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ACRS_KEPORT

MONTICELLO REACTOR VES3EL

1.0 INTRODUCTION

1.1 Qeneral
Bericus problems arise with respect to the transportation of large
power plant components to remote site locations for whick access is
limited to secondary roads and railrosd tracks. The Monticello site
46 Buch = locatisn. For this plant, i1 was decided to pre-fabricate
the reactor vessel subcomponents to the maximum degree compatible with
the transportation limitations and to corplete the vessel febrication
At the site. The ASME Code, Section III, does not require vessels to
be fully fabricated in one place such as an established shop. However,
because it was & major departure from conventional practice, our

evaluation of the vessel has been conducted to a somevhat greater depth.
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The reactor vessel is muade of lov alloy carbon steel type A-533 Cl.1, Grade
B. The vessel interior is clad with Type 308 stainless steel applied by

veld overlay technique.

™e Monticello veasel hay the pame geometry as specified for other BWR
type vessels except for the recirculation inlet nozzles, These nozzles
are loceted at a 9U-inch higher elevation then for similar vessels. This
feature vas necessary in order to accommodete the field welding of a girth

seam vithout incurring concernable weld distortion in the nozzle vicinity.

Thermocouplee are attached to the vessel starting at the closure region and
continuing down along the side of the vessel to the support skirt region.
These thermocouples are connected to & panel in the main control room where
the temperatures will be observed and recorded during the initial run of
operational transients. The cbserved temperatures will be used to verify

assumptions for the reactor vessel transient stress analysis.

Design Specification

The design specification is dbasically 1denticnl to specifications used
for reactor vessels for plants such as Iwesden 2 and 3 and Millstone.
Specific differences in the specifications are associated with special
provisions related to items such as electroslag welding (not used for this

vessel), and separation of responsibilities,
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The FSAR specified 50,000 cycles of Rod Worth Tests for thermal leading.

This transicnt was interpreted at a meeting with the applicart on October

2, 1969, to consist of: 50,000 cycles of 10 °F temperature changes, and

OO eycles of 30 °F tesperature changes. Because & 10 °F change in water
temperature has an inslignificant eilect on the veesel strees level, this !
transient 1s not analyzed, (B's standard equipment specification for future
vessels will list only the WOO ¢ycles of 30 °F. Amendment No. 21 to the
FOAR, dated 10/17/69, includes a corrected Table befel, REACTOR VESSFL

ARALYS1S, with the Control Rod Worth Tests reduced to 40O cycles.

The staff concurs that omission of the 50,000 10 °F cycles does not influence
the vecsel stress level and the cumulative fatigue usage factor in a signi-

ficant manner.

Also included in the epecification are inspection requirements over and

above the Section III required. Notably among these are 100% ultrasonic
testing (UT) of plate material, UT of cladding bond on a grid pattern,

Charpy Venotch toughness testing with encugh samples to obtain a full

Charpy curve including upper and lover plateaus, and nil ductility transition

temperature (NDIT) determination by Drop Weight testing. i

Since CEXI did not initially have a stress analysis group of sufficient
size and experience, this task was divided between Generel Electric (GE)

and CBEeI. GE would perform the transient thermal analyses and the cyclie
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operation analyses for the components. In addition, the applicant egreed

to provide an independent review of the strese analyses.

Streass Analyses

The results of the strecs analyses shov that the highest cyclie strusses
vill be expericnced by noziles for recirculation inlet, feedwater, CRD
hydraulic return, and core spray and flooding. ALl of these noziles are
provided with tiermal sleeves to reduce the strecs levels to within code
acceptable limite., High stresses arc also indicated for the vessel support
ekirt near the vessel bottom., Stress levels for CRD stub tubes are low
enoush to permit shakedown to elastic stress levels after the initial

operational cycles.
All caleculated stress levels conform to the limits of fection IIX.

Cumulative usage factors have been calculated to he 0,52 for the core spray
nozzle, 0.4 for support skirt attachument, and 0.56 for the closure stud

bolts, Other calculated usage factors are less than 0.1,

Anendment No. 21, dated 10/17/69, referenced GE Topical Report APED-$T03 '
on CRD penetration thermal and stress analyses. VWhile we have not yet
nmade & detailed review of this report, our preliminary review indicates

that the design assumptions agree with the CE reactor vessel specification.
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The Teledyne Materials Hecearch Division, acting for the applicant, mode
an independent review of the stresc analysis report and found it consistent
with indus*ry prectice with respect to the analytical methods used and the

ASME code interpretations employed.

Paced on our review of the gumnary eiress analysie provided by the applicant
and the independent reviev by Teledyne, we have concluded thut the design

of the reactor vessel will provide adeguate margins of safety.

