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Abstract

On January 12,_197% the Indian Point Unit 3 reactor pressure vessel
underwent ah unscheduled descen£ duringiits installation. As a consequence
of that incident, Oak Ridge National Laboratory was asked by Consolidated
Edison to.provide Technical consultation regarding the reinspection of
the vessel being conducted by Westinghouse Electric Company. The re- -
inspection involved visual and dimensional checks of the vessel, as well
‘as non-destructive examination techniques such as dye penetrant, magnetic
particle and ultrasonic. The results of these non-destructive examinations
Served as the basis for an aésessment of.possible damage to the unit
based on fracturé mechanics. None of the inspections revealed any
indications bf damage to the pressure vessel. This position was
further substantiated by the fracture mechanics calculations. The
'ORNLVéonsultants-concluded'that the vessel was not damaged as a con-
sequence of the incident, thereby confirming a similar conclusion by

Westinghouse Electric Company;
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1. INTRODUCTION AND SUMMARY

On January 12, 1971, the Indian Point Unit 3 reactor pressure vessel
underwent an unscheduled descent while being hoisted during its placement

in the pit'ih which it is to operate. At the time of the incident, the

vessel was the property of the prime contractor, Westinghouse Electric

Corporation, who had subcontracted the pressure vessel to Combustion Engi-
heering. The purchaser, Consolidated Edison Company of New York, Incor-
porated (Con Ed); obtained the consultation services of the Oak Ridge
National Laboratory (ORNL). '

The consultation services requested of ORNL as described in Consoli-

dated Edison's letter to Dr. H. M. Roth of the AEC dated February 2, 1971,

were:

1. Review of the details of the analysis and inspection programs
planned by Westinghouse and Combustion Engineering so as to-advise Con Ed
as to their sufficiency or to suggest needed additional inspection or
analyses. _ | | o ‘ |

2. To follow up on the inspections themselves fo'determine the
adequacy of performance or suggested'desired adjustments and their per-
formance and, if it appears required, make re¢ommendations to Con Ed re-
garding additional inspections or tests.

e Rev1ew the data and the analy31s performed under Westinghouse-

. Combustion Englneerlng program and advise Con Ed as to their opinion of the

conclusion made by Westinghouse and Combustion -Engineering concerning the
integrity‘of the vessel. ‘

L, Prepare a final report which includes all the observatiohs-ahd
activities performed by ORNL and thelr conclusions. |

A three-man ORNL task force was.established to undertake the desig-
nated work._ The ORNL task force first visited the Indian”POint site in

late January before the vessel was moved following the incident.



,0n Pebruary 1, a copy of the reactor vessel reinspection program
prepared for Weétinghouse by Cbmbustion“EngineeringA(CE); the fabricators
of the pressure vessel, was received frbm Coﬁ Ed. The program was reviewed
and suggestions concerning‘additiohal inspections were prepared. At a
meeting with Con Ed, Westinghouse, and CE on March 2, 1971, in Chattanooga,
Tennessee, changes were made in the proposed CE reinspection program, most
noteworthy of which was the addition oﬁ~the ultrasonic inspection tech-

" nique. '

The reinspeétion of the reactor vessel was done on March 10 through
March 12 at the Indian Point site by personnel from the CE plant in
Chattanobga with ORNIL personnel present. Following that inspection, ORNL
personnel commented on their concern. regarding certain aspects of the

-magnetic partiéle and ultrasonic examinations. '

ORNIL: personnel conclude that a 2-in. flaw size could noét have gone
undetected in the inspected areas. This information facilitated an assess-
ment of the effects on the reactor vessel, based on'streés analysis and
fracture mechanics. : It concluded that flaws of less than 2 in. would not
have been extended as a consequence of the incident. .

ORNL's comments regarding the inspection were discussed in a meeting
‘between the interested parties at CE in Chattanooga on April 23, 1971, and
a second reinspection to cover the ultrasonic and magnetic_particle testé
was scheduled. The reinspection was done satisfactorily on April 29
through May 1. ' . '

The ORNI, task force concluded that no damage was done to the Indian
Point Unit '3 reactﬁr pressure vessel as a result of thé Janvary 12, 1971,
incident. - This is based on both the results of the'inspectiéns, which
were observed and substantiated by ORNL personnel, és;yéll as by'the
analysis based on fracture mechanics. '

In addition, the ORNL.task-force reviewed the report of the Handling
Incident Investigation for the Indian Point Unit No. 3 Reactor Vessel
submitted to Con Ed5by Westinghddée Electric Corporétion. Westinghouse
concluded that the vessel was not damaged as a result of the incident,
with which we agreed. Howevér, we take exception to some comments con-
cerning the nondestructivewexaminatidn and their remérks regarding the

stress analysis.



A summary of the findings of the ORNL task force is presented in'.,

this report.

2. DESCRIPTION OF THE.INCIDENT . = . -

2.1 General -~ o
Following the'arrangements for consniting services,tand ORNL“tasht,

force visited the power plant site, Buchanan, New York, n1ne days after -
the occurrence of the incident. Two half days, January 21 and 22, were:
spent inspecting the vessel and d1scuss1ng the 1n01dent w1th Con Ed and.
WEDCO personnel. In addltlon Con Ed gave ORNL photographs Wthh had |
been taken before, durlng, and after the 1nc1dent._ Flgure 1 shows the

vessel and the shlpplng rlg to Wthh it is bolted belng dellvered. j“

2.2 Sequence of Events

Con Ed obtalned 1nformatlon documented on the 1n01dent from 1nter<

'v1ews with a number of w1tnesses. The weather was clear, and the tempera- :

ture was 32 F. The welght of the vessel sled etc., was as follows: -

Reactor vessel - ‘:. ... 344 tons
Shipping rig- - - 7 - 85 tons
Vessel cover . .. = . = - . -9 tons
Nozzle and penetration covers 3 tons -
Crane hook L , ~15. tons -

After the vessel and its. skid had been moved into.position'near the
.center. of the partlally erected containment vessel shell the hoist hooks
were attached to the vessel rlg. ThlS attachment was made on the top end
of the vessel (in its normal;operatlng position). The top end of the ves-
sel was then lifted while the front end of the skid rested on the floor.

During h01st1ng, photographs were made showing the vessel at various

stages of ascent up to. about an 85 angle with the horizontal . This posi-

tion of the vessel and shipping sled is shown in Fig. 2. When the vessel

was raised to about 850 angle, the hoist motor -in the crane overheated
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'Noté shipping ring and U-

Vessel Being Moved Onto Site.

shaped hold-down bolts.

Fig. 1.



Fig. 2. Vessel and Shipping Rig at About 85° Elevation. ‘At this
position the lifting operation was halted to allow the crane motors to
cool. Vessel, crane hook; shipping rig, and covers weigh about 456 tons.



and hoisting was subsequently halted. When hoisting was restarted, the

vessel and its skid fell back to the horizontal position and close to their

original 1ocation'0nlthe;floof. The incidént was caused by the failure of

‘the hoist. '
The visual inspection of the.pressure vessel at_this.time gave ho

indication of any damage.

