U. S. NUCLEAR FEGULATORY CCI2IFSICN
QEVICE OF INSTICTION AND ENECECEMENT
REGIOR IV
IE Inspection Report No. 50-313/75-11
Licensee: Arkansas Power & Light Company
Sixth & Pine Streets
Pine Bluff, Arkansas 71601
Facility: Arkansas Nuclear One, Ynit 1
Location: Russellville, Arkansas
Type of Lic 'use: B&W, PWR, 2568, Mt
Type of Inspection: Management Meeting, Announced
Dates of Inspection: October 10, 1975
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SUMMARY OF FINDINCS

Enforcement Accion

None ideutified.

Licensee Action o Previously Identified Enforcement Iters

Not inspected.

Design Chanres

Not inspected.

Unusnal Occurrences

Not inspected.

Other Sionificant Findings

Previously Unresolved Items

74-14/7 Reactor Buildins Sprav lLine Cr:cks

A complete pnchet of inforrmation with atterlent suwgzested correc agtion
will be supplied by the licirsee by Octehex 21, 1975. Tuis submitsal s2dl)

be consddered by HRC (IE:1V) 2s AP:iL's finul evaluation of this 1

r
v

= Can il \
(DETAILS, parcgraph 5).
Managenment t Interview
. .. a5 . i - h- - w
Cn Octeber 10, 1975, at the conclucior this menavahent EITT . 3
represe: { the 3R i2ud Lecussion uticn
of the pro § related to the ipe eriche whieh have oc i
Reactor Bulldiag Sprey Sysisu with Y. . Cavanasurh, L of caff,
and represaatutives of Bec.tnl Corporation. The folluwiiz liems ¢ve
i i h Sl :
discussed ducing the cour of the ealt interview:
. The it nf arese . v hia wm Lo ‘~-'-u41y < T E -+ sk 9%
. e pu ‘e DL arTani.ilg this neecaing. (Dilad WOy Pl L D &)
2. The history of the pipe cracks in the Reactor Building spray lirzs,®
(DEIAILS, paragraph 2)

3. Sampliug techbniques and solutien chemistry. (DETAIIS, poranroyl &)

4. Anticipzted commitinents of the licensee toward resolutiou of i(he

Y

Reactor Iuilding Spray Line crack problem. (DETAILS, paragrazi: o)

{(continued)



Persons (sontacted

-

Arkansac Pover and Light Company (APEL)

w‘

Cavanaugh, Manager, lluclear Services

A. Moore, Manager, Quality Assurance

H. Miller, Assistant Plant Superintendent

A. Rueter, Licensing Engineer

R. Sikes, Production Project Supervisor
Williaas, Assistant Engincer

L. Bean, Quality Assurance Inspector

D. Lane, Assistant Production Project Supervisor
G. Young, Assistant Engincer

Bechtel Power Corporation

E.
Je
H.

H. Smith
J. Oszewski
L. Leichter

Yun Chung

Nuelear Pegulatory Commission

L.
G.
R.

Purpcse of this Megtine

This meetiag with th nt of APLL was scheduled OXc.y
the past hictory of 1 by the licensee with ro;ard ‘o
bBuilcing ¢ L%~7) and to encourage a cornicm
part of Al £ tinved surveilliance and future repleacowent e
defective pipinr o ARO-1.

Reactor Baildingy Soray Line Crock Chronolagay

This prel = s +irst nated during routine surveillance om Nev
1974 (Sc« 1ix for refeven » material on this subject).
reports on t.1.s ler. were raceived from Bechtel and Southues
Instituta cn *ust 35 1975, Ar aralysias of the poctulzried fai
this pi.dus e CoOntud fzr Bechtel by Failurc &nalys
This re;ort waik roviewsd : £ the runagement meeting »:d tha
represc.litive indicated tkat a final version will be suvomitted
by Cetet.r 31, 1:-75. 'Infs anzivsis as nes a 2-inch lon: throu
erack in zel. e 10 pipe vith the mat-rial properties of the 2
affectec neat. Inmitial cendivicns as-ured include stress level
to cause . he icting crachk to go critical. The results of thi

(continued)

e



b

indicate that stresses 12 tires greater than thoce postu’ated would

]

be necessary to cause failure. Alsoc, for the stress levels postulated

ccecsary fo

in this analysis, a 5.6-inch long crack would Lo re
existing crack to fail. Three conditions were c¢valuated in t
analysis:

Straight Accident
Operating Basis Accident
Design Basis Accident

The final report on this accident analysis will complete the
evaluation of this problem area.

