SCOPING EVALUATION
FOR ARKANSAS NUCLEAR ONE, UNIT 1
REACTULR COOLANT PUMPS
PER THE REQUIREMENTS OF
ASME CODE CASE N-481
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1.0 INTRODUCTION

The four reactor coolant pumps (A", "B*, "C", and "D") at Arkansas Nuclear One, Unit 1
(ANO-1) were all manufactured by Byron Jackson. All four pump casings were
fabricated from ASTM A351-69, Grade CFBM. The pumps have identical design,
hence a single stress report was prepared for all four pumps. Inspe tion of the "A" and
“B" pump casing welds was performed in 1986 and 1988, respectively, as part of the
first 10 year Inservice Service Inspection (1S1) program. One of the requirements in the
safety evaluation performed by the Office of the Nuclear Reactor Regulation (NRR) in
April 1989 is that single-wall radiography (RT) should be performeo in the event that
any reactor coolant pumps (RCPs) are completely disassembled for maintenance,
repair, or examination. During the current outage (1R10), the "D" pump was
disassembied for repair due to unforeseen events; consequently, adequate plans had
not been made to perform RT on this pump casing.

Because of this, ANO-1 has decided to use the alternale examination requirements for
cast austenitic pump casings per ASME Code Case N-481 which was approved on
March 5, 1990. Part of the requirements of this Code Case includes an evaluation to
demonstrate the safety and serviceability of the pump casing. The purpose of this
document is to review prior inspection results performed in 1986 and 19€8 and
associated fracture mechanics evaluations 1o determine if the safety and serviceability
requirements of this Code Case, as it relates 10 the pump casings, will be satisfied.



2.0 1966 INSPECTION RESULTS

During the 1986 refueling outage, a volumetric RT examination was performed on the
"A" RCP welds as required by the first 10 year ISI program. This program was based
on the requirements of the 1974 £ “wrough Summer 1375 AdderJa of Section XI
of the ASME Code. The RT exam. indicated the presence of a flaw which
exceeded that allowable irC.cation standards of IWB-3500. Since the acceptance
criteria (IWB-3518) did not exist in the 1974 Editior of Section XI, the 1980 Edition was
utilized. The indication is best described as a series of slag inclusions having an
effective length (per ASME Section XI criter a) of 5.66 inches. The indication is Incated
in the vertical weld which Y'as togather the upper and lower welds of the pump casing
(Figure 1-1). Radiographic paral.ax techniques indicate that .. = top of the flaw is 1.5
inches below the cutside surface of the weld. The weld is approximately 2.6 inches
1hick is this area. Apniication of special UT techniques indicated that the flaw
indication does not extend to the internal diameter of the pump casing. Thus, the
maximum through-wall dimension of the flaw indication is less than 1.1 inches.

To determine if any flaw existed at this location prior 10 service, the original
construction radiographs were reviewed. The review found five small inclusions that
are part of the identified flaw indication of 5.66 inches in length. These inclusions or
the original radiograph were determined 1o be acceptable per the Code during the

| preservice examinations. Because of the quality of the preservice radiograph in the
area of the indication, equipment was brought on-site 10 perform computer
enhancement of the area of the flaw. This process allowed the characterization of the
flaw on the original film more clearly and allowed ANO-1 to determine conclusively
that the current flaw indication and the original flaw were identical.

\

|

|
The original construction radiographs for the remaining three pumps were then
reviewed, searching for any preservice flaw indications or weak areas in film density.

| Identified areas were then computer enhanced in an attempt to identify any
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unacceptable flaws that were previously unidentified. Portions of approximately 20%
of all presarvice radiographs were computet enhanced. From this review, "C" and "D"
pumps were determined to have no unacceptable preservice flaw indications,
however, the computer enhancement of the "B" pump did indicate an unacceptable
flaw indication in the same general weld area as the "A" pump.

The flaw indication on the "B" pump, through the computer enhancement process, was
shown as 1.5 inches in length. The original construction radiograph of this area shows
a flaw of 0.625 inches in length which was acceptable per Code requirements at that
time. The wall thickness in the area of the flaw indication is 3.1 inches. UT was
performed in an attempt to better characterize the flaw indication. Due 10 the material
of the pump casing (coarse-grained, statically-cast stainiess) and the smal! size cf the
indication, UT was not able to specifically characterize the flaw. Howevet, from these
examinations, it was determined that the flaw size was no larger than 1.5 inches long
by 1.5 inches deep.
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Figure 1.1.  Schematic Drawing of Weld Flaw in Arkansas Nuclear One Reactor Coolam
Pump, Unit 1
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emargency/faulted condition is 1.414. For the "B" pump casing, safety factors of 7.2
and 6.6 were obtained for normal operating and amergency/faulted conditions,

respectively.

