reference point for the discussion, the fuel war-
.ranty normal operational limit,is 1.0 uS/cm at 25°C for steaming rates gﬁéater

than 1%-of rated steam flow. The warranty allows for an interval of 14 days
per 12-month period where the conductivity can be in excess of 1.0 uS/cm;
above 10 uS/cm the Timiting condition for operation, plant shutdown is
required. . : ) ) |

An eyeball average of the data would indicate a typical conductivity of
0.4-0.5 uS/cm, with substantially better water quality observed after 1979.
In an EPRI funded review of the NMP-1 water chemistryl, it is pointed out
that conductivity levels of 1-2 uS/cm were present. However, these higher.
conductivities were not representative of routine oper%tion but rather
correspond to the relatively frequent conductivity, mini-excursions in excess

R. L. Cargill (NUTECH), EPR-09-101, January 1983, "Report on the Field
Investigation.of Recirculation System Pipe Cracking at Nine Mile Point 1"

6-3



<

" is presented in Table 2. ' Note that although NMP-1 is among the six highest

of 1 uS/cm that occurred in the 1971-76 period, (Figures 3 and 4). The
highest conductivity observed (30.0 uS/cm) occurred in June, 1971, and was
due to poor water quality in the condensate storage tank. The maximum
chloride concentration during this intrusion was 232 ppb. Compared to
conductivities of other BWR's, Table I, Nine Mile Point reactor water
chemistry is about average. No conductivity excursions have been reported
since 1979.

P

B. Reactor Water Chloride

The weekly average and maximum chloride readings are shown in Figures 5-8.
Again as-a reference, the normal operating 1imit for chloride ion-is 200 ppb
for steaming rates in excess of 1% rated steam flow. The chloride concentra-
tion may be in excess of 500 ppb-for an interval of 14 days per 12-month period.
The NMP 1971 Technical Specification is substantially more liberal (1000 ppb).
The average chloride concentration has been in the vicinity of 40-50 ppb
with a few excursions in excess of 200 ppb; no power excursions have been
reported since 1977. Like conductivity, the chloride ion concentration- has
generally decreased since 1977.

A comparison of the geometric average of weekly maximum reactor water
chloride level at NMP-1 with-all other BWR's in the fuel warranty data base

plants based on the 1 standard deviation.(upper 84% value) above the geometric
average for this chloride concentration, its actual value of 89.5 ppb lies
well below the 200 ppb specification 1imit and within 30 ppb of the upper

84% value of 59.2 ppb for an average plant in the data base. Thus, it does
not appear that the steady state chloride levels are an IGSCC aggravating
factor.

C. Hydrogen Ion Concentration (pH)

The Nine Mile Point pH data are shown in.Figures 9 and 10. Routine pH
measurements are not required in the General Electric fuel warranty document
except when the conductivity is out of specification. The 1.0 uS/cm conduc-
tivity operational 1imit bounds the pH range from 5.6 to 8.6. The maximum -
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fuel warranty 1imit range is pH 4 to 10. Most pH measurements are performed

in the laboratory on grab samples. Due to carbon d1ox1de uptake by the sample,
the measurements are not extremely re11ab1e, the h1gh purity of the water

compounds the measurement d1ff1cu1ty

')

The. pH data reported by the‘NMP chemistry group are_consistent]y on the
acidic side and are generally within specification. However, many data points
in 1980 'and 1981 fall in the range of pH 5.0 toW5.5; The average and maximum
conductivity readings in the same time period cannot support the pH data, |
1mp1ying'one or both Teasurements are in error. |

D. Reactor Water Silica

NMP silica data are shown in Figures 11 and 12. The analysis of silica
~is not required in the fuel warranty document. The information is useful to
47provide guidance for the changeout of reactor water cleanup demineralizers.
A normal operating maxima of 200 ppb has been suggested, along with a tighter
administrative 1imit of 100 ppb.

Substantial improvement in cleanup system performance has been observed
.since 1978. The appearance of the trend is consistent with the cleanup
_demineralizers being changed once per fuel cycle. Cleanup system operation
before 1978 fluctuated significantly. "

E. Feedwater Conductivities

 The average and maximum feedwater conductiyities are shown in Figures
13-16. While there is no fuel warranty specification on feedwater conduc-
tivity, a limit of 0.1 uS/cm was established for the common effluent of the
condensate treatment system. A 4-hour time interval above this limit is
allowed for each incident. Routine dperation is characterized by a. con-
ductivity of 0.07 uS/cm. There have been spikes in excess of 0.1 uS/cm,
some of them approaching or exceeding 1.0 uS/cm. Most of these spikes appear
to be the result of changing condensate demineralizers, since comparable |
spikes do not appear in the reactor water p]ots:
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F. Feedwater Dissolved Oxyben

Feedwater dissolved oxygen concentrations are shown in Figures 17 and 18.
Fuel warranty limits are 20-200 ppb for operation greater than 10% power.
The maximum’and minimum values ‘were established to protect the carbon steel
feedwater piping from generalized co%rosion. Normal operation at Nine Mile
Point is 30-40 ppb. No excursions in excess of 200 ppb have been reported; in
a few cases the dissolved oxygen concentration has dropped below 200 ppb.

G. Metallic Impurities

Thé fuel warranty limitation for metallic impurities (soluble and insol-
uble) is 15 ppb (Fe, Cu, Ni, Cr) for operation above 50% power, with the usual
interval of 14 days per 12-month period allowed for concentrations in excess
of 15 ppb: Of this value, a separate 1imit was established for Cu (<2 ppb).
For startups, less stringent limits were provided. The plots for total metals
are shown in Figures 19 and 20. There have been several excursions in excess
of 15 ppb, but only 4 since 1978. Copper concentrations are shown in Figure 21
and 22. No excursions in excess of the 2 ppb warranty limit have been
reported.

EVALUATION OF WATER CHEMISTRY TRANSIENTS

In one study, Radiological and Chemical Technology, Inc. conducted an
evaluation of conductivity and chloride transients at Nine Mile Point and
19 other BWR's (EPRI Report No. NP-1603). For each plant, attempts were
made to define all the occasions where the conductivity and chloride concen-
trations were out of specification during operating and shutdown conditions.
The Nine Mile Point data encompass the period from startup through early 1978.
Table 3 shows the maximum Nine Mile Point-1 chloride and conductivity transient
values for each excursion in this study. Without extrapolating or interpolating
beyond the actual reported data, attempts were made by Radiological and Chemical
Technology, Inc., to estimate the integral number of days that each parameter
was out of specification for each event. The highest chloride concentration
observed (683 ppb) occurred during a shutdown in 1977. 80% of the total inte-
grated chloride excursions have occurred during shutdown where the probability
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of stress corrosion damage to piping is extremely low, while 63% of the
1ntegrated conductivity transients have occurred dur1ng power operation. The
highest at power chloride concentration and conductivity observed through
early 1978 were 287 ppb and 30 uS/cm, respect1ve1y :

The maximum at power chloride and conductivity transient values for the
20 plants in the study are shown in Table 4. As can be seen, when ranked from
lowest to highest, NMP-1 is 7%h for chloride and 16th for conductivity. It
cannot be inferred from these maximum values alone that one plant is better
or worse than another in terms of potential effect of transient Water Chemis-
try on pipe crack propensity. In addition to these peak values, the integrated”
transient time history of conductivity and chloride values above the speci- |
fication limit have been evaluated and are 1isted in Table 5. For both of
' these time weighted parameters, Nine Mile Point-1 lies slightly below the

’ median for all plants indicating its performance has been typical for those

plants in the evaluation.

In order to better reflect the effect of plant age on integral transient
severity, Radiological and Chemical Technology attempted to normalize the
‘previous data by dividing by plant age. The ranking of this age normalized
parameter is shown in Table 6. Again, NMP-1 lies at the median value indi-
‘cating typical plant performance. Further, if the absolute values of these
transient chloride and conductivity parameters are examined; it is seen that
the NMP-1-values are over one order of magn1tude better than for the "worst"
plants. )

Although the EPRI study treated transient chemistry behavior in an
integrated comparative sense it is also useful to examine the specific
transient behavior at NMP-1.

There have been at least two significant water chemistry transients
during the plant lifetime. One, which occurred in June 1971, resulted in
conductivity values between 8 and 30 uS/cm over 5 hours with the reactor at
temperature. The high conductivity resulted from water pumped from the
waste collection tanks through exhausted waste demineralizer beds to the
condensate storage tank and then into the reactor. The major imquity was
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probably sulfate and the pH was not*mgasured but could .have beeﬁ acid. The
second known intrusion occurred in 19791, when chlorinated hydrocarbons were
introduced into the primary coolant following valve maintenance. This tran-
sient was not included in the Radiological and Chemical Technology, Inc.,

EPRI study.! : i

Little is known about the severity of this intrusion except thét con-
ductivity and chloride values went well above specification limits for several
hours. It is possible but unlikely that these off-chemistry intrusions con-
tributed to early IGSCC initiation in the recirculation piping which then
grew slowly over several years to the final March 1982 condition. In previous
cases of severe off-chemistry intrusions at other reactors, there -was evidence
of stress corrosion damage indicated during or shortly following the intru-
sions. In these cases, damage was indicated by failure of in-core low power
range monitors (LPRM). At NMP-1 there was no such damage at any time.

SUMMARY

With respect to the NMP-1 coolant environment, the steady state long term.
conductivity .values have been equivalent to that of a typical BWR, while the
weekly maximum chloride levels have been somewhat higher than average although
still well within specification. In addition to these steady state values,
the two most significant off-chemistry transients;have also .been evaluated.

As a result it is concluded that there is no obvious basis for believing that
water chemistry played a significant role in acce!erating IGSCC at NMP-1.

1epR-09-101 Rev. 1 - Nutech Apt.




STEADY STATE CONDUCTIVITY - PLANT COMPARISONS

Table 1

WO 0T WN -

Plant

(NMP-1)

Geom

.145
.210
.174
.183
.287
.260
.265
.242
.285
.353
.347
.263
.341
.227
.401
.444
.524
.392
.393
.389
.451
.603
.463
.420
.499
.534
.751
.583

.601
.547
.773
.824
.948
.851
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Plant
Rank
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31 (NMP-1)

Table 2
AVERAGE STEADY STATE CHLORIDE LEVELS - PLANT COMPARISONS

WEEKLY MAXIMUM CHLORIDE, ppb

Geom Geom Upper
Mean (1) Dispersion (2) 84% Value (3)
11.7 1.60 18.7
20.0 '1.00 20.0
20.0 1.00 20.0
20.0 1.00 20.0
20.3 1.10 22.3
20.8 1.10 22.9
20.5 . 1.20 24.6
20.8 1.29 26.8
16.5 1.78 29.4
15.7 2.08 32.7
6.9 4.96 34,2
27.7 1.32 36.6
31.7 1.18 37.4
27.6 1.36 37.5
+14.0 2.09 40.6
20.6 2.09 43.1
34.2 1.49 51.0
50.2 1.06 53.2
26.8 2.06 55.2
50.4 1.15 58.0
50.9 1.18 60.1
47.7 1.32 63.0
30.5 2.26 68.9
34.3 2.03 69.6
38.1 1.88 71.6
50.9 1.43 72.8
42.9 1.73 74.2
26.9 2.95 79.4
50.7 1.58 80.1
32.8 2.66 87.2
42.2 2.12 89.5
52.9 1.95 103.2
102.0 1.21 123.4
73.0 1.74 127.0
67.3 2.03 136.6
77.7 1.80 139.9
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NOTES FOR TABLES 1 AND 2

(1)

(2)

(3)

Five to’seven’reactor,water,conduct}v%fy,réadinds, and approximately
three reactor water chloride readings are taken weekly, on different
days. The weekly maximum is found, and its geometric mean is
calculated. Geom mean is ’ ‘

k .
(n xi)l/k; also, antilog of arithmetic mean of log X; values.

1

Geometric dispersion is antilog-of standard deviation of log X;
values.

;Upper 84% conductivity and chloride values are based on log-
. normality of the weekly maximums. The Upper 84% value is (Geom

means X Geom disp); also, antilog (arith mean of log % values + 1
std dev of log xi)-values. Logs on either base 10 or e can be used

throughout.

Example. For {x;} =2, 3, 4, geometric mean of 2.884, geometric

dispersion is 1.417, and upper 84% value is 4.085.




Year

1969
1970

1971

1972

1973

1974

1976

1977

1978

J

*Units

Conductivity (uS/cm)‘

Table 3

NINE-MILE POINT CONDUCTIVITY AND CHLORIDE TRANSIENT

VALUES (MAXIMUM AND TIME—INTEGRATED)

Dates

12/16
1/5-1/9
1/13-1/16
2/3-2/7

12/22-12/26
2/24
2/4-5/8
5/18-5/22
6/5-6/9
6/18-6/23
7/8

10/26-10/30
12/21-12/25

7/31-8/4
8/28
9/14
9/20
9/25
10/6
10/27-10/31
11/30-12/4
4/3-4/7
6/18-6/26
7/2-8/1
11/26-11/28
3/21-3/22
4/17
4/22
4/27-4/28
3/9
6/7-6/11
6/14-6/18
6/21-6/25
6/28-7/2
7/5-7/9
7/12-7/16
1/17-1/21

Chloride (ug/kg)

**Conductivity (uS/cm)-da above warranty limits

Percent

34
38
62
80
80
82

Power

(hot)

Max1mum Va]ue*

Cond.

1.
.56
.6
.52
.20
42
-2
3
.95

.9
4
.52
.40
.0
.60
.0
.5

¥
w *
NP FRERNDROENWE NN -

=N WO N

WrHEMNWNMNRERENINDN
e o e o o o o o s ¢« o o
oo OTOINDONNDND OO

30

b= N
oN

cl

250

232

. 260

250
287

220

238
120

212
683 «
315

TOTALS Reactor at power:
Reactor shutdown:

Chloride (ug/kg)-da above warranty limits
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-+ Highest value

, Iniégra]**

AN )

HOWCIOMN OCOROFRONOPLPFRFOFFLONOPO

w o NOORROORHOI0O

Cond.

c1
10.9

3.3

5.4

28.1
20.0

0.24
327.7«
299.4

160.5
647.1




Rk Plant
,
1 7
2 8
3 12
4 15
5 16
6 19
7 1 (NMP-1)
8 14 .
‘9 13
10 18
11 10
12 4
13
14 2
15 17
16 11
17 20
18 3
19
20 5

*units: ug/kg (ppb)
** units: nS/cm

# No data reported in excess of 200 ug/kg.

Table 4

CONDUCTIVITY AND CHLORIDE MAXIMA
FOR BWR CHEMISTRY TRANSIENTS

Reactor at Power

Chloride*

#

J Mk W M T

287
300
320
355
370
374
400
495
495
600
725
1200
3000
14500
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Plant

19
18
17
11
16
15
20

10

7
14
8
2

12

—

13

(NMP-1)

Reactor at Power

Conductivity**

2.0

O OO0 O Oy »n o N
N 0N O 0 O N

12.
12.
13.
13.
14.
23.
25.
30.
40.

72.

84.
95.



Plant
Rank

W 0O N O W=

N = 1 e e o e e e e e
O W 0O NN O G bW NN =R O

* units:

** units:

. Plant

1 (NMP-1)

Table 5
CONDUCTIVITY AND. CHLORIDE INTEGRALS

FOR BWR CHEMISTRY TRANSIENTS'

Reactor at Power

Chloride*

0

o O O O O

20
32
120
120
140
140
160
300
1250
1260
1920
2770
2810
3280

Plant

18

8
19
10
11

7
16

5
15
17
14

E-

112

20

13

(NMP-1)

(ug/kg) - days above the specified limits.
(uS/cm) - days above the specified limits.
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Reactor at Power

Conductivity**

3.2
5.7
6.7
7.6
9.5
13.7
14.4
19.
22.
22.
35.
40.
51.
69.
84.
96.5
99.
112.
206.
530.




Plant
Rank

W 0 N OO G S W N =

O I T T S e Ty i Uy
O W O N O O W NN = O

* units:

** units:

Plant

12
15
16
19
13

18

10

14

17
11

20

w N o O

(NMP-1)

CONDUCTIVITY AND CHLORIDE INTEGRALS

Tab]eLG

- PER YEAR OF PLANT OPERATION
- FOR BWR CHEMISTRY TRANSIENTS

»
»

Reactor at Power
Chloride*

0 8

0 10

0 18

0 11

0o - 7

0 19

4.0 5
12.3 9
21.5 15
28.1 1
30.0 17
40.2 14
49.9 20
52.6 4
112.9 12
359.7 13
410.8 16
537.0 2
814.5 3
816.6 6

(ug/kg) - days per year
(uS/cm) - days per year

of opération.
of operation.

Plant w

(NMP-1)

0
b

Reactor at Power

Conductivity**
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SECTION VII
EFFECTS OF DECONTAMINATION

\

INTRODUCTION o

The IGSCC incident on large diameter Type 316 stainless
steel recirculation piping at Nine Mile Point (NMP) Unit 1 in March, 1982
provided the motivation for an in-depth analysis of several potential '
contributing factors to this deterioration in corrosion resistance.

Since the NMP recirculation pumps were decontaminated by the London
Nuclear Ltd. proprietary CAN-DECON process in April 1981, and the eéntire
recirculation system in April-August 1982 period, it was considered
prudent to determine if this process had any impact on the IGSCC propensities
of the recirculation system either during the process application or sub- .
sequent operation. This section treats this concern.

" Prior to discussing the potential impact of the CAN-DECON deconta-
mination on the stress corrosion cracking tendencies of BHR piping, a
brief description of this proprietary process will be presented below.

The CAN-DECON process utilizes a 1ow temperature (85-90°C, occasional-
1y 110°C) dilute decontamination solution (0.1 w/o) of acidic organic
chelating agents (pH 3.5-4.5) plus excess hydrazine for oxygen scavenging
that is circulated through the- target system and through a purification
system of filters and ion”exchange co]umﬁg. The loose crud is deposited
on the filters while the ion exchange system cationic bed removes iron,
cobalt, nickel, chromium, molydbenum and any other heavy metals that may

be present. The process is terminated by removing the }eagent on a mixed
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bed column. Prior to returning to the nomiﬁa]LOperating environment of

the reactor, the target system hay be re-b%ssivated by the introduction of

ethyenediaminetetracetic acid (EDTA) or oxygen free water at 150°C.
Specifically, in the case of the Nine Mile Point qecontamination,

two CAN-DECON decontaminations, separated by an oxidfzation step, were

performed on’ recirculation pump 15, the single pump scheduled for

inspection. This oxidizing step was designed to alter the morphology

of the oxide films remaining after the first CAN-DECON treatment so that

they would be more amenable to dissolution during the second CAN-DECON

treatment. Only one decontamination was performe? on the other four pumps,

plus all 5 recirculation loops upto just below the vessel safe-end level.
Decontamination of pump 15 . 1asted five days while the other four pump's
treatment lasted three days each.

DECONTAMINATION AND STRESS CORROSION CRACKING

A. Laboratory Studies

Takaku et al3 investigated the effects of two undefined
decontamination solutions on the IGSCC propensities of Type 304
stainless steel (0.07 w/o C) using test specimens fabricated frém
four inch diameter pipe weldments. The SCC tests were conducted in
pure water. at 288°C containjng 8 ppm oxygen utilizing three testing
techniques; constant extension rate test (CERT), cyclic tension
test by load controlled trapezoidal stress waveform, and constant
load tesf. Table 1 presents chgmica1 cleaning conditions of the two

reagents.

7-2




It appears that Reagent A more closely approximates the

y

CAN-DECON decontamination solution relative to concentration and

temperature. The most éfrikﬁhg disp§rity_in this study, aside from
not knowing the exact composition of the relative proprietary solutions,
is the dissolved oxygen concentration.

The resh]ts of the CERT SCC tests in 288°C pure water containing
~8 ppm oxygen are summarized in Table 2. Various mechanical parameters
are utilized in the table for evaluating the materials susceptibility
to SCC. The data indicate that therewere no signjficant di fferences
in these mechanical parameters between the as-welded specimens and the
chemically cleaned specimens (either Reagent A or B). It is also
important to note that the 1GSCC propensity was not increased in both
reagents by either severe decontamination conditions including the con-
tinuous long term cleaning of 72 hours, the extent of the decontamination
cycle (three time cyc]es) or the presence of crevice§ and residual
reagents (pre-cracked sp;cimen).

Table 3 presents the resu]ts"of the cyclic tension tests which
were characterized by a maximum holding stress of 175% of the 288°C
yield stress for 30 minutes and a strain rate of 4.2 x 10"6 sec'].
A‘review of this data indicates that no notable differences in IGSCC
susceptibility was observed between the decontaminated and non-
decontaminated. specimens. ) »

The final Takaku et al SCC study, con§tant'1oad testing, was
conducted at applied stresses of 150 and 175% of the 288°C yig]d
stress. The data, as delineated in Table 4, indicates the same

results as revealed in the two previous studies, that is, no sig-

nificant difference was observed in IGSQ@ response whether the
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specimens were decontaminated or not. Thérefdré; the Takaku et al
data clearly indicate that theéir chemical cleaning solutions will
not increase the IGSCC suscéptibi]ity‘of Type 304 even under ex-
ceptional cleaning cycﬁes. ’

Two different types of SCC testing techniques“were employed by
Ishii et a14'in evaluating chemical decontamination cycles for BWR
primary systems component materials; pipe testing and creviced bent
beam (CCB) testing. The pipe tests were désigned to evaluate the
effects of decontamination on the propagation rate of pre-éxisting
surface cracks in the heat affected zone of primary loop piping weld
joints. The objective of the CCB“testing was to determine the effects
of residual decontamination reagent on the SCC behavior of Typé 304
stainless steel (0.07 w/o C), Alloy 600 and X-750.

Two t&pes of pipe tests were performed. - The first pipe test
procedure was characterized by a decontamiﬁation cycle with Reagent A or

B (Table 1), followed with rinsing by operating the main loop. with warm deion-

ized water ‘and followed further by pipe testing at 135% of the 288°C yield

stress using a trapezodial wave form similar to other pipe tests as described

e1sewhere.5 The second experiment was characterized by pre-cracking

in pure water for ten cycles followed by the decontamination procedure

used in the first experiment, and then pipe testing.

The results of Ishii et al's pipe testing is summarized in -
Table 5. No significant difference was observed in the time to
failures (TTF) between the two types of pipe experiments (precracked
and non-precracked), the type of reagent used or whether the pipe was
subjected to the decontamination cycle or was exposed to only pure

8 ppm oxygen water.
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The 500 hour CBB tests were perfbrmea on furnace sensitized Type
304 stainless steel, Alloy 600 and X-750 with compositions and heat
treatments as presented in Tab1és 6" and 5, respeqtiVely. The assembly
of the CBB rig with graphite wool as a crevice %ormer is p}esent in
Figure 1. The test solutions init}a]]y contained ~8 ppm oxygen and
residual reagent at 0:1% of the specified concentration for process

decontamination.

t
»

Metallographic examination at test termination revealed that all
tﬁree materials experience IGSCC in high temperature bxygeﬁéted water without
the presence of the decontamination reagents, Table 8 and 9. In fact,
the presence of a trace level of the chemical reagent appears to be
-beneficial. The cracking of Alloy 600 appears to be totally mitigated
while the depth of cracking for Type 304 stainless steel is slightly
reduced in the decontamination solution. Thélcracking propgnsities of}
Alloy X-750 is also dramatically reduced when the residual chemical
reagents are present.  Ishii et al suggest that since Reagent B acts
as an oxygen scavenger, the mitigation result is not totally unex-
pected. Reagent.A does not reduce themdisso1ved oxygen significantly,
but still appears to have some beneficial effect. ‘

Apparantly only 1imiteg SCC testing has been performed by London
Nuclear on various reactor structural materials ;n their CAN-DECON
solutions.z Test spgcimen types included sing]g and double U-bends
and four-point loaded bent beams. The primary material evaluated was
furnace sensitized Type 304 stainless steel and other austenitic
materials. ’

The standard London Nuclear test sequence consists of exposing

the specimens for 28 days to 288°C oxygenated (0.2-0.3 ppm) deminera-
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" the NPD, 25 MWe reactor in 1972 and 1973, the‘full reactor system including

* exchanger from various other CANDU reactors. To.date, there has been no

lized water, decontaminating in a,sBeciaI ]pop3 and,thgn returning
tﬁe specimens to the original autoclave for fina] exposure. .

~ The resu]ts“of this testing indicated ;hat precracked sensitized
Type 304 specimens were gharacterizgd by similar crack extensions
regardless of whether the specimens were dechtaminated or only ex-
posed to the simulated BWR environment. No cracg iqitiation was,

detected in non-precracked Type 304 specimens. However, a slight

. surface etching was\observed on a1l surfaces of this material exposed

to the CAN-DECON solution. Since this morphology was observed on sur-
faces which were in compression as.well as in tension, the result is
attributed to straight chemical attack on the metal oxide by the

reagent, and not any stress related phenomenon.

"B. Operating Experience

Prior to the April-August 1982 Nine Milé Point application, the

CAN-DECON dilute chemical process had been applied to five BWR reactor water

‘cleanup systems (Vermont Yankee - 0ctobe§ 1979, Brunswick II - March 1980,

Brunswick 1 - April 1981 and' December 1981, Vermont Yankee - October 1981,
Peach Bottom II - April 1982) and five primary recircualtion pumps (Nine Mile

Point 1 - April 1981). This process had also been applied to systems of

the core withffuel in place of the'DouglasmPoint CANDU pressurized Heavy

Water Reactor in Augu%t 1975 and several subsystems ind isolated heat

ev%dence of corrosion of any material or malperformance of any reactor
component which coujd be clearly associated with decontaminations.  However,
no data are avaialable to verify longer termfmateria1s performance.

It appears that the only efféct of the decontamination process on reactor

components clearly identified to date, aside from what the solutions
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are designeﬂ.to accomplish, is the effect on IGSCC detectibility.
For example, -dye penetrant examination of safe ends at KRB folldowing
cleaning in water by soft‘Prushing did not reveal any indications.7
However, dye penetrant festing following chemical decontamination

by an alkaline permanganate/water rinse/oxalic acid/ammonium citrate

solution at 90°C revealed crack,indications]’s’9

Prior to the ap-
plication of this chemical decontamination procedure it was established
by Kernkraftwerk Gundremmingen Betriebsgesellschaft that the chemical
reagent did not affect the austenitic material and no new IESCC was

,plr'oduced.7’]0

DISCUSSION

The study reported here was undertsken to evaluate the effects of the
decontamination process per se as well as the effects on the subsequent stress
corrosion cracking response on typical BHR structual materials. Although the
volume of relevant available data is not extenéive‘and principally short term

in nature, the data support the contention that decontamination does not adversely

affect‘the stress corrosion resiftance of austenitic stainless steels. The
investigation by Takaka et a13 and Ishii et a]4 can be cited as evidence for
this assertion since a wide variety of stress corrosion testing techniques
including CERT, éyclic tension, constant load, full size pipe testing and
creviced bent beam did not reveal that ‘decontamination cycles have any acceler-
ating deleterious effect on BWR plant materials. However, longer term tests
that might reveal more subtle effects have not yet been performed.

Operating experience in BWR's after decontamination appears to be
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satisfactory with no indications that ‘the decontamination process con-

»

tributed_ko any‘subsequent deterio%fation‘in’COﬁrosfon performance.
The only documented effect of decontam?ha%ioh~abpears'to be in' the area.
of inspection where IGSCC in decontaminated components (see Section 8) appears
to be revealed more‘reédi]y after cleaning. This factor could potentially be
mié]eading in that one might assume decontamination has created the cracks

rather than provided a means for easier detection.

CONCLUSIONS

The above discusision concerning the effects of decontamiantion pro-
cesses on the recent identification of IGSCC at Nine Mile Point indicate the

following conclusions: N
1) Laboratory testfng by the reviewing investigators, utilizing a
variety of stress corrosion cracking techniques, indicate that
decontamination solutions do not produce IGSCC on typical BHWR ‘
structural materials. In fact, in some instances, some decontamina-
tion solutions migitaged IGSCC. ’

2) Operating exper1ence in various BWR and non- BWR plants with systems
or subsystems decontam1nated by the CAN-DECON process has been
satisfactory to date, w1th no indications that ‘chemical cleaning”
has resulted in 'malperformance of any structural material.

3) Although decontamination may result in more readily identifiable
defects iﬁ reactor components upon inspection by ultrasonic or dye
penetrant techniques, there is laboratory evidence that decontamina-
tion in‘itsélf does not contribute to or enhance the extent of
cracking due to the procesging per se. However, longer term tests
that mighi reveal decontamination effects on subsequent crack
initiation have not yet been performed.

7-8




4) It is unlikely that the decontamination of Nine Mile Point 1 recircu-
lation pumps in April 1981 contributed to the subsequent identification
of cracking of the recirculation system discovered in March of 1982.
Futher, the 1982 total recirculation system decontamination does not
appear to have exacerbated the observed crackiné. The only clear
contribution decontamination appears to have had on this system is
the increase in sensitivity for inspection of cracks which already
existed in the system.
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Table 1
TAKAKU et a13 DECONTAMINATION REAGENTS

Reagent A Reagent.B

Concentration 0.1 | 5
Temperature, °C ‘ 125 . 90
Dissolved 02, ppm J 8 . 8
Cleaning time, hrs. 24 and 72 24 and 72 °
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CERT SCC TEST RESULTS, TESTED AT CONSTANT EXTENSION RATE OF 4.2x10

' Table 2

=6 sec-

1

AND IN 288°C

HIGH PURITY WATER CONTAINING AIR-SATURATED DISSOLVED OXYGEN (~8 ppm)

Surface preparation Type of émax.(”, U.E.(z)‘, T.E.(3), SCC area ratio“? Number of

before SCC test reagent kg/mm2 % % 4 specimen

As weld (no oxide film and . 40.7 14.9 18.2 . 58 4

no chemical cleaning) ’ L

No oxide film A 40.3 15.1 18.3 ; 60 _4

24 hrs. C.C.(5) B a1.4 18.4 18.9° 55 4

331 hrs. corrosion —>» A 40.6 14.5 18.5 61 4

24 hrs. C.C. B 39.6 15.8 18.9 65 g

953 hrs. corrosion —— A 36.0 10.0 14.5 . 65 4

72 hrs. C.C. . B 38.9 12.4 16.5 55 4
- : 6) A 38.4 1.3 15.5 : 64 2

Decontamination cycle'™’ 8 20.3 12.9 19.1 57 ”

Pre-cracked specimen(7) A 37.6 10.8 15.4 60 4

=—3> 24 hrs. C.C. B 40.1 13.6 17.6 50 4

(1)Gmax. : Maximum stress value, (2) U.E. : Uniform elongation, (3) T.E. : Total elongation,
(8) SCC area ratio: SCC area ratio on the fractured surface, (5) C.C. : Chemical cleaning,
(6) Decontamination cycle : Three times procedure of 24 hrs. chemical cleaning after approx.