2.3 Preliminary Assessment of Evidence

Personnel gave varied descriptions of the incidents; the one aspect
in which there seems to be some agreement is that the descent took from
15 to 60 sec. The vessel and shipping fig sat on temporary flboring of
steel plate on 24-in.-wide flange beams. |

. A photograph (Fig. 3) of the plywood sheet which was uﬁder one of the
"runners'" of the shipping rig revealed a set of circular indentations due
to the sled runners and a second set of less-distinct marks about 1 ft
behind the first. - This evidence indicates that the vessei may have just
begun to leavé the floor (at which time the crane was bearing the fuil
load?) when the crane failure occurred. This would have resulted in the
slight skip backward. The vessel then realigned itself in the horizontal
position. The wiré ropes that were attached to the hoist (and, consge-
quently, hoist house) dragged the bperator's cabin as the vessel realigned
itself. - The cabin could have acted as a brake.

The vessel descended to the leff of its original position. One track
(channel) was flattened. The only obvious sﬁructural deformation occurred
in the six 2h-in.-wide flange beams buckled in the area on which the upper
left portion of the vessel came to rest (Fig. 4). The deformation is in
the web portion and was instrumental in\permitting the estimation of stress
required in the structural evaluation (Sect. k).

Another measure of the "severity'" of the descent is indicated.by the
tack welds that hold the deck plates together. They appear to be single-
pass welds whose nil-ductility transition temperature should be. higher than
BOOF. These welds were not cracked. This was true of all the deck plate

welds observed both near and under the vessel. The short tack welds



Fig. 3. Plywood That Rested Below Front "Runners' of Shipping Rig
(see Fig. 2). Note circular indentations caused by bolt holes in ship-
ping rig (see Fig. 1). Double set of indentations indicate vessel plus
shipping rig was off the ground.
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Fig. 4.
of Vessel.

Buckled Wide Flange Beams at Top Left (as viewed from bot-
The shipping rig '"runner," 1 1/2-in.-thick plate is evi-

The webs of six beams were buckled for a distance of about 5 to 6

The shipping rig extended beyond the support floor at this location.




contain sharp notches.~“ThisJfactucombinedfwith“thé'presumably low tough-
ness of a noncritical.weld.could*resuit“in“théir"failure”at fairly low
impact loads.

Other effects. that. may. have:been:a result of the fall -were: (1) an
indication that. the:hold-down:U=boltsmay have-slipped sbout 1/2 to 1 in.
and (2) a bolt about:.l.in..in.diametersthat-was a structural component

of the shippingwrnghadgfai1edﬁintwhat“appeared“to‘be”a‘brittle manner.

2.4 Relevant Pressure.Vessel History

The pressure vessel Wasnbuiltfin“accordancé“with“the ASME Boiler
and Pressure Vessevaode,wSectioanTI;*”Nucléar Véssel;" which was in
effect in April 1966...The . vessel was~fabricated from ASTM A302, grade B,
steel and modifiedein;accordance«with“CE”purthasé specification P3F12(a).
This modification results in a~steel that is essentially ASTM A533, grade
B, class 1. The thickness of the vessel ranged from 8 5/8 to 10 3/L in.
excluding the approximately. 1/U-in:-stainless steel overlay.

The vessel was manufactured-by-Combustion Engineering in Chattanooga,
Tennessee. It was subject to those inspection requirements in the applic-
able Code edition at the time-of fabrication. In addition, the vessel
was given an ultrasonic inspection.after”the"hydrostatic test; and ‘a
"map" was made of the-indicatipns.--ThiS'”map"“was available as part of
’the overall information leédiné to conclusions' regarding the integrity
of the vessel. It did not contain:any-indications in the areas of interest

to us due to the incident.

3. NONDESTRUCTIVE: TESTING:AND INSPECTION

3.1 The First. Post-Incident Inspeption

After the pressure vessel incident, Combustion Engineering proposed
a program of analysis: and inspection to-assess” the damage (if any) sus-
tained by the vessel. The program included visual examination of the
entire vessel with emphasis on the impact areas and other critical regions,
dimensional inspections (primarily major diameters of the vessel),

functional checks of instrument tubes and threads in stud holds, magnetic .
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particle inspection,.and penetrant:examination:- - ORNL*and- Con Ed reviewed
the proposed inspection.program:-and:recommended-a number-of changes in-
cluding (1) the additionwofaaxfewrdimensionai“measuréménts, (2) adding
inspection areas for magnetic: particle-~and penetrant examinations (e.g.,
welds in areas of,makimumubendinghmomentég“andA(3)'adding'ultrasonic A
examination to detect.possiblefsubsurfacefdisContiﬁuitiésg particularly
in welds. at regions. of..dimpact.or:maximum-bending moment.

On March 2, l971,‘representativesnfrom"Con"Edﬁ“Westinghouse, CE, and
ORNL agreed .on thetscope:of;thesvessel*inspection'(sée"Appendix A).

“On Marche1O:andu113;19715:ORNE=personne1'Werejat'the Indian Point
Plant to witness.the.inspection:being.-performed by CE personnel. ORNL
pérsonnei:consideredathatvthefvisual“and”dimensional inspections were
performed in accordance with the procedure-and in an adequate manner. No
evidence of damage was revealed:rby-these  examinations. - Thé liquid pene=
trant examination was performed with a marginal technique, but was con-=_
sidered to be adequate for the intended purpese. Again, no evidence of
damage was revealed. It was considered that the magnetic particle
examination was inadequate Que3t0“insufficient“application of powder
and too short a time:being: used-for magnetizing and observation. The
ultrasonic examination was considered by ORNL to be adequate to demonstrate
that the stainless steel cladding was sufficiently bonded to the base
material in the areas examined, but was inadequate for the evaluation of
discontinuities in the base metal and welds of the examiﬁed.areas. In-
dications observed during the shear—wave'examination were not evaluated
to determine their significance,. and an-improper calibration was used for
the longitudinal wave. examination.

‘Subsequently, a meeting~wésvheldfat“the*CE“plant'in'Chattanooga‘on
April 23, 1971, withhrepresentationLfrovaestinghouse, CE, Con Ed, and
ORNL. It-was determined-that:the questioned-ultrasonic and magentic
particle examinations would. be: redone-in~a manner mutually agreeable

to CE and ORNL.
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3.2. The: Second.Post-Incident Inspection

On. April. 27,. 1971, :a-meeting.was«held~at the  CE“plant~in Chattanooga
at which the prpcedufestto-beuusédain“the“second nondestructive examina-
tion were agreed upon. by representatives+from CE, Wéstinghoﬁse, and ORNL.
A revised ultrasonic. procedure.was:written-incorporating desired features
from several referenced:.-documentss The-original réferénced procedures |
were Combustion.Engineeringan&éDwSpec:”Nb:‘2.&.&.19(b) "Specification
for Ultrasonic Testing of.Plate!.-and Shop~Order V-T70553 Supplement 2,

"UT Testing of Base Metal!. (see- Appendix‘A). It was agreed that the two
cited documents would be.incorporatedfintO“a"singlé procedure including
minor points to allow a comparison with-the ultrasonic test performed on
the vessel after the hydro-test. - The resultant ultrasonic test procedure
is attached as part of Appendix B. -A paragraph-by-paragraph comparison
between the procedures intended for use at the first and second inspections
shows only the following.differences (paragraph references are to the
second procedure).

