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ABSTRACT

Concerns over the potentizl cracking of low I
itz dinternal attachmznt welds wede of Inconel materizl have presented U.S.
BR plents with significant challenges in inspecting hard-to-access vessel
seam welds and internal components. Ingpection acoess studies are baing
perfomed to detemmine inspection coverage and to define ingpection hardware
needs. A muber of older BWR plants have begun to inspect their vessel zeam
welds from the interior wall of the vessel =and through the cladding.
Technologiss wnder development are expected to enable U.3. BNE plants to
access all Inportant vessel seam welds, including those in the heltline
region. Resesrch efforts to establish dsgradetion susceptibility and
inspection pricrity of =R internals are ongoing and rules for their
inssrvice inspections are under developmant.

1 INTRODUCTION

Recent observations of stress corrosion cracking (SCC) in IR components
other than piping have drawn attention to conseguences of corrosico assisted
damage to mejor EWR internal comwponente and the BR reactor pressure vessel
(REVY, particularly at attachument welds. Barly medels of BR vessels were
designed and fabricated with inadeguate considerations to zecess  for
inservice inspections(ISI). Conseguently the older BiR plants had received
exemption from the first, snd in some cases the second 10-year vessel
examinations that are rvequired by the American Society of Mechenical
Engineers(ASME) Ssction ¥I Code. Tha U.8, Nuclear regulatory commssicon
(MRC) has indicated that it no longer grants blankst exenmptions and expects
the plant operaters to examine zs much of the vessal seam walds az possible.
Additionally, the new stringent cods rules For BBV seam weld exaninations and
gualification of persomnel and procedures are having a mejor inpact on the
ISI programs of U.3. utilities for their reactor vessals.

2 TNR EXPERIENCE WITH REV BND INTERNALS CRACKING

8CC of vessel cladding is possible in BiR plants znd cases have been observerd
where the cracking had penetrated into the low alloy stesl(lAS) base
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meterial . B B®3 plant in the U.3. hes seen oladding/LAS craghki r\g near head
spray nozzle with slight penetration inte the base material. In 1990 S0C was
d&i.ecﬂ,ei 11‘.1 gladding near lower girth weld in the RV top head of a ER3

plart.  another p medel, a large UT reflector was detected
gt the upper girth weld I clad top hesd of RV, This U7 indication was
determmined as not being servi induced. Many of the older @R plants have

rvice
stainless stesl £iller mstal at nozzle and attachn w" walds, However, the
majority of newsr plants have the IGSCC sm@@@ptﬂb'i@ Inconel 182 weld material
in C@I\trml od drd ive penstrations and shroud : t-to-vesgsel welds. Almost
Inconsel 182 w tbu the vessel, ths

rriml structures that | include access hols

s:F:

X ate~ends at thewmal gontrol blade sheaths,
rmﬂ”v@us feedwater spargevs and shrovd hesd b a stesm drier bracket.
There havs hesn no o failures in core to date.

i sUSPE 1 oral 200 failures « ladding/1A8 and Inconsl

b eualifie ive NDE mst 7&1“ are
ssel welds and its internal components and

Inservices zs;;ea icn of BHR REV =znd its  ini
requiremsnts of the ASME Secticm Wi, Additid
BASME Section ¥I Codel contains the rule
for ultrasonic ewsmination {(Appendix ¥II) and the rules for performsnce
demonstration for ultwasonic examinsvion systewms (Bppendiz VIII). Details
of 2ppendix VIII as it applies o RFY erxaminstions and the U.8. ubtilities’®
initiative to addrass ite regquirersnts are subject of another presentation
{paper GL8/1) &t this conferance.

governed by the
the 1989 Bdition of the
ication of NDE personnel

3.1 181 reguiremants for RFV welds
The ezxtent and freguency of BR REV inspection reguiremsnis
plants have changed considerzsbly over the last Dhard
tion regquivements have changsd Ffrom e
in the sarly 1970°s to asbhout 15% of all R
where the current BSME Sec. XTI Code reguires 16”@@ o .:J,li Sh@ll
accesgible head welds per each 10-vesr interval. The current resuliremsnts
have had a major lLmpact on the U.8. BWR plants in that not only do they haves
to conduct nmch wore extensive examinations , but that not all of the REV
welds are readily accessible.

ﬁ

2.2 181 regquiremsnte for internals and core support structures

The present requirerents, defini rg l_].’l@ extent of examinstions, sre containsd
in Table IWE 28500-1 {Categovy B-H-2 ASME Section XI. These reguirements
are not very specific or ri "@r@mu Th@v zre limited to a hasic visual
examination of accessi kﬂe surfaces and welds of interior zttachmants, and
their practice varies from plant to zlant depending to 2 great sxtent on the
iw@alc&amt ng organization. G@mcerms over the chserved and potential failures
of specific intemal components and attachment welds, =and the prospects for
license extension of oucle has lead to a new indtistive by the ASME
Sec. XI to prepare the ruleg for inservics inspection o©
inkternal structures. These rules ares currently under d@vc*@nmﬂt and will be
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incorporated in the Subsection IHNG of Sec. ¥I. It iz inportant %o
these rules are being developed during the time that ASME is moving mo

more towards risk-bzsed inspections and has  acocess

opzrational expe with various componsats. BAR
wnrough R Owmes T and RTI research are o

2, 2 & =
ausceptibility and consegusncss of coracking of support structures 2n
internal cowponants as 2 weans of prioritizing their inspsction needs and

making recommendations to the ASE Code and the U.S. MRC,
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Covponents and attachment welds inside the BWR vessel were not desioned to
have zccess for any elaborate inssrvice zxaminations such =s uvlirasenic and
eddy currant.

