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IWB-3520.2 requires that relevant conditions be corrected in accordance with the requirements
of IWB-3142.  Paragraph IWB-3142.2 allows acceptance of relevant conditi s by supplemental
examination, and directs the user to IWB-3200. Paragraph IWB-3200(b) states, “Visual examinations that
reveal relevant conditions described in the standards of this Article may be supplemented by surface or
volumetric examinations to Getermine the extent of the unacceptable conditions and the need for corrective
measures, repairs, analytical evaluation, or replacement.”

As long as it can be determined that the extent of the supplemental examination is adequate to
provide assurance that there is no need for "corrective measures, repads, analytical evaluation, or
replacement,” it does not appear that the Code requires an evaluation of 100% of the indications.

Ultrasonic inspections (UT) have been performed in all representative areas of the reactor head
and in the reactor vessel near the head flange area. In excess of 140 indications were interrogated by UT,
with no indication of basemstal penetration. Thirty-two of these indications were in the lower vessel
flange and upper shell course area. The inspections performed by Vermont Yankee provide a high level
of confidence that the regions inspected reflect all areas where similar indications exist in the rewctor
pressure vessel cladding.

This condition was discussed with NRC NRR and Region | officials on April 1, 1992 at which
time the question of an alternatives application under 10CFRS0.55aa)(3) was considered.  This
application is submitted in response to a NRC suggestion due to the uncertainty regarding the application |
of the ASME Section XI Code to this situation. Therefore, this letter formally requests NRC approval |
of a proposed alternative to Section X1 of the ASME Code,

The specific alternative being proposed is to allow sampling of conditions believed to be benign
rather than requiring examination of all indications. The sampling performed by Vermont Yankee
provides a high level of confidence that the cladc..ag indications do not penetrate into the basemetal.

The attached report provides a detailed discussion documenting the technical acceptability of the
proposed alternative.

We request your prompt approval of this request. Should you have any questions regarding the
attached information or require further information, please do not hesitate to contact me directly. In
addition, should you find it necessary, we are prepared to meet with the NRC staff to present our findings
on short notice.

Very truly yours,

Vermont Yankee Nuclear Power Corporation

2K Qg S
WP MurpHy (f
Senior Vice Pres &nt, yerations

ce: USNRC Region I Administrator
USNRC Resident Inspector VYNPS
USNRC Project Manager, VYNPS
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BACKGROUND

In November 1991 GE issued SIL 539, which recommended that plants with stainless steel clad reactor
pressure vessel heads inspect the area corresponding to the Quad Cities cracking. This SIL discussed the Quad
Cities plant, where cracking was detected 1n both the stainless steel cladding and in the low alloy steel under the
cladding of the reactor pressure vessel head.

A visual inspection of the internal surfaces of the Vermont Yankee reactor pressure vessel head was
performed on March 17, 1992 in accordance with the iecommendations of the GE SIL No. 539. Numerous areas
of rust on the stainless steel cladding were noted. This would be indicative of clad penciration down to the alloy
steel basemetal. The rust areas were seen at the area of the flange 10 head butt weld and on the manual cladding
on the flange forging [see Figure 1]. Additional rusting was vhserved on the manual cladding of the dollar plate
section of the head. These areas were mostly limited to iocations of manually applied cladding; however, some
rusting was also visible in the area of automatically applied cladding. Some of the areas of rust were associated
with visual linear indications. The majority of the rust marks are or: ‘he flange area with a long indication at the
manual-to-automatic ¢lad weld interface. Approximately 2/3 of the circumference at that interface shows some
rust. There are also some indications on the manually clad area of the dollar plate. This area is about five feet
in diameter at the top of the head. Most of the rust marks follow the circumterential clad weld beads.

In addition, during visual examination of the RPV internals, similar rust areas were observed on the vessel
¢ladding. This type of indication was visible due to the use of a new remote color video inspection camera. The
vessel cladding indications were visually similar to the head cladding indication and were primarily 'n the vessel
flange region of the vessel.