1. In paragraph 5.3, a parenthetical-statement has been added. "(In
this parégraph, the gain of the instrument- shall be increased to provide
a 90% back reflection in.an.indication free area.)"

Comment: This involves;the~evaluation“(andvrecording) of discontinu-
ities that reduce the.back.reflection by 50% or more. Increasing the
amplitude of the back reflection to 90% (as compared to the previously
used 50-75%) would require.the loss. of back reflection to be greater for
recording — effectively reducing the sensitivity slightly in the second
inspection procedure.

2. Paragraph 5.3(a) and (b) require that discontinuities to be
recorded according to paragraph 5.3 shall be recorded td show amplitude
of signal in lO% increments and depth below the inspection surface.

Comment : Simple guideline for data recording. »

3? Paragraph 6.1 — Allowance. was made for the use of 2.25 Mc
transducer in addition to the 1.0 Mc transducer.

hf Paragraph 6.5.1 — A calibration notch with a depth equal to 3%
of the wall thickness was required. for-each perpendicular direction (par-

allel and perpendicular to the weld-beads) rather than only one as before.

¥No recordable indications were noted during the shear wave inspection
but for completeness in this account the' changes 3 and L4 in the second pro-
cedure as noted.
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5. .Paragraph. 7.l.w Required..locating-of recordabile indications
radially.in“l/29“incrementsmanduaxiallthiﬁhin 1/16 in..

In»additioniuitawaSuagreed%thataanﬁair“gﬁn“would"bemused for powder
'application&duringumagneticﬁparticle?’inspection. I _

- The reexamination.began..on :Aprils29;-1971. The magnetic particle
exaﬁinationuprocedurehwaswdemonstratedvon“site to assure the ability to
detect cracks in thefoverhead.positienaand'to*détérmine”the'proper amount
of time to!perform each. of the-required steps. Thé agreéd—upon time
was then used for.each. increment:of the-examination. No elongated
indications. were detected. ' -

The ultrasonic examinationﬁWaSrperformed'in accordance with the estab-
lished procedure. During the examination using longitudiﬁal waves and a
2.25 MHz transduper, eleven recordable'(not'rejectable) indications were
noted, marked, and recorded. These were areas in which discrete indica-
tions were received from discontinuities“accompanied by at least a 50%
loss in back reflection. Since the procedure allowed the use of a 1 MHz
transducer, each of the recordeble-indications were reevaluated at 1 MHz.
Under thosevconditions, three of the previously recorded indications
‘would not havevbeen recordabile. xDuringﬁthe“shear+wave examination, nine
indicationsuwere-noteduwith;amplitudeswequél“to or exceeding that from
the reference.notchwmeheMconéistent%position“of'the indications on the
face of the cathode ray tube (corresponding to" distance in the metal)
raised questions about the validity*of”the'signals. However, without
further investigations, the-indicationsiwere similar to those that would
have been obtained from genuine flaws. Therefore, the‘ihdications could
not be dismissed without further evaluation. -Additional evaluation was
accomplished by moving‘the transducer~to-other positions on both the
inner énd outer surfaces of-the vessel while-still directing the sound
beam throughvthe<area”containingutherpseudo=flawz ~None'of the secondary
evaluations produceduanﬂindicationﬁfrom”thefsuspect. "Therefore,.the
logical conclusion was tﬁat-the*previouslyfobserved signal was probably
caused by the ultrasonic. beam being-changed in-direction due to irregu-
larities in.the weld clad surface at the interface between the weld

clad and the base metal. Special attention during shear-wave examination
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was also given to the areas. containing.ithe lengitudinal indications.
Only small, if any,. indications were noted: "This indicates that the
discontinuities noted-:during. the longitudinal -examination had a laminar

orientation.

L.. STRUCTURAL.AND:METALLURGICAL EVALUATION

4.1 -Statement of Problem

-Vessel.damageacanibefassessed«through'the*combined“considefations
of nondestructive examinationsgﬁmetaiiurgiCal’evaiuation5 and fracture
mechanics. An assessﬁent“of this. nature- can strengthen a nondestructive
examination wherein a maximumvundetectedﬁflaW’size can be detgrmined. This
multidiscipline approach was used-after the first reinspectioh'of the
Indian Point Unit 3 pressure- vessel followirig the incident.

The fracture mechanics- analysis showed that only preexiéting part-
through surface defects of a size too large to be missed, even by a cursory
inspection, would have been extended- due to-the incident. This was proven
both by considering the superior fracture toughness of the near surface
material of the vessel wall, and by showing that the impact stresses in
the.vessel wall were actually quite low, a"conclusion supported by all

of the visual evidence.

4.2 Metallurgical.Considerations

Experimental--data have. shown that the-yield stress and the fracture
toughness of the neargsurfacevméterial in"nuclear“pressufe vessels are
higher than for midplate material:- “This~is due to the faster rates of
cooling that occur near thersurfaces-during“Quenching'ahd tempering.

NDT temperatures at the surfaces*are“as:low as —15OOF, as opposed
to +lOOF, between the 1/4T and the 3/UT-locations: Using these data, cal-
culations were made to estimate the near-surface fracture toughness as
the average value of the static and the dynamic fracture toughnesses.
These values were used in combination with the conservative assumption

that the stresses reached, but did not exceed, the yield stress, to
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calculate that. flaws. smaller.than.2.16 inuwin-depth would-not have been

extended during the incident.

k,3 Estimation of Loads

As estimate of the impact-stresses-in~the vessel was: made by cal-
culating-the:load.required_to;bucklevthe*webs*of”thé“siX”wide—flange beams
found buckled: directly:beneath the vesseli~~The calculated load was 1800
tons, Which=is:about=four%timesrtheﬁweight@of“the‘vessel'plus the skid.
Assuming: that: this: load-was..carried~entirely-by the thinnest part of the
vessel, which is. the..cylindrical.core:region; the calculated maximum bend-
ing stress,isM11;6OOapsi,@whichvisrfar#beloW“the'yiéld'stress. Using
this=calculated:stressbnanduassuming*thatﬁthe”fracturé toughness is the
minimum~dynamic.fracturektoughnesswofﬁthe“midpiate”iaterial, leads to a

critical flaw size of 3.72 in.

L.4 Significance of the. Fracture Analyses

Two types of fracture analyses, both-believed to be conservative,
were made for the purpose of. estimating the critical size of a flaw that
would have been extended by the stresses induced in the incident. 1In
one analysis, the induced stress:.at the vessel surface was simply and
conservatively assumed to be the yield: stress;, and realistic values of
fracture toughness were used. The.smaliest”flaW“depth'calculated by this
method is 2.16 in. In the.other. analysis, the load on  the vessel was
first calculated on the‘basis.bf.observed*damage'(and lack thereof) in
supporting structures.. .Stresses.thus+determined-were- combined witﬁ con-
servative dynamie fracture;toughness“values*with“the’conclusibn that a
Tlaw of depth.less than. 3.72:-in.:would~not-have been propagated.