Fabrication Details

Fabrication of the reactor vessel proceeded without any unusual probdlens
arieing. During stainless steel cledding of buse metals some areas were
found to develop microfissuring. Examination of the problem disclosed a
ferrite content of 124, while pructice has esteblished a 5-104 range es
being normal to prevent cracking. DBacktrecking, it was found that a human
error in caleuwlating the ferrite percent in the qualification procedure had
prevented corrective adjustment of the flux composition, Remedial action
was undertsken by grinding off the affected areas to remove the surface ecrack
indications, and in areas where the cladding thicknees was reduced to less

than 5/16 inch additional stainless steel was redeposited.

Although not considered a problem the fabriceiion procedure for the vessel

differed from conventional practice in two ways:
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Cold deformation of 4 streteh and subsequent stress relief does

not significantly affect tensile properties of the plates at

surfece and 1/4 T levels.

Burface tensile strength wvas reduced

approximately 2000 psi and 1/4 T teneile strength approximately

1000 psi. However, the plate center tensile properties improved

approximately 15002000 psi due to the cold working.

Impact properties were slightly improved at the surface levels, and

they were conciderably enhanced at the plate center.

Liited DW (drop weight) test information was obtained on the

A533-B material, NDI' temper-tures varied from +10 °F to +50 °F

for these tests,

We have concluded that for the Monticello vessel cold forming of the

reactor vessel plates did mot produce a concernable degradation of

materials properties.

Drop welght Lest results to deterwine NDIT for the vessel shell and dome

weterial ranged from +10 °F to 450 °F, except for one piece at 0° F.

These tect results sae from the 1/4 T (thicknese) level at the tensile

streteh slde (outside) and they represent the wore conservative location,

1/4 T versus 3/4 T, for the samplss.

Based on the results of the drop weight tests, which are better NDIT
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indicators, we intend to require that the vessel pressurization temperature

be 110 °F instead of the 100 °F proposed by the applicant.
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2.5 Dimensicnal Varistions

The fabrication sequence did not result in any dinensional variwices which
would compel code consideration or introduce difficulties with titting

the internal structures into the vessel., However, the final overall
measurenents resulted in e 15/16 inch Longer vessel and one inch larger
ingide diameter thun called for by thz specification., The effect is an
insipuificant increase in the ver el slcen space and approximately

145 cu, ft. of add!tional wvater spaéa, which is less than 1% increuse of

volume below normal water level,

It 15 notevorthy to observe that local versel shell distortions at weld
Joints are lese for this reaclor vesesel than for shop welded vessels.

This condition is attributable to the weld groove geometiry as compared to
the deep Jegroove geometry employed for sutonatic shop welding., The latter
approach results in local invard bulging at the weld location, a condition

whieh can be of concern in vessel arees with high couiant fiovw velocities,

It i sloo noteworthy that the dimensional location and verticality varietions

tor boltonm head CRD penetrations and stub tubes are all well within the
specified tolerance range and, in fact, within a band equal to 20% of that
range. This dimensional control wvas aechieved through the use of shop

produced boring templates, which eliminated the need for careful location

measurenente at the site once the templates vere properly aligned and anchored,

¥We have concluded that the increased vessel dimensions are of insignificant

magnitude,
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Materisl Problems

Excepl for the CRD stub tubes, no conccrneble problems arose about the

materials for the rouctor veusel,

¥hile machining inelde and outside dimnetere of the CRD wrought Inconel
stub tules, axially aligned inclusions vere noticed. ‘These inclusions
vere of o Lyre notl reasily detectuable by conventional nonedestructive
ingpection wethods, and vere found L exist on a limited number of stub
tubes vhich were then rejectcl, Investigations and laboratory tests pers
formed Ly CE&I, Illinole Institute of Technology Research Institute and
others have disclosed the inclusions to be magnesiun oxide, The Inconel
000 material iv o fluxecast naterial and magnesium oxide is a constituent
of the Tlux; other potential sources of magnesium oxide are magnesium
(added s a mallesbilizer and deoxidizer) and the firebrick of the mold,
which under adverse pouring condition could increase the propensity toward
slag entrapment, Although tests at CH&I showed the small inclusione to
be innocuous, the use of any inclusion-bearing material was avoided. The
Monticello reuctor vessel consequently dces not contain any detectable

inclusions.

Bensitization of Stainless Oteel

Aside from prudent material eselections, the fabrication procedure and

sequence of operations were established to reduce to a minimum the number
of cases where stainless steel component parts of the vessel would become
furnace sensitized. As a result only the following items are in a fully

pensitized condition:
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1.
2,
3.
b,
5.
b.

All of these vessel arcas not avallublle for inspection from the outside.

3.0 CONCLUSION
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¥eld depovited cladding overlay on vessel plates and forging.
Two recirculation cutlet noszle safe ends,

Iwo Jet pump instrumentation nozzle safe ends.

The CRD hydrwalic syvtem return nozzle safe end,

T™wo top heal instrument nozzle safe ends.

The tup Lhead vent safe end,

On the Lasis of cur review, w¢ have concluded that the Monticello field fabricated

reactor vessel ie mcceptable for service. *
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