Vermont Yankee immediately reviewed the conditions seen at the Quad Cities 2 power plant for any
similarity to Vermont Yankee. Discussions were held with Commonwealth Edison, General Electric Company
and Structural Integrity Associates (SIA). SIA had performed evaluations of the Quad Cities RPV head for
Commonwealth Edison and EPRI. These discussions revealed that the Quad Cities RPV head was experiencing
two different conditions, The cladding developed intergranular stress corrosion cracking (IGSCC) attributed to
low ferrite content, welding residual stresses, cold work stresses from grinding and an aggressive environment,
The Quad Cities RPV Yiead basemetal developed cracks from a mechanism known as reheat cracking. This is
caused by reduced material ductility resulting from alloy impurities along with residual stresses from coldwork
and differential thermal expansion, The high heat input strip clad process used ®. Babcock amd Wilcox (the
fabricator of the Quad Cities RPV) in the early 1970's is now known for producing reheat cracking in certsin
low alioy steels.

The metailurgical samples taken from Quad Cities showed evidence of stress corrosion .racking in the
clad and reheat cracking in the basemetal. In some cases the cracks meet at the clad/basemetal fusion line. It
is important to stress that there is no evidence at Quad Cities that the IGSCC cracks progressed into the
basemetal.

The following was observed and concluded regaraing the conditions on the Vermont Yankee reactor
pressure vessel head:

falutantion Priaies

None of the cladding on the Vermont Yankee vessel was applied by the high heat input strip cladding
process used on the Quad Cities vessel. The automatic clad welding process used at Vermont Yankee required
only one layer of clad. The manual clad welding process required two layers; more could be apphied if required
to meet the nominal clad thickness requirement of 3/16 inches. During the welding process the basemetal layer
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Ultrasonic inspections were performed in accordance with the GE SIL recommended techniques. These
techniques successtully detected and sized the 2% notch on the RPY vessel calibration block.  Various
locations on the inside surface of the head flange, the dollar plate, the vessel flange, and the upper shell
course were examined. UT was aiso performed from the OD of the head. In excess of 147 reflectors
were measured by UT, with no indication of basemetal penetration.  The depths ranged from 0. 08" to
0.30". Several of the deeper reflectors were re-evaluated with the straight beam search unit to determine
the clad depth at those jocations, and confirmed the cladding was thicker at these points,

During the visual examination of the RPV internals, a rust area was observed adjacent (o the fillet weld
where the steam dryer support bracket weld meets the vessel cladding. This indication was quite visible
since the in-vessel examingtions were being conducted with a color camera. The 1983 black and white
video tape of the same area was reviewed. In the same area as the rust, one could discern a slightly
lighter region. This was not recorded as a region of concern in 1983 and if not for the increased contrast
of the color view in tha 1992 inspection, 1t would be hardly noticeable.  The arca was thoroughly UT
examined from outside the vessel. No evidence of any flaw propagation into the basemetal was detected
[see Figure 3.

Ferrite Testing

Ferrite readings were taken 1t 24 locations on the head flange inside surface and 12 locations on the
vessel flange inside surface. The lowest reading was 5% 10 7.5%, with the majority of readings at 7.8%
o 10%. This provides evidence that the cracking in both the RPY head clad and the vessel flange clad
is due 10 IGSCC and not micro-fissuring which can occur in low ferrite, in the 0-3% range, stainless steel
weld metal,

Chemical Analyses

Metal chips were removed from the head and vessel flange area cladding for chemical analysis. The
carbon content of the material removed was 0.079 w/o for the head flange and 0.11 w/o for the shell
flange. The carbon contert of the shell flange cladding is well above the specification upper limit for
carbon of 0,08 w/o max. The head flange value is within specification range. However, a review ol all
the welding electrode material certifications showed no heats to be this high. Thus it can be concluded
that the cladding has picked up carbon from the basemetal during welding of the cladding. These carbon
levels place the cladding in the highly susceptible region for 1GSCC [see Figure 2]

Even though we have found no evidence of penetration into the basemetal, in order to provide additional

assurance of safe plant operation, Vermont Yankee had a fracture mechanics evaluation performed by SIA.

Fracture mechanics evaluations were performed to determine allowable flaw depths as well as time to

reach these allowable depths for tflaws which might continue to propagate from possible through-clad cracks. The
evaluations conservatively considered flaws in both the reacior vessel head and the vessel wall adjacent to a steam
dryer bracket.