The critical. size:of a. flaw.wouldsvary according to location and
orientation in the vessel,. and:in-both-analyses  these-values represent
the smallest sizes with. respect to-this-factor. It should also be noted
that the yield stress levels. assumed in-the  first analysis are much higher

than the maximum stress calculated in the-second analysis.
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We conclude that since the on-site nondestructive examination re-
vealed no flaws larger than 2 in., no existing flaws could have been
extended as a consequence of the incident.

The foregoing analyses are discussed in detail in Appendix C.

- 5. REVIEW OF WESTINGHOUSE REPORT ON THE INCIDENT

In a letter dated October 27, 1971, Con Ed transmitted to ORNL the
Westinghouse report concerning the incident at Indian Point oh January 12,
1971. The report, dated July 13, 1971, and authored by Mr. R. D. Pearsall,
is entitled "Handling Incident Investigation for the Indian Point Unit
No. 3 Reactor Vessel." The report covers all aspects of the incident;
however, our review was directed to those sections which deal with the
reactor vessel.

Westinghouse Electric's observation that the vessel was not visually
damaged as a result of the incident is correct.. Further, we are in agree-
ment with their conclusion that the structural integrity of the vessel
was not affected by the incident. Howevef, there are areas with which
we disagree. Their position that the absence of permanent deformation
and internal and external defects in the reactor vessel material estab-
lishes that the loads actually imposed on the vessel were not detrimental
is unfounded. The fact that crack propagation can occur at stresses
considerably below yield is well established and serves as the basis
for the assessment of toughness in general and the field of fracture
mechanics in particular. - In addition, their implication that the
second ultrasonic inspection wherein the indications were found was
conducted at-a higher sensitivity is incorrect. A review -of the ultra-
sonic examination indicates if the sensitivity was affected it was

effectively lowered.
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6. 'RESULTSWAND CONCLUSIONS

Oak Ridge National.Laboratoryvpersbnnei'participated“in the assess-
ment of. the integrity. of. the Indian-Point-Unit- No. 3‘réactor pressure
vessel as a consequence of the incident-on-January 12, 1971. An ORNL
task force was formed;. this:task.force:first visited the site at Buchanan,
New York, on January 21,.1971,.to-visually-inspect-the vessel, shipping
rig, and surrounding- areas-. :Evidence“of“damagé to the vessel was not
observed. The only damage-noted was:-moderate-buckling of six 24-in.-wide
flange floor beams and. evidence-of -cable: failure. The‘wide;flange beam
damage was factored. into. an..analytical-assessment of possible vessel
damage. The cables. are.not included in-the scope-of-the consultation
request made of ORNL.

Combustion Engineering prepared:-for:WEDCO a proposal of the program
' which they suggested would permitwthem>t0“assess:the'integrity of the
vessel as a consequence. of the incident. ORNL and Con Ed reviewed the
proposal, and additional ultrasonic: tests were included in the nondestruc-
tive investigation.

The visual, dimensional, and:nondestructive examinations were con-
ducted by Combustion Engineering:under the  observation - of ORNL inspectors
on March 10 through March.12,-1971;“'The'ORNLvinspectorS'Were dissatisfied
with the nondestructive examination techniques-employed by Combustion
Engineering. Although dissatisfied:with the inspection-per se, the ORNL
inspectors were able to prévide'a maximum flaw size value of 2 in. that
would not have gone undetected as a consequence of the ultrasonic examina-
tion, and this served as the basis for an analytical appraisal of the
_integrity of the pressure vessel. Based on the fracture toughness of the
steel employed in. the fabrication of-#the vessel (ASTM A302 B modified)
at the temperature (BOOF) at the time of the accident, it was shown that
a flaw size of greater than 2 in. would be required to propagate a crack.
Further, based on an analysis of the-stresses-imposed-on-the vessel as

a consequence of the:accident, the flaw sizes-would have to be greater



17

than 3.7 in. to propagate....Hencey:-two..conservative analytical approaches
employing- fracture-mechanies::indicate no-damage was done-to the vessel
as a consequencer of :the accident.

A meeting at-Chattanooga. on- Apriil: 2371971, resulted in a decision
that the inspection was-to be repeated.

The second inspection, again-under+the observation of the ORNL
inspectors,  took place:at-the-site-on~April—29-through May 1, 1971. The
"agreed-upon'" procedures: for-conducting-the-nondestructive examinations
were properly applied to the areas of interest. This inspection produced
eleven recordable indications-(not-rejectable) during the longitudinal
wave ultrasonic test.:..No: recordablerindications-were observed with the
shear-wave examination.

.The results of the nondestructive examination did not produce any
evidence of indications that were rejectable by the established test pro-
cedures. This was also-true  of:-the- visual-and dimensional evaluations
conducted by Combustion. Engineering.: ~These data;, coupled with the results
obtained from the analytical evaluations made  employing fracture mechanics,
indicate that the Indian-Point:Unit:No. 3~reactor pressure vessel was not

damaged as- a: consequence:-of: the.upending ‘incident on January 12, 1971.
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. sndicationz with dimensions greater than 3/16" .
3(3) Four or more rounded indicaticas in a lino scparatcd
- by 1/16" or lesz sigs-to-cdye. ‘ 3
(4) Tc1 or more rounded indications In . any six square
inches of surface whose minor dimensions 1s nc less
s than one inch with these dimensions taken in ths
. most favoraole location relative to the indicaticons
: b 1ug cvaluacc:i° e '
7.0 . Repair of Defects: - S P S " L
~ 7.1 - "Vhenever a defect is rewoved snd subzoguent welding is
- not requived the affected ed inv
thc surrourdirg surface zo 03 to ovol {
revices or corners. Aizer a defecet 15 Zhought o have
becn removed, the aerea sheli be cvamined by zhe magnetic
particle method to inzure than il v hastirech )
eliminated. | ‘ I L Ll
‘Welding repzirs may Tot be made Lv the materlzl producer
" without approval of thc pu “Chaser. ' S ;
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'-T;Isj Deternine if thie reactor vessel sustained actual damage by

e

- Visual inspection .

’-'.'.a..ﬁ

 Vessel surfaces at U- bolt 1ocat10ns for maln shlpplng

"1, Cc

j,.

. the following inspectioms. Inspection cquipment and inspectors.
.. to be furnished by Ci. o ' : o o

. Visugl inspection :5%11 be conducted over 100% of the
" vessel surfaces , 1.D. ané 0.D., and attachments. .

. Special attentlon shall be given to the follonlng

© -areas: :

Inpact areas on vcsscl thlouon thch 1oads were
transmlttcd to vessel. Tnese arcas shall include

“vessel suiface arcas in saddle locations, bottom

head jack screw, lifting beam bearing blocks,
vessel support pads on nozzles and areas of

- shipping skid U-bolt contact with nozzles.
Vessel matino surfacc.

 fTop surface of flange including seal lednc rlng
'surface with o-ring grooves. o~

Vessel stud holes containing threaded devices.

Instr rument tubes in bottom heao and monitor tubc°

in vessel.