. 330 hrs. corrosion’,
(7) Pre-cracked specimon

: Precrack introduced by CERT SCC test in ?28R°C nure water
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Table 3

RESULTS OF CYCLIC TENSION SCC TEST, CONDUCTED UNDER LLOAD-CONTROLLED CONDITION IN 288°C  *
. HIGH PURITY WATER CONTAINING AIR-SATURATED DISSOLVED OXYGEN (~8 ppm)

Surface preparation before | Type of Number of.cycle SCC area ratio(‘l Number of
SCC test . |- reagent to failure 4 | specimen
As weld (no oxide film and no 19 64 "4
.chemical cleaning) - . C .
No oxide film et~ A 25 . 58 8
24 hrs. chemical cleaning B 31 " 61 P)
331 hrs. corrosion ~——s A 22 : 60 4
24 hrs. chemical cleaning B 23 : 58 )
953 hrs. corrosion ——s- A 18 1 59 2
72 hrs. chemical cleaning . .
: 8 26 A 64 2

A
Decontamination cycle (2) 43 65 2

B 27 62 2
(1) scc areé ratio : SCC area ratio on the fractured surface' .

"(2) Decontamination cycle : Three times procedure of 24 hrs. chemical cleaning after approx. 330 hrs.

corrosion_in 288"C pure water
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Table 4

RESULTS OF CONSTANT LOAD SCC TEST IN 288°C PURE WATER (~8 ppm dissolved oxygen)

Surface preparation before Type of Agplied stress, Time to failure, | SCC area Numver of
SCC test reagent dy(1) ' hr. ratio(2), % specimen
As weld (no oxide film and_no 1.50 No failure to 2100 m— 2
: ; -
ch?mical cleaning) .75 10 59 5
. 1.50 No failure to 2100 — 2
231 hrs. corrosfon —-» A - -
- 1.75 38 62 2
24 hrs. chemical cleaning 1.50 No failure to 2100 2
’ 1.75 43 - 53 2
a3 b - 1 A 1.50 No failure to 1900 —_— 2
3 hrs. corrosion w—m
_ ‘ 1.75 56 54 2
72 hrs. chemical cleaning ; 1.50 No failure to 1900 —_— 2
+ -
1.75 4 52 -2
-, 1.50 No failure to 1900 S— 2
3) A 1.751 ) 65 61 2
Decontamination cycle . 1.50 No failure to 1900 N 2
' 1.75 57 58 2

(1)8

(3) Decontamination cycle :

-

: 0.2% offset stress in 288°C pure water

(2) SCC area ratio : SCC area ratio on the fractured surface : . :
Three times procedure of 24 hrs. chemical cleaning after approx.
330 hrs. corrosion in 288°C pure water”




Table. 5;
TIME TO FAILURE IN PIPE TESTING :

Type of Type of V TTF in hour
Decon. 'Reagent Experiment ’ 1st Failure *2nd Failure 3rd Failure

(1) . 134 o1 162

(1) 133 205 , 206

A (2)* 158 159 172

‘ (2)* 182 193 - 222

(1) 203 208 . 237

(1) 173 178 181

B (2)* 128 148 150

(2)* 234 241 268

Experiment (1); DECON CYCLE + PIPE TEST
- Experiment (2); PIPE TEST (10 cycles + DECON CYCLE + PIPE TEST)

‘ TTF (hrs) in Pipe Testing
«  Type of Type Median TTF Standard Mean TTF

- Decon. Reagent Ekgeriment in hour Deviation in_hour
(1) 245 “ 1.5 268
A (2)* 240 1.4 252
(1) 225 " 1.3 264
B (2)* 320 1.8 380
NON DECON CYCLE | 225 1.5 244

*includes pre-cracking time




Table 6 )
CHEMICAL. COMPOSITION OF MATERIALS (wt. %)

Material C Si . Mn P S Ni Cr

Si .M P S N Cr  Fe  Other El.
Type 304 S.S. 0.06  0.59 1.62 0.032 0.010 ¢€.68 18.17 bal.
Inconel 600 0.044 0.28 0.32 -- 0,010 74.28 15.32 8.50
Inconel X-750 0.04 0.09 0.05 0.004 0.005 73.60 15.57 6.62 Nb+Ta 0.85
Al 0.49
Table 7
HEAT TREATMENT OF MATERIALS FOR CBB TEST
Material " Heat Treatment Conﬁition

Type 304 S.S. a) 650°C x 3h AC
b) 650°C x 10h AC

Incone] 600 a) 650°C x 3h AC
“ b) 620°C x 24h AC

Inconel X-750 a) 985°C x 1h AC

+705°C x 20h AC

A.C. = Air Cooling
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Table 8

SCC SUSCEPTIBILITY IN 500 HR CBB TEST IN HIGH TEMPERATURE
WATER WITH RESIDUAL CHEMICAL REAGENT

Pure Reagent
Material Water A
Type 304 SS (a) 10/10 6/24
Type 304 SS (b) 10/10 377
" Inconel 600 (a) , 10/10 ’ 0/7
* Inconel 600 (b) 8/10 0/7
Inconel X-750 ) 5/8. -
Table 9

MAX. CRACK PENETRATION IN CBB TEST IN HIGH TEMPERATURE
WATER WITH RESIDUAL CHEMICAL REAGENT (in pm)

A

Pure Reagent
Material Water - . A
Type 304 SS (a) 991 900
Type 304 SS (b) : 864 " 580 )
‘Inconel 600 (a) 1045 0
Inconel 600 (b) - 324 0
Inconel X-750 591 -

7-17
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GRAPIUITE FIBRE WOOL SPECIMEN

//////// {50 x 10 x 2)

25

25

25 - ‘110

Figure 1. Assembiy of Creviced Bent Beam Test Jigs
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. SECTION VIII
ULTRASONIC EVALUATION

8.1 INTRODUCTION AND BACKGROUND

In Mérch,11982, during a hydrostatic test at NMP-1 evidence of Teakage was
observed on two 28-inch diameter recirculation system safe-ends. Subsequently
ultrasonic (U.T.) examination was conducted and confirmed the presence of
intergranular stress corrosion cracking in the safe-ends. In addition a
recirculation pump discharge nozzle to elbow weld had U.T. indications which
were confirmed, by destructive examination, to be IGSCC. These events, and
those which occurred later are listed in chronological order:

8.1.1 Sequence of Events

Visual discovery of leaking safe-ends - axial orientation.

3/23/82

3/26 to 3/31/82 Informational examinations performed on leaking and non-
leaking safe-ends. Indications reported. Safe-end activity

stopped.*

4/1/82 - Commence informational examinations at pump end of recircu-
“lation system. Indications reported.

4/20/82 - Transfer measurements of cal blocks and riser elbow per-
formed. 10 dB variance noted. (Resulted in 10 dB increase
in examination sensit%vity and changed recording criteria
for subsequent examinations.)

-

¥

5/6/82 - Commence ultrasonic examination of ba]pnce of recirculation
piping welds following confirmation of IGSCC existing at
riser elbow.* :

6/82 to 12/82 - Ultrasonic, visual and liquid penetrant verification of
cracking in removed material.

*Examinations performed and results are presented in Section 8.1.2.

8-1



'h’

(Appendix A of this section contains excerpts of the procedures used for the
IGSCC oriented examinetions and the examination of other austenitic S/S

piping.)

The word "informational" has been applied to examinations performed during
this period for several reasons. In the case of the safe-ends, the examina-
tions, while performed in accordanceﬂwith'procedure, did not generate care-
fully plotted, detailed results. By direction and agreement, the exams were
to confirm detéktabi]ity.of the discovered cracks qnd make. a survey for other
indications. Greater accumulation of man-rem for detailed results was éon-
sidered unnecessary given known failure and necessary replacement. Further,
the informational quick-look approach continued into the next examinations on
the recirculation system. Strict adherence to specified procedural techniques
was not maintained once additional indications had been detected. Different
evaluation techniques were used as soon as the normal approach had provided
evidence of cracking indications.

]
Transfer measurements from calibration blocks to components were made as the
result of using alternative techniques for evaluation. A depth calibration
approach employing small diameter side drilled holes rather than notches for
calibration was desirable for aiding evaluation. It was determined that the

- depth calibration sensitivity was about 10 dB greater than that resulting

from the notches. Subsequently, a transfer comparison was made which showed
that for the recirculation pump elbow, there was a difference of 10 dB between
the calibration blocks and the component, the component being the more
attenuative. Primarily, this established direct apb1icatjqn of the depth
technique to examination of component and secondarily resulted in an increase
of 10 dB being applied to the standard notch calibration sensitivity for the
balance of the examinations performed on the recirculation system.

Part of the transfer measurement activity was devoted to making the same com-
parisons between the available flat and curved calibration blocks of the

same material. There was approximately 2 dB difference noted. It is
important to realize that the 10 dB factor did not result from a difference




A

between flat and curved calibration blocks, but from attenuation differences
between the calibration blocks and pump discharge .elbow.

A verification of the attenuation difference between the flat and curved

calibration blocks was requesféd‘as a result of comments made by General

Electric. The recheck confirmed the initial differential of 2 dB between
calibration blocks.

8.1.2 Principle Aspects of the 1982 U.T. Examination at NMP-1

For the U.T. examination used to detect IGSCC in.the NMP recirculation system,
the procedure was modified from that used during previous in-service inspec-
tions (ISI). Miniature 1/2 inch and 1/4 inch search units were used and
scanning was conducted at 20 dB above calibration gain. The effect of the
miniature-search units upon scanning was that it allowed the ultrasound to
-reach the weld heat affected zone (HAZ) of welds with wide weld crowns. Pre-
viously scanning was conducted at 6 dB above calibration gain and 1/2 by
=1 inch search units were used. The latter restricted ability to examine
the HAZ effectively.

» It was also discovered in the course of U.T. examinations conducted in 1982,

*that the attenuation of the piping, safe-end and elbow components measured
from 6 to 10 dB higher than that measured on the flat 1.5 inch thick stainless
.steel calibration standard. This difference in attenuation resulted in
insufficient gain being:used during scanning to adequately detect and record
low amplitude signals. '

The principal aspects of the U.T. procedure employed in 1982 at NMP-1 required.
the following:

(a) Calibration for examination using 10% of thickness notches in a
flat 1.5 inch thick calibration standard.

(b) Correction for attenuation to éccommodate for the higher attenuation
measured on the safe-end, piping and elbow components.

3
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(c) " Use of miniature 1/4 inch 2.25 MHz 45° angle beam and 1.5 MHy 45°
dual element angle beam search units. - -

(d) Recording of all indications regardless of amplitude if considered
to be caused by IGSCC. ‘ .

(e) Plotting of indications using full scale drawings of the weld
configuration.

(f) Examination for axial and circumferential indications.

(g) Training of U.T. personnel on piping samples with actual IGSCC.
Subsequent examination of recirculation piping system welds conducted at
Monticello, Hatch, and TVA-2 (Browns Ferry 2) and others were performed to
procedures similar to that employed at NMP-1 in 1982. Deviations if any,
consisted of using strip chart recording, computers for data plotting, and
calibration for examination-on curved calibration standards of the same

"diameter and thickness as the component to be examined. The latter deviation

would provide a minor increase in scanning gain, the other two would enable
more exact plotting.

With respect to detection and sizing of axially oriented IGSCC in the weld
HAZ, their detection is difficult. The majority of the piping welds at
operating plants are in the as-welded condition or are flat topped. As a
result minipulation of the search units so as to transmit ultrasound per-
pendicular to these axial cracks is not normally fully achieved. Instead
examination is conducted from the nearest flat surface with the search unit
angled toward the anticipated area of cracking. Any IGSCC detected would
therefore have reduced amplitude and be difficult to size for depth. These
difficulties were an impedance to the identification of axially oriented
cracks at NMP-1. When observed, the indications of axially oriented cracking
were generally below the recording limit. The same situation would be true
for any plant with extended weld crowns or unground welds.
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In order to }mprove the detection of axial IGSCC in weld HAZ's grinding of
the piping system weld crowns is required. The degree of grinding should

provide a smooth cylindrical surface without any obstructions to prohibit

search unit movement. Of plants examined to date, all except plant Hatch,
had unground welds. :

8.2 RECIRCULATION SYSTEM ISI EXAMINATION RESULTS

For examination activities occurring prior to the 1979 refueling outage at
NMP-1, no specific attention had been given to the potential for IGSCC :
occurrences in the recirculation system. Neither the selection process for
welds nor the examination techniques utilized reflected the requirements of
NUREG 0313. Any we1ds that had been examined had been done in accordance
with a procedure based on the requirements of Article 5 of Section V of the
ASME Code. ’

For the 1979 outage, an augmented program had been developed in accordance
’With,the provision of NUREG 0313, Rev. 0./ Although initial drafts of this
program included the entire recirculation system, it was finally decided

“that only the recirculation safe-ends techniques fell into the service
" sensitive category. The balance of the rec1rcu1at1on system piping welds
remained in the regular ISI program.

Also in accordance with 'NUREG 0313, the ultrasonic examination procedure for
austenitic stainless steel piping welds was, modified and augmented to address
detection of IGSCC; speéific transducérs were called out, scan speed modified,
sensitivify increased, etc. However, these improvements only applied to these
welds or items identified in the augmented program. In this case, the ’
improved techniques were applied only to the safe-ends.

For the 1981 outége year a new examination procedure addressing only IGSCC
detection had been developed for use on those items identified in the augmented
program. While th1s effort further enhanced ‘IGSCC detection, no changes were
made to the selection of items to be examined, and on]y the safe-ends




themselves were to be examined with the improved methods The balance of the
recirculation system piping remained part of the standard ISI program. This
means that prior to 1982, less than 10% of the rec1npu1at1op piping circum-
ferential welds had been examined since the NMP-1 ISI plan ﬁas implemented
and none of those examinations reflected I1GSCC detectiod considerattons.

Following the safe-end leakage in 1982, indications were readily detectable
in the safe-ends. It was at this point that the remainder of the recircula-
tion piping was subjected to examination utilizing IGSCC techniques for the
first time. Indications were detected in almost every weld examined once
IGSCC techniques were applied. '

Table 1 provides graphic and tabu]ar 1nformat1on about in-situ exam1nat1ons
performed on the rec1rcu1at1on‘p1p1ng in 1982. (Refer to F1gures 1 through 5
of Section 2 for identification of weld numbers). It will be noted that the
bulk of examinations were performed on the pump suction side of the loops.
This was a result of access conditions. Other pertinent information is
included where appropriate, eg., welds with particularly large cracks, welds
examined in 1981, etc.- Except for 1982, the safe-ends themselves have been
examined as part of the augmepted program and are not part of this listing.

8.3 ISI INSPECTION COMPARISONS - 1979-82

During the primary system hydrotest in March 1982, leakage was visually
detected at two of the ten furnace-sensitized; regircu]ation systed safe-ends.
Subsequent to the discovery of the leakage, U.T.‘examination of the two
affected safe-ends and one other safe-end confirmed the presence of indica-
tions of intermittent.cracking around the inner surface. ,

After the inspection of the safe-ends additional examinations were carried
out in selected areas of.the balance of the recirculation piping system.
These first added examinations revealed indications in the heat-affected
zones of recirculation pump discharge welds at the inner surface. Partial
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disassembly of some of the pumps a]lohed access to the inner surface of the
subject welds with dye penetrapt examination confirming the indications as
cracks. The U.T. examinations were then extended to other welds-in the five *
Toops of the recirculation system. This resuited in the identification of a
large number of indications considered to be cracks.

In addressing the questions as to why certain‘defects in the total recircula-
tion pipe system at Nine Mile Point were not detected in the 1981 inspection
the subject must be divided into two categories. These categories are the

(a) sensitized safe ends and (b) the balance of the recirculation system.
Different procedures were applied to these two .subdivisions of the piping
system. The safe ends were part of the augmented inspection program according
to NUREG 0313, while the balance of the system was not.

8.3.1 Safe Ends

Tables 2-7 derived from the ISI records of 1979-82 compare the inspection ' g
parameters of the safe ends in loops 11-15. In reviewing these and other
supporting records the following factors are observed: “

1. In 1982 more gain was added to the calibration sensitivity for ,
scanning than in 1981 (typically 10dB versus 6dB).

2. Less time was devoted to a typical inspection in 1981 than in
1982.

3. The 1982 inspection todk place after the presence of IGSCC had
been confirmed by leakage, creating a psychology of inspection
contributing to more careful examination and more willingness to

call cracks.

Elaborating on the time consideration, the scanning and recording times of
1981 appear to be too short for thorough evaluation. Even without any
recordable indications, they are too short for sufficient scanning to find
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IGSCC. For example note the case in Table 6 of discharge safe ends #11 and

12 in 1981. About 1.5 hours were spent on the exam1nat1on from one side of
two circumferential_ joints (nozz]e to safe end and safe end to pipe) and one
whole safe end body. Rough estimates 1nd1cate 30 minutes for the safe end

to pipe weld (safe end side only). Th1s means one ax1a1 scan and two cir-
cumferential scans (CW and CCW) of a 28" diameter p1pe took p]ace in 30
minutes. Experience shows that rapid rates of manual scans tend to miss indi-
cations in the areas where IGSCC occurs. It is difficult to say how slow the
scan should be. This must be learned by UT personnel through hands-on train-
ing on actual IGSCC specimens.

In summary, the following conclusions are reached relative to a cohparison of
the 1981 and 1982 NMP-1 safe-end inspection.

1. A higher sensitivity was used for the scanning in 1982.

2. 'The time devoted to some of the safe end examinations in 1981
appear to be too short for optimum detection of IGSCC.

3. A1l UT inspection in 1982 was done after the presence of IGSCC
had been confirmed by leakage, 'probably resulting in a somewhat
more careful inspection.

8.3.2 Balance of Recirculation Pipe System

Table 8 was derived from the ISI records of 1981 and 1982 for the common
joints inspected in both years. In reviewing these and other supporting
records the following factors are observed:

1. Prior to 1982 sampling (examination frequency) and techniques were -
based on Code requirements with no IGSCC consideration.

a. Only two joints were inspected dur1ng the 1981 ISI, namely
32-FW-10-W and 32-FW-36-W. Comparison of 1si resu]ts in 1981
and 1982 is hence limited to these two welds.

A
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b. The 0.5" x 1.0" 2.25 MHZ tﬁénsducer used in 1981 will have a
Tower sensitivity to small defects (&ue to its large size)
than the transducers used in 1982. It is expected that these
indications would have been on the order of 20% DAC or less
in 1981. The 1981 procedure required a 50% DAC reporting
level.

c. In 1982 more gain was added to the calibration sensitivity for
scanning than 1981 (both 10 dB and 20 dB versus 6 dB).

d. Indications were found in both joints in"1982 with amplitudes
less than 50% DAC (10% notch) using 1/2" diameter 1.5 MHz
transducers.

e. More time was typically devoted to scanning and recording of
data in 1982 than in 1981.

2. PT of 32-FW-36-W revealed a substantial axial crack. This crack is
not detectable ultrasonically due to interference from unground
weld crown.

Relative to the time devoted to inspection in 1981 versus 1982 note from
Table 8 that the examination from one side of joint P32-FW-10-W plus the
examination of two other circumferential joints from one side and 48 inches
of axial weld from both sides took one hour and 49 minutes .in 1981. It is
estimated that the subject examination of joint P32-FW-10-W took about

30 minutes. Note that 3 hours and 20 minutes were,devoted to the same

examination in 1982. -
)

In summary the following conclusions are.considered to relate to the differ-
ence between the 1981 and 1982 inspection results on the balance of the
recirculation system:




-

1.  The procedure used in 1981 (a procedure acceptable to Qection XI
Appendix III) is ineffective for detection of I1GSCC because of
the 50% DAC reporting level.

2. Unground crowns may interfere (often do) with detection of axial
cracks. o

3. The time spent on scanning and recording is considerably lower
for 1981 than 1982, and may be too short for optimum inspection
for IGSCC.

4, IGSCC experience of inspection personnel was higher in 1982 than
1981 (availability of IGSCC samples and participation in EPRI NDE

Center workshops).

5. The transducers used in 1982 resulted in effectively a more
sensitive examination compared to 1981.

6. A higher sensitivity was used for scanning in 1982.

7. The same psychology of inspection after confirmation of IGSCC was
present in 1982 as in the case of the safe end inspection.

8.4 EVALUATION OF ULTRASONIC EXAMINATION PERFORMANCE FOLLOWING PIPE REMOVAL

In addition to examinationstperformed in-situ on the recirculation system
piping, a number of ‘welds were examined subsequent to their removal. Fig-
ure 1 is a summary of examinations performed, noting procedure used andr
whether the in-situ examination occurred before or after initial system
decontamination. ‘

Due to a number of practical limitations, a complete in-situ and post-removal
examination comparison was precluded. Six welds were examined both in-situ
and after removal. A limited comparison of examination data from before and




and after in-situ chemical decoptamination was also made. The following
sections summarize the results of these analyses.

8.4.1 Correlation of UT and PT Data

To date, U.T. examinations on the specimens have been performed without
benefit of ID PT informatiqn. This was generally followed from efforts to
proximate the in-situ examination condition. Comparison of several ID PT
examinations with the U.T. data suggest a relatively good correlation
overall with a number of indications detected by only one of the examination
methods. Where there is a lack of correlation, several possible examination
conditions may be responsible. '

Where a crack is identified by PT but not identified by U.T., two conditions
are most likely: '

1.  The surface geometry precludes search unit positioning favorable
to detection. This is 1ikely to be the most frequent limitation.

2. The grain boundaries in the area of IGSCC may have -deteriorated

~ enough that local attenuation precludes U.T. response above the

detection threshold.

Where an indication is identified by U.T. but not PT. the indication may
résu]t‘fromﬂreflection from significantly degraded grain boundaries which
have not yet been opened by corrosion. Another possibility exists. The
cracks may have been tight and filled with oxides, presenting the entrance of

_ dye penetrant material into the crack.

8.4.2 Search Unit and Procedure Correlation

In order to evaluate the relative detection capability of the various U.T.
techniques applied to piping, a combination of available search units were
tested with three examination procedures on-a flawed specimen (Figure 2).



Indications were found with all three procedures using the 450, 1.5 MHz
dual 3/8 x 3/4 inch search unit, and the 60°, 1.5 MHz 1/2 inch round search
unit. Other search unit/procedure combinations were less sensitive. A1l
but the 450, 2.25 MHz 1/2 x 1 inch search.unit detected the indications
using the IGSCC oriented procedure (80A2818) which was used for 1982 Nine
Mile Point recirculation system piping examinations.

As illustrated in Figure 3, indications from these tests were relatively
repeatable. The high sensitivity of the 600, 1.5 MHz .5 1inch round or 450,
1.5 MHz 3/8 x 3/4 inch dual search units are considered an acceptably
reliable detector of IGSCC when used with the 1GSCC-oriented procedu}e
(80A2818)‘¥or piping similar to the Nine Mile Point recirculation system

piping.

>

8.4.3 Effects of Chemical Decontamination on Detection

° Field Comparison

Eleven of the thirty-six welds examined in-situ were examined prior to system
chemical contamination. Of these, four were identified to have 360° con-
tinuous intermittent indications, with six varying from few discrete indica-
tions to partial areas of continuous intermittent indication and one with

no recordable indications.

Of twenty-six welds examinations in-situ after chemical decontamination, four
had from few discrete indications to partial areas of continuous intermittent
indications. These include three pipe-to-recirculation suction safe-end welds
which were not directly subjected to decontamination, and will therefore be
excluded from the tabulation. The fourth was limited to a one sided examina-
tion by accessibility. One weld was examined in-situ before and after chemical
decontamination and had 360° intermittent indications in both examinations.

A11 other in-situ, post-decontamination weld examinations found 360° intermit-
tent indications.
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4 (36 percent of welds) had 360° intermittent indications
6 (54 percent of welds) had "few" discrete indications

1 (~10 percent of“welds) had no,recordab]e'indiéétions
After Decon
0f 22 ]/2* welds examined after exposure to chemical decontamination:
22 (98 percent of welds) had 360° intermittent indications

1/2*(2 percent) had "few" discrete indications
0 had no recordable indications.

The effect of chemical decontamination on detection by UT is tabulated below
The results suggest that chemical decontamination may have increased the
detectibility of the cracks by ultrasonic examination.

""" Because of this potential enhanced U.T. visibility assqciated with decontami-

nation, the U.T. procedures and results were examined more closely.

Evaluation of the U.T. procedures employed revealed that they were identical
for both the pre and post decontamination examinations. The only known
difference was a somewhat longer examination time for the decontaminated weld.
However, this difference is not considered significant.

In comparing the reported U.T. results before and after deconta%ination, it
is important to establish that there are no significant differences, i.e,
that both categories of welds are from the same population and have similar
actual crack patterns. In comparing welds, it is found that except for two
discharge safe-end to pipe spool welds, the weld population examined by U.T.
before decontamination consisted entirely of elbow welds associated with the
pumps in each loop. Since there is some uncertainty associated with whether
*Note: 1/2 weld represents a one sided examination by accessibility.
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the two safe-end wg]ds actually saw decontamination solution, the comparison
was made excluding these two welds. The welds examined after decontamination
were more randomly distributed. The actual welds evaluated are listed in
Table 9 along with the U.T. results (i.e., whether termed continuous [360°
intermittent] or discrete). Also listed is the stress rule “index value for
each weld as well as the post-decontamination P.T. indication length for each
heat affected zone. ’

Post-decontamination P.T. gives the best available measure of total indication
length and provides a basis for comparison between pre- and post-decontamina-
tion U.T. results. Examination and analysis of the results presented in

" Table 9 leads to several interesting conclusions:

The weld HAZ indication patterns and stress levels ;ppear to represent
a common population for both pre- and post-decontamination welds. This
is based on; a ) The average P.T. indication length (13.6% of circum-
ference) is the same for pre- and post-decontamination. b) The cumu-
lative distributions of HAZ P.T. indication lengths (Figure 4) is very
similar for pre- and post-decontamination welds. c¢) The average stress
rule index values for the pre- and pést-decontamination welds are also
very similar, 1.26 and 1.25 respectively.

Based on the above; it can be Eonc]udéd that the ﬁ?e-"and post-decontamination -
welds are from a common population with similar cracking pétterns and there-
fore the apparent reported differences in U.T. response on welds examined
before versus after decontamination appear to be related to some aspect of the
decontamination proéess. Perhaps the removal of oxide from the crack mouth

by decontamination enhances U.T. visibility leading to the reporting of longer
indication lengths. Additional evidence supporting enhanced U.T. visibility
after decontamination is available from further ana]ys1s of the results in
Table 9. It is assumed that the true 1nd1cat1on length and circumferential?
d1str1but1on 1s best represented by the post -decontamination P.T. pattern.

In Table 9, the available P.T. patterns for each weld HAZ are classified as
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continuous (i.e., 360° intermittent indications), discréte, oF none (no
apparent indications). When only those HAZ's with continuous P.T. patterns
are compared with the respective HAZ U.T. patterns, it is found that if U.T.
was performed before decontamination only 33% of the continuous P.T. patterns
also exhibited continuous U.T. patterns. However,*if U.T. performed after
decontamination, 89% of the continuous U.T. patterns also exhibited continuous
P.T. patterns, indicating again that decontamination-apparently significantly
enhances U.T. visibility. In some other cases of continuous U.T. patterns,
Tisted in Table 9, the corresponding P.T. patterns were non-continuous
(discrete or non-existent). In these cases, it is 1likely that the U.T.
"indications" were associated with geometric reflectors rather than cracks.

Since crack depth sizing was not attempted during the bulk of the U.T. exams,
the available data are not adequate to determine whether decontamination also
. enhances crack depth determinations. " '

.8.4.4 1In-Situ vs. Laboratory U.T. Examination

A total of six welds were subjected to similar U.T. examinations both in-situ
~and after removal from the system. Due to repair and sample decontamination
schedules, the balance of U.T. examinations were performed uniquely either
before or after removal. A1l samples had been exposed to chemical:
decontamination. ! ’

Of the six data comparisons:

- four have numerous discrete indications in the laboratory
compared to continuous intermittent indications in-situ. Of
these four one weld has 100% corre]at1on between discrete indi-
cations in-situ and laboratory.:

- one has -fewer discrete indications in laboratory than.in-situ
examination (about half of the indications in the examination -
correlate approximately).



- one has no laboratory indications compared to continuous
intermittent indications in-situ (possible weld identification
problem). . T '

A controlled test would be required to more aécurateTy determine the effects
of cutting out the piping on detectability of existing IGSCC cracks. It

does not appear, based on the lTimited sample, that there is any substantial
difference in IGSCC crack detectability between in-situ post chemical
decontamination examinations and post.removal examinations using the same U.T.
examination procedure. In the reduced radiation exposure, environment of the
laboratory, sizing and discrimination of small cracks is improved as expected.

8.4.5 Crack Depth Information »

Due to the small through-wall dimension of typical IGSCC cracking relative to
search unit beam width, it is probable that typical sizing parameters ("W"
measurements and metal path change) are characterizations of the search unit
beam spread, not necessarily the crack depth. (Figure 5.)

This is substantiated by review of the basic trigonomatric parameters. These
demonstrate that neither the plotted ID reflection of the crack tip (Figure 6)
nor 6 dB down beam angle from the crack corner (Figure 5) satisfy the
empirical metal path data for the 6 dB down "wz" position.

It is most 1ikely that the “Nz" (6 dB down) position represents the point at
which the crack corner reflects the spread beam from the forward search unit
edge. Thus, the metal path may result from the éng1e of beam divergence
rather than from an extended "vee" path (Figure 8).