Chemical Analysis

The licensee indicated that a procedures suppliced by Allicd Chericel

Corporation is being used to rieasure the conceutration of chl
the spray solution in the building :pray lines. The licen: e
confidence in the results of chluride concentration using thi

Qrlue

r the
his

licensee':

indicated

s procedure,

tration

The licensee indicated that samniing and flushing of these lincs is
‘ o

routinely performed on a quarterly basis. If ciiloride corzen

exceeds 10 ppm, then the lines are flushed unt!l additien:l sar;l:ng

-~

>
-~
results iudicate a chloride ceoncentration lecs than 10 PER.

Anticipated Liconsec Action

The licensee indicried at the conclusion of this panagemrnt meciing that

a complete packoet wuuld be submitioed to IE:IV by October 31, 187

containing the follcwing infermation:

2. The failure analysis final report.

b. A surveillince program consisting of quarte:ly requircments of €lu-hi
and sarpling tiue affected line:, an ancual (0T of the affoctss wells
a saupling Ynsis, and visual inspections of the affected pive on a
once per sullt basis.

c¢. Commitm:nt to replacing the affected pipe i: the event any additional

leaks appcar.

The inspectors incicate
as the final evalrvation by APGL on this problen and would be
IE:IV prior to subuittal to LEL with our commests for action.

ed that this additioral inforration vould be consis

revieved by

»
erec



DETAILS II

: o Persons Contact

1I-1

(77 et
Prepared by: & ('/\_ (4%

A. R. Herdt, Metzllurgical Engineer
Enginecring Section
Facilities Construction Branch

Dates of Inspection: October 10, 1975

N/
Reviewed by: Y- 7_7/ 1_,/-;/,‘{;\,

19ofrs”

Date

/=379

-
L. L. Peratan, fenior Inspector
Enginecring Section

Facilities Construction Branch
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IE Rpt. No. 50-313/75-11 II-2

3.

This report covers the inspection made at Southwest Research Tnstitute
on May 19-20, 1975, to view the metallurgical examinations being
conducted as a result of these cracked welds and the meceting with

AP&L management personnel at Littlce Rock, Arkansas, on October 10,
1975,

Metallurgical Investigations

a. Background

As previously reported in IE Report Nos. 50-313/74-14 and
50-313/74~15, leaks were discovered in the Xeactor Buillding
Spray Sy:stem B loop pump suction piping of ‘rkansas Nuclenr
One Unit No, 1. This was reported in Abi- oo ul Cecurrence
Report No. 50-313/74-113. Since the leal: inveived the same
heat (No. 8CN201) of stainless stecl material, the licensee
initiated a program of exanination of weids inciuding the heat
affectcd zone of the pipe of tiie above heat nunher., In additi
an incireaned visual surveillance program was initiated to
search for additional lc¢aks. A random selcction of areas
adjacent to 46 welds (both shop and field) in the same heat of
pipe in the reactor building spray and decay systems was
exau.ined by rudiographic methods., This is discussed in cdetoil
in IE Pep oo Yo, 50-313/74-13. Metallurgical exeminatior. of
these cricle vas perforrmad by Dattelle Columbus Laboratorics
and Bechunl Covporaticn with Southwest Research Tanstitute
perfornmiiz curo wetallurgical examination under contract to
Bechtel Coexpoiation.

3

b. Batrelle T.'' hus Laboratories (Battelle)
Batielle (o' ulus Laboratories, under contract W-7405-Eng-02,
to the Nuele . Pegulatory Commission, performed an indepeudent

metallurpice ! examination of a portion of the cracked welds in
the J0=in-i Tyoe 304 stoinless steel piping taken from thc
Reactor [wi'aing Spray €vistem., The leak examined was a porticn

of numbor 2 us related co Bechtel interim report. The purpoce
of hatteli~'s independent examination was to verify and culit
the retal ur-ical exs: ination provided by the licensee. 7!«

inspector viczited Battclle on December 13, 1974, as described
Apt. o, 50-313/74-15, Details II, paragraph 3.C.

Battelle compicted their independent examination on Februacvy 7,
1975, aud the ronort’ {5 included as an Attachment to thesc
details., Battelle's results indicate that the leaks were the
result of intergranular stress-corrosion cracking that was
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initiated on the inside of the piping and propagated intcr-
granularly through the sensitized minrostructure of tic heat-
affected zone adjacent to the weld. The probabie source of
stress was excessive residual stress from weld repairs or high
heat input during welding. Chemical aralysis revealcd the
piping was within chemical specification, even though the
carbon content was near the upper limit for Type 304 stainless
stecl., Battelle performed a cemiquantative ion micro;robe
analysis of selected areas on pieces from the 10-inch pipe,
namely the heat affectcd zeone, center of the weld and the
fracture surface. This microprobe as well as the scanning
electron microscope aualvsis revealed up to 1000 ppm chloride
ion at the heat affected zone on the inner surface of the pipe
as well as on the fracture surtace itself. Appreciable quantities
of sodium, aluminum, silicon, and calcium were also found.
Battelle stated in their report that the probable corrodent
was the chloride ion, however, the source is not defenitely
known.