‘Main coolant nozzle safe ends including weld

preparation for field connections.

Outlet nozzle extensions into vessel and areas of -

/i contact for nozzle cover retainer beams on I.D. of
_vessel at’bath;inlet*and“outletfno”ﬁ*e~loca ions.

skld saddles.

o

Instru ient Tube J-weld locatlons

«



z;?ﬂaﬁfand Yocord the size and 1ocatlons of any
.upset metal, indeatations, cracks, or other -
" 'damage to vesoel surfaces which are visible =~
":[and can be measurcd and/01 descrlbed. e

Report lrregularltles froo the as- shlpped
condltlon. - : _

[N

“.. 2. Diménsional Inspections

© A, Dimensional inspections shall consxst of four (4)
- diameters measurements a., b., & d. locations below
to determine if the vessel sustained deformation
with respect to roundeess. These diametrical measure- =
ments will be taker 90 degrees to eacn other and will
:_1nclude the horizontal and vertical diamecters of vessel
~with respect to skid runner base. ‘The remaining two
~diameters shall be mcasured at 45 degree angles to
the vertical and horizontal diamcters previously
recorded. It will not be possible to use the 90
degree and 45 degree rules for location c¢. Diameters
for this location shall be taken as shown on SD-3366=21.
"~ These measurcments will be used to determine if defor-
_ f,maL1on occurred but are not intended as a check agalnat '
"Wprev10us CE shop inspections. B PR

'fyﬁé;;aISZ 733 diameter for vertlcal machined surface
';'1mmed1ately above the mating surche.

‘b, 172 9/16" diameter immediately above the core a
support 1edge. : -

‘.c. 166.000" dlameters across dlametrlcally opposeo
" outlet nozzle extensions into vessel (it will not
.~ be possible to use the 90 degree rule for this set
of measurements. )

d. 173" diameter located immediately above the core
' ‘support lugs. -

‘ne.3'F0n1 (4Y diametrical measurements shall be made in
S - the I.L. straight section of nozzlcs which were
oo T captured In the skid by U-bolts. Diameters shall

be recorded at 45 cegree increwments.



.2+.2.- Bo The dimensional inspectional report shall define
N measurenent orientations with respect to axes and
results of mcasurements. -

:5353 Functlona] Inspcctlon
7&1{A.7 The follow1no functlonal checks shall be perfo méd{

~-y-a.f—GO -NO- GO thread nage 1nspecL10ns shall be performpd
“a.eocon all vessel stud holes which contained threaoeo,
0% (devices (lifting beam studs and vessel cove“ hold
T down bolts) . : :

© o b. Two (2) opcufholes (holes which did not contain
.7 threaded devices) near saddle locations shall be
©. . checked with GO-NO-GO thread gages. Also, two (2)
- open holes near horizontal axis relatlvc skid base
”shall be checked with thread nages.

B. _BoLLom head 1nstrument tubes shall be rechec&ed with
functional.rod and ball inspections.to the same require-
ments as the lndbr"mont tubes received in the CE shops.

L IT. Determine if the vessel sustained actual damage by performing the
.77 “following Non-Destructive Tests. Test equipment and technicians.
. to be furnished by CE. .

1. Magnetlc Partlcle Zxamination
- MT 1mpact areas and 12 in all dJrectlons bnyond

‘_}5bounda11es of impact. arcas on 0.D. of vessel. These
_ impact areas are as defined in I. l.A.a above.

it 0 Be  In addition to impact areas, MT the vessel O.D. at the

Ll hii i extremes of the horizontal axis relative to the skid |

. base, and in the plane of the saddle centerlines. The
“area to be inspected at these locations will be identical
" in ‘size to that inspected at the saddle impact locations,

C. MT vessel 0.D. in arcas tc receive UT inspection
. .described in added Section II.3, Items a. & b, below.




. XI. 2. Liquid Penetrant Exawmination = . .. - o L e oL

e¢s in locations on the vessel
+ L.D. corresponcding in location and area to those
. . areas rcceliving MT inspe ct§on on O. 0, defined ST
.. above by II.l. ' - S C T T

“A. YT inside clad surfec

" B. In addition to impact areas, PT the vessel I.D.

- rat the extremes of the horizontal axis relative to
the skid base, and in the plane of the saddle center-
lines. The areas to be inspected at these locations

" will be identical in size to that inspected at the "-=.

. saddle. impact locations. o S

C. PT vessel I.D. in afeas to reccive UT . 1nsppct10n
...descrlbcd in added bectlon II 3 :

Ultrasonic Ezamination “1'fj"i fff',j,n iﬁ<f?
" A. UT flange to upper shell girth seam (7- 042) plus .
- base mectal one plate thickness cach side of weld - ° e
cenierline geometry permitting. The length of the
~-weld to receive this inspection will correspond to
) the circumferentizal leagth ins;

. sected in thd saddle.
. impact arcas. o :

~ _B.. UT long seam welds (1-942 & & B) plus one plate thick-
-, .ness each side of weld centerlines for full lenyth oL
T "»upper qnell except vhure nozzles lnterrupt. :

o . " -

C. . UT saodle lmpact areas.ﬂxin'

- Upon completion of the above scope. of inspections and evaluation
- .of results, CE will advise WHES if further tests and inspections o :
fTFWLll be required to establish the 1ntegr1ty of thls VeSSﬂl to TR
~CE's satlsfactlon.  T . TR e

- Depending upon the results of the above scdot'bf'inroectidns'
o ’and tests, CE Vlll detelmlne what anulytlcal conc1u81ons cen.
Jﬂ._be naae. ol S TR SRS




- CE Materials aud Process Specifications used for orisinal
.. shop inspection will be used Ffor all P“O“raﬂlIDSpGLLLOnS».
i The recording levels and acceptance, criteria shall be
identical to that of the original CE shop inspections.

.7to conduct the above tests.. The vessel must be positioned
>~ such that inspectors and eguipment have ‘access to ‘impact
rareas and can be inspected. The lift beam, wvesscl cover,
“nozzle covers and vinyl protective covers must be removed.
_WHES shall have the responsibility of p“oechlon of the -
fvessel for thc duratlon oL the teng.‘_” SR &
' Inspectlon, Lnglneexlnb, and nlscellaneous expenses to CE
- associated with this incident will be for UNES' account.
.- The Field Service Artlcle shaLl apply for work perforned
Gyin the fleld. :

~ffWNES shall advise CE when the vessel will be in a eonditioﬁ'
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IR J=i CA. 3 —-PROCESS SPECIFICATION FOR LIQUID PENETRANT

hX.AMINAFION — ASME Sectlon TII

L S COMEUSTION M.U_szxkﬁc, iNe.
e NUCLEAR €O 1}0N:NLS DEPARTHINT

T MAP SPEC. Noe: 2.4.3. 9(3)

S . DATE: MAY 2, 1966

L PROCES3 SPECTFICATION FOR LIQUID PENEIRANT
vg;ﬂ, o EXAMINATION - ASME SECTION 1711

1.0 ScoBe° ' o , ) . f‘ | | ':

1.1 This Process Specification provides for the method and
‘.5” ;M - :standard of acceptance for 1LQUid penctrant testing of

- nuclear componenis.