It is concluded that the distance from maximum signa],"wm“ to the 6 dB down
p9int "wz" suggests an upper limit on IGSCC crack depth but that the actual
crack depth is considerably smaller than this limit. Additional studies have
been initiated to improve sizing techniques; however, these techniques have
not been applied to the Nine Mile Point welds.
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TABLE 1
ISI EXAMINATIONS PERFORMED ON NMP-1 RECIRCULATION
PIPING WELDS' IN 1982

» ’

RECIRCULATION LOOP

11

WELDS EXAMINED DESCRIPTION '82 EXAM DATE
FW-2 Pipe.Valve *5/29 Circ.
FW-3 Valve/Pipe 5/29 Circ.
SW-3 Pipe/Elbow 6/1 Circ.
FW-4 Elbow/Elbow 5/4 Circ.
FW-26 Pump/E1bow 5/6 Circ.
SW-16 Pipe/Pipe 6/6 Circ.

NOTE:

RESULTS

indications
indications
indications
indications
indications
indications

COMMENTS

1GSCC Techniques
IGSCC Techniques
IGSCC Techniques
IGSCC Techniques
I1GSCC Techniques
IGSCC Techniques

Visual detection of leakage on this loop - safe end on pump discharge leg.

RECIRCULATION LOOP 12
WELDS EXAMINED DESCRIPTION '82 EXAM DATE RESULTS
FW-6 Pipe/Valve 6/2 Circ. indications
FW-7 Valve/Pipe 5/31 Circ. indications
SW-5 Pipe/Elbow 5/31, Circ. indications
FW-8 Elbow/Elbow 5/8 Circ. indications
FW-31 Pump/E1bow 5/6 & 6/12 Circ. indications
SW-20 Pipe/Elbow 8/6 Circ. indications
RECIRCULATION LOOP 13
WELDS EXAMINED DESCRIPTION '82 EXAM DATE RESULTS
FW-32 Pipe/Safe End 3/31 Circ. indications
FW-10 (Note 1) Pipe/Valve 6/4 Circ. indications
FW-11 Valve/Pipe 6/4 Circ. indications
SW-8 Pipe/E1bow 6/4 Circ. indications
FW-12 E1bow/Elbow 5/8 Circ. indications
4/30 Circ. indications

FW-36 (Note 1) Pump/Elbow

Note 1: Weld nos. FW-10 and FW-36 were examined
in 1981 - no indications reported.
Note 2: Weld no. SW-6 contained .5" deep crack.

Data obtained after removal.

COMMENTS

IGSCC Techniques
IGSCC Techniques
1GSCC Techniques
IGSCC Techniques
1GSCC Techniques
1GSCC Techniques

COMMENTS

1GSCC Techniques
1GSCC Techniques
1GSCC Techniques
IGSCC Techniques
IGSCC Techniques
First evidence of

cracking detected

here using non-
IGSCC procedure

4/2/82, at 20% DAC.




Table 1 (Continued)

RESULTS

indications
indications
indications
indications
indications

Circ.
Circ.
Circ.
Circ.
Circ.

LOOR 15

RESULTS
Circ. indications
indications
indications
indications
indications
indications

Circ.
Circ.
Circ.
Circ.
Circ.
Circ. indications
(75% DAC)

WELDS EXAMINED DESCRIPTION '82 EXAM DATE
FW-14 Pipe/Valve 6/3
FW-15 Valve/Pipe 6/3
FW-11 ‘Pipe/Elbow 6/3
FW-16 Elbow/E1bow 5/8
- FW-41 Pump/Elbow 5/6
RECIRCULATION
WELDS EXAMINED DESCRIPTION '82 EXAM DATE
SW-13 Pipe/Tee " 5/26
FW-18 Tee/Pipe 6/2
FW-19 Pipe/Valve 6/2
FW-20 Valve/Pipe 6/2
FW-14 Pipe/Elbow 6/4
FW-21 ETbow/Elbow 6/3
FW-46 Pump/E1bow 4/2
NOTE 1: Visual detection of leakage this loop -
Safe end on pump suction leg.
NOTE 2: Weld No. SW-12 contained .55"

crack.
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deep .

Data obtained after removal.

COMMENTS

1GSCC Techniques

IGSCC Techniques
IGSCC Techniques
1GSCC Techniques
IGSCC Techniques

COMMENTS

IGSCC Techniques
IGSCC Techniques
IGSCC Techniques
IGSCC Techniques
IGSCC Techniques
IGSCC Techniques
First UT evidence

of cracking detected

here using

IGSCC procedure.
(75% DAC). PT and
film metallurgical
verification.




TABLE 2

- g . e—

INDICATIONS
SUCTION DISCHARGE
11 12 13 14 15 11 12 13 14 15
1979 NO NO GEO GEO ? NO NO NO NO NO
1980 -- -- GEO -- -- - - - -- --
1981 GEO GEO GEO GEO NO NO NO NO NO NO
1982 | -- | -- | -- | -- |1escc!|iescc | -- |1escc| -- | --
DP/LEAK | *2 *3 *3 *3 LEAK [LEAK *3 *3 *3 *3
NOTES:
1. Leaking crack investigated by UT, no examination performed.
2. No cracking found in DP examinations by NDE Center at Battelle
Columbus Laboratories (BCL)
B 3. DP investigation at plant or BCL not completed and documented
NO - Inspection performed, no }eportable indications
- No inspection
GEO - Inspection performed, geometry indications reported
DP/LEAK - Determination of flaw by leakage or dye penetrant indication
TABLE 3
SEARCH UNIT (NAME/MHz)
ey eeeenr ey SUCTION R DISCHARGE -
11 12 13 14 15 n | o1 |13 1 1415
{ SUSI-10/ ]su51-101 ,
1979 |AERO/1.6|AERO/1.6 AERO/1.6 [AERO/1.6 ;AERO/1.6! 1.5  IAERO/1.6 |AERO/1.61 1.5 EDUEL/I.S
1980! -- | - CAERO/1.6F -- : - - - - i
ISUSI-10/ JSUSI-10/ susx-loliSUSI-li/ SUST-39/ iSUS1-39/ 1SUST-10/|SUSI-10/ *SUSI-10/
1981 |AERO/1.5¢ 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 + 1.5
SUSI-10/ SUSI-10/ 5
1982} -- -- -- -- -- 1.5 -- I 1.5 -- --
AERO/N Aerotech transducer of frequency N, MHz

SUSI-X/N Search Units Systems, Inc. transducer, Model X,
frequency of N, MHz
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TABLE 4
SENSITIVITY* (CAL. SENSITIVITY VITH P8F-1.5-1), CAL/SCAN

SUCTION DISCHARGE

11 12 13 14 15 | 11 12 13 14 15
1979 143/? 49/7? | 4177 |38/7 |43/? -|77/? |45/7 |471/? 39/7 62/?
1980 | -- .| -- 40/46 | -- -- -- - .| -- -- --
1981 |47/53 | 55/§61 55/61 | 55/61 | 68/74 | '40/46 | 40/46 | 98/104 {102/108{102/108 |
1982 [ -- -- -- -- -- 44/54 | -- 55/65 | -- --
*A11 except Suction #13, 1980 were with Sonic Mk-I. (USL-31 for Suction #13).

TABLE 5
TEMPERATURE (CAL. BLOCK/COMPONENT °F)

SUCTION DISCHARGE
11 12 13 14 15 | 11 12 13 14 15

1979
1980
1981
1982

63/84 | 64/86 | 64/81 |67/80 | 63/84 | 72/96 |80/90 |65/85 165/86 |73/90
-- - [10/132| -- -- -- -- -- -- --
65/86 | 65/86 | 65/86 |65/86 | 74799 | 75/95 |75/95 | 76/96 |65/86 | 65/85
- |- - - |ss/i00| -- |72s88 | - | --

8-20




TABLE 6
SCANNING AND RECORDING TIME (HR. MIN.)

SUCTION , DISCHARGE

11 12 13 14 15 11 12 13 14 115
1979 |2.50 |2.05! 0.55 | 3.00 |{2.50 [3.00 |3.00 |1.30 |2.00 2.48
1980 | -- -- 1.50 - - - - - - -
1981 |1.25 |2.13| 2.12 {2.13 [2.20 [1.30 }1.30 | 1.40 |1.40 | 1.40

6.201

1982 | -- - -- - - 1.45 - 2.15 - -
NOTE: The listed times are the time between calibration time and final check.

This typically includes inspection for scanning of nozzle/safe end weld
(safe end side), safe end body and safe end/pipe weld (safe end side).

1

Elapse time includes activities other than examination.

recording time consists of two 1-2 hour periods.

TABLE 7
UT PERSONNEL (LEVEL)

Scanning ' and

SUCTION DISCHARGE
11 12 13 14 | 15 11 12 13 14 | 15
1979 11,1 111,11 frt,11 fooo,in|ri,i ). 1n,to|oa,1 | 16,1 |ILLIO(IIGI
1980 | -- - |111,11] -- I - - — | -
1981 |r1,1 |1z, 1iif1r,t (rrr,innfaa,I (IDELIOD|IIE,IIT| II,I |IL,IIfIL,I
111,11
1982 | -- -- -- - - |1r,1a1| -~ frin,ranf - | --




TABLE 8

OVERALL COMPARISON COMMON' JOINTS 1981, 1982-

'3 This total time includes scaming both joint P32-FW-10W and
PR2-FK¥-264 from ane side only plus 1 other circunferential walds
~ from one side only and 4 - 12° sections of longitudinal weld froa

both sides.
t Tima for scaming PR2-FK-104 fran one side only.

3 Time for scamning P32-FW-2G4 fran one side only plus three cther

circunferential welds fran one side only.
* Time for scanning PR-FW-284¢ fran one side anly.
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1581 1982
Pa2-FU- 104 PR-FH-264 PR-FU-104 PR-FW- 35
Indication N0 4] 5102 OAC X% DAC ' 50% 0AC
(100% DXC at +1048) | at+08
UT Instrurent -1 -1 Y US-B m-llr
Search thit ASROTEOH ASROTEDH NROTEDH ASFOTEDH I
1/2°x1* RECT. Y2°x1* RECT. V2* o vz e | vz
2.25 Mtz 2.25 Miz 1.5 Miz 2.25 Wiz I 1.5 iz
“laal. Block POR-1.050-1 PBR-1.050-1 PBR-1050-1 mlll.osba
i
' Sensitfvity l
Cal.(dB)/Scan 72/78 72718 42/82 K T3 | 3/58
| Terperature {°F) . ‘
| cal. Bik/Comanend  67/72 67/72 68/76 62/80 : 62/70
‘| Scan & Record 9.15/11.04 9.15/11.04 . 8.40/11.60 9.4515.15 |  9.00/10.30
Tire (He. Min) 1498 149 3,20 5,309 | 1.30°
UT Personnel 1Ll nr 111,11 1L, | s
} RRIL Y




~ TABLE 9 |
SUMMARY "OF COMPARATIVE U.T. AND P.T. RESULTS
Welds U.T.'d Before Decon, P.T.'d After Decon:

. y Stress s
CoL Rule | .. % Circumference With
Weld HAZ Index Classification P.T. Indication P.T. Indications
uT PT :
FW-4 Elbow 1.3 D D Circ. Ind. 8
FW-26 Elbow 1.2 C D Circ. Ind. 5
FW-22 Pipe 1.2 N D Circ. + Axial : 5
Safe-End 1.2 D C Circ. + Axial +
Leak 10
FW-8 Elbow 1.3 D C Branched Circ. 40
FW-31 Elbow 1.2 (W C Branched Circ. 26
FW-12 Elbow 1.3 C C Branched Circ. " 44
_FW-36 Elbow 1.2 D D Circ. + Axial 1
FW-32 Pipe 1.4 D C * Circ. + Axial 6
Safe-End 1.4 D C Circ. + Axial 3
FW-41 Elbow 1.2 C D" Circ. + Axial .. 3
FW-21 Elbow 1.3 D D Circ. : 5
FW-46 Elbow 1.2 D c Circ. ; 21
‘ 1.26 Avg 13.6 Avg
Welds U.T.'d After Decon, P.T.'d After Decon
SW-2 Tee 2.1(1.7)* N N No Ind. 0
. Pipe 2.1(1.7)* D N No Ind. 0
FW-2  Pipe 1.2 C - - -
FW-3  Pipe 1.2 C - - -
SW-16 Pipe - C N No Ind. 0
- Pipe - C N + No Ind. 0
SW-3  Pipe 1.2 c N No Ind. 0
Elbow 1.2 (W D Circ. | 2
FW-5 Safe-End 1.2 D N No Ind. 0
Elbow 1.2 D N No Ind. 0
FW-6 Pipe 1.2 C - - -
FW-7  Pipe 1.2 (" - - -
SW-17 Elbow 1.2 D N. No Ind. 0
Pipe 1.2 N ° N No Ind. 0
SW-5 Pipe 1.2 C D Axials 1
Elbow 1.2 N D Circ. 2
FW-31 Elbow - C C Branched Circ. 26
SW-20 Elbow 1.2 C D Circ. , 2
Pipe 1.2 c c Circ. 13
SW-19**Pjpe 1.2 C C Branched Circ. 55-60
Pipe 1.2 C. c Branched Circ. 25-30

~

*SRI = 1.7 if treated as branch connection; 2.1 if treated as Tee
**U.T. performed after pipe removal.

C = 360° Intermittant Indications
N = No Indications
D = Discrete Indications
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) TABLE 9 (Continued)
SUMMARY OF COMPARATIVE U.T. AND P.T. RESULTS .
Welds Y.T.'d, P.T.'d After Decon (Cont'd)

Stress ‘
Rule Post Decon % Circumference With
Weld HAZ Index Classification P.T. Indication P.T. Indication
. Ut PT
FW-9 Safe-End 1.2 D C  Circ. + Axial >50%
Elbow 1.2 D N No Ind. 0
SW-7  Pipe 1.2 D - - -
FW-10 Pipe 1.2 C - - -
FW-11 Pipe 1.2 C - - -
SW-8 Pipe 1.2 C (¥ Circ. + Axial 42
Elbow 1.2 C C Circ. + Axial 16
FW-14 Pipe- 1.2 C - - -
FW-15 Pipe 1.2 c - - -
SW-11 Pipe 1.2 C (W Circ. + Axial : 14
Elbow 1.2 C C Circ. + Axial 15
FW-16 Elbow 1.3 C C Branched Circ. 18
FW-17 Safe-End 1.2 D D Circ. + Leak 22
Elbow 1.2 N N No Ind. : 0
SW-12 Elbow 1.2 C D, Circ. 11
Pipe 1.2 C ¢ Circ. 17
SW-13 Pipe 2.1(1.7)* ¢ - - -
Tee 2.1(1.7)* N - - -
FW-18 Tee 2.1(1.7)* N - - -
Pipe 2.1(1.7)* ¢ - - -
FW-19 Pipe 1.2 C - - -
FW-20 Pipe 1.2 C - -. . -
SW-14 Pipe 1.2 C C Circ. Ind. 8
Elbow 1.2 C N No Ind. 0
SW-6** Pipe 1.2 c C Branched Circ. , 45-50
Elbow 1.2 C C Branched Circ. 35-40
SW-23**Pipe 1.2 N C Branched Circ. 30-35
Elbow 1.2 C C Branched Circ. ' 20-25
SW-10**Tee 2.1(1.7)* N - - -
Pipe 2.1(1.7)* N - - -
SW-26**ET1bow 1.2 C C Branched Circ. ~ 20-25
Pipe 1.2 C C Circ. 5-10
SW-25**Pipe 1.2 C D Circ. Ind. 0-5
Pipe 1.2 +C D . Branched Ind. 0-5
1.25 Avg. ﬁ 13.6 Avg

+Average based only on welds with PT results. J
*GRI = 1.7 if treated as branch connection; 2.1 if treated as Tee.
**x,T. Performed after pipe removal.
C = 360° Intermittent Indications
N = No Indications
= Discrete Indications
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G2-8

Other NDE (Data Sheet*)

Loop IN SITU UT Before/After
No. Weld No. (Procedure* - Data Sheet*) Initial Decon 80A2818 (UT) 80A2819 (PT) 80A4022 (UT)
11 FW-1-W SP-03
11 SW-1-w SP-02
8 Sw-2-w  2818-19 After EP-UT-10
11 FwW-2-W  2818-17 After
11 Fw-3-w  2818-17 . After
11 FW-4-Ww  2818-6,7 - Before
11 Fw-26-W 2818-8 Before
11 Sw-16-W 2818-49 After EP-UT-1
I Fw-22-W 2818-] Before -
11 Sw-3-w  2818-24 After EP-UT-7 EP-PT-6 EP-DC-3
11 Sw-17-w ’ EP-UT-8 EP-PT-7 EP-DC-2
12 Fw-5-w  2818-SP-01 After SP-05
12 Fw-6-W  2818-30 After
12 FW-7-w  2818-22 After
12 Sw-5-w  2818-23 After EP-UT-4 EP-PT-3 EP-DC-4
12 ‘FW-8-W  2818-10 Before
12 Fw-31-W 2818-9/47 Before/After
12 Sw-20-W 2818-51 After EP-UT-5 EP-PT-4 EP-DC-5
12 SW-19-w EP-UT-12
12 SW-4-w SP-04
13 SW-6-W ’ SP-04,05,06 SP-06
13 FwW-9-w  2818-SP-01 After SP-02,03 SP-07
13 SW-7-w X ) SP-08
13 FW-10-w 2818-36 After
13 Fw-11-w 2818-35 After ,
13 Sw-8-w  2818-37 After EP-UT-09
13 FWw-12-w 2818-11 Before
13 Fw-36-W 2818-4, SP-07 Before .
13 SW-23-w : EP-UT-06 EP-PT-05 EP-DC-01
13 Sw-22-w SP-09

Figure 1. Summary of Examinations Performed




9¢-8

‘Loop IN SITU UT Before/After Other NDE (Data Sheet*)

No. Weld No. (Procedure* - Data Sheet*) Initial Decon  80A2818 (UT) 80A2819 (PT) 80A4022 (UT)
13 Fw-32-W 2818-3 Before

14 FW-14-W 2818-31 After

14 FW-15-W 2818-32 After

14 Sw-11-w 2818-33, SP-08 After EP-UT-11

14 Fw-16-W 2818-12 After

14 FW-14-W 2818-9 Before ]

14 SW-26-W EP-UT-02 EP-PT-01 EP-DC-07 -
14 SW-25-W EP-UT-03 EP-PT-02 EP-DC-06
15 FW-17-w 2818-SP0! . After

15 SW-12-W  2818-46 - After

15 SW-13-W 2818-14 After

15 Fw-18-w 2818-28 . After

15 Fw-19-W 2818-27 - After

15 FW-20-Wv 2818-26 « After

I5 SW-14-w 2818-38,39 After

15 FW-21-W 2818-5,7 Before

15 FW-46-W 2309-4 Before

Figure 1. Summary of Examinations Performed (Continued)




NUMBERS ARE MAX % OF DAC AS RECORDED
BY EXAMINER AS DETERMINED DURING AXIAL

PROCEDURE TRANSDUCER CAL BLOCK

80A2309 A
REV 1 B
Cc
D
E
F
80A2818 A
REV 1 B
c
D
E
F

80A0835 A
?3 REV 0/FC-3 B
N C
~ o}
3
\F
80A2818 €

REV 1
E

_ SCAN OF WELD
WELD P32-SW-8-W
SCAN SENS {dB) REMARKS
CURVED 36 100+ 100+ 100 80
P8R-1.050-1 74 100 80 90 100 100 100 100 100 100 100
50 — NO INDICATIONS _—
42
44
42
CURVED 36 100 100+ 30 25 100 20
P8R-1.050-1 70 100 80 90 100 100 100 100 40 100 38 100
50 15 15 10 5
42 20 20 15
44 20 25 20 5
42 - NO INDICATIONS Lo

FLAT
P8F-1.5-1

CURVED
P8R-1.050-1

NOTES: 1) TRANSDUCER INFORMATION

ANGLE

LTR MFG (©)

A AERO - 45

- B AERO 60
.C SUsI 45

D AERO 45

E AERO 45

F AERO 45

SIZE
3/8 x 3/4in.
05 in.

3/8 x 3/8 in.
05 in.

05 in. -
1/2x1in.

FREQ
15M
15M
15M
225M
1.5M
225M

Figure 2.

73
63
50
51

62

TYPE
DUAL

Y
DUAL
it
v
Y

Summary of Recordings - Using Various Transducers
and Nine Mile Point Unit 1 Procedures. .

FC1,2,3,ANDS
DATA AT BATTELLE
SCAN 20 dB > REF
RECORD 10dB > REF
DATA AT NMP 1

2} ALL SCANNING WAS
PERFORMED AT

100 100+ 15 20 100 10
60
100+ 100 100 100 80 75 100 15 50 10070
15 10 15 5
8 . 15 5
25 5 50 5 20
-y NO INDICATIONS Lt

100
909 g0 55 %0 90
100 95 100 100 ‘ %0 90

1 1 1 | 1 1 ! | 1 1 1t 1 |
0 5 10 156 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90
INCHES )

BATTELLE ON WELD
RING P-32-sW-8-W

= CLOCKWISE LOOKING IN DIRECTION OF FLOW

EXCEPT EXAM |
INDICATED IN .
REMARKS (“DATA &€ OF PIPE LONG SEAM

AT NMP 1*)

I -




82-8

Ny

CLOCK WISE -

DIRECTION ELBOW SIDE WELD NO. P32-SW-8-W
OF FLOW
) 8.100 B-90 B.100 8-100 sézlo
£:100 B0, B0 : ‘g’ tHoo 0880
100 B8-100 55 d
ggg 100@ AB100+ @  AB100 A" B > _ ) 00 B8 5o
weto | 200 %6 A0 S 10880 1000 AcCis 880 875 B-1008 90® ZNES0 B50, A C5
A.100A9°()25 a0 DAA100+ 55Q) AES 8-1000 (_)1003"000 oo() Ocis O A 90() 5, -1°°O
A100 O E] OA100+  A15A ADS B-100] D 8-1000J 9 AC10 g.100] Ags qo Awo 00
B-1
A1000) B80 a00+ A300 OD20 B154 o)
B15  A20B7100
OE20 8154 ES
20
Oc-15 A250 OD-20 & o
c10 c5
. 8400 [m]
£250 B8-100
PIPE SIDE . PIPE SIDE'
LONG SEAM PIPE SIDE . LONG BEAM
L 1 i - ' ] J
0° 90° 180° 270° 0°
" @ UT IN SITU (NUMBER INDICATES PERCENT OF DAC) —
ALSO INDICATIONS 360° INTERMITTENT
{) UT AFTER REMOVAL (NUMBER INDICATES PERCENT OF DAC)
[J UT AFTER REMOVAL FOR TRANSDUCER COMPARISON.
PROCEDURE NO. 80A2309, REV 1 NUMBER INDICATES
O UT AFTER REMOVAL FOR TRANSDUCER COMPARISON. PERCENT OF DAC. ANGLE
PROCEDURE NO.80A2818, REV 1 LETTER INDICATES  MEG___ (0) SIZE FREQ TYPE
A UT AFTER REMOVAL FOR TRANSDUCER COMPARISON. TRANSDUCER TYPE: A AERO 45 3/8x3/4in. 15M  DUAL
PROCEDURE NO. 80A0835, REV 0/FL-3 B AERO 60 OSin. 15M Y
y ’ C susl 45 3/3x3/Bin. 15M DUAL
. D AERO 45 O0S5in. 225M 4
E AERO 45 O0Sin. 1.5M v
F AERO 45 1/2x1in. 225M  ~°

Figure 3. Graphical Display of Recorded Indications

.

-
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CUMULATIVE PROBABILITY

. 011

10
09 |-
0s |-
07 |-
06 -
05 |

04

0.3 C

0.2 I
or L

38 WELD HAZs UTd
AFTER DECON

- 13 WELD HAZs UTd
4 BEFORE DECON

l i 1 1 1

" >50% "
4

10 20 30 40 50

PERCENT OF AN HAZ FOUND CRACKED
8Y PT AFTER DECON

Figure 4. Cumulative Probability of Percent of an HAZ
Found Cracked by P.T. After Decon
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Figure 5. Typical Measured Data "Figure 6. Minimum Theoretical
‘ Metal Path

rd

, . /f/r-———mzm.
MEASURED
MP 1.6 in. /) ﬂ
MEASURED
MP 1.7 in,
THEORETICAL
/ MP 1.75 in.
/N~ pLOTTED
/ MP 1.7 in.
J
Fugyre 7. Typical Dimensions Figure 8. Possible Condition
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APPENDIX A

Procedure Eicerpts

The following paragraphs are taken from the procedures used for (1) 1GSCC
oriented examinations and (2) other ‘austenitic piping, respectively. This
matérial illustrates the salient differences in examination methods.

1. 80A2818, Rev. 1 - Applied to Safe Ends, '81 and '82; applied to
Recirculation Piping '82 (following IGSCC confirmation), "Ultrasonic
Examination of Stainless Steel Piping for Intergranular Stress Corrosion |
Cracking (IGSCC)." ) '

5.2.1 | The rate of search unit movement shall not exceed two (2) m
inches per second. The search unit shall be swiveled a
full 90° during axial scanning (45° 1eft and 45°% right).

6.1 Examination Contractor's Equipment’

*

The following test equipment or its equivalent shall be pro-
vided by the Examination Contractor (as a minimum) for examina-
tion, of welds when specified in this procedure:

Pulse echo ultrasonic instrument

ad
.

2 Search Unit: dual 1.6 MHz or 1.5 MHz for T > 0.375"
3. Search Units: 0°; 174" - 1/2" dia.; é.o MHz
4

Search Unit: 1.6 MHz, 1/2" dia.; single element for
T < 0.375" '

5. Wedges: 45° shear and longitudinal, 1/2", 60° shear
for wall thickness 0.200" and less’
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8.2.2

9.2

9.2.1

9.2.2

9.3

9.3.1

Angle Beam Ca]ibration:: 1-1/2 Vee Techniqﬁe

One and one-half vee path calibration shall be the preferred
method of calibration for the examinations described in this
procedure and shall be accomplished as follows:” i ’

1. Obtain maximized signal response from the notches and
mark the signal response positions on the instrument's

CRT screen.

2. Maximize the signal from the notch producing the highest
response and set its amplitude to 80% FSH.

Additional Straight Beam Examination .

* (When indications are detected)

In ordef £0 accurately plot indications, the ID and OD weld
contour must be established. The 0D contour shall be

recorded with the use of a contour gauge. The ID contour is
established by performing a thickness check of the weld and
adjacent base material to establish the location, depth and
slope of any existing counterbore.

The thickness and contour data is then plotted on a full scale
weld profile. Angle beam recordings are transferred to this
plot to determine the true nature of all indications.

Angle Beam Examination
The scan sensitivity shall be a minimum of 2X (6 dB) greater

but no more than 10 dB greater, than the calibration reference
sensitivity level.
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9.3.2

9.3.3

' 9.3.4

10.

10.1.1

10.1.2

~ The search unit shall be swiveled (45° each way) as it is moved

along a rectilinear scan pattern to ensure a minimum of 25%
overlap of the transducer width. This is.required to detect
cracks which may be oriented at odd angles.

‘The examiner shall pay particular attention to indications )

which originate adjacent to the weld root and up to 0.5" out
from the root. These typical locations of IGSCC are of ID
origin.

Any such indications which may be considered as counterbore
must be verified by 0° thickness check. '

Evaluation Criteria
Indications from the weld crown and from other OD geometric )
origins may be ignored. The Tiquid penetrant examination will

cover this area.

A1l other . indications regardless of amplitude sha]]vbe
recorded ...

80A2309, Rev. 1 - Applied to Recirculation Piping, '81, "Ultrasonic
Examination Procedures for Austenitic Piping."

6.1

Examination Contractor's Equipment
The following test equipment or its equivalent shall be pro-
vided by the Examination Contractor (as a minimum) for

examination of welds specified in this procedure.

1. Pulse echo ultrasonic instrumeqts

2. Search Units: 1/4" through 1-1/8" dia., 2.25 MHz, 0°
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3. Search Units: 1/2" through 1-1/8" dia., 5.0 MHz, 0°

8.3.2°

9.2

9.2.1

9.2.2

9.2.3

4. Search Units: 2.25 MHz (a1l sizes) for angle beam
wedges. ° | ’ ' : S

Sensitivity Calibration; 1-1/2 Full Vee Technique

One and one-half vee path calibration sha]]‘bé the preferred

method of calibration for the examinations described in this

procedure and shall be accomplished as follows:

1. Obtain maximized signal responses from the notches and
mark the signal response positions on the instrument's
CRT screen.

2. Maximize the signal from the not;h producing the highest
response and set its amplitude to 80% FSH.

3. Without changing sensitivity settings, maximize successive
notch indications and mark their peak amplitudes on the
CRT screen, and on the Calibration Data Sheet.

Stfaight and Angle Beam Examination of WRV

A11 straight and angle beam examinations of the WRV shall be
performed at a scanning sensitivity level, a minimum of 2X
(6 dB), but no more than 10 dB greater than the calibrated
réference sensitivity level. '

The search unit shall be swiveled as it is moved along at a
recilinear scan pattern to ensure a minimum of 25% overlap
of the transducer width. '

For the locations and the ﬁumbers‘of the welds, refer to the
Program Plan. Examinations shall not be considered complete
until all recordable indications have been evaluated.

v
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Evaluation Criteria

| 10.1 A11 indications showing a signal amplitude > 50% of DAC, at
the strongest 1ocatipn, shall be plotted full scale. If the
indication is ndnggometric,,the examiner shall continue
‘recording until all necessary data is obtained.
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APPENDIX B

Transducer -Usage for Safe 'End Examination

The following ‘tabulation illustrates the various types of transducers used
for safe end examinations in 1981. The inconsistency in transducer size
could cause some variation in examination results.

»

~ Safe End 1981 ? 1982
#11 Discharge (leak) SUSI 39 ' SUST 10
#12 Discharge SUS1 39 N/A
#13 Discharge SUSI 10 SUSI 10
#14 Discharge SUSI 10 N/A
#15 Discharge SUSI 10 N/A
#11 Suction Aerotech 3/8 x 7/8 N/A

Dual, 1.5 MHz
#12 Suction ‘ SUSI 10 N/A
#13 Suction ' SUSI 10 N/A
#14 Suction SUSI 10 N/A
#15 Suction (leak) SUSI 11 SUSI 10 (incomplete)

SUSI 10 = 3/8" x 3/8" Dual, 1.5 MHz
SUSI 11 = 1/4" x 1/4" Dual, 1.5 MHz

SUSI 39 = 1/2" x 1/2" Dual, 1.5 MHz

SUSI = Search Unit Systems, Inc.
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1 SECTION IX
| APPARENT CRACK GROWTH RATES - GENERIC IMPLICATIONS

The leaking axial through-ﬁé]T cfacks in two furnace sensistized safe ends dis-

covered in March 1982, were not detected durihg ISI nine months earlier (198i).