Crack greath evaluations weres performed using the ASME Section X1 crack growth
law for austenitic stainless sieel in a water environment. The crack growth law was
subsequently incarporited into the Code as Appendix C, 1989 Edition of Section XI.
The evaluation indicated that for both pump casings, crack growth is aimost
insignificant considering 240 heatup and cooldown cycles (for 40-year plant life). The
satety of the "A" and "B" pumps for continued operation with the observed indications
was, therefore, demonstrated for the entire 40-year plant life.
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4.0 1988 INSPECTION RESULTS

Since the 1986 inspection, ANO- . with the assistance of Babcock and Wilcox ‘B&AW),
developed an ultrasonic testing (UT) procedure for the examination of the pump
rasing weldsfrom the outside surface. The UT examination of the orginal flaw
indications in the "A" and "B" pump casings was performed during\ 1988 refueling
outage utilizing the B&W automated ultrasonic data acquisition and imaging system
(ACCJUSONEX).

A robot was used to perform the ACCUSONEX automated scanning and o provide
coordinate data for transducer location. Threshold values were utilized that just
exceeded the average noise level from the pump casing material for both straight
beam and angle beam measurements. Minimum detectable indications of
approximately 1/8 inch through-wall and 3/4 inch in length could be detected even in
areas of maximum wall thici .ss. The fact that the previous slag indications could not
be detected with UT most likely indicates that they are very small, occupy very little
volume, and are below the limit of detuctior: for present-day UT technology.

Also, during the 1988 refueling o _!age, a complete volumetric examination of the "B"

RCP casing welds was performed The areas of the casing welds examined by double

wall RT showed no rejectable indications. Sections of the upper and lower scroll
welds near the discharge end of the pump, which could not be successfully

radiographed to meet ASME Code film density requirements, along with the remainder

of the vertical weld, were examined by UT.

In the lower scroll weld, several indications were detected (using ACCUSONEX) in an
area bounded by a rectangle with a leigth of 4.1 inches and a through-wall dimension
of 1.8 inches at a depth of 0.9 inches below the outer weid surface in a region where
the weld is 4.75 inches thick. These indications were considered to be slag inclusions
located approximately 0.5 inches to 0.75 inches from the weld cen‘erline. The upper
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scroll weld could not be examined with ACCUSONEX due to insufficient access for the
robot; however, a manual scan was performed which identified three indications. The
composite size was conservatively determined to be no larger than a 4 5 inch long by
1.25 inch through-wall dimension rectangle at a depth of 1.35 inches from the outside
surface. The weid is also 4.75 inches thick in this region. This indication is located
approximately on the weid centerline to 0.6 inches from the centerline. it is also
considered to consist of slag inclusions resulting from the original corstruction welding
process and nct a service induced condition.

Tabie IWB-3518-2 shows that the maximum aiiowable dimensions for an indication

found by UT are 1.8 inches for the length and 0.30 inches for one-half through-wall

dimension. Figures 4-1 through 4-6 show the !ocations of the lower and upper scroll

weld flaw ingcications found by the UT examinations. The "B" RCP factory radiographs

for these areas and the low density radiographs of these areas taken during this

outage were computer enhanced. The analysis of these enhanced radiographs -
showed no rejectable indications in the welds. It was thus concluded that these

indications are small preservice slag indications.
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5.0 1988 FRACTURE MECHANICS EVALUATIONS

The fracture mechanics analys.. of the flaws identified during the 1988 outage was
very similar to that performed in 1986. The linear elastic fracture mechanics approach
outlined in ASME Code Section XI, Appendix A was used. The flaws in the upper and
lower scroll welds of the "B" pump casing were treated as subsurface flaws using
conservative dimensions shown in Figures 4-2 and 4-5. A toughness value of

Jic = 1171 in-Ib/in2, the same as used in 1986, was utilized in the evaluation. Stresses
used in the evaluation were also ohtained from the same source as the 1986
evaluation, with consideration given to both normal operating and emergency/faulted
conditions. Because these flaws are subsurface, the effect ol welding residual
stresses or crack growth was judged to be minimal.

7he safety factors obtairad from these evaluations are 4.3 for normal operating anu
3.2 for emergency/faulted conditions. These factors exceed those required by ASME
Section XI, which are, 3.16 and 1.41 for normal operating and emergency/faultec
conditions, respectively. Crack growth was also found to be less than 10% of the
origina! crack size, considering the 40-year plant life.

-18 -



6.0 ASME CODE CASE N-'81 EVALUATION

A seven-step evaluation procedure is cutlined in Coce Case N-481 in orger to

demonstrate the safety and serviceabil ty of the pump casing. In reviewing this
procedure, it is recognized that except ‘or a few saliert points, most of the
requirements have been addressed in the 1936 znd 1938 racture mechanics
evalua*' rs discussed in the previous sections. The seven tams in this Code Case,

as they relate to the ANO-1 pumps, are briefiy discussud beow.