‘The penetront tnst method is used for

de ot
of discontinuitics in ferrous and nonferyous matarial:
. Discontinuities mot open to the surfacce =rill not anpear sinaos
= - peacrration into en opcn defeet is wecessary befora. this
-~ method will woxk: " For thlc reason its use is generaily
“limited co ! the nonferrous metals and nonmagnetic-sioels.

- Dye
- T‘VQ
L = .Fluo
' emal

e -Typeu
S . T}'pe

"G
"
9]
o

YRR
-t op

o

"3

»

L \’5

o Ho©
[&4]
o

" w H"d

: Type i¥ ! = TFluor nt penctrant (zoss smulaificsiocs
*2.0 " Surface Preparation:
Ceneral - Surfacn 0L w

may ve imspected withou
. except as reguired to. ren
i . imbedded sand. 2lastin

3 angular or cubangular cutting :
- s alumina grit. When blaze peening, using stecl ctt.,
. is neccessary oe rant inspension feosi,
' blagt pcening red oy olasting with poiiay or
- . subangular cut silicon cavhide, or T.ouinaa.
‘ Cgrit, or by chox Aa welded surfacdrn, Tnl]

the reroval of siag, shall be considere. suitable
-3

peretrant insmeciien without amy grinding. nrovi 4 :
weld contour b len into thie baze monal wisl oo wndoroue

Q1

i

and the contour'and surface finisii of
with applicable specificarions.
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C0h373730 SR INEETIND, SNC.

- NLCL EAR CONFOVENIS DEPARTHENG.-—
MEP Spec.: Nou: 2.4.3.9(b) |
. Date: May 3, 1900 P
Sheet: 2.0f5. ... . -

[Js350»5Tcst Proced ures

T Pretest ©1¥:~1lindaz - ALl matcria1 being tested shall be
. 'cleaned by hot running wacer, by dipping in a solvent or
acoto e or by fwabhlng w1th a clean cloth saturated with a

r
1nopechd shall be maintaincd bcc,vcn 50°F end "1257°F. _Wheon
inspection 1s mecessary under cordwtions vhore the temporotuze

b

of the penctrant aad the imspection surface is outside the
' 50°F to 125°F range, the temperature shall be adjusted to
‘bring them within che range. Due to the flammable naturc of
“liquid penctrant inspection materials, the use oi an open

\1£1amc for hcat purposes is pronxolLedL

" =he surface to be tested ;hall be thoreughly coated wit

. penetrant bty spraying, brushing, or immcrsion. The suri

-shall be kept wertted for the minimum time specified
“method erplo >d s a : -

POﬂa raat - - PeneXration Timn all Appilcations
Type I ) 30 mizutes _
Type 11 L o 10 minctes -
Type III g 37 minutes
Tvpe IV ’ 10 minutes
‘The type IV emulsifier shall be applied cither by dipping
-or spraying the part. It should nct be applied by mcans of
a brush since scLo"rg with a hrush-way remove the penetrant
from shallow or scra tch like discomiinuities, Aftos o
~ ool .- ’suitable panetraticun time and e:ulsificatlon nericd tuic
s« . 7 surface fliu of the peretran: and emulsil shall bte
"~ removed from the part by prlo)1’° a nhou ya er Spray noo -
o

excecding 50 psi oxr 110°r. Wasnin
a black light to insure complete
Alternatively, the PeneLranc ma
cleancr rzcomnended by the manufa




t surisccces «hall be accomp

o clreulating alr, Slotting with poper towels

. or normal evagoration. It is dpportant tnz

“voper'“io: , DO coztaninstion of matce u
rt

\
: surfaces by swahbiﬂg with a ci

-
.
"Alternatively, the penetrant nay te

The Type 1II panetrzat snall be removed from 2l

~The drving of tes

s oowhich ray cause misinterpr
oparation. -

‘Dry developing »

CUs T ko §L_‘ LG v
- a dry surface tefore apspilcation., or it
the wet surfaces. A short ¢ al
frer tn

fed
“ment ¢f dndications afte
"This time shall

i
inn the masking of indications. Inspection 5}

L X owd Dl 0l '\"'*‘T‘ LR T
C t...LZ‘. .1011 A...\':lub-.P..-\J,

sz_g-“.c.,A*{ CONPONENIS DEPARIMENE

‘ 1

—~ -

Tne penctrant of Typss I and
clear water or oy & a"ing wit
excess penctrant Lrom ’“, tesr

z
ac
cloth followed by wiping ithe parti&ll
an alconol deacr fneﬁ clean clo: until

_-penctrant have teen rex 2ove

s
by wipirs with clecan clsth dampened with the ¢
P

recommended by the manufacturer. [Excessive epplication ol
" the clcau- 3hz1l be avolied to praevent the possibility of
rC&cv1n> the perctrant from diccontinuiltics, cauging ¢ dec

;
1 the uanLthJ*" of the teztn.

[ou S
N
o in
I3

n
O e
Ca

air nozzias or liat Lrom rags be introd :
: ;
cration curing tn

3
rcsulting 1o & <us

for pen cratiom.

Vet type developers shall be uniforuly applied to surfiaces
ng 1ilamas

“by dipping. sprayirg, or Lrusting. When using Gouyooe
developers, it i1s necessary thau theyr cenmtinuvally agltate

P

n oorder Lo prevert seinling ol solid particles cispors
in the liquid. Poosla of waun drvclopcrvln covities o Lac
inop clion surface shall b avoldoed since anse ';4)‘-;,.(;".1;“; i LY
dl’)’ to A \CC::‘]_\'QIYV 1{\—'\1')_ CO:’(L'ﬂQ . o . o

- L -~ : _ M
iesnzd suriace with




A18

" g o 4 . .
‘CO”'TCkIVJ ENCINEERING, IRC.

N C AR ‘COMPORENIS DEPARTIEL

T

6

-
w
-
D
N
<
~.’

Lo oo T AP SPEC. NOM: 2
C T LWL DATE: May 3,096
A *  .Sheet: 4 oL

" Evaluation of Indicaticns:

r as mechanical discontinuiti
{svuxfacc will be indicated by bleeding cut.of the peonct 3
" however, localized surface imperfections sucn as By oceur
Cfrom machining marks or surface conditions may producs
~ similar 1nd1catlor which are not relevant to the detection
of defects.