Ce Southwest Research Institute (SwRI)

The inspector met with Herman Burghard, Jr., Senior Research
Engineer, Department of Materials Engineering, SwRI on the

May 19-20, 1975, to review his metallurgical investigation plan
and results to date. There were no representatives ifrom
Bechtel or Arkansas Power and Light Company present during the
inspection.

(1) BRackground
SWRI has been rotiined by Bechtel to act as an independent

third party in this thin wall pipe cracking problcn.
SwRI has been retained to perform the following work:

(a) Roview the analysis performed in the Bechtcl laboratory.
(b) Ecstablish a program to examine, in the fiecld, pipe
surfoce corditions and to identify pipe thot has

experienced chemical attack due to excessive pickling.

(c¢) Perform an indepcorndent metallurgical exumiuntion of

cracks 4, 5 and 6 as well as radiograprhic indications
following rencval of the crossover pipe. 1 addition,
a samuple of a slwop fabricated weld and a fi.ld

fabricated weld cxhibiting no cracking char (reristics
will also be ratallurgically examined. Theue sanples

are from tlie crossover section.



(d) The surface of the pipe will be examined in the
field for carbide precipitatien. It is noted that
the work performed in Nevemher 1974, wos premature
since carbide precipitaticn was noted only at nid-
wall. The ID and OL surfaces exhibited no carbide
precipitation. BDased on these results, trepan and
ring samples werc taken from existiug pipe of the
reactor building spray svotem and decay heat svstem
to determine whether cari ide precipitation existed,
and to determine the base npetal characteristics.

Item (a) had been completed with vegard to the reviw of the
metallographic results on Leaks 1-73 and wus incoerporated in

the supplemental report forvarded to che N50 on February 5,
1975. SwRI concurred that contributing [sctors to the cracking
were base metal pickling, high carbua content and base metal
sensitization.

Item (b) had been completed and the resuvlts indicute that all
pipe examined regardless of size, heat number or rzaufacturer
exhibited svme pickling attack.

Items (c) and (d) was presently teinz perforred, The status
and details of these items are diccussed bolow:

(2) Metallurgical Results

(a) Crack Samnles
L aCh _saRples

Swil p'rfor"l a detailed metallurglecal eraminat e
rac 2 and 6 =~ well

O e ks des 1S one ¢ o
that shoved an indicativo of a viock dn the radic:raphy
performed in N :'"3' 19/ =+  la additioca, a samilu

of a shop fubr and a ficld fobvicated

weld exhibd i;; ( cﬁ;:g char-cteristics to bo

alue zotallurpically

rie Croscover arca.

'S »
classified as
enamined., Al

Upon receipt of these saples, SwRI took laboratory
adioviants of all the =aaples »ud perfornad a
liquid puinatrant inspection of zpproxinately half of

thcse sannles to determine whetlor by tliese nondestruce
tive toest nethods cracking could be obsarved,

Cracle were detected on 11 the samples by both of
thesc oethods, The inspector revicwed the radicpgraphs
ad tie cracks could be easily identificd located

adjac. ot to the weld running circumferentially in

the Lo .t affected zone. In most cases the cracking
w18 coutinuous in nature.



SwRI had begun the metallographic investigation on
crack 5, radiographic indication, the shop and field
fabricated weld sarples. Preluiminary results showed
that the four samples exhibited cracking from the ID
toward the OD, intergranular in nature, in the
sensitized hecat affccted zone and the base metal
contained a mid-wall sensitized zone. There is no
difference metallurgically from what is seen in
these samples and what has been previously reported
by Battelle and Rechtel.. Crack 5 and the radicgraphic
indications shiowed through-wall cracks while the
field fabricated and shop fabricated welds showed
cracking approximately 3/4 through the tube wall.

The inspector reviewed the metallurgical data including
the metallography and concurred with these preliminary
findings.

(b) Base Metal Samples

As previously stated, trepan and ring base metal
samples have been taken from existing pipe of the
reactor buildlng spray system and decay heat system,
These samples are of different sizes and heats as
well as the orizinal heat in question, SWEPCO leat
o. 800201. A preliminary listing shows ten heats
and six different pipe sizes.