Through-wall crack growth in a 28-inch safe end in-nine months or less is

completely unexpected based on previous crack growth assessments of furnace

sensitized safe ends. Therefore, it was important to establish the rate at

which IGSCC would propagate from the true U.T. detectability thresho]d to

through-wall leakage. To accomplish this, it was necessary to:

1.  Measure actual crack growth rate of a NMP-1 Type 316 furnace sensitized
safe end.

2. Evaluate the through-wall residué] stresses for the NMP-1 safe end geometry
in the region of cracking.

3. Assess‘for that geometry the U.T. detectability threshold to establish

the size of crack that might have gone undetected during the 1981 ISI.

.

A.  MATERIALS DATA BASE

Previous tests have been conducted to measure crack growth rates of

furnace sensitized 304 stainless steel under constant 1oads.1 The )
objective was to support a methodology.used to predict crack growth

behavior in large diameter pipes exposed to service environments.

Tests were conducted in 0.2 ppm O2 and 8 ppm 02 high purity, high

temperature (550°F) water. The 0.2 ppm low oxygen environment and

sensitized material condition is representative of service conditions.

Figure 1 presents the data obtained from these tests along with two :
evaluation curves.1 The upper bound curve represents a high degree of |

o-1 . ‘
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sensitization due to post weld heat treatment. The lower bound curve
represents data for moderate degrees of sen%itiéayion; The shape of the
lower curve was selected to display characteristic stress corrosion
cracking behavior. These data results are the basis for predictioﬁs

used to explain field experience.

B. CRACK GROWTH RATES OF NINE MILE POINT "MATERIAL

A test program was initiated to characterize furnacé sensitized safe end
material from the Njne Mile Point plant’ that had exhibited field cracking.
Constant load crack growth test$ were performed using a .9T-WOL (Wedge-

Open Loaded) specimen, shown in Figure 2. This specimen was fabricated

from NMP 316 stainless S%ee]wsafe end material, Heat #E-5349,

Testing Qas conducted in the General Eléectric Small Environmenta]qFatigue
Tesé (SEET) machine whichpis a 100 kip capacity hydraulic test machine. A
computerized data acquisition system (Figure 3) was utilized to measure in-
situ compliance data. This data is obtained from a Linear Variable
Differential Transformer (LVDT) mounted on the specimen face, as shown in
Figure 4.

The SEFT test vessel was supplied with high pressure/temperature water -
environment provided by a high flow test lToop (Environmental Fatigue

Loop II) in General Electric's Experimental Mechanics Laboratory. The
loop included a canned rotor pump which provided sufficient floﬁ’to in-
sure that the specimen was subjected to a.refreshed environment. Dissolved

oxygen level was controlled, by a gas control system that continually ¢

#

E}
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purged a gas mixture through the makegp tangrsupp1ying water tq the\]oop.

A schematic of the test loop is shown in Figure 5. tThe level of dissolved
oxygen and conductivity of the 1§op‘water w;s‘continuously monitored duriqg
testing. Table 1 lists the environment specifications. ,
%he .9T-WOL specimen was fatigue precracked ih room femperature air prior
toktest to produce a ~.100" long precrack. A test load of 5000 pound§
was chosen to produce a stress infensigy level (K) of ~37 ksiv/in. The
loading was divided into two phases, shown in Figure 6. Phase I (cyclic
loa&ing) was to insure that an active crack existed. Phase II‘(constant

loading) was the primary test phase wherein all crack growth data is obtained.

o

- The total time on test for-the 316 stainless steel specimen was 1351 hours,

with the initial 248 hours under cyclic loading (Phase I). At the test

completion, the specimen was broken apart and the total crack growth

"~ measured using an x-y traversing bed optical microscope. The fracture

-~ surface morphology indicated an average of ~0.020" of intergranular stress .

corrosion crack growth (IGSCC) under 'the constant load phase. The average

crack growth rate at a K level of 37 ksivin was determined to be 1.6x107°

5

in/hr, with an upper bound of 7.5x10"° in/hr for the heavily attacked

regions.

The results-from the constant load tests performed on 316 SS Nine Mile
Point safe end material are plotted with the data base from previous tests
in Figure 7. The data lie among-other data that is from heavily sensitized
materia],'éypica1 of post weld heat treated material. The crack growth
behavior, therefore,.is consistent with previous test results on highly "’
sensitized material and supports the GE’crack growth prediction

methodology. 9-3




C. MODEL QUALIFICATIONS AND PREDICTIONS ° = °

Predictive methods deﬁefoped as part bfithe Lérgé Pipe P}ograml were
used to evaluate crack growth behavior in the safe end heat affected
zone of the Nine Mile Point large diameter recirculation system. The
predictive methodology developed assumes the existence of a fully cir-
cumferential/or axié] flaw. These geometries are consistent with those
observed for Intergranular Stress Corrosion Cracking (IGSCC)' in butt;
welded pipes. In addition to determining the rate of growth of these *
flaws, it is necessary ﬁo determine the critical flaw size- for net
section collapse to demonstrate that adequate margin still existed at’
NMP so that the plant could have operated for at least one additional
12-18 month cycle without exceeding Code type structural margins. The
methodology for calculating this size and for adding a factor of safety

to calculate a smaller "acceptance flaw size" are discussed in Reference 1.

*

2
The ‘time required .for a crack of 'some initial known size to grow to this
écceptaﬁce flaw size is the subject of this section. The,calculated

crack growth under operating conditions, 4a, can be used to establish:the
appropriate time increment between inspections. - The methodology for.
determining the growth of the flaw sigg uses LEFM to determine the stress -
intensity factor at the crack tip anJ includes residual stress as well

as other applied loads. The assumption is made that the stress intensity
rfactor, K, is the principal factor, controlling the rate of crack growth.
It is a fdnction of the flaw geometry, component geometry, and the

stresses. Crack growth rates as a function of stress intensity were deter-

mined from laboratory data and are used for the crack growth predictions.
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The crack growth rates depend on material condition, loading history, and
environment. To predict the behavior of heavily sensitized material,
upper bound crack growth rate; are generally used to assure the most con-
- servative prediction crack deepening. These upper bouhq rates have been
derived from tests performed inseverely sensitized material, in a condition |,
expected .to be worse than that in as-welded pipe. " For as-welded pipes,

the behavior would be expected to be similar to or slower than that

predicted by expected (or average) IGSCC crack growth data and much
slower than the upper bound data that can be used to bound field

experience accurately.

. Circumferential Flaw

The methodology required input operating stresses and input throughwall
. residual stresses. These stresses were used to define the stress in-
tensity as a function of crack depth for the pipe configuration. It is
assumed that-the crackis fully circumferential. This output was used
with the crack growth data to develop crack depth as a function of time
using a time-step integration to arrive at the crack length. This

methodology is described in Reference 1. )

The input stresses for the Nine Mile Point large pipe are given in.

Table 2. For the crack growth calculations, the total operating st%ess
was used to derive the stress intensity, K, as a function of depth Tisted
in Table 3. The throughwall residual distribution was picked to be

representative. It is shown on a plot of measured residual stresses in
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Figure'8. Through-wall residual stresses were obtained-from a comparable

pipe-to-safe-end-weld from a large diameter recirculation segment from the

KRB p1an; after operating -for approximately the same number of years as NMP-1.
The heavy line superimposed on the other-data of Figure 8 is the experimentally
measured through-wall residual stress distribution from the furnace sensitized
safe end. These residual stresses were obtained by direct strain gage measure-

ments and were determined with a high confidence of accuracy. (Ref. 2.) The

measured results for the KRB safe end, which is-similar in design to the NMP-1

safe end, are typical of the band of the experimentally determinqd data for
large diameter pipes. Figure 8 illustrates the comparison, and lends confi-

dence to the use of the existing through-wall residual stress data base.

Residual axial stresses were also calculated analytically using finite element
methods (Figure 9). The magnitude of the predicted stresses agreed very well
with the experimentally determined resihua] stresses and those used for the
crack growth analysis. The listing of stress intensity as a function of crack
depth is listed in Table 4. Because the method uses linear elastic fracture
mechanics, these two K-solutions for operatinb stresses and residual stresses,

are superimposed to arrive at the driving force for crack growth.

The crack growth data used is displayed in Figure 7. For the evaluations

performed, two crack growth evaluation curves were used: the upper bound,
shown as the solid line and expected IGSCC crack growth shown as a

dashed 1ine. The expected curve is comprised of a crack growth rate as
a function of K that is one-third (1/3) that of the upper bound. This
rate curve fits the data well and therefore represents a good estimate

of growth for highly sensitized stainless steel.
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The crack size as a function of time assuming upper bound rates is given in
Table 5 and displayed in Figure 10. The table 1ists the stress intensity

and crack growth rate used as well as the crack size and time. Table 6 lists
the crack size as a function of. time using expected IGSCC crack growth rates.

Figure 11 displays these results.

Using the results of the predictions for the Nine Mile Point safe end, it is
possible to summarize the time for a starting crack, a,s to grow to a maximum

allowable size, a_.. Table 7 shows the time to grow to 50% of the . thickness

c
as a function of initial size. The table displays times for both crack growth
evaluation curves. Growth is more rapid initially (up to 20%) than at greater
depth due to the compressive nature of the residual stresses. Beyond 50%, the
time for additional growth is still significant due to the nature of the

residual stresses.

For a degree of sensitization expected in the safe end, an initial circumfer-
-ential crack of depth 5% of wall is predicted to grow to 20% of wall in about
one year and from 20% to 50% of wall in an additional six years. By way of
contrast, a prediction using the upper bound .growth rates shows the initial
5% flaw would grow to.20% of wall in a few thousand hours and from 20% to 50%
in an additional two years. The decrease in growth rates as the crack depth
increases is again due to the compressive nature of the residual stress field

~

in the mid-thickness of the safe end. : .

The allowable circumferential flaw size curve for a 28-inch safe end is shown

in Figure 12. The acceptance 1ine represents a safety factor of 2.773, while the
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cross-hatched ‘failure redion indicates net section collapse. * Average and .
maximum crack depths ‘representative of those found at.Nine Mile.Point are '
plotted, as well as their calculated crack ‘growth in a period of 18 months
(using the upper bound crack growth rates).” It can be seen that even the

worst case cracks still remain below the acceptance line after the 18 month

period.

Even in the event that a growing crack were to cross the acceptance case on
the failure diagram, it is 1ikely that a portion of the crack would penetrate
the wall well before entering the net section cd]]apse region.. Typical

cracks have considerable variability in depth. The crack depth profile of
Loop 15, SW-12 is shown on Figuf; 13. Because the deepest parts of the crack
are typically the fastest growing (Figures 10, 11), it is expected that a small

fast growing crack front would penetrate the wall in advance of the remainder

of the cracks, producing a leak-before-break condition.

Axial Crack .

The fracture mechanics methodology for an axial crack analysis requires hoop
pressure and residual stress levels to define the stress intensity as a func-
tion of crack depth. A pressure stress of 15.5 ksi and residual hoop stress
of 38.5 ksi were used as representative stresses. vThe residual hoop stress
was calculated analytically using finite element methods similar to those
used for the axial through-wall residual stress (Figure 14). The magnitude
of the residual stress was assumed to be constant through wall for the crack

growth calculations. The intitial flaw size was estimated to be 10% of
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the thickness: The stress intensity (K) for this crack length was 27.8 ksi Vin.

It can be determined from the crack growth data curves (Figure 10) that a K
level of ~28 ksi /in. places the crack growth rates at a plateau of 6x10'5,jn/hr
for 0.2 ppm oxygen environment.  Assuming this rate, it would be predicted that
the crack would grow to a length of ~0.50 in. in 9 months of operatipn. It
would require an additional 12 months to propagate thé crack through-wall at

these plateau rates.

Even for.a limiting case, using the highest 0.2 ppm 02, 288°C data- for furnace
sensitized Type 304 SS, one can calculate that the maximum growth that could
have occurréd'in the last 10 months of operation; 5220 hours of actual opera-
tion, would still not be through wall. From Figure 10 this rate is

£1.2 X 10'4 in/hr. The total crack gxtension determined from this upper bound
. rate is 0.626 inches. If one presumes that the crack was 15% through wall
prior to this last period of operation, 0.158 in. in the 1.05 in. thick safe
end, the flaw would have been predicted to be 0.784 in.‘deep at the end of
the ten month period. This is approximately 75% of the total thickness.

AN

The allowable axial flaw size was determined for a 28-inch safe end (stress
ratio = 0.92) and is shown in Figure 15. The acceptance curve contains’a
safefy factor of 3 and is indicated as a solid Tine. The dashed line is the
presenf extension of the code acceptance'Iimits; however it does not accur-
ately model the crack as it approaches through wall. The cross-hatched area
represents the failure region. A crack growth curve is shown for an initial
flaw size of 0.105 in. It can be seen that the crack growth falls within

the acceptance 1imits and well below the failure region (supporting leak

before break).
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D. U. T. DETECTABILITY vs GEOMETRY vs CRACK GROWTH RATE

The results of Section 8 indicate that the 1982 examination was more sensi-
tive than the 1981 examination, such that axially oriented cracks with a depth
less than a 20% wall thickness might not have been detected in 1981. However,
assuming a 20% wall crack was present in 1981, a highér than expected residual
stress and an abnormally high crack growth rate would be required to drive the
crack through-wall in the time between the 1981 and 1982 exam dates. A crack
growth rate for a sensitized material subjected to a more normal residual
stress field would require an axial crack pre-existing in 1981 to be 40 to

50 percent wall thickness. To help resolve this disparity, a study was per-
formed to develop a U.T. detectability vs. weld joint geometry vs. growth rate

correlation:

a)  An anlaytical residual stress analysis was developed and results
were compared with experimentally determined thru-wall stress
profiles to establish a residual stress estimate for axial cracks
in the furnace sensitized NMP safe-end welds (this subject is

discussed earlier in this section).

b) A section of a cracked NMP safe-end was characterized by U.T.
examination, and select cracks were removed for a three dimen-

sional profiling.

A 20 inch circumferential segment of loop 11 pipe-to-safe-end weld FW-22 was
selected to develop this U.T. detectability vs. weld ‘joint geometry vs. growth

rate correlation.
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In 1981 U.T. exam1nat1ons were performed at a gain of apprOX1mate1y 6 dB over
the reference gain used on the ca11brat1on block. As a resu]t, the safe-end

scan was effect1ve1y performed at reference ga]n.

Prior“to'renova1 from the recirculation system of the piant in April 1982,
NES had examined this weld, anq, using improved Pechn{dues with a scan gain
of 10 to 14 dB over reference gain, they had reported the finding of axijal
and circumferential indications adjaeent to a through-nall leaking axial
crack.‘ For the 1982 U.T. examinations, transfer measurements of cal blocks
and safe-end components were performed. A 6 dB variance was noted. As a
result, the 1982 examinations were perforned at a scan gain of'20 dB over
‘”reference, and the recording criteria was changed accordingly. The effective
scan gain of approximately 14 dB over referenee prodhced an 1982 examination

significantly more sensitive than the 1981 examination.

. Figure 16 ie a composite photograph of the PT indications on the inner surface
of the pipe segment. The 7 cracks are identified by number. After the sec-
tion was removed from the plant, personnel of the J. A. Jones Center, and
General Electric performed a U.T. examination. At the J. A. Jones Center,

the indications were examined with a 45° ‘'shear wave crystal at 2.25 MHZ.
General Electric used a 45° crystai at a frequency of 1.5 MHZ. In addition

to duplicating the improved techniques applicable to-detection of 1GSCC as
used by NES in 1982, GE personnel also performed a U.T. examination with the
Tess sensitive techniques used in the 1981 ISI program. (See Section 8 for

a full discussion.) On the basis of these examinations, four cracks (cracks

#1, 4, 6, and 7) were selected for sectioning and determination of the
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crack profile. Crackql could be detected only with‘tﬁe imprereJ techniquee
(35%‘FSH at a’gain of 16 dB above refereneef‘ Us1ng the 1981 techniques this
crack would not be a reportable 1nd§catfon. Crack 4 was a stronger ref]ector
(42% FSH at a gain of 16 dB above reference ) This crack would be only margi-
nally detectable with the 1981 techn1que of us1ng a scan gain of 6 dB above
reference Crack 6 would have been ca]]ed a reportab]e 1nd1cat1on using the
198{’NES techniques. Crack 7, on the pipe side of the we1d, was nearly invis-
ible, even at the 20 dB gain, Gn]es; the exaﬁinatien was made from the surface
of the weld crown. Ahd even theh, tﬁe detectabi]ify was peor (5% FSH at
reference gain). Duriﬁg a normal ISI, using tﬁe improved 16SCC detecfion

methods, crack 7 would 1ikely have gone undetected. The‘Tab1e below summar-

izes the detectability of the cracks selected for sectioning.

Detectable* by 1982 Improved
Crack 1981 ISI Methods Techniques*
1 No Yes:
4 Marginally Yes
6 Yes . ‘ Yes
7 No . Marginally

Sectioning of the cracks for determining profile sinvolved first mounting the
sample for metallographic examination to view the crack on the ID pipe sur-

face. This surface was polished, etched, and photographed for each sample.

- Subsequent to the original polish and etch, the metallographic sample was

ground to expose a plane 0.050 in. below the original surface. This plane

*ith unground weld crown.
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was polished, etched and photographed. Then,”the samples were again ground
to a depth of approximately 0.100. in. below the original surface and again
polished, etched, and photographed. This sequential grinding, polishing and
etching was repeated at 0.050 inch intervals for each specimen uhti1 the
crack disappeared. Figures 17 and 18 are sketches of crack profiles result-
ing from the sequential sectioning and phbtographiﬁg.. Similar results are

obtained for each crack.

Detectable* by Detectable* by - Actual
Crack 1981 ISI Methods 1982 Improved Techniques Crack Depth
6 Yes "Yes 0.052 in. (50%
“ ‘ wall) and
0.20 in. deep
secondary
crack)
4 Marginally Yes « 0.610 1in.
' (58% wall)
1 No . Yes 0.620 in.
(59% wall)
7 No Marginally 0.400 -in.
‘ : . (38% wall)

The summary table suggests the 1imit of detectability for axial cracks during
the 198i examination without grinding the weld crowns first was apprdximate]y
45% to 60% thru-wall. With the improved technique cracks with depths less
than 38% were detectable. (Further study would be reqyired to establish the
actual Tower 1imit of detectability of an axial crack in the configurations
observed at NMP-1.) Axial crack 7 on the pipe side of the wall has poor
detectability primarily due to the inter%erence of the extended weld crown

with the placement of the U.T. crystal.

*With unground weld crown.
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It can-be concluded from this study that because of the U.T. methods employed

and the presence of unground -extended weld crowns.at the safe end to pipe/

elbow welds, axial cracks ‘up to 45 percent thru-wall were pfobaﬁly present at

the time of the 1981 ISI examination, but not detected. ' With the improved
methods used in the 1981 ISI examination, the axial cracking of this depth

would have been detected.

Based on the previously discussed crack growth analysis, cracks in 1981 of
45 percent of wall could be expected to grow through wall and leak‘in the

9 mqnth period from 1981 to March 1982.
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Table 1
ENViRONMENTAL CONdITIONS FOR TESTI&G IN

SIMULATED BWR SERVICE CONDITIONS

Temperature 550°F + 10°F
Pressure ‘ 1230 psi + 20 psi
Oxygen ' 0.2 ppm £ 0.1 ppm
Conductivity 0.5 ymho * 0.2 umho
pH 6.5 + 0.5 at 25°C

~ Table 2

ASSUMED OPERATING STRESSES USED IN CRACK
GROWTH EVALUATION*

o
-

28" Pipe - Nine Mile Point

1. Pressure stress - 7.75 ksi
P 2. Dead weight - 1.0 ksi
| 3. Thermal stress - 2.0 ksi
4.  Pressure on crack- 1.0 ksi

*Based on discussions with H. S. Mehta
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Table. 3

STRESS INTENSITY VS. DEPTH, FOR NINE MILE POINT PIPE,
DUE TO OPERATING STRESSES :. = * -

CRACK K1 STRESS | ‘ L
PEPTH INTENSTTY
R.2160 2.39523
9.0210 4,6E272
Q.0520 5.31720
0.0730 £.. 23525
@.o4a 7.22£92
6,115 £, G7495
2.1260 2, 90212
0.1726 19, 45521
Q. 1590 11.24125
9. 2200 12, 62164
G.2414 12.93722
B, 2420 132.65144
@,2230 13, 43494
£. 2040 15.27912
&, 2250 16.17742
S .2440 17. 17701
T Q,2678 19, 19022 _
0.3280 - 19.21717% GCRAKO1 Assumptions:
T 0,409 20, 25775
71, 436 21.23905 , s
G 4510 Rl aztce MAY. CRACK DEPTH OF  @.800 INCH
‘ 0.4720 £2. 60959
b a3 24, TETET
" Gigiae Be. caz7? FLATE THICKNESS OF  1.05@ IMCH
o Q.5259 27.17212 :
-7 e.ssee £8. 4z3ca: .
2.5 29, £070C
o S6o0 21.15064  CIRCUMFEREMTIAL CRACK TN CYLINDER YR/T1=19
Q6193 22. 51215 .
0. 6468 33.94177
G, €616 25, 44677
A.E22Q 26, 97202
B, 729 22, 52025
. 7240 40, e8242
¢.7450 41,7422
Q. 7EED 42.50964
D, PE70 45.85518

Input and calculated throughwall operating stresses

POINT R=tALUE Y-LRLLE Y=CALC Y=DIFF
1 a, R.117956€ @2 A 117708 62 Q. 11921E-06
2 0Q.20000E 0 A,11756E 62 6,11790€ 02 0.
2 A.46000E 08 Q.11756E A2 B, 11750 @2 -A.11921E-05
4 Q.e0a0E 93 0.11796E 62 6,11750€ €2 -0,11921E-46
.9 0.20030E AP 0.11756€ 92 Q.11750E 92 Q.11921E-05
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CRACK
TEPTH
.A109
.A210
8720
2342
1150
.138A
L1574
1724
«1294
2209
241
[ ] aE-EE‘
22724
. 2049
« 2256
BT
T
« 222
o492
» 472010
.4516
.70
433209
6,514
A.52592
0.5569
R.5v7a
0.5929
B.51290
. 6400
Qa.€610
0.5229
G,7a20
a.724a
Q.7453
Q. 7EE8
Q.7evo

Tab1

ed

STRESS INTENSITY VS. DEPTH DUE TO THROUGHWALL RESIDUAL

STRESS FOR NINE MILE POINT PIPE
KT oTREgce

INTENSITY

T.92721 -

Q. 62235
11.42019
12. 21679
12.61224
12,7423
12.1%24¢%
11.96701
16,69747
2.62164
QL AEET
7.47031
S.5%00e
3,697
?.287471
. 20522
-4, 97495
-2, 60299
-4.271<A
=5. ¢SH20
~7.£1929
=3, 27072
=10, £223%
-12.44722
=12,932232
-15.41424
=1£.,87222
-12.2172%
-19.411172
-20, 47412
-2Q, Q2L

MAX. CRACK TEPTH OF

FLATE THICKNESS OF 1.050

CIRCUMPERENTTAL CRACK TN CYLINDER fE.Ti=i¢

-cQ. 23514 |

-19,51271
-18.29272
-17.2214%
-15,57551

-15,39785

- GCRAKO1 Assumptions:

Input and calcq]at%d throughwall residual stresses:

3
-t
3

DWENA LD

Y-DIFF
2 -0,14304E 01
a2 0,2368¢E g1

~LALU —URLLE | Y=-FALC
o, PHE ot a2 ‘a.P14%E
. 16500E 00 Q. 14969 02 Q. 11091F
. 17996 00 0, -G, 520145
Q. 21GEGE QA -4, SOAAGE Q1 —G. d943TE
. 21SA0E 60 -, 190G6E G2 -0, 1SSE
Q. 42COEE OA -2, Z1005E G2 —q, 2675
0. SESOGE AQ -@. 196966 G2 —A. 18843E
G, EZOOE 0R —Q,700G0E 01 —0. SBRASE
G, 7TOMIGE 00 6.

oQq
Gl
a2
a2
oz
01

G, 520145 O
-6, ZEZTSE-O
-a,.21472F a1
—6, 24E21E GO

Q. 84880F o9.

0.95998E 21

0.170886 Ot -0.170986 21




NINEMILE-11,.7?3KSI,AVG.RS,FS dasdt

Hall Thickness= 1.85 <in)

a

Gind

. 9833
.076
« 897
.116
137
«133
«1?73
«196
. 217
« 237
+ 255
+ 276
« 295
» 313
«333
383
«373
« 393
414
«434
«434
474

.494.

.54
« 933
« 333
« 373
« 593
.613
«634
«633
« 67?75
«694
716
. 733
« 736
« 773
+ 793

a’t
¢ind

. 050
.972
.092
.110
.130
. 146
166
.187
.207
.225
.243
.263
.281
380
.318
.336
.353
.374

« 394,

<413
432
. 451
«470
. 489
-1-¥g
3526
« 546
« 363
384
« 603
.622
« 643
661
.682
.698
. 720
737
« 756

K¢load)
ksidin

5,34
6.40
7.33
8.10
8.93
9.5%54

10.36

11,16

11.91

12.67

13.38

14,21

14.97

15.79

16.%9

17.52

18.48

19.49

20.56

21.62

22.67

23.72

24.87

26.03

27.12

28.29

29.5?7

30.88

32.18

33.53

34.89

36.51

37.89

39.48

40,82

42,70

44,17

43,30

Table 5§

" Initial Crack Depth= ,8325 (in)

K(Ecsid)
ksidin

11.43
12,09
12.59
12.40
12.18
11.59
10.81
9.70
8.57
7.29
6.07
4.49
2.98 .
1.37
-.05
-1.54
-3.10
-4,68
-6.31
-7092
-9.49
-10.94
-12.39
-13.86
-17.81
~-19,09
-19,.74
-208.,22
-19.47
-18.60
-17.91
-16.99
~-16.58

K(total)
ksidin

16.77
18.49
19.92
20.50
21.11
21.14
21.18
20.85
20.48
19.96
19.45
18.70
17.96
17.16
16.54
15.97
15.39
14.81
14.25
13.70
13.18
12.78"
12.47
12,17,
11.89
11,75
11.76
11.79
12.44
13.33
14.28
16.28
18.42
20.88
22.91
25.71
27.59
28.72

CRACK DEPTH VS. TIME FOR' NINE MILE POINT PIPE
MADE USING UPPER BOUND da/dt -

dasdt
(inZhr)

2.98E-05
3.84E-05
4.67E-0%
S.03E-0%
S.43E-0%
S.46E-0%
S.48E-05
5.26E-05
S.02E-85
4.69E-0%
4.38E-0%S
3.96E-0S
3.56E-0%
3.16E-0S
2.87E-05
2.62E-0%
2.37E-085%
2.14E-0S
1.94E-05
1.75E-0%
1.S8E-0S
1.46E-0%
1.37E-0%
¢.29€E-0%
1.21E-0S
1.18E-05
1. 18E-0S
1.19€-05
1.36E-0S
1.63E-0%
1.95E-05S
2.7SE-05
3.81E-0%
S.28E-8S
6.80E-0%

- 9.63E-0S

1,22E-04
1.41E-04

Tine
Chours?

e
700
‘1200
1680
2000
23080
27080
3100
35080
3900

4380,
4809
5300
5900
6500
7200
8000
8900
9980
11000
12200
13500
14900
16400
17900
19600
21300
23000
24609
26000
271080
28108
287080
29200
29500
29800
29978
30120
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Table 6

CRACK DEPTH VS. TIME FOR NINE-MILE POINT PIPE

(EXPECTED IGSCC da/dt ASSUMED)

1

NINE MILE-11.7?5KSI,AVG.RS,FS/3 dasdt

Hall Thickness= 1.05 ¢(in)

a
¢ind

«0853.
.0?73
. 093
.113
«133
«133
«173
«193
214
L ] 234
« 2353
L. 273
Le 293
313
334
.353
« 378
"+393
o414
.+ 433
1;0455
«473
«494
«517
333
«333
373
«593
«613
«633
+656
.678
L] 694
714
« 733
. 754
«?76
o 79‘

a’t
¢ind

. 950
.969
.089
.107
.127
.146
.165
.184
. 204
.222
241
. 260
.280
.298
.318
.336
.360
.374
.394
.412
.433
.453
.47t
.492
.508
.527
.546
.564
.584
.602
. 625
.646
.661
. 680
. 698
.718
.739
.756

- K¢load)

ksidin

S5.34
6.27
7.21
?.9?7
8.80
9.5%
10.30
11.03
11.79
12.354
13.32
14.10
14.91
15.69
16.62
1?7.352
18.73
19.48
20.57
21.59
22.72
23.81
24.91-
26.19
27.16
28.32
29.37
30.86
32.20
33.46
35.19
36.72
37.86
39.395
48.86
42. 60
44,37
45.390

Inftial Crack Depthm’ .0525 C(in):

K¢resid)

ksifin

11.43
12.01

. 12.68

12.43
12.22

11.59
10.87
9. 88
8.73
7.50
6.18
4,71
3.10
1.5?
-. 11
-Loss
-3.49
-406?
-6.32
-7.21
-905?
-11.0835
-12044
~-14,07
~-1%5.29
-lGQS?
-17.81
-19097
-19.74
-208.17
-20.68
-20011
-19.48
-18066
-17.88
-17.04
-16.58
-16.38

K¢total)

-

ksidin

16.77
18.28
19.88

. 28.480

21.02

21.14
21.17
20.91
20.54
20.05
19.49
18.81
18,02
17.26
16.52
15.97
15.24
14.81
14,25
13.74
13.16
12,75
12.46
12.13
11.87
11.75
11,76
11.79
12.45
13.29
14.42
16.61
18.38
20.69
22.98
25.55
27.79
28.72

darsdt
Cinzhr)

9.93E~-86

1.24E-085
1.S5S3E-85
1.66E-05

1.79E-8S5 |

1.82E-0S
1.83E-83
1.77E-8S
1.69E-05
1.58E-03
1.47E-0S5
1.34E-0S

' 1.20E-95

1.07E~-8S
9.53E-86
8.73E-06
?.71E-06
?.1SE-06
6.46E-06

5.88E-06 "

S.25E-86
4,.84E~-06
4,57E-B6
4.26E~-86
4.93E-06
3.93E-86
30948186
3.96E-86
4,56E-06
5.39E-086
6.67E-06
9.67E-06
1.26E-0S
1.72E-0S
2.29E-05
3.15E-85
4.18E-0S
40?6E-65

Time
Chours]

0
1900
3400
4600
5800

6900
8000
9100

18300

11500

12800

14200

15800

17500

19600

21600

24600

26600

29608

32609

36600

40600

44600

49600

s3600 }

$8600

63600

68608 }

73600

77600

81600

84600

86100

87500

88500

89300

89900

90300




Table 7

TIME REQUIRED FOR STARTING FLAW TO GROW TO- 50% AND 75% FLAW -

NINE MILE POINT PIPE* ~°

(Circumferential Crack Geometry Assumed)

A; Upper Bound da/dt

a (initial)
5%

10%

20%

30%

40%

50%

B. Expected IGSCC da/dt

~a_(initial)

5%
10%
20%
30%
40%
50%

*80% usage assumed

a_(final)

50%
50%
502
50%
50%
75%

a (final)
50%

50%

50%

50%

50%

75%

9-20

Time

2.45 yr

2.25 yr

1.95 yr
1.60 yr

1.0 yr

1.85 yr

Time
7.35 yr
6.75 yr

" 5.85 yr

4.80 yr
3.0 yr
5.45 yr
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CRACK GROWTH RATE {in./hr)
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10

SENSITIZED AT 1150°F, 2 h, 0.2 pom
0, (HEAT 04304) (GE - T118-1)

SENSITIZED AT 1150°F, 2 h: 0.2 pom
0, (HEAT 03580) (GE ~ T118-1)

SENSITIZED AT 1150°F, 24 h;
0.2 pom O, (GE — T118-1)

SENSITIZED SEVERELY, 0.2 pom 0,
{GE - RP1332-2, REF H.36)

SENSITIZED AT 1150°F, 24 h: 8 ppm
o,

@ Ge-T1184

(@ WANG, CLARKE — GENED
(3@ SOLOMON — GECRD

MASAOKI -~ HITACHI RE-
SEARCH LAB

(® PARK — ARGONNE NAT LAB
(REF H.36)

0O < 0O > <«

/A SENSITIZED BY WELDING, LTS AT
9329F, 24 h: 8 ppm O, (SRLREF H-37)

Figure 1.