'-4_1 Dc;cct which occu

)("

o}

,;4 2 Any indication which is believed to be non-relevant shall be

‘~jrcgardnd as a defect uintil thc indication is either climi
T < by surface conditioning or it is cvaluatced by non-dtotrue
”?‘mcung and proved to be non-relevant. Nom-relevant iudic?
and broad arcas of pigmentatiom which would mask indicationd
of dcfccth are unacccptuch. ' ' :

i 54 3 Rclovght 1nd1cut ions are those which reeuls frem inecchonical
~ .discontinuities. Llncar indications are LQ0LC LUGICGULONS
S ' {n which the length is more than Three cimes the width.
i ¢ - Rounded irdications are indicatiens which are circulax
U o or Clliptlcal with the length less than raree times the

wioLh-

5.0  ‘Acceptance Standards:

»5.1 The following types of relevant indications are not accephith
" (1) -Cracks or lincar indications

(2)  Rounded indications with dimensions syeabeon Laon 350G
(3)  Tour or more roundad indicatl
o B b 1
o

S by 1/16" or la:

(4) Ten or wore rounded indications
~of surfacc whosce minor dimcngion
inch, with these dimensions trhCﬁ
location relative to the indicacio
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. COMBUSTTOW ENGINEERING, INC. - -
'NUCLEAR COMPONENTS DEPARTMENT , o

5_§[£f{ J'Yf M&%P Spec. No.?t 2.4.3}9(b)
P ' o Date: L'A'.\j ‘)) 1966
Sheet: 5 of 5

5 2 Whencvcr a defect is removed and subocqucnb rcpawr By
" ‘welding is mnot equxred the affected area shall be :
i blended.into’ the surrounding surface 5o as to avoid sharp., .

'~.notcheg, crevmccs Or COYners.

3@5.3 Aftcr a defcct is thoughg o have been removﬁa; and prior
to making repairs, the area'shall be exam: ined by sul c;alc
- methods to insure Lnat the delfect has been c*nghm;cm.

S 4 Aftcr vepalrs have been made, the repaired arca shzll be”

- re-dzamined by the liquid pcne*rcnt method and br all
_+.other methods of examination. that were C“lgln& reg
. for the affected area. . :

Ll
*..-l
-

a

-~
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A.4 “SPECIFICATION FOR, ULTRASONIC TESTING . - .
N OF PLATE MATERTAL -

7 COMBUSTION ENGINEERING, INC.
»77 -0 NUCLEAR COMPONERTS DEPARTMENT

Dste: February 17, 1966

) - Sheet: l1of 3 . . il
7" SPECIFICATION FOR ULTRASONIC TESTING 2
-' OF PLATE MATERIAL — -

1.1 This specification provides for the zethod and techaique

" for ultrascnic testing of flat or shaped plate’ exceeding -
- 3/8" thickness in accordance with the requirements of
"'ASME Code Case 1338-2. - Sy ' IR

1.2 Ultrasonic testing to the requirements of this specifi- -
" cation may be a provision of the purchase order, or it
‘may be reguired by reference to this specification in
"~ a Material Purchese Specification. This specification --
" -also shall govern C-E shop inspection of plate when
7= - 7 required by shop order. ' - o

~2.0" Equipment and Surface Conditions for Longitudinal P R
- Wave Testirng: ' i '

2.1 Pulse?reflection-type equipment (Sperry UR Reflectoscope
. or equivalent) shail be used wirth the single crystal

~ contact method of vlcrasonic testing of plates over 3/8" in

. the thickness. Plates 3/8" and less in thickness will be
- tested by methods mutually agreed to by the manufacturer
- and purchaser. S L '
‘\2;2. Ultrasonic testirg shall be performed using 10ngitudina1”
" wave 1-1/8" ciameter 2% Mc crystals. A frequency of 1 Mc

" may be used for plate thickness over 8 inches. Deviations -

from this procedure rmay be requested of the purchaser.
- Crystals of other sizes and frequencies may be used for
exploration or study of flaw indications.

2.3 . The surface =f plate to be tested shall be clean and free
of dirt, excessive roughness or loosse scale.

2.4 A suitable 1liquid sonic couplant shall be used in sufficient
-~ quantity so that continuous sonic centact can be maintained:

‘M4P SPEC. NO.: 2.4.4.19(b):

- - . . o - Lo~



COMBUSTION ENGINEERING, INC. T e
NUCLEAR' COMPONENTS DEPARTMENT a

~"MSP SPEC. NO.: 2.4.4.19(b)
. DATE: FEBRUARY 17, 1966
SHEET: 2 o0f 3 ... _. '

PRI 2
AT S

. tlLongitudinal wave tesging shall be pefformed on 100% of one
" surface of the plate. Scarning:for defects shall be. per-

- formed along parallel lines drawn on the plate, or indicated
" .. at the plate edges, at a spacing not greater than the

crystal width. Cecmplete loss of back reflection appearing on

" the screen shall be investigated by searching over the area.
~until the bouﬁdar) of the area producing loss of back

&eflection is established.

<

4 0 calibxacion~' B 'r.]' R I el

50

“4 1

"Test

Lalibration sensitivit ty shall be estab‘ishéa for ioﬂgihudiﬁal
wave testing by adjustrent of the instrument so that the

back reflection is approximately 50 to*:75% of screen helght;'

Results:

- ?,2 .'

Accéptancé - Any defect which shows a total loss of back ‘

" reflection that cannot be contained within a circle whose

. diameter is zhe greater of 3 inches or 1/2 of the plate
fthickﬂeas shall be unacceptable

;Two or mare uefec*s smaller than described in 5.1, which |
‘" cause a complete loss of back reflection shall be '

““..unacceptable unless separated by a minimum distance equal

563

6.0

to the greatest dimension of the larger defect unless the

.defects are contained within the area described in 5.1.

A report shall be made to the purchaser, 'prior to shipment

‘of plate, where discontinuities are disclosed which reduce

. the back reflecticn by 50% or more; or where discontinuities

: Equipme it_and Surface Cor Axrion‘ for Shear Wave Testing

are discloced which produce. traveling indications accompanied
by a reduced back reflection. o
i

'56 1

" shear wave transducer at a frequency of 1 Meo

————n

UxtrasoaLc testing shall bc per formed with a 45° quartztw
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. COMBUSTION ENGINEERING, INC.
. NUCLEAR COMPONENTS DEPARINMENT -

; N :‘. : :. " ':‘ . '.,:') ' M&P ' Spec . No .0 | 2 ° ‘6 ° l& _o‘ 19 (b)\
S 000777 pate: February 17, 1966 .
Sheet: 3 of 3 SRR

o)

ﬁﬁéfzééTheisurfaées of plate to be tested shallfbe cleannand fteé
' of ‘dirt, excessive roughness or loose scale.- o

jff?:}jﬁléﬁ A -sultable liquid sonic couplant shall be used {n R
e T “sufficient quantity to provide continuous sonic contact.

2% 7}0 Degree of Testing: ,
l ‘;}7.1 _Iﬁspectionfshali be 100%.v61uﬁetticiaﬁd from two berpendi AAAAA
- ' directions. T S - T

~ . .

7 8.0 ‘calibration: . : L '-, }.._. "f ;7g“ “"}- o o

ﬁ:ng%l The calibration standard shall be a 3% notch (3% of plate . .-
L - thickness, one irch in length). SR RPN

). Test Results:

;,,9,1_“Inaications having an amplitude exceeding‘thevcélibration R
" . standard shall be charted showing approximate location .
' - and magnitude. ' R ST

-

E;alq;ci-Reébrds:

-~

=77 77010.1 A plen diagram of each plate tested which shows indications -
o Teee o of the type referenced in Paragraph 5.0 aad 9.0 shall be
- “prepared. This plan diagram will consist of marking such
~ defects or areas in approximate actual location with the ..
~_required dimensions and-also the location of the mill heat
"~ number stampings. Co e e S
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B.1 — PROCEDURE EMPLOYED IN SECOND MAGNETIC
PARTICLE TEST

The following procedure shall be followed to establish magnetic

particle testing parameters for Indian Point Number 3 reactor vessel

examination relative to up-ending accident damage evaluation.