SuRI has started the metallurgical investigation on

nine samples for base metal analysis. To date the
ocnly heat to show mid-wall sensitization is Leat No.
§00201; the 1l -inch diameter pipe of tuis heat is
the only size that has been examined at this poin
in time. lne in:spector reviewed these prelininary

findings with no differences being uncovered.

(e) Summary
The SwRI erallurgical repert was included in the
"lavestiiation of Pipe Leakage, Reactor Building
Svray System Piping, Arkansas Nuclear One, Unit 1
Final Re ort" dated August 15, 1975, forwarded by
APSL lctter dated August 29, 1975. Besides the
independent third party work performed by SwRI, the
metallurgicol investigation performed by Bechtel was
also included.
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The inspector reviewed and analyzed both of these
metallurgical investigations as wecll as the Battelle
report. The conclusion reachied by all three studies
are metallurgically similar and are as follows:

1 The mode of failure of the Type 304 stainless steel
was found to be stress-assisted corrosion cracking
propagating intergranularly through the sensitized

microstructure of the heat-affected zone adjacent to

the circumferential welds.

The sources of the stress were resicdusl stresses
associated with welding; sentizaticn in the heat-

%)

affected zones near welds produced by welding heat,

possibly high heat input; and chloride ions and/or
sulfur oxide ions as a corrodent.

jw

Other factors in the stress-assisted corrosion
cracking failure were: high carbon content of the
piping material at the maximum permitted by the
specification, and partial sensitization of the
piping material (HT E00201, SWEPCO).

In summary, the metallurgical reports are in agreement as to the
piping failure mode. With regard to the metsllurgy, thore are no
major questions or additional metallurgical suggested work required.

Management Meeting

The insr-ctor together with representatives from IE:IV rer with
AP&L mausgement and their representatives ia Little Rocl:, frkaneas,
on Octob:r 10, 1975, The rajor area of corcern is the currective
action proposed by APGL; pueriodic surveillance for lecl.s in pipe
containir: sensitized structure (HT 800201 ond 2P-3357); whether
the pipins will be eventually replaced; and the licensce's overall
corrective action program.

The inspc.tor stated that the metallurgical reports were in general
agreement 4s to the cause :nd mode of the weld failures and cracking.
The licen:ee reported that the final report would be submitted to
the NRC by October 31, 1975,

The licensee stated that this final report would include as a
minimum the following:

a. The extensive study by Failure Analysis Associates on a postulat.d
crack in the Schedule 10 piping under design stresses.
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C.

Full description of the walk-through surveillance including
the procedure, frequency, and records.

Sampling of the borated water in the Reactor Building Spray
System including the chloride acceptance level with its justif=-
ication, the sampling proccdure and assurance a representative
sample is taken,

Periodic volumetric inservice inspection programs including
the procedure frequency and method for the piping systems

containing material from Hent No, 800201 and the section

of sensitized piping associated with Heat lNo. 2P-3352. The
inspector point out that if{ radiographs are used as the
volumetric inspection that the baseline radiographs meet code

requirements and that the effcvctiveness of the radiography as
to defect size be discusseod,

The Office of Inspection and Enforcement will evaluate this final
report and make any necessary reccmmendations.



10.

31s

APPFNDIY A
Abnormal Occurrence Report No. 50-313/74-11, J. D. Phillips, AP&L to
N. C Moseley, RO/II, November 13, 1974.
RO Inspection Report No. 50-313/74-14, November 29, 1974.
IE Inspection Report No. 50-313/74~15, January 6, 1975.

Abnormal Occurrence Report No. 50-313/74-11A, J. D. Phillips, APSL to
N. C. Moseley, IT'/1I, February 5, 1975.

Examinations of portions of the Reactor Building Spray System Piping
from the Arkansas uclear Plant No. 1, Battelle Laboratory Report
dated February 7, 1975 (26 pp).

IE Inspection Report No. 50-313/75-2, May 2, 1975

Followup Report - Abnormal Occurrence Report No. S0-313/7!
W. Cavanaugh, APSL to N. C. Moseley, IZ/II, April 11, 975

IE Inspection Report No. 50-313/75-04, May 23, 1
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7
IE Inspection Report No. 50-313/75-06, July 3, 1975.
Investigation of pipe leakage, Rcactor Building Spvay System Pipiie,

Arkansas Nuclear One, Unit 1, Final Report Bechte! Curporation,
August 15, 1975.

Metallurgical In.zstlgaticv of cracking in reactor safetv-relatq viping
system, Arkansas Nucleur Ong, Unit 1, Iinal Report, Soutrbwest } .rch
Institute, July 11, 1975.

Abnormal Occurrence Report No. 50-313/74-11B, J. D. Phillips, AD¢ 0
B. C. Rusche, HQ/IRR, August 29, 1975.