Soms of the BFV intermnal components
such as steam dryer and separator are
designad for @SV removal for
refuel ing activities. Other
corponents are bolted, wealded, and
interfersnce fit. Among them are core
spray spargers, and the retention
bolting on the top of jst puips.
While a few utilities have had to
replace sections of thelr spargers,
none  have removed  any  of these
components in order to e*»zamirac

o

attachment welds or othsr internal
COTPOnEn ts. Bemoval of det  punm
wizing sections and Jdiffusers for

zlleviating examinaticn vesw rictions
hag neither besen attemwpted nor

L

svaliated. In general, mejority of the
components and a"‘achmem: yelds above
the core are szccessible for visusl
graminations with 2 TV camera or even
ultrasonic tests in  some  limited
CASES .,

Howaver, coponsnts and attachment
welds lbelow the core plate are
generally not accessible , even for
visual ezamdinations, Thiz is mostly
du% to the concern in _)8!.!,1 W A Cansra

below the core plate sod being sbla to

maneuwver and retrieve it veliakly.

Figure 1. Computer Model of ER
Pressure Vagsel With
ransparent Shell,

5. BUR INSPECTION TOOL DEVELOEMENT

The new reguirersnts for .LOE“)'@ inspection of REV welds coupled with regulatery
pressure and concern over the inadeguate i.s; pection of RV welds in the
heltline region of older BiR’s hes U’Dflﬁ.@d the impetus for Hewcﬂ@m@nc of
new inspection tools that can perform the mes rdato*v inspections frem inside
the B vessel. Two such systers have been developed by inspection vendors.
Both systems are designed to opsrate with the core flocded and with minimum
of interference with other activities that way bs going on at the r efuzling
bridge during am cutage. Thelr primary mschanical feature iz the sbility to
nzgotiate the geomstry and the limited space around the core region between
the jet pumps and the vessel wall.
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5.1 GERIS 2000-ID system

The GERIS 2000-ID inspection system? iz 2 development effort of G and MAR
Energie of Gsmmeny , dssigned to function in 2ll BWR vessel sizes.

It censists of a vertical mast
attached to a clrounfersntial car
which is guided by rings
temporarily placed on the vessel
and core shroud f£langes. Figure 2
shows the elements of the GERIS
2000 system. The design of the
manipulator is such that it does
not block access to the core while
mounted inside the vessel.

A key design featurs is the
manipulator’s linked belt mschanism
which can be extended from inside
the upper mast assexbly to reach
the wessel bslt line rvegion. The
systemn permits sesm weld
examination of the beltline region,
z2ll the way down to the core shroud
support  ledge without removing
menipulator from the reactor or
irmpacting other cove accass
activities. Traneducers mounted on
the uvpper and the lower mortion of
the mast can perform Code-regquived
exams in  all four directions
simultanecusly. The system’s
electronics peomdt rapid data
acguisition and processing with
capabllity for 3D graphics, B~ and
C~gcan imaging of ultrasonic data.

Clreumierential
[y

Upper guide ring

Yertlcal travel
o rechanism

i Upper franeducer

package

T Meat

P Swival gulds

|~ Lower gulde ring

| Linked - belt

[ Horlzontal {ravel
mechaniam

S~ Lower transducer
packeg®

Figure 2. Blements of CE's ROV
Inspecticn System,
GERIS 2000-ID

5.2 TRC system

The TRC system designed for use on the U.3, BR's ig & modificationd of an
existing inspection tool, SESBM, which TRC of Sweden  had devel opad  and
extensively used on 2BB Atom designed BWR's in Burcpe. It consists of an
extendable mast that rides on 2 ring arouwnd the vessel flange., The mast and
scanner assenblies ocouwpy only 2 small crosz section of the vessel and rids
close to the vessel wall therehy allowing other in-vesse]l activities to be
pverfommed during the examination. The necessary end effectors and eztensions
are placed onto the mast to accomplish examinations of the upper core as
well as the beltline region of the vessel. The system is designed to be used
with different RPV data acquisition system. To date it has been used with
Westinghouse's UDRPS and Scuthwest Resesarch Institute’s EDRS data acauisition
and processing systems.
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5. RECENT RPYV EXAMINATIONS

BR utilities in the U.S5. have started plamning for e;zgaﬂded examinations of
their RPFY seam welds in response to the new ASME requivemsnts. Even though
wajo 7 of plants have several years before they wust adopt the new
raguiranents, a nunser of oldsr plants have already embarked on measurss to
enzble tham o mest the new reguirements. These messures include detailed
inspection accessibility studies and deplovmant of inspection havdware for
examinations from ineide of the vessel.

In 1989, Millstone unit 1, a B3 wedel, was the first BR plant in the
U.8. to examine the flange ligament aress and the shell welds in the upver
portion of the vessel from inside of the vessel using the TRC inspection
tool®, subssguent to the Millstons examination amd a few months later,
Monticello, another BRI model uwsed the TRC eguipmsnt to axemine the
cireunferential and longitudinal shell welds betwesn the vessel upper flange
and the top of the jet L:a'im@s?°

&z of this writing, Aprdl 1981, the Monticelle plant is using a further
modified TRC tool c@up1*‘ with UDRPS ultrascnic system to inspect the
beliline vegion of REV from inside the vesssl. Wine Mils Point wit 1L, a
BR2 model (without jet pums) i s also planning on using the TRC tool with
the Southwest Research Institute's EDAS systam for their imooming vessel
inspection in 1992, '
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