STRESS INTENSITY, K (ksiVIn.}

Summary of Constant Load Crack Growth Data (Curves are evaluation

curves.) Data collected in 0.2 ppm Oy and 8 ppm 0, water.
Different levels of sensitization examined.

(Reference 1)
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Figure

*

"LVDT Mounted on
Specimen Face.

4. SEET Vessel Spécimen Chain
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Figure 5. Simulated BWR Water Test Loop
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Phase 1: SLOW CYCLIC LOADING

—p Time

Load

ijﬁ‘

1 ‘$ 29 minutes _+ “_1 min.

<

Phase _2:  « CONSTANT LOAD

Pconstant -—-f -

3 cycles for compliance,

once per day

Figure 6. Loading
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+®

; " Upper bound da/dt

Expected IGSCC da/dt

curves.) Data collected+in 0.2 ppm O2 and 8 ppm Oy water.
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-Different levels of sensitization examined.
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Figure 7. Summary of Constant Load Crack Growth Data (Curves are evaluation
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Residual Stress Measurements for Large Diameter Piping

Figure 8.
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NINE MILE POINT—1
28—-IN. RECIRCULATION SYSTEM
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1
] ] ] .
8 12 16 20 |
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Pl
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0.44 0.107 PIPE — 13 in,
0.50 0,100 PIPE — 14 in.
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*DETERMINED BY PT
**DETERMINEO BY METALLOGRAPHY
Figure 13." Crack Depth Profile .
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Figure 17. Profile of axial IGSCC crack #1 (of Figure 16) removed from
the safe end side of safe-end-to-pipe weld FW-22 of NMP-1
recirculation loop 11. The crack, with a maximum depth of
approximately 59% wall, is situated entirely below the weld
crown. This crack would not have been a reportable indication
as a result of the 1981 ISI examination.
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Figure 18.
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Profile of axial IGSCC crack #4 (of Figure 16) removed from
the safe end side of safe-end-to-pipe weld FW-22 of NMP-1
recirculation loop. 11. This crack, with a depth of approxi-
mately 58% wall would have been marginally detectable with
the ISI procedures used in the 1981 examination.
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‘ SECTION X
STRESS CORROSION PERFORMANCE: OF -
TYPE 316 NUCLEAR GRADE SS

INTRODUCTION

The recent incident of intergranular stress:corrosion cracking (IGSCC)
of large diameter Type 316 stainless steel recirculation piping at Nine
Mile Point Unit 1 (NMP-1) in March 19821 provided the motivation for a gen-
eric review of the relative stress corrosion propensities of Type 316
Nuclear Grade, Type 316 and Type 304 stainless steel. Type 316 Nuclear .-
Grade stainless-'steel is one of two (also Type 304 Nuclear Grade) qualified
replacement materials for BWR primary coolant piping applications as was
developed by the General Electric Company and sponsored‘by the Electric
Power Researcﬂ Institute under Project T111-1 and reported in EPkI

NP-2671-LD, Final Réport.2

Type 316 stainless steel was the material of
fabrication at NMP-1 and Type 304 stainless steel was the primary piping
structural material for the BWR (reference material). Some discussion of

Type 304L stainless steel will be made where appropriate.

Table 1 reveals the chemcial simi]a;ities among these'a]1oys._ The
manganese, silicon, phosphorus and sulfur specific;tions are identica1;
The main a]]oying‘differences between the 304 and 316 grades are the
substitution of nickel for chromium plus the addition of mo]ybdehum for
increased pittiné (and sensitization) resistance i; the 316 grades. The

Type 316 Nuclear Grade material hasia carbon content not exceeding 0.020



weight percent in the ladle analysis. The nitrogen content of this alloy
is also controlled to counter-balance the loss in strength due to the
decrease in carbon content.

The selection of a Nuclear Grade material was based on the need to
provide a material of high reliability §nd no unexpected results.
The selected Type 316 Nuclear Grade stainless steel also provides the
most rq;istance to improper treatmentandhandling. It is now generally
accepted that Type 316NG has more overall margin than alternate austenitic
stain]esé steel in BWR environments re]atixe to intergranular stress corrosion

cracking (IGSCC) resistance due to its lower carbon content and Mo additions.

The general format of this analysis will be developed from the overall

outline below:

1) A detailed theoretical analysis of the influence of molybdenum
and carbon on the properties of austenitic stainless steels
relative to resistance to IGSCC. |

2) A review of sensitizétion and oxygenated high temperature water

tests of the IGSCC resistance of these austenitic a]]oys!

THEORETICAL ANALYSIS

Armijo3’4’5 ;na1yzed the theoretical aspects of the influenée of
molybdenum and carbon on Fhe prope;ties of austenitic stainless steels with
particu]ar emphasis on sensitivity to IGSCC. The analysis was based on the
documented inflhences of molybdenum aﬁﬂ carbon on the thermodynamics;
structu;e, precipitation kinetics and corrosion behavior of austenitic

stainless steels.
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A. Thermodynamics-

Thermodynamic evaluations of the influence of alloy.composition on
the sensitization (grain boundary precipitation and concurrent chromium
depletion) 6f austenitic stainless steels have been made by Tedmon

8 and Ciha]g. These studies have

et a1.6’7 Strawstrom and Hillert
ranged from basic to semi-empirical and have resulted in findings than
are strictly limited to isothermal "equilibrium" conditions, e.g.,
furnace sensitization.

Tedmon et al approach calculates the chrbmium coﬁcentratioq

in the grain boundaries of stainless steels as a function of temperature

and alloy composition. If the chromium content in equilibrium-with the

_ carbide phase is calculated to be less than 13% at a given temperature

the alloy is assumed to be susceptible to intergranular corrosion and by
interference, intergranular stress corrosion cracking.

In general, these studies agree that the most important element prompt-
ing sensitization is.carbon. Nickel also promotes sensitization but to a
lesser degree than carbon, while alloying elements such as Cr, Mo, Ti and
Nb suppress sensitization. Elements such as Mn, Si, P and S appear to
have no effect: For the alloys under consideration (Table 1) it is
evident that maximum resistance to sensitization is associated with low
carbon and nickel contents and high Cr and Mo contents. The relative
effectiveness of these elements has been addressed by Tedmon, et. a1.7
and by Romero and Romeo.9

It has been shown that the change in the Cr concentration in the grain

boundary is reduced by about 0.25 -0.5% for each 1% increase in Ni and

7% Thus a one percent

increased by about 0.8% for each 1% increase in Cr.
increase in Cr cbntent can offset the sensitizing effects of a 2 - 4%
inc}ease in Ni.
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Similarly, a 1% increase in Mo content is as effective as a 1 -’'2%

increase in’Cr content in suppressing sens1‘t:1za1:1'on.~10

These latter
calculations are supported by“Ciha19 who concludes that the effective*
chromium concentration (Cr!) is given by:

Cri= % Cr + 1.7 (2Mo), ' (1)
and the effective cérbon concentration (C ) is given by:

C! =% C + 0.002 (%Ni - 10). _ : (2)
He further relates equations (1) and (2) by:

Cr! =100 C'+ 16 (3)
as the condition required for immunity from sensitization. These equa-
tions reduce to:

%Cr +1.7% Mo = 100% C + 0.2% + Ni + 14 (4)
It is eyideni from equation (4) that a one percent increase in Cr content
can offset the sensitizing effects of a 5% increase in Ni, and that a
1% increase in Mo is as effective as 1.7% Cr in reducing sensitization.

6,7,10 are in qualita-

The calculations based on the Tedmon model
tive agreement with those of Ciha].9 The two major qoints of ‘agreement
are that the detrimental effect of Ni is smaller than the beneficial effect
of Cr, and the beneficial effect of Mo is similar to that of Cr. Cal-
culations were made of the relative sensitization behavior of average
compositions of 316 and 304 stainless steels. As shown in Figure 1, the
Tedmon model shows that 316 stainless steels of varying carbon contents
would have a slightly greater propensity for sensitization than Type 304
stainless steels. However, the Cihal model for the same alloy compositions,
as shown in Figure 1, would yield the opposite conclusion. For example,

the values of (Cr! - 100C') for 316 and 304 stainless steels containing

0.06% carbon would be ~15 and ~13 respectively. According to the Cihal

*Calculated for alloys of base composition 18% Cr, 10% Ni, 0.06% C and
sensitized at 600°C.
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[ BRI

model a value of approximately 16 or hiéher is required for immunity from

sensitization. Thus the 316 stainless ;tée1 should have greater resistance.
‘It is concluded that the alloy compositions for 316 and 304 stainless

steels have essentially the same net thérmodynamféwresisténce to sensitization.

The uncertainties in the thérmodynamic data on the influence 'of Mo, Ni, and

Cr on the activity coefficients of carbon in austenite are sufficient to make

the calculated differences in furnace sensitization resistance inconsequential.

B. Kinetics

The sensitization of stainless steels during welding is controlled by
the rates of diffusion of carbon and chromium. At elevated temperatures,
carbon diffusion limits the carbide precipitation rate whereas chromium
diffusion is limiting at lower témperatures. Low temperature sensitization
rates can be sjgnificanf]y increased by prior cold working of the steel or
by prior quenching from very high solution heat treating temperatures. Both
processes create a supersaturation of atomic vacancies which in turn increase
the Cr diffusion rates.

Conversely, sensitization rates can decrease.by decreasing the concen-
tration of mobile vacancies. Molybdenum appears to have such an effect.

The atomic diameters of the main alloying elements in austenitic
stainless steels are very similar: Fe - 2.52K,3Ni - 2.493, Cr - 2.573.
The smallest and largest atoms differ from the average by only ~1.5%.
Molybdenum, however, has an atomic diameter.of 2.8A and is thus ~11%
larger than the average. This ]arger’atom creates severe compressive
strains in the crystal Tattice that can be accommodated by the creation
and trapping of atomic vacancies, or by the segregation of Mo atoms to
vacancy rich grain boundaries or free surfaces. Because of effects such ]

as vacancyhtrépping, Mo should have a strong effect in reducing the rate
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-boron concentrations in austenitic stainless steels

.

of phromium diffysion (Particqlhriy‘at 1owutempeﬁatures). :There isaampleé
evidence in the literature to support this contention. ) |
Narita11 observed (by transmission electron microscopy) slower
rates ofrcarbide Qrecipitation in Type 316 than in Type 304 stainless steel.
As shown in Table 2, chrome carbides were observed jn grainrboundqries of
Type 304 stainless steel specimens after 650°C heat treatments of 0.5 to
1 hour, but were detected in Type 316 stainless steel only after a 6 hour
heat treatment. Narita concluded that the slower carbide precipitation in
Type 316 stainless steel was’ consistent with its higher creep resistance,
i.e., lattice strains produced by the Mo suppress vacancy migration as well
as dislocation motion. He further postulated that intergranular corrosion
resistance would increase with Mo-containing steels.

12 also observed the effect of the Mo strain field in

Elen and Glas
a study of boron distribution in Types 304L and 316L stainless steels. In
this study an alpha particle tracking technique capable of detecting ppm
13 was used. Direct
evidence was obtained showing boron segregation in the grain boundaries
of cold worked 304L and heavy boron precipitation in grain boundaries of
sqnsitized‘materia1. In contrast, no boron segregation was observed in cold
worked '316L and on]y slight boron precipitation in grain boundaries of
sensitized mater%a]. These findings are shown:in Table ‘3,

12 also evaluated the effects of

In a concurrent ‘study Elen and Glas
B concentration on the recrystallization of 304L and 316L stainless
steels. They found that increasing the boron content of 304L from 3 ppm
to 50 ppm suppressed rqcrysta]]ization. Increasing the goron content of
316L from 1 ppm to 35 ppm did not change the recrystallization behavior.

They concluded that this effect was consistent with a mechanism in which
boron is held in the strain fields of the Mo in the 316L steel.
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Another example of the effect of the Mo stra1n field in the stainless
14

steel crysta1 lattice is g1ven by Barnes Aldag and Jerner. In

this study a very sens1t1ve Auger electron spectroscopy techn1que was used

to study the surface and near surface (0-30 A°) concentrat1ons of e1ements

in m111-annea1ed Type 304 and 316 stainless stee]s. The authors interpreted
" these results in terms of surface segreéation. An alternated exp1anat1on
(since higher Cr concentrations were also observed on the metal surface)

is that Mo.enrichment occurs in the oxide fi]m.: In either case it is evident
that high concentrations ot Mo are available at the surface of the metal

to form protective oxide films.

+

SENSITIZATION AND CORROSION TEST RESULTS

A. Crack Initiation

As stated in Sect%on 2 above, the major kinetic effect of Mo addition
to stainless steel appears to beéthe reduction in Cr diffusion rates. Be-
" cause Cr diffusion controls low temperature carbide precipitation, the
benefits of Mo to intergranular corrosdon and intergranular stress corrosion
resistance should be evident in materials .that have been sensitized at low
temperatures. "The data of Hamada et a1]5 provides good support for this
effect, The comparative intergranular corrosion resistance of Type 31% and
304 stainiess steel with the identical carbon contents (0.05 w/o) is
presented in Table 4. These Strauss test resultsvindicate no weld sensi-
tization or corrosion resistence degradation due to'subsequent Low
Temperature Sensitization (LTS) at 500°C for 24 hours is observed on
the Type 316 stainless steel. This aC1d test resu1t was ver1f1ed by '
constant extension rate testing (CERT), Figure 2.

'Further investigation by Hamada etkal wes designed to‘determine the

reason for Type 316 stainless steel's excellent SCC performance. The

+*
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prior CERT specimen was machined from an actual weldment using the in-

terior of the giping matgria1. An addit%ona] CERT'test (interrupted CERT)‘
using a nearly full thickness specimen with the origina]lsurfacgs pfeservéq '
revealed test results as displayed in Figure 3. In this instance, fhe ”
post-test inside surface i; characteriied by severa] cracks in the heat
affected zone (HAZ). It appears, however, thét the extent of cracking

would be limited to the surface layer’based 6n the microstructural and
fracture morphological examinations. A further examination of the hardness
and sensitization“profi1es through theythickness, Figure 4 reveals that

" both the ID and 0D surface regions are significantly harder and.more sen- |
sitized.

Similar results were obtained by Edstrom and Ljungbe\r'g]6 relative
the degree of sensitization on Type 304 (0.054 w/o C), Type 31é (0.054 w/o C),
304L (0.020 w/o C) and Typé 316 L (0.025 w/0 C) stainless stge]s usihé the
test after various sensitizing heét'treatments (550-750°C). The material
compositions and re§u]ts are summarized iﬁ Tables 5 and $§ respective]y.

It is evident from Table 5* that both normal carbon and high carbon 316
stainless steels start to sensitize at higher temperatures (550 - GOOTCB,
however, the 316 grades sgngitize at signifiéant]y slower rates than the ﬁ
304 grades. The very strong effect of Mo is evident at 550°C where the
sensitization time for 316 was as slow as that for 304L and 316L. It_
should also be noted that‘the low temperature rates of sensitization for m
316L were slower than the rates for 304L even though the former contained
a 25% higher carbon;content. Similar resﬁ]ts were also obta{ned by Ebling
and Scheﬂ.17 _

Akashi and Kawamota]8 demonstrated the effects of mo]ybdg&um additions
on the SCC suscep?ibi]ity of sensitized stain1es§ steels in oxygenated
(20ppm) high temperature water (250°é) using”the creviced bent beam (CBB)
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technique and the Strauss test. The chemical compositions of the alloys

" studied are presented in Table ‘7.

Figures 5 - 8 present the ;imé-temberature - SCC diagrams of T;pe'
304, 316 and 316L stainless steels as derived from the CBB te;t, Féspec:
tively, where the maximum crack depth is p1btted‘as a function of various
sensitization heat tfeatments. Figure 5 c]eariy‘indicates that Type 304
stainiess steel is high1y susceptible to SCC over a wide range of sensi;
tization time and temperature; The areas}of’siénfficant susceptibility
ranges from low temperature/long duratiﬁn to h%gh temperature/sport duration.

Type 316 stainless steé] is characterized by considerab]é suscept{-
bility to SCC although not nearly as severe as the Type 304, Figure 6. The

area of SCC in this particular investigation shifted towards, higher tem-

peratures by approximately 50°C. This result demonstrates the effect of

"mo1ybdenum suppressing the growth of chromium carbide on the basis of the

classic chromium depletion theonr'y.]9

The T-T-SCC diagram of Type 304L stainless steel, Figure 7, appears

" to be quite similar to that of Type 304 stainless steeT except that the

maximum crack depth is coﬁs%derab]y smaller, thus suggesting and verifying
the increased resistance to SCC of Type 304L stéin]éss steel due to lower
carbon contents.

The T-T-SCC diagram of Type 316L stainlessﬂéteel, Figure 8 indicates "
that the SCC suscepfibi]ity of this alloy is slightly lower thaé that of
Type 304L stainless steel concurrent with fhe previous results of Types
316 and 304 §tain1ess steels. The‘temperature shift in this diagram is ,
also approximately 50°C duplicating the Type 316/Type 304 shift.

Figure 9 presents the CBB data’'for Type 316 and 304 stainless steel
in a single plot where the regioﬁs selected are based on c}ack depths
exceeding 200 um in depth. Similar results afe obtained in,the'Strauss test

based on intergranular peqetration:exceeding 500 um in debth, Figure 10.
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The presence of mo]ybdenum delays sensitization at lower temperatures.

A sensitization study on Types 304° (0. 053 w/o C) 316 (0.07 w/o C) and
316 L (0.027 w/o C) sta1n1ess steel by Mori et a120 also using the Strauss
test revea]ed similar resu]ts, F1gure 1. It shou]d be noted that Type 316
sta1n1ess steel shifted to 1onger times and higher temperatures as compared
to Type 304 stainless steel despite the higher carbon content on the Type
316 (0.07 vs. 0.053) stainless steel. .

Hattori et a12] investigated the effect of carbon content on sensitiza-
tion for seventeen heats of Type 304 and sixteen heats ot Type 316‘stain1ess
steel pipe material. Figures 12 and 13 present the relationship between .
sensitization resistance and carbon content for pipe welds prepared with
grinding plus welding and grinding plus welding plus LTS for Types 304
and 316 stainless steel, respectively. These figures indicated that in
each alloy family, the materia]s with the carbon content less than 0.02 w/o
(Nuclear Grade) are fully resistant to weld sensitization and LTS. It was
also revealed that Type 316 stétn]ess stee] has a significantly greater
margin in terms of resistance to weld sensitization.

This conclusion is further substantiated when an examination of typical
ID weld sens%tization profiles is performed on heats of Type 304 and 316
staih1ess steel of approximate]y the identical carbon contents, Figures
14 and 15. It is c]ear from this data that the weld HAZ of Type 304
stainless steel can occur over a significantly wider area. This is read1]y
explainable based on the previous discussions on the effects of molybdenum
on suppressing sens1t1zat1on

Another direct sens1t1zat1on comparlson between Types 304 and 316 stain-
less steel w1th 1dentlca1 carbon contents was made by Hataya et a] 22

Table 8 presents the Strauss test results of Type 304 and 316 stainless

steel welded joints. The penetrat1on depth’ 1ncreases by the add1t1ona1

»
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. by the Electrochemical Potentiokinetic Reactivation (EPR

LTS heat treatment but the penetration depth of Type 316 stainless steel

is less than that observed for Type 304 stainless steel. When the identical
materials are heat treated at 750°C for 100 minutes the depth of attack
is greater in the Type 316 stainless steel, Table 9 This is explained
by the previous T-T-SCC diagrams where the "nose" temperature for Type 316
stainless steel is approximately 750°C. When the sbecimens are subsequently
LTS'd at 500°C for 24 hours, the depth of penetration dramatically increases
for Type 304 stainless steel reflecting the lack of molybdenum in the
matrix. A comparison of the results of Tables '8 and 9, indicates that
the penetration depth of the simulative heat treated.steels are slightly
larger than those obtained in welded joints, in general, and the simulative
heat treatment for 100 minutes at 750°C seems to be equivalent to the
welding heat cycle for Type 304ustain1ess steel but significantly more
severe for Type 316 stainless steel.

A- correlation among carbon content degree of sensitization as measured

)23 technique

and SCC for Type 304 and 304L stainless steel was derived by Kass et a124
as exhibjted in Figure 16. This figure is characterized by a plot of

the nymber of cycles to failure vs. carbon content for pipe specimens2
tested at 136% of the 0.2% offset yield strength in 8 ppm oxygenated
288°C water. ‘It_is readily apparent from this figure that the lower
the carbon content, the greater the number of cycles to failure. The
maximun EPR data (sensitization value) for each heat are plotted as super-
scripts for each data point. It appears that the test data fall into four
catagories:

1) carbon contents of less than ~0.03 w/o with no failures

after 2000 or 3000 cycles

2) carbon contents of 0,042 w/o with failures after several
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2

hundred cycles v
3) carbon contents of ~0.045 w/o with, failures at roughly ™ -

2000 cycles '
4) carbon contents of 0.05 w/o or more wifh failures within

100 cycles
It is important to note that of thé'fou¥ groups, group 2 had lower’ s
carbon content but shorter 1ife than group 3 and that the extremé]& small
difference in carbon contents between 0.045 and 0.05 w/o results in ex-
tremely large differences in cyclic life. The disparity in cyclic life
between ‘groups 2 and 3 is explainable’in terms of'the ERR data. Although
group 3 is characterized by a higher carbon content, the degree of sensi-
tization (DOS) was significantly less than that for group 2. It was also
noted that the yield stress and thus the éest stress for group 4 was higher
than those for groups 2 or 3. A similar type of relationship for carbon
content vs. time ﬁp failure (no EPR measuréments) for Type .316 stainless
steel is illustrated in Figures 17 and '18.

A comparison of CERT test results of Type 316 and 316L stainless
steels, Table10 by Clarke and Hughes25 is presented in Tablel1l. The data
indicates thatva11 three as-welded Type 316 stainless steel heats (M6985,
0.065 w/o’C; 037050, 0.070 w/o C3 037049, 0.069 w/o C) suffered IGSCC in
the CERT test. Both heats 037049 and 037050 we1dgd specimens also failed

intergranularly after the LTS treatment and the extent of attack was sig- A

nificantly greater:than the as-welded condition alone. The third'specimen
(M6985) tested in the welded plus LTS condition failed in CERT primarily by
ductile fracture with minor IGSCC and cleavage fracture present. .This
result fs considered to be a reflection of normal scatter in SCC behavior.
None of the Type 316 L stainless stee]hspecimgns were susceptible to

IGSCC in the CERT in either heat treatment.
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The results of the EPR tests conducted on weld profile specimens

are delineated in Table 12.° The EPR values correlate with the results of
the CERT testing, that is, all the Type 316 L stainless steel specimens

were resistant to sensitization (Pa < 2.0 C/cmz). The maximum degree of
sensitization for the Type -316 stainless steel specimens generally occurred.
at 2.5 mm (100 mils.) from the fusion line. The EPR values for these

Type 316 stainless steel specimens were low campafed to typical Type 304m
stainless steel samples where Pa values generally range between 4 and

40 C/cm2 in the welded condition. As discussed previously, molybdenum
additions to the Type 316 steels influences chromium diffusion such that the
width of the chromium depleted zone is reduced. Table 13 combines the

above CERT test data (Table 11) with some pipe test results. The correlation
between these two testing techniques is also excellent.

Hishida2®

perfb}med a metallurgical study to correlate the sensitization
response of Type 316'and 316L as measured by the oxalic acid test, Strauss,
test and CERT tests. The results are summarized in Figures 19 and 20.
Similar to the results of Clarke and Hughes, the correlation among these
three sensitization techniques is excellent. A1l three testing techniques

reveal approximately the same regions.of sensitzation for each alloy.

Figure ?21 indicates a comparison based on only CERT testing in 290°C

8 ppm oxygenated water. As seen previously, the ranking of sensitization
. /

propensities for these austenitic méteria]s is Type 304, 316, 304L and

316L stainless steel,

B. Crack Propagation

A1l of the data reported above involved crack initiation. It is con-
sidered prudenf to also briefly examine: the data relevant to crack propa-
gation in these stain]eés steels. Motivated by the relative paucity of
data concerning this component of the SCC phenomenon, Akashi et a127
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performed a series of CBB tests to determine the 'SCI> velocity of Types

304 (0.064 w/o C) and 316 (0.058 w/0C) stainléss steel.

Figure 22 illustrates the results for sensitized Type 304 and 316
stainless ‘steels exposed-to 20 ppm oxygen 250°C-water. The 50%-proba-
bjlity values of the maximum crack depths are. plotted versus the test
duration in this figure. It is apparent that the t%me prior to crack
initiation in these tests can be considered incubation period. The
propagation rate for sensitized Type 304 and 316 stainless steel is
approximately 2 X 10'9 m/sec. The daté‘suggests that the SCC velocity is
not affected by the dégree of sensitization and/or alloying elements
although the incubation period is significantly influenced by these two
factors. Thus it appears that crack initiation dominates the difference
in IGSCC response for these two alloys and that the majority of test

results obtained to date has been focused in the proper area.

DISCUSSION

A review of the theoretical aspects of molybdenum bearing stainless
steels compared to the non-molybdenum bearing grades indicates that the
former should bg more resistant ﬁo sengitization at lower §ensitization
temperatures and thus more IGSCC resistant in thérwe1Qed condition than
the latter. The results of recent high temperature constant extension
rate tests, low temperature sensitization studies, crevice bent beam
studies, various acid sensitization tests, electropotentiodynamic reac-
tivation studies and full size pipe tests can be cited as extremely strong
verification of this theoretical analysis. In a convincing number of ‘in-
stances Type 316L stainless steel (or Nuclear Grade) clearly. demonstrated

its superior IGSCC resistance over Type 304 and 316 stainless steel.

Normal carbon level Type 316 stainless steel, theoretically and as demonstrated by

]
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laboratory testing, has only slightly more resistance to IGSCC.than Type

304 stainless steel due to the presence of molybdenum. - The results of
statistical full size pipe festing can be cited, as evidence to'support
this statment since no factor of improvement was identified with these

severe testing te.chm‘ques.2

Therefore, the events at Nine Mile Point Unit 1 cannot be considered

as being totally unexpected. The carbon contents of the IGSCC cracked piping

for an elbow and pipe material are within the normal range for nominal grade

Type 316 stainless steel, 0.065 and 0.049 w/o C, respective]y.1 Type
316 stainless stee] is more resistant to sensitization than Type 304
stainless steel, but is not immune. However, the replacement:piping,
Type 316 Nuclear Grade, does- appear' to be "immune" to weld sensitization
and thus IGSCC due to the synergistic beneficial effects of molybdenum

and lower carbon content,

E.  CONCLUSIONS

In conc]uéions, the above literature survey and analysis of recent
laboratory test programs concerning the IGSCC resistance of Type 316
and Type 31§ Nuclear Grade to referenchType 304 stainless steel for
BWR piping have revealed the fo]]o&ing: |
1) A review of the theoretical aspects of the influence of Mo and C on

the properties-of austenitic stainless stee]sihas led to the follow-

.ing findings: ]

a) Mo additions have’thermodynamic benefits similar to Cr; i.e.,
both offset the sensitizing effects of Ni and C. Within:the

limits of available thermodynamic data the normal-carbon and

low-carbon grades of Type -304 and 316 stainless steels have
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2)

b)

d)

equivalent resistance to furnace sensitization.

Mo additions significantly decrease the .rate of sensitization

at temperatures below 650°C, and increase the rates ‘at higher .
temperatures. This effect prodiuces a net benefit because the
most severe sensitization (chromium depletion) occurs at Tow
temperatures. This effect is probably the major benefit of

316 over 304 grades with respect to weld sensitization,

Mo additions promote the stability of passive surface films

and improve pitting and crevice corrosion.