Vessel Head

Allowahle flaw sizes and the potential for flaw growth in the low alloy steel of the pressure vessel head
at Vermont Yankee have been estimated using STA's fracture mechanics software pe-CRACK.  Recent
data was used to derive a conservative crack growth rate for SCC-assisted cracking in the low alloy steel.
Stresses were obtained from the Chicago Bridge & lron (CB&I) stress report for the Vermont Yankee
reactor vessel
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A 360° circumierential crack model in the cladding was assumed. Crack growth in the low alloy steei
was assumed to begin immediately upon exposure to the water environment due to a through-clad crack.
Both of these assumptions are obviously conservative. A number of cases were run,

In the most limiting case, the applied K reaches a value of 63.25 (..,,!\/.IT)‘ where K, = 200 ksi-vin from
Figure A-4200-1 of ASME Section X1) at a depth of about 1.25 inches. The crack growth analyses show
that & crack could grow to a depth of 1.25 inch in approximately 56,000 hours (about 6.5 yars) for the
pase case. For the worst casz, the time for a crack to reach that depth wowd be about 39,000 hours
(=45 years). For locations where the residual stress is zero, the time for a flaw to reach one inch would
be at least 77,000 hours (= 8.8 years). Crack growth time to the allowable flaw size in the flange area
was on the order of 40 years.

As noted above, the assumptions used to construct these cases make the results extremely copservative.
In this analysis, cracks or other flaws that penetrated the stainless steel cladding are assumed to continue
to propagate into the low alloy steel head immediately. This would not be enpected. Stress corrosion
cracking can occur in low alloy steels in BWR environments, however, the crack growth rate expressions
are derivad from specimens loaded under conditions that are ideal for ¢oack growth. Initiation times are
typically not reported,

Of greater significance to this case is that a very small area of alloy steci will be exposed to the
environment, unlike the crack growth tests where faitiv substantial specimens are exposed. This area
effect may be extremely significant relative to SCC susceptibility (particularly crack initiation) since
cracking propens. v has been shown to be dependent upon suliur content. In nigh purity environments,
dissolution of manga..-¢ sulfide inclusions produces an acidic sulfate envirynment at the metal surtace
which is conducive to crack growth. The dependence of SCC on both the number of inclusions and their
shape demonstrates that cracking in high purity water is a function of the probability of the environment
intersecting a manganese sulfide inclusion. Even a 360° flaw through the entire thickness of the cladding
would expose only a very small avea of low alloy steel. The probability of intersecting an inclusion is
highly unlikely.

*  Region Near Steam Dryer Bracket

To determine the critical flaw size in the reactor vessel wall, an analysis similar to that for the vessel head
was conducted. A flaw in excess of 1.5 inches was determined to be acceptable.

To determine 1GSCC crack growth, the same conservative evaluation was conducted as noted ahove.
The crack growth analysis showed that the time for & crack to grow from the clad-to-base metal intertace
to 1.8 inches would exceed 40 years of operation. If the maximum computed clad stresses (for cold
conditions) were used in the crack growth analysis, then the time to grow to 1.5 inches would approach
81,760 hours (approximately 9 veatr).

ASME CODE REQUIREMENTS

The dryer support bracket was examirad per Section X1, The acceptance standards are provided in IWB-
3520. The 1980 Edition of Section X1, with Winter 1980 Addenda, governs the Vermont Yankee ISI program.
That version of the Code states that the criteria for IWB-3520 are "in the course of preparation.” The 1989
Edition of Section XI was consulted for guidance. The 1989 Code would reject "crack-like surface flaws on the
welds joining the attachment to the vessel that exceed the allowable fluw standards of TWB-3510" (IWB
3520.1(a)). This visible indication exceeds the scceptance standards of Tabie IWB-3510.3, However, the
location of the indication is adjacent to the blend radius of the artachment weld meets the vessel cladding. The
blend radius Jdoes not add any strength to the attachment weld; its purpose 1s 1o act as a stress congentration
mitigator. Thus, it could be judged that the Code does not apply to this location. A conservative approach is
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taken by assuming the Code does apply. A supplemental examination (UT) was performed as alloviv! by IWB-
3142.2. Since no relevant conditions were detected, the condition is deemed acceptable for continued service.