(1)

Evaluate Materiai Properties, Including Fracture Toughness

The material property that is of significance in this evaluation is the fracture
toughness of the castings. in the previous fructure mechanics evaluation, a
valug of Jic = 1171 in-"m/inZ was used. This va'ue was denved from the Grade
CF8A wi dment which was considerad to be aguivalent to CF8M welament. In
the 1889 NRR safety evaluation repon, it was suggested that a vaiue of uic; of

650 in-ib/in2 for submerged arc welding and shielded metal arc welding
contained in EPSI report NP-469C -8R [1] should be used, unless technical
justification is piovided for a higher value. Since ‘he publication of this EPRI
work, several additional studies have been performed by EPRI'2] and Argonne
National Laboratories [3], among others, to determine lower bound toughness
values for cas: austenitic stainlese v "“ments. Data from these more recent
studies suggest that Jic vatues (foliowing thermal aging) are dependent on th.
chemical composition of the casting. Hence, ir: this stuay, the certified material
test reports cf the pump casings will be reviewed to determine if nigher values

of Jic cari be justified. Even if a Jic value of 650 in-Ib/in2 is used in the 1986
and 1988 fracture mechanics evaluations, satety (nargins greater than the
ASME Code allowables, would still be cemanstrated.

The use of linear elastic fracture meche s (LEFM), with Kic,, for cast ausienitic

£19 -
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(2)

(3)
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stainiess steel castings is conservative for the applied stresses in this study.
More recent studies [2 3] have shown that because of the ductile nature ot these
materals, thn toughness can be described in terms of the J-R resistance curve.
The use of this curve to dascribe the toughness, coupled with an elastic-plastic
fracture mechanics (EPFM) analysis (:si” 4 the J-Integral/Tearing Modulus
analysis, would show even more substantial safety margins.

Perform a Stress Analysis of t.e Pump Casing

A stress report of the ANC-1 pump casings was performed 'n 1973 by Byron
Jackson. However, in the 1986 and 1988 evaluations, a more curren® stress
repont tor the Consumers Power Ccmpany's Midland plant, which has pump
casings identical to the ANO-1 pump casings, was used. This stress report
contains more detailed stress distributions for fracture mechanics evaluations.
This same stress repurt wiil be used in the Code Case evaluation

in addition to the applied stresses, weld resiaual stresses will be considered in
this evaluation A generic fracture mechanics evaluation [3] performed on a
cast stairnles: steel pump with consideration of weld residual stresses indicated
that the conciusions of the 1986 and 1948 fracture mechanics evaluations
would not have changed.

Review Opeiating History of the Pump

The inspections performed in 1986 and 1988 indicated *hat none of the flaws
identified were service induced and that none of the indicsitions had shown any
crack growth due o plant operations. None of the pumps have been out of
operat.on due to service-induced flaws. Tae pumps have also not “indergone
any unusual transients through their operating history No other unexpected
avents due te operation, other than those considered in the 1986 a~d 1988

- 20 -
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(4)

(8)

(6)

gvaluations, needu 11 03 addressed.

Selection of Locetions for Postulating Flaws

Areas where indications have previously been iound are natural locations for
postulating flaws. These locations have p. aviously been evaluated in 1886 and
1988 and found acceptable with large safety margins. These locaiions will be
selected again and evaluated using revised toughness values based on actual
properties of the pump casings. In addition, other high stress locatic ns where
flaws have not been identified will be selected for evaluation.

Postulating Ona-Quarter Thickness Flaw With Length Six Times Its
Depth

Thig flaw will be postulated at each of the selected iocations. In the 1986
evaluation of the "B" pump casing, a fiaw v. :h a depth three times the depth of
this postulated flaw was considered and found to be acceptable with a large
safety factor. Even considering a lower bound toughness of 650 in-ib/in2, this
very conservative flaw would st.u be acceptable by the Code.

stablish the Stability of the Selected Filaw Under Guverning
Stress Conditicn

The only potential crack growth mechanism is fa. jue crac . -owth due 2
operating conditions. .. previous evaluations, fatigue c72.< growth was
considered assuminn transients for the 40-year plant life. Crack growth was
found to be insignificantly small, even with the three-quarter-thickness flaw. it is,
therefore, expected that crack growth of the one-quarter-thickness flaw will also
be insignificant.

-« 21 -
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(7)

Consider Thermal Aging Embrittiement and Any Other Processes
that May Degrade the Properties of the Pump Casing During
Service

The efiect of long-term aging (thermal embrittiement) i¢ 1o reduce the toughness
of cast austenitic stainless steel castings. The toughness reachas a saturation

value after exposure 1o long-term thermal aging. The value of 650 in-ib/in2
suggested by the NRR represents a lower bound toughness, considering long-
term aging. Actual material properties and exposure time of the ANO-1 pump
casing will be used, if neces ary, 10 determine a more appropnate t1oughness
value. Consideration wi'l also be given to performing the evaluation using J-R
resistance curves , accounting for thermal aging, and utilizing the EPFM
meathodolugy.

-22.



7.0 CONCLUSION

This scoping gvaluation has shown thai pased on previous successful fracture
mechanics evaluations performed on the ANO-1 A" and "B" pump casings, there is
sufficient basis to believe that the nump casings will meet the safety and serviceability
requirements of ASME Code Cas N-481. Thase previous evaluations were based on
conservative linear elastic fracture mechanics principles. The use of specific material
toughness propetties, based on the latest data, combined with the most appropriate
fracture machanics methods, is expected to verify acceptable safety margins. This
conclusion is supported by other generic evaluations performed on similar pumps
elsewhere.
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