The combinations of these benefits theoretically indicate that

Type 316 and 316L (Nuclear Grade) stainless steels should have

.greater resistance to sensitization and intergranular stress

ccorrosion cracking than 304 and 304L, respectively.

A review of the Taboratory test data (CERT testing, acid tests,

full size pipe testing, creviced bent beam tests, electrochemical-

techniques) on the IGSCC propensities of Types 316 Nuclear Grade, 316

and 304 stainless steel in BWR type environments have revealed the

following:

a)

b)

c)

d)

Type 316 stainless steel is more resistant to low temperature
sensitization (500 - 600°C) than Type‘304 stainless steel but
starts to sensitize at higher temperatures (700 - 750°C).

The surface layer of Type 316 stainless steel as influenced

by local cold work/local sensitization has a detrimental

impact on subsequent IGSCC performance.

Nuclear Grade piping materials (<0.02 w/o C) are fully resistant
to weld sensitization and LTS.

Weld sensitization profiles on Type 316 and 304 stainless steels

with identical carbon content reveal that the weld HAZ of Type 304

10-16




stainless steel can occur over a significantly wider area.

e) Extremely small differences in carbon content N(0.00S w/o) can
have significant inf]uences on the IGSCC response of Type 304
stainless steels. ’

f) The degree of sensitization as measured by the electrochemical
potentiokinetic reactivation (EPR) techniqde, indicate§ that
Type 316 stainless steel is 1low compared to typical Type 304
stain]é;s steel due io Type 316 stainless steels' reduced
chromium depleted zone. ’ .

g) Since the crack propagation of sensitized Type 316 and 304
stainless steel as measured by the CBB technique are approximately
the same, the SCC velocity is not affected by the relative degree
of sensitization and/or alloying elements present although the
incubation period (initiation) is significantly influenced by these
two facfors. |

h) The overall ranking for stress corrosion cracking resistance in the

- BWR environment fb} the discussed stainless steels is Type 316 w
Nué]ear érade >> Type 316 > Type 304. Although Type 316 stainless
steel is more resistant to SCC than Type 304 stainless steel it is
not significant1y’superior to be considered a seﬂsitization resistant
as-welded BWR piping material. . ‘ ‘

3) ~The cracking at’Nine Mile Point Unit 1 cannot be considered as being
totally unexpected. The additional IGSCC margin Type 316 stainless

steel provides over Type 304 stainless steel is not significant enough

to- impact overall BWR. plant performance.
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Table 1

CHEMICAL COMPOSITION LIMITS AND RANGES FOR TYPE 304, 316 AND
316 NUCLEAR GRADE STAINLESS STEELS

C Mn Si P S ] X -
Number max max  max max max Cr Ni Mo
304 0.08 2.00 1.00 0.045 0.030 18.00 - 20.00 8.00 - 12.00 1' -
316 0.08 2.00 1.00 0.045 0.030 16.00 - 18.00 10.00 - 14.00 2.00 - 3.00

316NG 0.020 2.00 1.00 0.045 0.030 16.00 - 18.00 10.00 - 14.00 2.00 - 3.00

- 0.060

- 0.100




TABLE 2

. OBSERVATIONS OF CARBIDE PRECIPITATION
IN STAINLESS STEELS (Naritall)

HEAT TREATMENT TYPE 304 TYPE 316

Temp (°C) Time (hours)

650 0.5 . Carbides barely detectable None observed
- 650 1.0 Carbides clearly observed None observed
650 3.0 Carbides clearly observed,- None observed
650 6.0 . - Carbides clearly observed Carbides detectable
650 24.0 " 'Large carbides clearly ® Small carbides
) observed « clearly observed
TABLE 3
PERCENT 1?8 IN GRAIN BOUNDARIES OF 304L_AND
316L STAINLESS STEELS (Elen and Glasl?2
TEMP PERCENT 1°B
(°C) ‘
0.5 hour 1 hour | 4 hours 5 hours
304L/316L 304L/316L 304L/316L 304L/316L
600 5/Not Tested 5/0 5/Not Tested 5/0
700 5/ " 15/0 15/ " 18/0
800 26/ " 33/0 37/ " 30/0
» 900 .33/ " 43/0 47/ " 55/Detectable
N 304L - 9 ppm '°B
316L ~ 35 ppm !°B ,
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Table 4

STRAUSS TEST RESULTS OF VARIOUS
STAINLESS STEEL WELDMENTS

Material % S e, AWM T LTS'ed
316 0.05. * .  HAZ 0 0
' depo. 0 0
316L 0.01 HAZ 0 0
T depe. 0 0
304 0.05 © HAZ ©X
- o 'depo. 0
304L " 0.021 HAZ 0
depo. 0
0: Attack Free

>

: " 16-Attack

Data of Hamada et a]ls
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TABLE 5

ALLOY COMPOSITIONS TESTED BY.
EDSTROM AND LJUNDBERG16

Wt. Percent
Steel L _Ni Cr " Mo N
304 .054 8.5 18.2 - .023
316 1054 12.2 17.7  2.52 .026
304L .020 10.7 18.4 - .030
316L .025 13.4 16.0 2.50 .027

TABLE 6

THERMAL EXPOSURES LEADING TO
DETECTABLE SENSITIZATION16

TEMPERATURE_°C . 304 316 304L 316L
750°C none 0.3 none none
700°c 0.4 0.3 none 10
650°C 0.4 0.5 5 6
600°C 0.9 4 5 20
550°C 5.0 200 100 200
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Table 7

CHEMICAL COMPOSITION OF ALLOYS STUDIED (¢ (18)




304
316

STRAUSS TEST RESULTS OF WELDED JOINT W;THE

Table 8

_TYPE 304 AND TYPE 316 4B -PIPES\22

Penetration Depth (um) -

Type  C (% As Welded As Welded +500°C x 24h
\' . " ;’ .l 1
304 0.050 117 2230
316 0.051 20 . . 33
Table 9
STRAUSS TEST RESULTS OF SIMULATIVE HEAT
TREATED TYPE 304 AND TYPE 316(22
Penetration Depth (ym) °
C (5).  750°C x 100 min®  750°C x 100 min +500°C x 24h
0.050 200 Do 2260
0.051 283 920
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Table '10

CHEMICAL COMPOSITION- OF TYPES-316 'AND -316L STAI
USED IN'GHARACTERIZATION-STUDY (Wt %)

{‘IZI_SE)SS STEEL

Alloy Heat - Mn P Si Mo Cr Ni
316 037049 0.069 1.69 0.012 0.004 0.53 2.22 17.36 10.25
316 037050 0.070 1.65' 0.015 0.003 0.5 2.24 18.24 11.38
316 M6985 0.065° 1.70 0.014 0.021 0.50 2.3 17.18 13.30
316L 00630 0.018 1.68 0.003 0.025 0.38 2.15 16.22 11.62
316L 037040 0.024 1.8 0.013 0.004 0.53 "2.19 17.46 10.28
316L 037041 0.020 1.70 0.012 0.005 O0.54 2.19 18.02 11.32
316L D63104 0.009 1.63 0.004 0.025 0.45 2.46 13.10

c

y TR e
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Table 11

CERT RESULTS FOR TYPES-316 AND- -316L STAINLESS STEEL TESTED IN
.289°C WATER WITH 8 ppm 0, AT & =4 X 10=5/min(25

\ - Maximum
. " .. ' Breaking Failure K
Stress Time RA E

Condition® Alloy Weldment Heat  (ksi) ) (%) (%) IcsccP
AW 316L A-A 037041  73.3 62.5 40.4 12.3 No
AW B-B 7%4.0 71.5 49.0 15.5 No
AW+LTS A-A ; 73.4  73.5 53.1 16.4 No
AW4LTS B-B 76.5  58.0 -4l.4 12.8 No
AW 316L A-A 037040 75.8  90.5 50.4 19.7 No
AW B-B 74.2  64.5 42.7 12.7 No
AW+LTS A-A 76.7  77.5 47.6 17.7 No
AW+LTS B-B B P 61.5  55.9 14.3 No
AW 316L A-A D63104 73.5  78.0. 51.6 16.6 No
. AW B-B 78.2  103.0 48.4 22.6 No
- AW+LTS A-A 77.6  79.0 567 18.1 No
AW+LTS BB . 77.1  98.0 53.6 20.9 No
‘AW 316 A-A  M6985  71.6  68.0 34.9 17.4 Yes
AW B-B , 76.3  94.5 40.8 20.4 No
AW+LTS A-A © . 78.5  80.0 45.9 16.8 No
AW+LTS B-B 76.9  101.0 &44.7 20.9 No
AW 316 ° A-A 037050 644 46.5  17.7 10.3  Yes
'AW+LTS A-A : 45.6 17.5 6.9 4.0 Yes
AW 316 A-A 037049 67.7  32.5 19.1 7.1 Yes
AW+LTS A~A - 52.4 17.0  10.3 3.6 Yes
AW ~ T 316L  CASAT 00630 73.8  85.0 61.7 19.6 No
AW+LTS A-A _ 75.2 - 89.0 53.5- :19.6 No

3AW = As-Welded; LTS = Low-Temperature Sensitized (500°C/2'& h)
bScamnmg electron microscopic examination
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‘Tab1e'12

EPR RESULTS FOR TYPES-316 AND =316L NELDMENTS TESTED, AT 30°C*
-+ INO0.5MH SO4 + 0.01 M*KSCN AT'6 V/h(c/cM2)(26)

4

“ “Distance from Weld Fusion Line (mils)

Alloy Heat  Weldment' ~Fl 50 100 150 Base Metal
316L 0 037041 . A=A ...< 107 =iz el o, Do
A-A <102 <102 - <107
L BB ; -7 - -
BB . : - - <107
3L 037040 | A-A | <107 - - - -
CUA-AL s 0.096 <1072 <10 - <107
BB ~ <107 - - 2
BB <107 <102 <107 -, <107 .
316L D630 - A-A <100 - - - -
A-A <102 <10 - <10
- LT o o
B-B .. o<1 <102 - <107
316L 00630 A-A <102 <107 <1070 <10 <107
316L. 00630 A-A ¢ 0.23.. <1072 <107 <102 <107
316 037050 ' A-A - 1.87 = - - -
316 037050 A-A  0.52  1.40  2.00 0.56 <10
316 037049 ¢ A-A 0.55 - - - -
316 037049, . A-A  0.51 117 117 0.26 <107
’ v d .!‘ » * e=s kD :' Ny
316 M6985 A-A  0.20 o
A-A  0.14  0.13 0.1 034 <107
B-B  0.18 - - - -
B-B 0.33 0.5  0.70  0.43 <107

20-28




Table 13

CERT AND PIPE TEST RESULTS FOR TYPES 31G AND 316 STAINLESS "STEEL

TESTED IN 8 ppm OXYGEN AT 289°C

. CERT Pipe Test
Alloy Heat w/o C IGSCC TTF, hrs
316L 037041 0.020 No > 2500, NF
037040 0.024 No > 1780, NF
D63104 0.009 No > 1844, NF
00630 0.018 No not tested
316 M6985 0.065 Yes not tested
037050 0.070 Yes 164
037049 0.069 Yes 28
03019 0.059 No > 1850, NF




WEIGHT PERCENT Cr IN BOUNDARY

25 - -
\\\ Cr Ni Mo c Mn
L \\ —— 304 19 10 —  VARIABLE 2
o 316 17 12 25 VARIABLE 2
15 |-
10 |-
5 =
o 1 | 1 1 ] 1
0 0.01 0.02 0.04 006 008 1.0

WEIGHT PERCENT C IN ALLOY

Figure 1. Comparison of Calculated Grain Boundary Cr Concentrations for
Sensitized 304 and 316 Stainless Steels of Varying Carbon
Contents(9)
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CHEMICAL COMPOSITION

0.05C, 0.47Si, 1.62Mn, 0.028P, 0.008S, 12.25Ni, 16.60Cr,
2.12Mo (4-in. DIA SCH 80 SEAMLESS TUBE)

|

«

/ SMAW WELDMENT (1G)

TEST CONDITION

3 * 288 C, 85 afg
. 5 } DO =~8 ppm
‘ e=83x10"7/s
60 e
-
50. |~ i
- 0 \
¢ \ LTS'ED .
E | AS WELDED
5 1 (500C — 24 h)
e 0 (DUCTILE
3 \ TYPE 304 | i (DUCTILE
© \ (0.05% C) \: METAL) FRACTURE
» DEPOSITED
1 METAL)
20 “ ]
| LTS'ED {
\ i AS WELDED
. vy woox-
10 IGSCC) (94% —
\ | 1GSCC)
\ |
\ : .
o ] 1 1
0 ) 10 20 30
STRAIN (%)

Figure 2.

CERT Test Results of th? Type 316 SS Weldment in
As-Welded and LTS'ed(15
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Specimen of the Present Type 316 SS Weldment
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Figure 4., Hardness and Sensitization Profiles Through the Thickness
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Figure 5. T-T;SCC Diagram for 304 Stain
(CBB Test, 20 ppm DO, 310 hr)

}?§§ Steel in Oxygenated Water at 250°C
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Figure 6. T-T-SCC Diagram for 316 Staianﬁf Stée] in Oxygenated Water at 250°C
(CBB Test, 20 ppm DO, 310 hr)
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Figure 7. T-T-SCC .Diagram -for 304L Stainless Steel in Oxygenated Water. at 250°C
(CBB Test, 20 ppm DO, 310 hr)(18)
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Figure 8. T-T-SCC Diagram for 316L Stainless Steel in Oxygenated Water at 250°C
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Figure 9. TTS Curves for 304 and 316 Stain]eis Steels Evaluated by 310 hr CCB Test in,250°C Water with
20 ppm DO (Crack Depth >200 um) (18 -
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Figure 10. TTS Curves for 304 and 316 Stainless Steﬁls Evaluated by
100 hr A262E Test (Penetration > 500 um)(18)
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__ 316L (0.027%C)

THE LINE SHOWS THE AREA WHERE Dp IS LARGER THAN 20 uM
(Dp: INTERGRANULAR PENETRATION DEPTH BY MODIFIED A262-E}
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5 10 : 50 100 .. 500 1000
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Figure 11. Time - Temperature - Sensitization Diagrams of Type 316 and 316L.
‘Compared with Type 304(18
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A 262-E TEST: 72h

Gr +W + LTS

DEPTH OF IGC {um)

e |
ol o —e0—be L — .

0 0.02 0.04 0.06 0.08

> CARBON CONTENT (wt %)

Figure 12. Effect of Carbon C?nt?nt on Weld Sensitization
of Type 304 Family(2l)
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10,000 ] . . . , . .,
A 262-E TEST: 72h B
1,000 =
E
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w
(=]
100 |
Gr+WwW
10
o . @. [l ‘ ] hd C 1
0 0.020 " 0.040 0.060 0.080

CARBON CONTENT (wt %)

Figure 13. Effect of Carbon C?nt?nt on Weld Sensitization
of Type 316 Familyl2l) L

10-42

a




“ 3 TYPE 304 (4A4) C:0.050%
10 n % ¥ A
. Gr+W+LTS
s
3 I
z &
& - = ‘
a 9 Gr+w -y
(8] » w .
Q z
102 |-
30 .
ol 0 O—o0 O—0 O O Ot
i ] ] 1 | ] 1
0 2 4 6 8 10 12 14 16
DISTANCE FROM FUSION LINE (mm)
Figure 14. Sensitization Profile in Weld HAZ of Type 304
Given by A-262-E Test(21
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’;,w N =8

s TYPE 316 (6A3) C: 0.055% )
10°
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2
-
Ww
s
9
102 [ 2
Gr+ W +LTS
30 - Gr+w
o |- l ()/ -J: o O QO >
| | -] L | 1 ]
o 2 R 6 g 10 12 14 16 18

DISTANCE FROM FUSION LINE (mm)

Figure 15. Sensitization Profile in Weld HAZ of Type 316
Given by A-262-E Test(21) 4
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Figure 16. Failure Time vs. Pipe Material Carbon Leve1(24)
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Figure 17. Log of Cycles to Failure as a Function of Carbon Content
for Type 304 and 316 Stainless Steel(24)
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Figure 19. T-T-S and T-T-SCC Curves’ of Type 316 Stainless Steel(26)
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Figure 20. T-T-S and T-T-SCC Curves of Type 316(LC) Stainless Stee1(26)
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SECTION XI

EVALUATION OF RECIRCULATION SYSTEM
REPAIRS/REPLACEMENT -

¥

SAFE_END REPLACEMENT . -

The existing furnaces sensitized intake and discharge safe ends on

all recircu]ationwsystem loops have been replaced with new safe

ends of the same dimensions but of Type 316 huclear grade (low
carb;n) stainless steel. This material Has been solution heat
treated following all shop fabrication. ‘Removal of the exigting
safe ends and installation of the new safe ends at the reactor
nozz]e; wag accomplished through Newport News Industrial (NNI)
Procedure Plan Numbers CWI 1399-K, 1-11 through 1-15 and CWI 1399-K,

2-11 through 2-15.

In the process of removing the existing safe end on loop number 15
at the intake (suction) nozzle, a partial cutlwas inadvertentTy
made into the reactor nozzle parent material. This cut was approxi-
mately 7/16 inches deep and was‘deemed to be weld repairable using

NNI Procedure Plan No. 1399-K W 3 and welding Procedure CWI 1399K-9.

Shop and field weld material is Type 308 stainless steel with .02

percent maximum carbon content and a ferrite number of eight minimum.

’

A1l field welds have been 100 percent radiographically examined.

Sth welds were 100 percent ultrasonically examined.
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PIPE REPLACEMENT . v

The existing recirculation system piping, between safe ends and pump
nozzles, both suction and discharge sides of all five loops have been

replaced with new pipe of the same dimensions but of Type 316 nuclear

grade stainless steel. A1l of this new material has been solution
heat treated.following shop fabrication. Shop and field weld
material is Type 308 stainless steel with .02 percent maximum

carbon content and a ferrite number of 8 minimum.

Shop welds and field weld edge prepared areas have been 100 percent
ultrasonically examined. Field welds have been 100 percent radio-
graphically examined. All RT and UT has been performed and evaluated
‘in accordance with Section XI of the ASME Boiler and Pressure Vessel

Code in effect at time of contract.

EXPECTED PERFORMANCE OF REPAIRS/REPLACEMENTS

Type 3£6 nuc1earugrade %}éin1ess gteef is highly resistanf to Inter-
granular*Stress Corrosion Cracking (IGSCC) in the welded condition.
Laboratory tests have confirﬁed that the highér cérbonigraée Type 316
.is less suscept%b]e tﬁan Type 304 and that low carbon (less than .02
lpercent), Nuclear grade 316 is the least susceptible overall. The
Type 308, low carbon weld material used is also highly resistant to
IGSCC. These mafé;ia1s coupled with excellent qué]ity control and
examination of the base material as well as shop and field welds,
coupled with a relatively low operating stress environment will ensure

a long, acceptable performance level for the new recirculation piping

and safe ends.

11-2




v

e

7 AN

APPENDIX A

MILL TEST CERTIFICATES AND TEST REPORTS
FOR NIAGARA MOHAWK CO.

NINE MILE POINT-1
PRIMARY RECIRCULATION PIPING

A. Mill and Check Test Certifications for Straight
SpooTl Pieces . v ¢« v v v v vt e e e e e e e e e e e
(A1legheny Ludlum, Jessop Steel, and National
Annealing Box Co.)

B. Test Certifications for Elbows and Tee Sections. . . .

C. Chemical Analyses of Weld Filler and Consumabie

Insert Rings . . . ¢ v v v v v v v v v e e v e e e .



L

*




AL TVR ANt o’ g m' 3 “, S . ‘ N "(’ﬂ ("’3')?)“;;;::"7:&
5o NETIONA, SNNSALENT EBOX CCo o BOLEAND? ".ﬁ')hQ:‘.‘?:bO'
L e C\-\v\\-('\-' ‘3'& . . 310 ():mﬂ;:ncn“.bﬂ(.f:.efio
° ...\\.nn\u.b\b e ‘ NOAHNNNGORICHIBLEND ,
: : AR e ey
° . i §048506038860008383
s O
1 . ama, CERTIFICATE
» » . . . .. : . .
;- : % OF TEST
SRl
o .-._f.ii““.i\." STALNLESS STEEL TVRZ 3"-) CAR30N .02 0 oC“ Cw Pv-buu
-8 ANXIALES AR PICILED .50 ASNMET SA=EHO . . .
g " . 3,
. . INLDICR WUMBER & DATE  ° ﬂ}":" e
LG22 SR YL
Hee 20 CoRe = oy L - oo
'- 4 AN s . » W & n
e | mmm | S | o] e | e ommew [EmAT  SLAT L oe0nan000000aaatoaeeosaals |
R
- v—‘ 4"' 4 . geis : - fe’ I
5 128311 [Es R RYPRZs o, 2 B
m’ ¥ i § ‘ P L0l b " 30" 6§§°888°S°§°2888333221225§§
R od oo vt §gn§g°8§g§8§§888gEa?%g?:ggo
. b g *~ B600680000000QCOESEEEISCLON -
6 a?;zzh 1 ?&3/& x‘:-a/@s"'* ljole w 5 8 gg?,g §3nRgozRszstaeolic
- o, | o ESlSRismEEAE it
v, sae ' ' » 8o a":-—' -3 C.g
8 15wl 1" - 3/36 R1~1/Gii2i6 AVNERN
- - ¢ = =X '
5 E?p{::h. P 51;..3/1;\( 3.3}:_;501. 10’129 Otg'd : 1 dg 0§§§§3§§ gggmig“
s { R - |3 Seicesciiianeneasain
} D P t . . '_'_, . L L-0¢? < ,’sr; e FItrex.
I VYo i e Oty SRR VoL N R § §§ RRGA00D
_ PORDE bl G RATES. T 1LY ggz Sot .
" NATIONAL ANNESLING 80X CO. © C : - g 0309280 §§§€9
‘ ittty
(RGNl : . APPROVED §§§ gg“‘gi’gég"z
. ! = 1 co 9 QRDRRL
“JAR 24 1955 >y | RoSdaRie
2t Ao iz MAR 29 1965 :
’,_ ) '-.. .""t' 3 ] . -;;..) * lo
WASHINGTON, PA. o 53 | e f B/ s | 68
-~ { { - P :-‘ ,-. . v '; B " - - I 'SS;
.. We52920 WA _25’3'30?3‘:'-9 S
a v, n N KR mm:o-v )O hgx YO f‘ 14
- - sL:
H -;': ; -.': .._'\-" ;

ALLEGHENY LUDLUM STEEL CORPORATION LAV el Aj
© 7 Special Steels for Industry ve

* mease mewrt 1o P.0, BOX 2159. PITTSBURGH 30. PENNSYLVANIA ’

-

ot
754

° An0Nsee * wgesast ] '.l-'ll' hoarid *
e | vo '-. Poesy avnaee LSRN 400 slroag
N N ML ORDER
0.'.“.‘.’“""“"“"‘ . VENOOR CO0E WO ﬂu!ouu,on:x-muua ol oarg 0‘;‘0" PATE !' “w“;\".l‘.‘:."; [ )
P || Seeey | ] ]| PBTIOSTOES
6'0:' swpurry [ 9C8° "~0 v ' pt o-o: * mavy | (XL ! ' I SLCLITMG ML 1 *
RIS i ,,Vlw,,é".é o Fs,:{az-“s.oc 3B *CORTESVIL L, Pq. ,

W

.
" _s:"-' ‘\-

RN LP 5-
b 1 "-:S)‘)"«"-

.
¢

.1‘.-,
rl‘\

Ly
4
& -




. . v' . e
oSS .
T - ALLEGHENY LUDLUM STEEL. CORPORATION -
. CERTIFICATE OF TEST » -
: ) CHEMICAL »\f\Al..‘SIS ) .
——X’J"-SW‘Q':-‘ ' ! T T “T %7 FEart R N ]
e ettt I ntAt N MN . ¥ $. 7 & i <= Nt [ H H ' H :
: : i H ! -1 . H I~ o i H H . :
' P . 1 T : ; 7 ] i ; :
ddaos 951 asS 169 oa.‘}l orso U= 1790 120 3 YR i : ! . :
‘ . y i -' N . Lo . :
: S VSL oy 163 ol o1} P g yasa g 10 1
. . , : i :. ] - E
P Sloows/] eyt L 2, 8/8 X' /200 2350 Y6, oE
. * . ."- : H P * ¢ M
1 i . . - . i . : L et ‘ | . :
Cr " " : l ' oL
SR T ) : ' : | i ; 5
. - > ] { . [ 1 H .
H ! : " i ’ [ I | '
. | B ' ! I :
Ci i ! i | i S
’ PIHYSICAL PROPE! \TIC"
. L. .o : YiELe ARGl T CLOn o1 cown : i
devs o ewar ese g STHLING the Sintte e o “°C"5-—-‘~! crae i fI)/g i
) ; u . ) : AP = ____;
: 03%.2 | wavea q‘?w- Foo! £8 /62 OA"; 2o/ i
i H H — . : :
{ X R ;-— 3 oo ¥7%c0 i &8 /X3R! 0k~ 620! .
| : I H '
: i I R N Y3coc ?°A°°§ Go| /6| 0K GRo: i
i i ‘ ' H
N YySoa| FLvoo i Go| /SGi okl 2P} :
R TV P WX P3vec! G/ ISH o DL 5
jo ;& 4" 'L ol .p‘-/ Yoo, PO 0. (=2 4 Vl i
(" S¥oo C//-\S?-'\Q’ . 38706 8ice i LT /YS ok | 6L& |
SR 3 ) |
& ; . ' -
i o . : e N . ; |
SR : : S L
l H . . » . N 1
i‘ H : - l » ..__"T . « " H ‘. ) 4 L
g Lo P N . ‘CORE LOSS TEST .. .. - i
. . " t i : "moooa. 150608 ° = . * 60 CYCLES
LOT RUMBER .o '.'wn'rs 17, Pouua'_ N } — Y LOT HUMDER ° * WATTS PLR FOUND
- P i
“ e . . \ . :
. S, » M Lt :
® ::.- .s : . :..;'::.jo' o ~ * ' . ) . [ 1 . . i
N R P O E R
RO SRR I . . . N
1 “ et “,‘.n";-.)_._:-!"_‘_-.. . _\
- '--. R B A T A x .
Rl 0 S A [ R S
CORL 1,055 IN.ACCORDARCEIWITI THE WMERICAN scrlnv FOR TETING BATLRIALS SPLCIFICATION 33
J w38t e Tdenie o o dRESULT A- &EVe CENTIFIED .

* ALLEGHENY LUDL'1 STEZL CORPCD,

ON




1

a N

-y
b0 - o

‘
R 7.;,.'

L'.CORPORATION

. Special Stecls for Industry ‘
rzase rewt to: P.O. BOX 2159. PITTSBURGH 30. PENNSYLVANIA

.