The inspection of the RPV head was being performed in response to the GE SIL 539, If the inspection
was heing performed as part of the inservice inspection program, the acceptance criteria would be obtained from
IWB-3520. Since the 1980 Edition of the Code does not provide any standards for evaluation the 1989 Edition
of the Code was again consulted for guidance. Paragraph IWB-3520.2 pioivide acceptance standards.

IWB-3520.2 requires that relevant conditions be corrected in accordance with the requirements of TWB-
3142, Paragraph IWB-3142.2 allows acceptance of relevant ¢ ouditions by supplemental examinaiion and directs
the user to IWB-3200. Paragraph IWB-3200(b) states, “Visual examinations that reveal relevant conditions
described in the standards of this Article may be supplemented by surface or volumetric examinations to
determine the extent of the unacceptable conditions and the need for corrective measures, repairs, analytical
evaluation, or replacement.”

For a given large population, a sample of acceptable measurements of the size taken by Vermont Yankee
will accept that population with a high level of confidence. The number of flaws evaluated provides a high level
of confidence that there is no basemetal penetration, and thus no corrective measures, repairs, analytical
evaluations or replacements are required.

OTHER CONSIDERATIONS

Consideration has been given to possible “spalling” of the cladding from the pressure vessel basemetal.
From an engineering perspective, there is negligible stress perpendicular to the basemetal/clad interface to cause
the 1GSCC to "turn” and grow along the interface. 't is now known that the dryer support bracket indication is
4t least nine years old. That area was thoroughly examined ultrasonically to determine it any delamination was
oceurring.  No evidence of any lack of bond was detected.

Consideration has alsc been given to the possibility of clad indications existing in other places of the
reactor pressure vessel. The fracture mechanics evaluations were performed using end-of-lite vessel tracture
toughness properties for the vessel beltline region, thereby accounting for vessel embrittlement.  As a point of
interest, the end of life vessel fluence for Vermont Yankee is less than 2.3 x 107 n/cia” at the location of the peak
fluence. This is a very low fluence compared to most reactor pressure vessels, Therefore, if similar flaws
existed in the Leitline region of the reactor pressure vessel the fracture mecharics evaluation bounds this
condition.

Vermont Yankee also ultrasonically inspects the four teedwater inlet nozzles every refueling outage.
These nozzles are clad with stainless steel and are subject to thermal fatigue cycling, No indication of any
basemetal cracking has been detected.

CONCLUSIONS
Based on the above observations and analysis, it is concluded that the following condition exists:

The RPV head and vesse! clad indications and the indication at the dryer support bracket attachment weld
result trom 'GSCC susceptible clad material, sufficient stress and an aggressive environment. The clad material
is susceptible due to cladding dilution during the weld metal application. This mechanism is the same for both
the RPV head and vessel ciad indications. The sampling of indications that were evaluated using UT provide a
high level of confidence that these cladding indications do not extend into the basemetal.

n



There is no evidence of cladding flaws extending into the basemetal.  Growth of cladding flaws into the
low alloy stegl basemetal is very unlikely. This is evidenced by the work performed by Common veaith Edison
in their investigation of the Quad Cities event and supported by EPRI research on stress corrosion of low alloy
steel.

Fracture mechanics evaluations demonstrate that in the worst case three operating cycles would be
required before any cladding flaws would exceed the Code acceptable flaw size. These fracture mechanics
evaluations have been performed using conservative assumptions. These evaluations show that full circumferential
flaws in the reactor pressure vessel in excess of one inch deep would be acceptable under Code flaw evaluation
rules. Conservative flaw growth caleulations were performed.

FUTURE INSPECTION PLANS

Vermont Yankee is still evaluating the extent of future actions and will have these plans developed no
later than 30 days prior o the 1993 refueling outage. As a minimum, Vermont Yankee will:

. re<inspect the dryer support braciet indication during the 1993 refueling outage and the following two
examination periods.

. perform visual and UT inspection on the RPV head flange cladding during the 1993 refueling outage.
The inspection areas will Lo within the same areas as inspected in 1992,

idm
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