ALLEGHENY LUDLUM STEE

3 "

0T LY

"

o . .c v el
- - . PR -
e - o o - . A B
* P | . —3 i WHTEN
- R Y o5 ORGCTCOCGO0CCEODCHOGOCCOMMH DOOLCCOCTCOOCC:COCCCOCCCEACCoCor. * .
N 3 \J. £ 2% 0CTCOCCCCOTCCOGCO000OCACOL0OCCCLCOCLCCCOOLCOCCOTCCCLERCH: ' et w g
3=, LA ﬂuOOOOOOOCOCOOCCOUGU...'..OOOO)Q\vun.ﬁfdnOOOOUGOOﬂOﬂQOOﬂOOOOOOUU.M F L T
-._. \} > ﬂ.u * {3 10CO00 OGC.OOOGﬁ.»..ODOaaﬂomr/\&m"ﬂ:d.\...90000../0.:..3:30000P.OOOGQ“..S.M_“P s A L
T ) QCLOVCCCOLCCCOtLl QCONCHNACCOOLECCOCHLGCERCLO0TCCCOCHCO0COC 3 . "\e
i 47 " |——0COGO00CHONGCOC S £, COCONTO0CCCOOQNCHOCCCOCOCE 2O CLCICCCCE o4~ v
A o) . 13 OCCCOOCOOOCCCCLL L CCCIACOCOCA0OCOOCCCLOCALHICOCLCCOCO0O0OUT s . " ‘o
te) ot ., I0CCT0OCCAOCO0COCINCCOCCOV00IOTICSCIIICIT IISITCCLOOCICOCITEAL tL e
[+ 4 . .JJ H OCCON0VN000CO00CCCCCCCHONNQOCCOCONOCCOCCCCHNCCCCCLIOCCICD w e 2.
u = Uy - (o] L) s O0COLCOCH00LCOQCLOBOVBOOSLOE YO OCCCOOCCHOSOCINCCOCCCOCG "l s
Qi e} £6000CG0C000UCO0LOAOCONNACASCCOCHNEACQRRIN VSO0 OCCCLQOC D
[+ 4 w2 * (88 | IR PCRCUCOCO0OCO0ACHIOCCCOLUCLACCCOONNIIDZNICULISGLCAASCILCLCOL T e e
0 ‘i - — ~ [} i..|OOOOOOOCO0GOOO?/uCA\CGOCOOGOOQOOOOOCCCOG?P‘\GGPP/\VCSOOOOQGOO < .
) S IC0COON0CO0OCOCO0LCROOACKXICCCCIICOCOCERCOOGHCOCIOCCCOCRRCC % g
40 NSrCCasD < + <) I ICOCGOSGOCO000EEEEGEERCCACOCCCCEOCRTCOILECLELGHCOCCCOUCNE A
2 AREE 4 L . . 1CO00000000ACECOGHCECEECOOCO0CCO0COCEOCORCLTOCOCCCOCTCE se T
b3 IR ot Sk C vy 3 GOCON0CCO00CACOONCOCOCOCCLOCOCONCUCINCICCOCOCCCLCLEORCTCOCT ! L oan
- (38 Vo : 00EOCO0000000I0OCAITOCOTLCOCECONCCCOOICCOCCCCCCLO0 [AslelaNs o,
s * — o000 CCO00CO0DCCOGCCOCCOHOCOCOCLCOCONTCCLCOCCOCIOOL C Vet
: u, — N GG GCOOCCO000CACODCO00NEA0000MK:COOOTCOCNCITCCICOCOOCCHOCOCO Vot R
- —" o - ..»s_IGOCCOQOCOOCOI0CCHCCANCOCOCOCECCOOCOOOOCTOCOCCCOLCCOCOR s e Y
— | § S - Az. " A7 COGCQCOO0COOC0DNCONTCLCCOCONCOOCOTOIDCTCTOOCOTTOOCOOOCCOOQCCT e, T
—_— 0 [v ¢ A 3 |- 0CCS00CCO000G0000)0N00CHO00NCOACCOOCOCOCCOOCOSCOOCCCCCT ot u..u... .
5. L 2O > “le |¢ ©GCOCA0G0OCELZABLEEAAN0OCOAOCLOOCT COCOOLCO00L GCOSCOS . -
e, w . r S I 1 0OCAOCOCOCOOCCCOONCECCOO0COCOCATIOQCCOCOCOCOCCIO00OLECOCCCOy & = == i
2. AR} | m 00COQ0COCO000002LACAQCOQACoARLCARNACTCCOCOCCQCLV0CO00QCIL T Tl
- -~ oar =* .
-t v o Rl Y e = o~ = — BRSPS
: T L4 - - (2T s R RN
LR L i RPN g Lm—monazi Ecco; g T,
by ﬂ‘b «t )Y o > _‘.—I \-/.l_ EOCCH R + ."_WHAJ
= HR B R, (g T O A LTTARN 3 B At 0% o
=3 Y S ¥ ANy
i1 &G Fe b
{13 =2 ¢ o Qa I o o -1 8 D &R > ThraE
; I -3 H.\ow - = ™| e ﬂ.l..’ - G LOC O . : m b | [
e 3 1 T ‘on « =2 2 C LClo L8 v
IO - 13 g . < ! e ~ ™ &Cco [ P ]
3 3O -2 ] . COAR] Ino o' LI PR
e ¢ 9 Eall B 29N - IR B e vr.o2 BN
w9 Q Sl TH3A o A\~ o ON T s IR RS e RSO T zé ™
80y - iy i w N - 1ol R ..._ Jo B0S .. €y L,
e Y, D b @2 . —_ [ 1. B ened v. g ® <C
. . N...U U ) ”u S % 2 . [ O o~ ...../ <L vy €00 «...‘un
M —ram e - _— . . b, i ] o . e e
G Ry ) | MM & W . X0 2 it .\.Il_v 8553 ST 3R
2 - 20 J S S @ z - T < Lt uu..m.,ﬁ.
. m —ve— -3 il =3 TN @b b1y 4 2.
. ﬂ ﬂvJ . .\.\v 4 n o .Q..lll: ‘.ﬂ“lll./‘\%lin.v‘.ll ——— ﬂ-..vg.s
P 3 o 2 - U ° e s | [ I e e A E. o8
.3 ce O < ° ' o o | Bmnd L3
. VN 'S - P E AT
A | % il 8 e QL o
LI S+ AR 46 4 X X 2 o i
" ) o b i y - % v |0 el
10 ] < . N . R » ‘. K
12 —} (5} e - &L - (1 £
i3 -1~ [ .fy - ey
H L) pd Y] 3 . ) - P Q"
——— - Cr m:a o) mu QSR g Sy g f U . e
—8\9) s £z €3 o = QM - )
R A S &3 0. R < S
3 A 32 s k) e -3 SR B Y
— e = |8T, . .
. - - e iu » Caldel
€3 . \- - g mm Lol 2o € 7 gegew o ¥ >
w 3 A e - . R o 3
0 < 9 “ = |3
at 99 an <2 . 1Y e o 2 APTI
. n .€® 5.) (AR
177y % oiis 226} R g
A <3¢ 203 il K At
I =3 ol el o o : .t e | mm .
1 b By i) et I - T
P 10 ss 282 L3 14} i kg
i § 1y Leig : S
.n. - tmuwl .nu.n ’HM r.-u ..!\“ | Y .
§ L S— L ¢l S I R K T,
] L] l\ul - ¢ o o o e 4 = . » T -- --. .-4.
4 aQ - . PR
w0 i0 »0 wIet »0 2 e, . . I 3
. . . T |
N ) ) . ' ~ w
N Pl v Tet N
o _ B . . H




«or - »

- . e

St C e ALLEGHENY LUDLUM STEEL CORPORATION

CERTITICATC OF TEST o

oo - ‘ .
Q‘ﬁ - Shes.CAL .\NAL‘.'S;I'.?\?.w) 5_' lorm i ' .
. :- v LA AD : c i T I e M e I a |- i ' I !
——- e . : S . : .
( > ) - l R » ' ! Poi i H ’
T e 7 |~O°<'/6°i.oaa..°/a:'~- /)’/0 /~£"°|"?"'-2l o : . .
. :c i !
L PV P royd P oy 10/K5 1 50 .; 220 p2riR0e| | o
» . ‘ . . . * - . H ’
7 . i . i ' : : . Y ' H
‘e i i ! . ' i
§ = : l . ] ;
. : 1 i ! i i
o ] | ;! S
: i : ] -,
. i ! ! !
. ' 1 H . .
: v ! ' ! | ' . }
;__ ] 1 I d 1 I
) PHYSIC AL PROPERTTS
. - . ' YIELD 1 1ensat © | cLons cowp ! )
T g e aT f TEST . : SYRUIGTI i STREINGT M ! . R.(_ﬁ_c_"_l!&l. WEND ! ey i
..... . 2 |—é’i‘.ﬁ— - r./(-__'.,_a. i
N 1]
. s - . e, . i . , - :
¢ 3Yoe3 9 / Q/‘~.’90 © FLroo | Po | /SG |k I G327
; i ! < o ! . : .
i ooty =Y "‘k/U.?oe oo itay | /X6 |0 G S i
| Pee e - YT
L S e T YRG ¥&%20 |LS| /SC |of |62.¢ |
N 1 M S- < . -
P i77"'l{|\‘\""‘<‘/¢oo=> di¢oe 1852|110 |OfF 1652 :
N ! o S
B c99/q < - Yo | IS Foo | SS|/55 et (CF0O
i - :
( . ] a 1
v, . I
e ' . . $
. . 1
. 4y - . ] .
- )
« : ‘ / ;
. . . 1. .
. | ’ . : : o]
> . » .. . ‘ . !
. . » , ) " : ; . <
| . ) . ., .
! ‘ .
: i B « CORE LOSS5 TEST I | . - ]
. 10000 B- 150008 ‘ . 60 CYCLES
‘ 1Te™ LOT NUMBER " WATTS PER POUND BRI ! LoT NUMDER . WATTS PER POUND
: .
: « . . . S, .
| .
(]




S e .- » - s

) EI N w2 .":" ' ., }&" "-'uomo' .
ALLEGHENY LUDLUM STEEL CORPORAT]ON ) b"

« . R Special Steels for ludustry . Y,
" sgase apwy 0: P.O, BOX 2159. PITTSBURGH 30. PENNSYLVANIA 7 ? .

-
= a

o aDO=ste * “issect L ] [ et id oY A\
"~ tee e @evy 1 sousne i oavy | ~Lo® SLrOnL | ) ]
' i I . . MILL ORDER
a'.ﬁ‘!wvlvgonlvucvluo ! ‘ n-oloncouuol CUSTOMER OADLA MuMALS o ean lo N pave *  muveca L
. ' g BRI . i 1 - S T O w0
P _ ST IR | 2] 158=503C55.
'3, oslmvv ey | "o | cusy cooc no:ue' l imAry Iuw I 087 4 ACIELPTING wel \ 1 .
$I0T | 1CyenGisses lo7iasigoi (s vc:;'::sv:-.:.::?, xff;’- XL -
SUATIOND, AMKIMING EGXCO T ¢ T :
. o XL XL, - - » .
-] \.-\ev b phan ¢ Uo‘33 R '.\-\-. o h‘-."-.‘)fh" SH5a lr" H
. > L BOSLHONNHO NN s
° ., : QUWBLLVYaLE00082uI0 T,
% Do
’l‘ ean'Ag s CERTIFICATE
L4 N;\u'o'u.w *
»
;. | OF TEST,
=gs5 i~ l“:h;’:! ‘-‘- 4] ) '::.n'-?.‘:r:-!::_i:-'”---vo u-,—- e )” e ArmryAne ES! LX) e ’-\:v na-: LI dd o S »
- ' lme wive u'_;a\- ~u—\;w‘.~.l Viewwieo & vt o M .o WetesibwutU WY I WL Bwld 1w “\l-ﬁ.L,.t:f .
5; ‘J:\"\“'{v‘m‘;‘ A‘ \ ‘:cL\- 0 ‘rJoVo— 5[‘%“““‘0 . ’ ‘I " . 'h' “ i .
P * . * . »
. . .0 = -' - %
— . . WYOICE muun.oﬂl \ DAL Swsetd
- -59..."? \ ' z}u?'c‘,‘nef;
A A CAR WnliaL & MO GROSS Tong L’ﬁ! A4
G| sseaay EXFRESS ' i | dagaa
Fp0006a0000855000C0ESIO5AEN=,
N I S Rl e T o W TS 5
' g.go§o§co 388E0000NEeHCEN
) =5 - Y 5020600050020 GCGoICCERHESS!
S IC-E-E.-’e 9 SERies aéxaé‘és ébosm 'u Pl el e
o KORYIV IR ¥ \ L..-.}.v" .,\.’/ "'\c\ ’ : ]} 0500808308 ,6580 QOGHGRCGS A0 A
- AT Am Gy faire 0{,, ] vy, £09000000 0800888989289222:;”,:_
gao 9 | 1 SR/, 530 'z Gaiiendasacdsdfeclsesilc
i \ AR leiels OO L0 rieie)
3 o) 34 nao“ncgco».r:sgsn.—,c.—:rz:;.—rm
Y a = ' PR oo el sttt e Fotion
pE4YZ  [950 1 F 0“‘”34*3/‘%““./;:“ e sl
1. ' 29158 '2 ' Sasoesoncscodsaditisiseaii
H Q.‘"J' rn"CQCJ"O f}‘,. 36“'“--4"50 el P
0 6852 1. PR
TS o 88 0 §§§ 68553?’7‘45:{4
S i . 0noann § DORREIREIEORESEEN .
: ]
; . AoeRRedb iRttt
. S88aGaEasaBa0noELESEEEZ
i 1. BREo2IRCRINERTARIRARERES
p . XASBA ogaﬁgogogonaa_cn&:sm .o
' ORBANGEI GOSR0005TIC T
. .- Em’m ngt‘n: gg:‘.ox-’:n RGORRnA
’ bastusdasdanensid an s
§92°S§"?§ &1 &
- 2 QS 0 ('?% o} :
ARG
‘N 3]
o G
3 %
g"
4
§' {
Ie]
Q

2 lnit]
4] ?
g
gRA% a8aca
"~ { ¢ »
s" 1730 aghn
GRODR0CED
i1 864R Qd;n
)f‘.".(': w0
éraroc.-co A
- RERRREHNRN:
0 20 RO aRAOASAOEOS : ’
ek wzg"”gm‘?':(;?“""“ S 8"2‘; -
s"n' AN C : .
699&65022900”9& gg 9!23225g§zgggﬂg,gg"" ’S:SQ e
" . . [T s- . ¥ ‘“
"l‘
- s f e . Lige " .
-,"7.‘ .-,‘, v : - ‘. * " . . e . " LI ’
:"’l;.. :..’.-"' . "ﬁ. S P :’: r ~ . . ’_.- . R .‘-:'. Lo o- .‘.- :
17150 CHEMCAL ANALYSIS AND PHYSICAL PAOPEATID el S T T N
“-_-:.;;-ou Arysnes ﬂu . '-.‘ D N TP LA o ST '3
. ‘s ) R it -, .. ’ . wee, 0 'Ya FARCRC AT ki e d :. LY TN
P PR TS 3w T ALE PASIAERER T B R T e g gt el g T
* P [ Ld = o




-.t ;gn;‘“%‘.‘.-)'.::: -:' . ::;:" I S e, a . . ) * .. ‘ ..,
R -, ALLEGHENY LUDLUnf ST e CORPORAT!OV .- /(7°
S I L, .o c:n-nru.xr: oF -e.s'r , o

K " ‘...' CHEMICAL ANALVGIia__. - .
:"“:E: —’ -\-Si_’;'.— -'-—(:_'1\.\,:'—'\ ‘ T A; .\ :f 1 “;2'79-;#—0 °LS - : - N
PEIRY wiviae | i | I S e T | ; i .
€ o T s
Do, g1 ; i : i H ;
LS §rd bu9!/a°? onf o/0 X sw0 /ésoa?glb f i ) '
o 03T losgifbe, oazlose ss '>va/3oo'-?s¢a? 5 SR S
. S ) qven . ) H :
o'-’?‘/é./-o Q f'bo u/(,a 0/7 ‘0‘ /7 3 .20?3/ - ! i i .
. . l H [l ' .
L NEETE by el 6 /90s2] G5 2% 21245277 L
R ; ] . i ’ Pt
oo .i |. oo i ; . i - P
i N : 1 H ! H :
: | ; : i i i ; :
I ; i i : ' : . : !
, i oo i . = l ; i P
L T NS M N R R R S R R N R
. PHYSICAL PRORLRTITS ’ _
1N et ! Test . T I oy E teone :nocmu..t. f Sk 4/ :
.-t . : - : - ‘J_-’ }AI—I—--———-—— '] D———_-
- (3 H . L) -
P & oW/~ Q//oco Sro0 1Po t/¥3 e izre ro
K ¢ o . l H — i H H
s4ir3F e3P, 2o HS700 | 86 Too | S| /65 jef 200/ a
1577 oA S : e o | :
s 2 a7 3%0c | 1920 ‘Gyj/vw2 ek @5 3
VI:DV " - v ) ) :
g WESSo ) T Y %00 ”? Yoo S| IY¥T ek !Co&?.?'-.:.- :
, 4 . [ ] H ' ol . h H
TR BEPCR ik . i : :
Yo i r : i
- | : . ; X !
. J‘I’ .“: ; i ‘- : ’ !w “ Ai ' * N - » -“! ‘ . ;’ -
-t 1 * » : - LN : 5 1 !
i ] . . B ! E
i . . ‘ N . v, 1 i
i I‘ » - . . .S L . . 'y . l. t R
¢ « NPT . .; , b , ! . . i !
N Pt o :
. " 1G000 B'. 15000 B e 60 CYCLES _
S, . waTTs PFR Pouncs ’ e i Lot NUMUER 5 WATIS PLs 000D '
;, st | e
Lt ) : A ! :
. Tt M ' :
” . ... -« - - ; ’ ". s )
N "- B . i i
'u‘ 1. . . A - ‘! .;' . » :
L E L ¢ :
TR - ot - 'L H
. L] ) L " . ! e . H < ;
\ - . :- R S . " 4 . .! . s
[ ) e ' . . H
RPN T P o TIMLI (R BRI PRV . K ‘ f i
ST ep e WU P . :
CORE L0SS 11i ACCORDANCE, WITH THE ANLRICAK STAIEIY EIR SE5TING RATLRIALS ~F£C|‘l(‘l~f'\'ﬂ~. a3 :

RESUI T As ADQVE CERTIFIED
ALLEGHENY LUDLUM STEE!. CY

P




MILL ORDER

»
.

LA
"

IR

DRASEIN

o,
-

4
Hd
PENNSYLVANIA 15230

Jo

e, CO}

duslry

PLEASE REMIT YO: PO, BOX 2159, PITTSSURGH

In

L

ST

.
«dd
.

1K
.

1
-

* Special Stecls for

ERY LED

L)
(4

ALLEG!

»

3

-MI3SACE

NO.  DAM

. . S A v [

. AT P . s, . 1
: . - s o =3
. . . . o [[0008060~50000¢ YHO000000005000R0000NCA0N0000GT0N0000030N000N
. = - 08000C¢E.,)6000:330000000000000I0000I0CHNNNDEHGONOI0N0BA0INIO -
- . . . a .. |2 .. |l00000553006G000000G000000000000000CANNGANTAONONACH000NIEI0Z
S . 2 2 1" 3 000005£0000C50000000000000000000000606CHOCOGOSNNNOZIVGNACO] *
MRS - . 3] 0000L030000020060500000030000000000003300I006060INB0330006'S
S . G0000VBGINOASEOC0A0N0V0NCO00B000N00EAIBCALIVAGOOEELCOCOE0B00Y
H . I G000500000306CI000A306080000000000030EBAEA0ONOOEEOIFI000L
A ‘ . 3 000000000V00000IC0AB0000000Q9E0NN0Q000INV=OINIAIQONN00NEROING .
e <l 0900.360000E0000¢00060003G000000000G003NNHI0VGIEA00G0063000 :
- . * 12 000005C000600C0600003000000600050000000GILA0N0IC000BLGGIGON0S
£ % . . < F 00000020002000003C000000000900000000000000NAGHNO0NAA0IG00N!
&) C0C00000000G00000000000000C000000000NCHZVNN0NINIGOBONRO2000!
-2 o= . . “ 00009000G:E3A0030900060000000000000005C00INN0LGANI0A0COCHT,
A . i 060000000500000000CAG00A00000C000000000NROGONNNN0IG0I000000)
va " . o Q0000000030000 00000000000NNNARGOCGONICOCLOLIGNHNN00COO0Q0I0
0000003000 o, - CO3000000Q0CNAGO000N0QCA000AGNCOGOLA0GHANNIINNNGIODICOACON! *
GOO0000000 | A 3 G00000000NN000CAEOCGIN00000NGILINOGCOOBO0SCAIOHIC00000C0600”
s —  g882888%e8 vy 3 |[33335200e3eeadadsasaessostis csoodoanganiszadadestaneases
3 . e s, L) e ~
-3 0000000000 * | — o ooooommooooaaooooooooooooooooooooooaoooooooooooooo?boooom
8898880388 <L ¢ N\ | m%momommww%wmm%mmmmmwmmwmwwm%cmwwmmmmmmwwwmm%mmw%%m
Co - R P g0% G
oy 00c000c0a0 () 11} 3 Fd ) 00000200000C00600060GO0EE000000CCHLS0000000000000CORC0CS
] »—00000000C0 == pt < 0600000003000030000000000000000000660000000000NA03COAI uo
& ;. §Qe0000CG0 WL - B n 3 00000000000000000000000000006000000000000300000000GC000030
Q 8503329353 = w B g QQQQQ30003000Q00000Q00 oooooooooooooooooooooooooooooooowwmw_
. — oodsageess o Qo[ [l : 200
5 _ L:ggesssaces 4 ¥ . Rec
o e * i PoTa 15! Ranand
Y% 8000000050 &J ¥ H . : 5 boc.w._ i
0000000000 e g . . <o .
w. . m.-sm Q000000000 “..- . ) IJL...-. - @ « - .I - w'a o = .\“M«l - - %— - Nam.wwwm W
—§vs - T e o v nai 3000
) X PP A N T o P %1 TBdoo T
. g3 o €2l O.vd Lk S g en, L P te. ..\..,..aom_/
x5 E . T\ > 63 n e B0 caB9aN:
I w Z et s S .- o
W . ¥ o . - s / / \ « R P o m uwwm )
z 9 T 3 ¥ P e S - w3 Wooa. \
3 o B e b (13 Ty - - s - R QA [
§. 8 o~ . - IWu ., b - < - 839a: \
; L - ] - 43 o, =y = . t. Ba0GH
by . D T . L - T ——'0009
P oig ; (ol IR oes
g . : 3 ;. R ateredli . go0d
- ate = . Pt . " e "L DN
= 0 TN - . ") ‘s vl W Q000 °
m P L. W o~ _ . 3 [\ e ve, * 0000
Las s . o “los M — P g o - -.- - =
— md A(ﬂ-. .-wi-‘;! V n»- N m - - w e vy Py P ™
- bt F-3.9 B S Rohiel N W T e, e S,
N . 3 ] D YR B A R 3 N
: . B B O O N cwty e $
£, . ¢ N .t N ~ sH. o aie ) 52| -
- . A DR ] Jd .
by L} 4 N e .- -
— ) E : . R A 20 v
—— o..-.u. 3 R . . el (XL
> ﬂl' v a “I‘l » - .
. Do P Foi e A et -~ < e
- -.ﬂ-.. — u.- mm f] 0. —- JJ .
s . -~
.0 . e fl %8 ® [&]

. S . Es . x L/l N <
¢ TEOE . St
5 Be: N . LI 1 kR .
W. 3 M e (g o - . EAN ’ m..w Hd -m <% i P
2 am—— ’ E 'umu.h v et . (4 by % KN H.u e m . o.

« =} . LI 4 -~ . . = - . - -
m — WW el .. ol .. » R . Nm -u.n s | ot
- m......" “Pe ia ool 33 .o vl i 9
LA . ' o U

§ = g e S
= s ira 1 . : 5
-5 __6 .= Bt 2 ~_ 7]
9 Ta | ] e - L6 : =

. (0] . % “ce & . --“ lad ™ -

. . s (3 o l\l";\\“

P
. - . I . N ) =5

. .

. L L LV AN

CERTIFIED CHEMICAL ANALYSIS AND PHYSICAL PROPERTIES
ON REVERSE SIDE
ey A7 e




ALLE --:::NY"‘L'UD LUM STEEL co 2POR ATIO’\!

' f o & o 25 ‘o

»
.

|+, CERTIFICATE OF n:s‘r ‘ -
' " CHEMICAL ANALYSIS . fEk
LA st R o)
= [y p ./.:i';'.o.,_zy.- 70| o //)9 — .‘I"
9/0/5 / |- Z63| /G| ,0r 7 ..:’;,’7' /D x}.234¢
SE 124 12.4.

PRYSICAL PROPERVIES

—
YIELD TENSILE e f
._STRENGTH . _ST?EEJGIH IOC(WELL W
N =N P AR -
Y3Y%o| €3l o /833 2.
3PP0o0| KT /Y3 <,
“Sbo.oo =<(?<><-/oo D0 ¢S

e 3n .

"CORE LOSS TEST -

h)
. ;L Lot NUMBER ;

o HATIS PERPOUND. 1o o' of rend ] 3

»
.

MY TSN

.}01 NUMaERi

WM;!E 95'5 POUND

EXY 2 T RN

w 13 4

.

.
‘- s ey o}

é e .

. .
a

. .

.r' PR
4

CORE LOSS IN ACCORDANCE WITH THE AMERICAN SOCIETY FOR TESTING MATERIALS SPECIFICATION A-34

RESULT_AS ABOVE CERTIFIED
AllEGhENY ll}DlUf/A STEEL CORPORATIO‘Q
. ’ ,




’ UE@S@@ STEEL mmﬁ v". craricsts o .. ¥

DATE Apr. 30, 1965

7?4q‘,.m R

@ \..uons:l. Anneali.nv Box Co. . 0 SHIPPED

*
. . ST 10 - . . A
° . . B .) " 4 " N '
|_Nashi::,~;ton, Penna. 1 L _ o ' -
.- o i .
GENTLEMEN: WE SHIPPED TO YOU VIA, SHIPPING MEMO # MATERIAL LISTED BELOW:
Craco 316
HEAT NO. YOUR ORDEIR NO. ’ OUR ORDER NO. . 3128 : L B QUANTITY ¢
pet . .
38936 - MT-652410
*
o
YIELD STRENGIH TENSILE STRENGTH ELONG. D. . . GRAIN
HEAT NO L8S PER SQ IN L8S. PER SQ. IN, %OIN F o4 ‘zlEAOF HARDNESS BEND CORROSION SI2E

T/R L29 5 P Lf ,—§ 3((00:(‘ S{ v

=50 55 | Fust sLE
'/ - =230 - " uce(s S 3 :
- Y635 S8
3 - 28 L el ST :
O ) mewose e
-< e ’ . ‘
p‘q.\m{ MSTAL BLOCK CHEMICAL COMPOSITION (WHEN CALLED FOR BY SPECIFICATION) SO Murber
T304 17 C. NN, P, S, Si. NI, CR. - V. MO. W. PB'TU; 508 CO. [ FE.
Pc, o DR ) -
-5 +0L9 2.6k | .023 |.011 .ha 13 60 | 17.20 2,12 ] 783
= 135 | +O0L7 |1.60 | ,013 [,018 .62 [13.65 17.L0 2.26 i 78hﬁ ’ :
- 00L9 1.62 0023 oOlh 0!48 13.60 i 17010 v 20132 ' " N '
i - 26 . .8§fg g:oglol .gjzj; .8%16‘ ogz 13.'715 A 170 ’ . g.gg T S ': ’ . R |
.5-17-22 | .07 1,’§2_. 1020|4011 | ,57-. 133,10 . -_J.?Lo_ ] 2020 fE e |
25ThTu29 | «OLL[I.5571.012 |.02171«52 " [13.70, S 2.75] 7 (1:)0 IR R ;

18'.3%]7 oscx_;&%}ﬁ; iggm;g{&uﬁ% ) :gg B:}S . 3:; Y %o ;rm"cgf ; "’ S
;glﬁi?‘.ﬁ%‘{“_ﬁ’._"i - ,‘pT: 19-65--:: . - R Y. ﬁ%w R . .
oL . APPROVED | - N

s
.
Pl -:,\ Kl . ’ - I
L e > e - K . .
. * .
. .
- " I - - L ' MAY 7‘965 -
. ey . . Iy . . . “ o, . o, = , -
» D .. o e I “ Al L PN .
L Vet N . e
> *
N 0
T
|
i
. »
LY
”
- . -~
. -
. -
.
cou .
e ¥ e ~ .
.-
e~
L e, Y% A




\u......ln{, <ton

Jatlonal Annealing ‘Box Co

Ponnsy}vania

-

WASHINGTON. PENNSYLVAN!A
- J

SH!PJED
TO -

oo

-

wbqwo

E}
n

CERTlFlC

-.y.vcp!

L= M?"
ATE OF TEST
I

o)
:\jj
/:/U

DATE

-
.

SHIPPING MEMO #.

Nov 19, 1965

A -

.

GENTLEMEN: WE SHIPPED TO YOU VIA

Typo ASUE SA-240 (316)

JAATERIAL LISTED BELOW,

.o, s 1
HEAT NO. YOUR ORDER NO. OUR ORDER NO. size QUANTITY .
33936 UT-6582410
wrho.WLTEGH HNANEGN WM WS owews s comoson ey
/R 111965 ' '
£1025-1 - Yerrite = 5% : . T
29151-2 " 6-1/2% S
S£0041-4 " &% .

(  320041-2 " 5% : K
V¢1a lotal.Drillings CHEMICAL COMPOSITION (WHEN CALLED FOR BY SPECIFICATION) g7 . . oo Sumbes
"HEAT NO. C. MN, P. S, SI, Ni, CR. Y. MO, RN FIGUE TG i .. | FE,

1-2-3 +05G|1.60] «53 112.40°| 18.60 2,78 41015-1 7839-4 ;
” «04111.64( . , | «64 |12.35 | 18.80 2.78] 29151-2 =4 ‘
1-2-3 .036{2.47| " . |45 12,70 | 18.70 | "
4=5 «04511.60] * » |+54 |12,65 | 18.80
~ OECLARED TO UNDER OATH BEFOREME - e B e
s 19th oy or - Nov .. w65~ . - oy, v
FORM S0 Rev, 840 . . « o2 < . !
? h b | . E *
\ * , 1kP$uaﬁwfié§:1 =
% SR T s At
3 NOV 221955 -
BY -
LI .IA - ‘ ‘g‘g ‘Z_’-; y‘n-._..u- ';_"‘:‘: . _&




WASHINGTON. PENNSYLVANIA —

. S , : s Doc 17, 1965
N, B r . -
r‘ . National Annealznp Box Co. SRKIPPED
R WYashington TO
. x]:pnnsylvania 15301 ) .

:'.‘ lLS @@.@ E’E:T@.N/:’” Aﬂ\\iy | “Ct.ERTlFICAT_/E“ ?DT ST f“

ENTLEA\EN: WE SHIPPED TO YOU VIA : SH!PP!;JG .MEMO # MATERIAL LISTED BELOW:
‘Type 316 . ’ '
EAT NQ. YOUR ORDER NO. ) QUR ORDER NO. ! $1Z§ : . QUANTITY
: , —_
40595 ) MT-745540
eaTNo.  TEORRW  THRETER W TRXT | ruwones " senp CORROSION *  OFZN
[/R 121765 e . .
CHEMICAL COMPOSITION (WHEN CALLED FOR BY SPECIFICATION) So Nunmbe F“""‘";ie
*HEAT NO. C. MN, P. S. Si. NI, CR. V. MO. w. XX IALX COTLEEL
6580-1.| .057| 1.5¢€] : .58 | 12,29 18.40 | 2.64 78414 4-1/2
#7~19-24 - N o N R L e K
40039 | .048] 1.64] ~ . %} .60 | 12,13 18,80| '~ [ 2.78" |, v . e’-;vzw
#9-15 L B IR P AR I e o
40041-3| J024{ 1,52 :~| - .|.64 |" 12,23 18,80| - - | 2.63 . S
' oecwzso 10 unom oAm usoas.Me o - -_ ;_';,; ’ R i /rZa.

M 50 Rev. 860

Y, - . M
ms_._thL_nAvos . Dec Al 19-60 ;‘.“*r I

«




Nl QSRS NATIONAL ANN{ ALING BOX CO. PO

ve R ' AR WASHINGTC .., PENNA. - I kW
e MATERIAL RECORD C Lo e
N N S _ INSPECTION _ S .l
puiciasan (GRIHELL CoppopaTION ven LT e
‘ TYPE KQUIPMEN ~ - C4- - ' . o . N
. ‘,mnuu.-r_ﬁéﬁ:_ﬁid 783‘5")' "_ _ - L. Lo a _ .'. PR ) _:',';".
:bwa.mu’g}/.!W-‘/ ey O : . ToET ETL T e et e et Lt e
.nmu_no, Ze3s -/ Lre. - T . I “0] ,;C‘ .J: ".‘
“pyn, onomr Noale 23ISR . M AEARA —Mo//mm ' L " -l LR
‘,mmoawmm&ﬂ LABORATORY TEST REPORT S S e
;'..,:g, MANuFACTUNER ::ifi: 51.#2”88 CHEMICAL ruvslcu.' £LE -
B A A c. MN. P. . | 1199 PR L MA ULY. STRANT. L. LiMT ELONG @ BEND ®| FPRACTURE ./
N0 L £ 0Pl L2024 | 010 N o Ungo|2.40 Z8100 /000 al_ |26 . -
cloyaliedlogslon | 42 hz20l/3.202 42 29250 (S22 72=‘r.5 —~ {ox Qu-reses)’
wssap 3897L 0111968 ha3cln47] — | —. |46 flanla20l2.20] * - i BRIV,
f A . N e
3500041 ok 2ualrse lozdl.oml. g5 lnuo hz.sal 2, 28100 |41000 | 20 \ore \as 000
tscns 3892 TR 42408 1oda Uled Lo23 Lon L4a 72000 l2.42] - 179250 (s> Teers ) — \An-16-687)
. W;ngqés oAU NYLl — | = L4S 2002201220 : N
) . . \\ > i : .- . . 'o.«':
200t | 4 hoda L6z Lozdlomw Lhes e IB.s5el240 IRlon |fIboo | 26 ok 17r0:i%
. mp_.‘giz LI RN LA AN IS AN.YI BT ] fza&u‘ﬁo 2.42 ﬂoz_raJ'Lﬁvan -_— m_’ T
ggngzmg(.“_guq&s‘.ase 42| = | = .45‘( BA0Y2 50 2,20 i el
{7838 38809 340041 i 4 oM )2 lozdlore s hztolissol ¢ 2840 0 Jro00 |20 1A |20 "
4P Carcr  [Tascop 3893CYR- 429 <d.099 L o231 o0 ¥R L726l03.0010. 72140 (s 2Taas) =— ‘| o2~ (n-10-65)
‘ 7-3&[&4'1_&4:«__&:»2131&_%1“ gestovslino| ~ | = 4 a8 228 *
> S L
— m_iuk 38809 |24 00%1 A 049 12,62 Lozyloro L.so l17./0 Yi5s0 2.4 28100  |sropo | 20 |\ |10
L O Cwmek  |Tiescop 3893CF-w29 st oya U.6Y Lozs Lon L yg 117,20 3o 2,92 22440 2z Testsd| — |1 &Gr-16-65
Kn Lurcr_ [Tesop 289367p-1 119l Lot =1 = ,sq(%L}zcnm'
_fA@L-_L&M&M_&uFIRANr IYAMIneD Comoteteo [WVELDS| Tas Eg_rg_am Lapnae— 5% A {Toems
- denr | enaTh- H A £p {Ia Arp Cirrsihe .
£ o \tvodosriric Feearl— AooTR ximuve : ! L
-ABOVE DATA CERTIFIED COREEC‘T BY MANUFACTUR -} Z BAT!_ZZ:—ZL‘:_» —__




—Ton riam e TR ws E

'.&:““.1: J' ’ " .,
SRR & NAT'ONAL ANN_, ALING BOX CO SUEET o 1 G0
Tt ol WASHINGTON, PENNA. I &
.":";..l-«.’- . '! ' ! . ""' Jg°
o SO R MATERIAL RECORD 5 I
v (/ A S INSPECTION -

“pPurcHaser(: - /.Z/./..._C’ e NG e
'rvpe EQUIMLN,. ... o LTI B ASTAY JQ L .l :
e - L Gl"_é/’ c_a"/dx?/.ﬂ.v_..ﬂz__ ) R
|' YEAR pUILT_/. "Gl (2 S D - iR
“owe.No, G = 2)HO 4 Fzy T T
. 8ERIALNO, _ZBHL =/ ETC. Kol MRS
. PUR. ORDER No. U2 P36t 357 MIRERRA- /7o A/K AL
. INSPRCTED 874141’"' awsor___Sieey._ LABORATORY TEST REPORT _ B ':
I;:rnm: HANUFAC‘I’UR;:—:’:{’:!TB J‘.ﬁgrﬂof’ ) CHEMICAL Y PHYSICAL g K ZARoth - -
s §r MO.LL OF MATERIAL |, SBERIAL No. - B B TN S s. Jor leo |p | aa uLr.sTRoMT. | e umit | etonG e | N © | rRACTURE
T« I e TR g = T=fe ~ -
7£Z.‘[.4Llun 28809 . | 2915 - 049,62 .01l |.o17 1L 68 l1z20li13,5212.29 £/1200 39700 | G4 | A |49.8:
b= .. CoEeK. Jessnr28120. 3224096 5. [ 04260 L0/ )o16 L 62 17,30 113,2012.30 BISZO | (S Taerc) o3z \-2r-Cy
22 ‘L_lb//';-._-f.t._.. .-!;_369_34*5 maes_ ol et L = | = | o4 Yagoliz.262.78 RO
7&1@0@&5@3 46 580 / _ / LOH421).64 \.012 LDIB | oS W EL/242.2.77 52500 |42 200 rg e 122,82
-.&_‘H: ~cnec. .ms»yzssac.jg.-_mﬂ.s.’_ WOSRUSYE Lol Lo |43 _Y2.203.7512.48 | Z2le 20 W52 1 sds) &, 2 zp-Ls”
P29 Yim__ v Jresetofesisiaatrsy hosthse | - | — | [invelimaelity =
7844 W lup. 38802 Véw__J_l____m_iz_A_c_L /8 103 |, 45 U2, £2113.9012.97 2900 lya 700 | € |\ o¥ |eg 8
-':?‘_‘&L_CHMA'_ stspf_3393a7( yaa6s” bodglrsy Loat Loty g3 1. £043.9572.4¢6 129 90 YsaTr ov)i = 2. -ax-s"
72230 Y525 sl oz sl = | - 158 Yoqolza0l2.eq
"_'4'95/1._mvp 308y | 29050 ) o ,0Y.9 1ule3 1,606 L 017 | 62 Y2.20 113521 227 Glloo |39200 | 64 | ow. |6T.3
= . Cace s £550P 38936 429687 J,041 b o3 Lo8 ) L2 1740413, 651034 Prsro sz Tisdesd . lyae Liz-ares
/54«11 W)t 3693¢%- il Aes” ol lhed | ~ |~ | &4 liiv0li2.3512.78 T
7&24 ELLuOBB:‘a?__};{_O__O_.?:Y___ o OSSN L01,023 010 | 5871/ 2.4012300| 242 BEL00 142700 | 58 < 169Y
= .é_-- 1PH_Corck  Jessop 22530 TRhH29.657 Loyl 52 L oaei ol |, 57 z.40l13.7012.20 Fosgo |(sa Tr<be ) & lia-ax-Ls
73::./ M " _40SISRJuls” oyl Ly L= |— l.Lo hegoliaisiage
| ..
- rm—- - LEER T ’- e e »ose e " -
w 784 Lop 26207 124 0 o2 L Ly L L 1055 hba_Lo23 ] of0 |55 L1740 1300|242 YR#0o _|4b000 |\ &2 \ax. | 45.7
s [PH_ Catck. Vezsop 297203 12965 L o47.0.52. 020 o152 D7go bzus oo 2O L0, YA Trpn.) V7. <AV 0% N
/31—_5_4, 377/ TN N, LT by P X2 p«fz fed )l = | = l-bo 14780012,1512.78
i B BosC oy, Panitlosisill one K ons '
aovz DATA CERTIFIED CORRECT BY MANUFACTURER Vi Hers o Ftrsnnen Lo ﬂlj@ BY;J:‘:M AINEN A Rt Y P DATELZ 22 R-CS -




NATIONAL ANNE \LING BOX CO.

I . Skrrr_ 2 =
gf"','?, PR WASHINGTON, PENNA, . R
o g MATERIAL RECORD ; 5
SR Coy ﬁ‘*t"ﬁn INSPECTION ‘ "
 PURCHABER . : T
7 Tvee EQUIPMENT_ —_— : =y
v - A
"\ YEAR BUILT . e Comen
;-DWG. NO \ ki
“"stam. No. \‘9 "'";_. v
J/PUR. DROER NO, f% 7357 /1//45:4,?4 ~(To ik . RIS
INSPECTED BY__" LABORATORY TEST REPORT N e
3; AT A =i
o pant | manvracrunen| Wi dlen | S4B OR. CHEMICAL PHYSICAL L
;iz NO..{ OF MATERIAL |  SERIAL No. TeST rm. c. | mn | m s. o |0 |4 lt4n ULT.8TRGHT. | zt.uimi? | sLona et ﬁf;%
7511&.[@3&&29_._-3_10_2}.7 7 LEE\LLOo L0231, 010 LSS 112.401/3.00124 2. Q8460 Jomoo | S22, |rxx 1é66,7: '_

=72 PH_CHECK. Jrssep 3R93C Fo- 429 L5~ [, 04T 10,55.1 6200 11 1167 Y240l 10]2.20 Fosxo |(saTeilre |ox |/223-4s"
/a_ﬁwa v e 40545 F-/217Cs” LodR Lt | — | — Lbo yErs 2./y].228 2 A
-i_?éii_m.aasaq 340039 o 055 126010231010 |58 Y724D 1130012442 B84o0 42900 |55 |6k |6FL =
‘g_'-_&_ﬁm_m&gx_u,;,ﬁ,,gzga' 224294 3" 10971052 Losolpd |52 [17.40}13.00 2,20 20520 l(saTmsts ) 2 ba-apen?
W EALZA LY ] - _L'/j.?.s_;,_uj_zb.._.wz_z.l._&/_ ~ | = lz0 §g90112.1812.28 :
98¢yl Lup.22501] 2400 /1 = 2 ORVL21024 ) 010 | &5 147/6 1350 29¢ g2/00 38900 |45 |a7c | 29,5
9=, tPM_ Cpece Vessee 38780 d24.¢s7 lo4a {062 Loas Lort Lus b lasela.un L2220 | 52 Tekrs) | £& lp-a9-t8”
YR L Wt ._'_'___‘1(05_5{{ 21968 Lowgingal = | = Lcq Lizsslaaslace N I :
7844 muu,s'aeo? RS :l___,?____o_qj_ﬁéz L1012 .68 11220 43.52.12,39 Z2700 4340 ) L) x| ond
0= OH..__CAECk. 6350038930 12 2. 965 §.047 b0 },01% |,0/8 |62 U790 13, k512,20 LS5 (2 Trarh) I Wa-2¥-C)
/2-' S0l o | et geese B g es Noqtlied | — | = led lipsolasiane i A - -
‘78_2.'_91.1«41.3,3892_ RILS/— . 20491),63 1,016,017 |, 68 117.20113.5212.39 370p |H#BHop 1Lt |ox |2nd

":_jLﬂﬂi-_fucK, Jessoen. 3393L/_9;L_965 221,60 Leot3 ot @1, 62 17,40 113.65122.¢ g2/sx0- WeaTags) - v ol Lir 33& JAY
11-B4\Wn__ 1 v 38936 % 195 ot hed | = | — ey Yagolz3siaze :
2844 _Wiloo 5287 | 340041, B S Nouginealazdloe | s V2t 12,58l 240 g2/00_|3g900 | cs |oar lzo.s
~12-_ APH__LHECK.. YEsSer. J&/.u«}’ . 429¢5_ILod7 . I&JL 03.3_ oN HE_U2¢t0 Y300 10,492 Xl 2O Csatisrs D | a2 La-an-¢s”
Rz t 4057 Mo 131265 hodd s eid 1726172952, ¢ -

.. ABOVE DATA CERTIFIED CORRECT BY MANUFACTURE JMMAA_BV ag A W S

DATEL2 =AP-£ S~ '\g.




[y

A R rme T - - S D -
VPSS R NATIONAL ANP ALING BOX CO. spemr . YA,
.r_{,_'}' et N WASHINGTON. PENNA, T
o L T
MATERIAL RECORD UL
o &JH? . INSPECTION C e R
"3 PURCHASER Do P

!
-y
S

3:
f;wpt-: EQUIPMENT

s .
*+YEAR BUILT.

=

'_ DWG. NO. ) . : ;
:BERIAL NO. : . ) ~ S h '
: PUR. ORDER No.__ /=~ 7357 ..~ A//Afﬂlﬁ’ -/70/7/74’//? . ’ S A
- INSPECTED BY. —— — LABORATORY TEST REPORT ’ ' 4
.'v:m wanvractunen | letiilan | SHAB OR | CHEMICAL : PHYSICAL g p
die NO. | OF MATERIAL SZRIAL No. . e c | mn | P s. o o |, | Mo ULT.8TRGHT. | eL.umit | ZLonae! | senp © | eracTURE
S 1
8L i Lup 328031291517 | /. o9 163 Lot Lo o8 L720l13.512.39 837200 43400 |61 |t |1+ -
=43~ PH_Cueck. Yessop 28426 Fr- 2 ks’ 0471160 | 013 L012 |62 W2.40l13.L502.24 Z1see |Garosde) 17X lia.2¥-¢
VLBLIWM v | 1 3203L T 10 948" Lot Yoo | —| — Lo |ingsliaasla.zg .
6&1&‘.&1#3.3&89’5 | 3400/ 3 49\ 162 1,029 L o106 &5 )220 13,501 2:40 BRL100  |38F00 | 65 oK | 425"
ol TPM_CHECK. irszop2092CH: 4208 s” 192 11,62 Lo23 L o1d | 48 117.00)17.6612.92. Rig2e VL Sa There) | # l12-9%-0
THRALWM o 4oV 430087 L oY) — | — | Lef |18.2012:25]2, 42 . 2
'c‘.. o> i . - .
y 784¢ Y Lup 39805 ) 340041 |_ 3 L4962 024 Lote | &5 770 350|290 g2/00 |28900 | &S lox | 69,4
L3 IPM.__HECk. (T230p. 389300 - 429¢s lLoyalltrLoasl.ongl.yg 1710 1134010 92 R/ 220 (Sa Te<te:) 72<¢_l1papte
DAL\ 0 opS9s% ya12es” lovd s | — |- o [esolinagla .ol 1.
Y 74t Ve lvp 30009 | 29451 L 4 24163 1016 o171 1.4 y7.20 13521739 83200 425400 | b6/ 77 |0
. Le= PN Curck. . Tessop 35 ,3(,’4’ 42965 1642 11,00 Lo13 o8 L o2 1740034500 .2¢ 2l580 (32 Tesis) X |raiagey
ig-gllWH___ 1 o 3:1./,f L1268 Lol Y bt | — | — Lobd B0 Y23510 70 o
KPS 4 i . . ¥
,. :wLHLlﬂpd’é’fofﬁ?. | 40029, ¢ D85V e0 1027 Lo10 L, 55 1740 1300 12,43 grYoo 142900 |l ok 1424
o L7 U CHret:._Vessor.238758 Joui29.68 _Noyz sa V2ol on |, 52 h7:40 13,40 1020 T8O Csazedrs-2 g lja.02
M F3XNA_cr | _q05495T ppyaesT ot d] — |— |, ¢oligroliass]agy
u B et T T U, Ia [P — -
7&04[00.?580.9.- :f_o.O..zfi..l_..7_._.,. OS5 WaleDs 1,022 Loto |S8” U7.40 300|242 gedoo  \Htpoo | 52 ox 659
". 2- TPU__Creck. Pessop-2892 0 424965, o412 i1, 521.020 O V59 42,40 032,10 2 a.o XOo SR> Cs2 Teezs) o bra-2e.¢
3:.1’11#:’ 1 s A0St h 202607 19_92_/41.4 NA-MIA TV WA _

ABOVE DATA CERTIFIED CORRECT BY MANUFACTURE / @M@&&f&y___ ,&Jm_dé%&_om%ﬁw Al

bl




]

",‘g’-,'-:,'f'-:;:"i*""A e Tan (. L. DS ","
'5'!'.@(2-":'..._ ' ) NAT'ONAL AKN&-ALIEN,G BOX COQ .':'.”/:'/'1.-.._,’/,._( J e ..'5:~‘ 2t .}‘J‘
Wy - WASHINGTON, PENNA, ) . . L e e
::{ .;.;:{. CEY . o o"' 'f':",‘ “ . . ‘.': . . . o, ’ :: v': “. "o"
*@‘L  MATERIAL RECORD T T
;.;‘-:‘ -”'_ . | . 'NSPECTION . . -‘l“‘- ¢.-.:r .. -’a' . -.? .”“'
é}t\‘ﬂ: EQUIPMENT =~ ~ - BN : -t o AL A ~..
':f‘-’fl - ST S P . “ e ST e ,J:'"'.'j,,'
,*'vunaun.r S SN o, - LT S ;-;.t’
§ : . . .t * — et e -."“
wowc.Nn : : i . ) Sl e 8 oot T
i"szmm. NO. ‘ .t - . \Q Lo K’.Jl
. PUR. ORDER No. __M_Z.Z&"j /V RAEARA ‘”dﬂﬁw& o . - ."
< INsPECTED BY._*. LABORATORY TEST REPORT e d S 4,_--‘""_":'_
;i;uf maNUFACTURER _é""&iﬁ;;o“ Shg o, CHEMICAL - PHYSICAL r ¢ P ﬁm:{a .
y“ No. 3":“:"'“‘“- SERIAL No. TEST No. c. MN, [ s. s |-, |, o ULT.8TRGHT. | sL.umir | sLonaer | seno o | rradrune
x 4,_[.,5398_09JJ5’ 202 - _H,065.11,60).023 Lnto &5 W2dollami2 42l - 128400 dJooon |l sz sk | 6$7.:
)_;;}'I Cwrek_ Jieasne 363 at-!lz.?/'}.'.,.,.Q-'L’Z./.SA..DAQ Lt L 59 Ar2. 403 002:20) - NRosyo |(sarpars) | oz |0-aie
A WH_ a2 ). 27 408957 1210038 Loy e | ~ |~ 160 Lz.pol2.1812.29 ; S . -
"7319'_@;{_1,9_35_5_9_9 390039 | .6 losslheo LLoz3L,010 1,55 /240 13,0012 42, Fgqo6 42900 | s~ |aJs | 494 -
O- IPH__Chriek Mrasor3893¢. J‘-_yp_‘z.j__ 0471L8% Lo2o ho M |,S7 Y 2400200 12.2.0 Xos¥o | .32Tedrs ) IX_1a-a%Ls
3_2414//4 v | v Hesash minas Yege led] = | = Lo 18 m)1aeddz2¢ : o
’7321 M Lup 38809, 4(7[.:1 2 249 Le3 Lo lorz 1,8 1220 Li3.5212.39 29200 144 " |0 1493
K RI_IPH  Creck Hessop 28356 (h-42.265 1097 3/L0 1013 L,0181.62 YT yp U3.6512.26 FLS80 (52 TEs¥x- ~ 1 /A Ua-avey
j-z&q/ﬂ " 389 1 ees lodt ibd | — 1 — 1.64 Y390 12.3v12.29 : . : Lo
l . . . oy . ‘..
75ﬂ _wup_\,gpm_- 3400.29.._ _i i LO5S1460 1,023 1,010 |, 55 /740 {1360 |2.42 Prdoo |dagoo | 55 |ox |62
Zz'_’l?/f._ﬁ/ta'.. Jearop 259267522265 o2 152 Vo 2001t | §2 N2.901,3,012.20 ZOoSP0 -(';:Lfr r1-d 22 _lin-apts”
'-/14 WAL ‘/Q.;,‘?,by‘ 13_1,74{ OYBY LY\ = | = L Lo US50Y2./515.78 ’ . .
.-a7£.ﬂ_&£gp35’ o_?,__ o ' 0551160 1,023 \oro 1§87 11240)¢3.00) 2.4 82400 Heoon | 52 ox | ex.7
~23- 2 “CyECk_ Ao42)1,52 o2o Lo 152 12,4013, 00t 2.30 Bosge | C(sa Ther) |oxk. /32085
..l—*/" Wi o “logelned] = | = | .¢o l18gs2.1¢2.28 -
73_75/_;]‘[‘,0 28827 055 6o L0272 1016 | S5 174403.002.42) - gpv00 lbooo | S22 log, 16537 -
24 M _Cueck. Yozsor 3292 ‘{:)-?4.5_ rmﬂ L52°1.020 o_u S22 2,90 03401220 R0 530 | (52, Tesre N A ba-as-zy

1-4" 1 L T I Ly WA WA YA A Lo YZ3e 21208

.-mm DATA CERTIFIED CORRECT BY MANUFACTUREAf I?Z_JMM:-*@J_BMJ '&m / DATE/ 222265 LT




:_, . ’ ‘,__; i W T N L » , 0 e 1 N/ |_. J 2 . - -~ ¢ = . ..‘i//g':'l"r ] g _':".;l.. ..,:)
PR . WASHINGTON, PENNA. B T T N
.“_ ‘,‘:ﬁ:*.'“.'. ] - . ) : ) ': we M
N e MATERIAL RECORD e ity
a S ' INSPECTION . ) SRR R

- ‘PURCHASER__ . ) eyt
R
. ;!’YPE EQUIPMENT, “ g :_f" -

2 . . 1] ',"'{'::"-
;:’.v ~. 2 * ; . e "‘4.:'. " ."7:':
p YEAR BUILT v - ' i e ‘7‘\'5:
® DWG. NO Tt 2] LLE
/- BERIAL NO. ’ . . 54 Sl -,
gbun: ORDER NO, H/-73 7 /’//44/7@ - SIOp K e ;j;\
'-'-'-mspacrso BY_ LABORATORY TEST REPORT SRR
iﬁ pant | uanvraciunen | oinmo 3‘2‘:0:" OR-. CHEMICAL = PHYSBICAL £9p % Xon:.

g‘.‘_ -NO. | OF MATERIAL SEZAIAL No. c. | mn. | m o. o |05 14y o ULT.5TRGHT. | er.cimir | sronaet | seno @ | FrAcTURK -
PE4Y Yidos 36909 | 340027 |_ & Lass |10 Lo23 Loro Les iz.e0li300l242 2¥ 500 900 s |77 | 6D -

PH__Cueck : lessop 3893¢ % 4ag.e5” L6412 {Lsa Leaelou |52 124003, {2.20 Gospo | Csa Taars) | oz lra-agiey”
- -k’z" - o595 W 120765 louplttd | — | — |60 |/zesliausizze - T -
eden 38809 | #6580 / 042 018 | or3 | .t 242 1240 )2.22 £2900 |42700 | s |J2A |28
M Cwrih \TrseriadseY.azaes” logals4 o2 Lo1d Laya l17.80l13,9512.4¢ 72420 | 52 Tkl P SIS I
. M_"__Its.»:.c;e_‘l_mgz.-lﬂl?bs 0STYSle| — | — |, 88 l/g40Y2.20|2.LF e
: " . . P
Ry Y e A - :
¥ 3Y003h. o WAL A
3400 4 7" 6 Y o
=% 2916/ A ¢ % %
. o "‘. (YL I
__éE-'A’GT./lf_ DYE_FrweTrranr  Soadinven| Oy 1cambrered Weline Tastde 2un Ouiune ) ’ . ‘
| Lencaus_Aars Brra Pssivdred) Twlos \Awn Dursioe . :
N\Pee  Sandprasten_Zisioe Awd Qursir Aol HYPRoSTATIC YESTI— 200 Zl|X—RAYE D
prerts . ar o rn s seims mf e - ——— --—l- ‘L 'll
e e e - — J : : —
.§. 2, ? - '." .‘ “ < <~ )
ABOVE DATA CERTIFIED CORRECT BY MANUFACTURER - ..Z -»// . Ao /Z/ J&-r‘.mi ... .'l{?mz 2t oaTe /2-PR -GS 5

8Y_.~
pd

[ I |

|3

[ ] S T S B




MlbWEST FITTING DIVISION .« 1450 SO. SECOND STREET » P. O. BOX 433 « §T. LOUIS, MO. 863166

£
.

o July 5,1965 e T

.z nereby certify that the attecred = i test repcrts and check

crelysis covering Grinnell Ceo—pzxy Ime. Purchase Orc‘xer~ Kurbers
¥-6367, W-7362 and W-7363 viewe obtelzed in conformexce with

~STY 2403-61T (Bese Materiel). ASm4 A371-62T, Tyme =R 316 (Submerged

2=c Electrodes).and ASTY A293-627 (Covered Electrodes).

oo

Stete of M:.ssouri)
' ) SS
e City of St. Lo'.u.s)

Cos ,Swora and subscribed to before me &
Notary Public in and for said city.

Mmjéy/w/

January 1 ]
) s 966 . Chief Metellurgist

My commission expires

Re. F. Gum:ea.

A-18




Srusanm vy, msmeime e LY

CoiUAL,
- .'-;.. [

-, s e

° oA e .D

Ub- -\- 7 U\.o- o ———

——
AuaIesIs O

R0, 316

S s -

-
i

ST ST A,
PORLL ) L]
JeneemTE DO 2 .—,—‘f
O om0 et b

U‘-‘-‘.‘

D WELD MED

-
[

" Wiosuie Nonad DATED 7-2-65"7
AUDENEIS IIR ZAEL LZTAL Page 1 of 2
] cC '. =R Cx ¥ Mo . Other
4Ll Rahert - Zool Ze. L5015 051 | 1.60 | boez5 i Lazel Lo jitaastiz.ar 5c'.7
. } : i 1 . " . { 7b° P

lasuiziimalysip - Zeot Yo. 45015 | .55 1.621) .C29% .025) .50 {17.12 :|.3.3l;1 .5& =
o ’ 1 . ‘. kD . ) M

\ A . fn ~ H - .

SLLL Remdst - Zest ¥o. 9;1.:2 050 | 1.77 25§ .Cii} .52 [17.32]12.76{2.39 q : o

.
Ne s et ha
Vel wan o ".J“‘S faad :—:—::; :‘ -

0591

arnt,
oI

51

%5105

~de 7Y,
had :.:-'—-v ’\ -

053

.025

59

Soele smolysis < Zean No. 145109

0551 2,78 |

.028

.60

S Rezort - Teat No. LL829 057§ 1.53 § .c20} .22l .59 |17.04}13.13}2.2% 5
Sioeir Analysic - Heet No. 44839 | .60 [ 1.50 020! .60 {17.08]23.200 2.3 I} T 16

.C20

JCHCoT - Zook No.

LL8k2

0571 1.70

059

12.8€ 2

+

Crzelc fnalysis - Eeal No. L5842

.<>63.l 1.70

020

12.80} 2

*2 Report - Zeat No. k50 0611 1,461 0201 .020° .51 116.90|12.96]2. C e

i = - = ? 12 - { < U! 5 g 90 96 57 7 C/)/) '7é°
.. . A 7

Cnee knelysis - Eeet No. u5012 060 1,451 0211 .020] .50 !16.85112.9712.55 3 =

w33 Rmo-.,'- Beet No. 4510 é"

2,48

022

17.28

13.15¢2

. . - . 97—y g
Creck:, Azadysts - Heet No. 45120 | .062 1.48{ .020| .015| -.50 |17.30]13.13|2.25 -
3222 Report - Zeet No. 65120 061 | 1.55 | .c22] .czo| .64 |26.88Ja3.0ul2.45 ]

Coeel fnolysis - Heey So.. 65120

083 1.5

021

26.80

13.48

“ream e
ML ‘Re*:a-.:

5“' -'-3-\: ko. 65121

056

1.85

17.17

13.C5

Sacok inedysis - Heet-No.-B5121 | .050] 1.80] .020! .02kl .59 a2 1{13:10; 2.22
es3s, - Repdt;= Eeats Ko g0 | o5 | .57 ezal wezz] u63 farashy .22]2.25,

Snocie er_ pBﬁ.B‘- Tk No.' M&BLO 05T §-1.551 022 .02_0 59 1'7'317 }3.18 2.20
. e df»,-».,:: .t ’ . . AR —r— - -
H#22Y Ranord W Faet Moo HhE3E o541 1.801 0221 .0x7{ .€2 517.32 12.8512.30 ) T ]
M . ) . ) ) o T 5
~aeglt ASeiygis - Tect Mo UES38 | L0607 1. '.E 0131 Lozul 3 £0 i17.29112.951 2.3z l o
T - ._': > = " —
il Fepert - Edat hi. 85123 -'°5£§ 1.7%! B2 .022' .53 §17.27 13.00;,2.23 ;; : - .
- i [1 .
tmeck }.:“".'.ysis -, ool :’ . 65223 .061§ 1.76 § .325 .cso} .55§ 17.30 13.015. 2.23] .

te 2.
" .

Y A @ ey P TP T N SR



14

M -

[ CIINTCAD ININETS OF SAST MEDAL AND VELD MERAL

"‘P‘

S

Si

Cr

Ni & ;O

LI Rogodt - Zest No. 65077

1.55]

i
-02: 1

013

16.95

12.90{2:28

Shutk Szalysis.- Zocot No.o 65077

012

i7.oq

'1_2.88 2.30

=

SILL Repddt - Zeas Lo. 45253

;: .C20]

: 0013

17.26

13.002.30

022}

0Lk

.55

17.20

'13.08; 2.28 |

Sneel Avelysis - Heot No. 45153
Il Zzmows - Zezt Yo. 45030

019%

.62

17.13

12.92{2.57

Shrel sxalysis - Heet No. 45030

1.6'§

.oao§

.010

.62

17,20

12.85) 2,42

- a- ‘
X LE S .

Comae v et

ce% ¥o. 45139 0%2

1.70

.028

5k

17.35

13.0%12.25

Chesk Anclysis - Heat M. L5139

) 1068

026

17.30

13.014 2.2k

JELL Report - deat No. 45157

+057

1. TV

025

- «009

1LT35F

13.0(% 2.27|

“

Chuck Anclysis - Heat No. 45157

L.70

021

4011

17.33

13.07 2.30

Y Repers « Eect No. 45043 -

1.69

0241

.020

17.69

12.97]2.30

T Lotk Anmalysis - Heat No. 45043

3

1.70

" 020

020

17.60

12.95| 2.30

" . o
{ 2ll'Rcscrs - Heat No. 64788

. <068

okl

L]

.012

1.7..'?5

12.912.01.

Caecx Analysis - Heat No. 64768

<075

008 -

92

1647

13.1;3 2.01_;

P R .
PRER-F -7 T
‘ege 7 et

1.25 g

A=-20

-
-t

-




5 -
2i25 o att L gl e XK Y M), L .

“ X~
o~

Alloy No. 316A1 -
Ferrite Content by Schaeffler Dxagram 5%

Chemical Analysiat Carbon 0. 028
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’ " 8ilficon 0.48

F Chromium 19,68

Nickel 13,42

Molybdenum  2.36
Phoaphorus 0,021
Sulfur " 0,019

" Columbium |
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