1.

2.

L.

Place test equipment calibration plate in position so that cracked
surface is in the overhead position.

With lighting, magnetic particle test yoke, the iron particle pow-
der, and the device for applying the powder to be used in actual
testing, the technique for testing shall be demonstrated.

Upon establishment of a technique which clearly defines the cracks
in the calibration test plate under fixed lighting conditions; the
following test parameters shall be recorded and shall be applied in
all subsequent magnetic particle testing.

(a) Number of light sources, their power (wattage), and their
arrangement with respect to test equipment and test area.

(v) The length of time magnetizing current is applied to the
test device for each direction employed.

(c) Length of time powder is applied to the magnetized area (specify)
with respect to application while current is being applied as
well as after current is stopped.

(d) Pressure (psi) of air supply to magnetic powder applying device.
Evaluation of test results shall be made for each test direction in-

dividually.

*Attachment to an ORNL Intra-ILaboratory memorandum from R. O. iarden
and R. M. Fuller to R. W. McClung, dated May 7, 1971. (See Appendix
F of Final Report).



APPENDIX B — SECOND POST—INCIDENT INSPECTION PROCEDURES

B.1 — Procedure Employed in Second Magnetic Particle Test...c.on.s B2

B.2 — Specification for Ultrasonic Testing of Plate Material.....Bj



1.0

2.0

, B> _
B.2 — SPECIFICATION FOR ULTRASONIC TESTING OF PLATE MATERIAL

~ COMBUSTION ENGINEERING, INC,
NUCLEAR COMPONENTS DEPARTMENT

' SECOND ULTRASONIC INSPECTICN FOR
INT/3366 REACTOR VESSEL SITE ACCIDENT
APRIL 27, 1971
 WNES, ORML, C-E MEETING AGREEMENT
SHEET 1. of 3

SPECIFICATION FOR ULTRASONIC TESTING
OF PLATE MATERIAL

Scope:

1.1 This specification provides for the method and technique

' for ultrasonic testing of flat or shaped plate exceeding
3/8" thickness in accordance with the requirements of
ASME Code Case 1338-2, ' '

1.2 Ultrasonic testing to the requirements of this specifi-
cation may be a provision of the purchase order, or it
may be required by reference to this specification in
a Material Purchase Specification. This specification
also shall govern C-E shop inspection of plate when
required by shop order. S ‘

Equipment and Surface Conditions for Longitudinal Wave Testing:

2.1 Pulse-reflection type equipment (Sperry UR Reflectoscope

‘ or equivalent) shall be used with the single crystal
contact method of ultrasonic testing of plates over 3/8"
in the thickness. Plates 3/8" and less in thickness will be
tested by methods mutually agreed to by the manufacturer ‘
and purchaser, ‘

2.2 Ultrasonic testing shall be performed using longitudinal

wave 1=1/8" diameter 2~1/4 Mc crystals. A frequency of 1 lNc
mey be used for plate thickness over 8 inches. Deviations
from this procedure may be requested of the purchaser.
Crystals of other sizes and frequencies may be used for
exploration or study of flaw indications.

2.3 The surface of plate to be tested shall be clean and free
of dirt, excessive roughness or loose scale.

2.4 A suitable liquid sonic couplant shall be used in sufficient
quancity so that continuous sonic contact can be maintained.
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COMBUSTION ENGINEERING, INC.
NUCLEAR COMPONENTS DEPARTMENT

SECOND ULTRASONIC INSPECTION FOR
INT/3366 REACTOR VESSEL SITE ACCIDENT
APRIL 27, 1971

WNES, ORNL, C-E MEETING AGREEMENT
SHEET -2 of 3

3.0 Degrees of Testing:

4.0

5.0

3.1

Longitudinal wave testing shall be performed on 100% of one
surface of the plate. Scanning for defects shall be performed
along parallel lines drawn on the plate, or indicated at ‘
the plate edges, at a spacing not greater than the crystal
width., Complete loss of back reflection appearing on the
screein shall be investigated by searching over the area

until the boundary of the area producing loss of back
reflection is established.

Calibration:

4.1

Tes

Calibration sensitivity.shail be established for longitudinal
wave testing by adjustment of the instrument so that the .
back reflection is approximately 50 to 75% of screen height.

Results:

5.1

5.2

5.3

Acceptance - Any defect which shows a total loss of back
reflection that cannot be contained within a circle whose
dizmeter is the greater of 2 inches or 1/2 of the plate
thickness shall be unacceptable,

Two or more defects smaller than described in 5.1, which
cause a complete loss of back reflection shall be
unacceptable unless separated by a minimum distance equal
to the greatest dimension of the larger defect unless the
defects are contained within the area described in 5.1.

4 report shall be made to the purchaser, prior to shipment

of plate, where discontinuities are disclosed which reduce

the back reflection by 50% or more; or where discontinuities
are disclosed which produce traveling indications accompanied
by a reduced back reflection. (In this paragraph, the gain of
the instrument shall be increased to provide a 907% back
reflection in an indication-free area).



6.0

7.0

B>

COMBUSTION ENGINEERING, INC.
NUCLEAR COMPONENTS DEPARTMENT

'SECOND ULTRASONIC INSPECTION FOR
INT/3366 REACTOR VESSEL SITE ACCIDENT
~ APRIL 27, 1971 :
 WNES, ORNL, C-E MEETING AGREEMENT
SHEET 3  OF 3

5.3 Continﬁed

a) Amplitude of the discontinuity indications noted in
5.3 above as a % of the established back reflection
amplitude shall be recorded in 10% increments.

b) Depth of discontinuity indication recorded under (a)
above.

Equipment and Surface Conditions for Shear Wave Testing:

6.1 Ultrasonic testing shall be performed with a 459 quartz
' shear wave transducer at a frequency of 1L Mc. orf 4 '/4 me

6.2 The surfaces of plate to be tested shall be clean and free
of dirt, excessive roughness or loose scale.

6.3 A suitable liquid sonic-couplant'shall be used in
sufficient quantity to provide continuous sonic contact.

6.4 Degree of Testing: ’ N

6.4.1 Inspection shall be 100% volumetric and from two
perpendicular directions.

6.5 Calibration:

6.5.1 The calibration standard shall be a 3% notch (3% of plate
thickness, one inch in length).(FM‘ E ach ?Qfgenduhalgw
Dfre.e:\' ~'°~03 ‘ ,
6.6 Test Results: -

6.6.1 Indications having an amplitude exceeding the calibration
standard shall be charted showing approximate location Awd
magnitude.

Records:

7.1 Accurate maps of recorcable indications will be provided
showing the radial location of defects in 1/2° increments, the
zxial ‘location will be measured from the mating surface of

the flange within + 1/16", and surface conditions which precludc
e back reflection.



Appendix C
ASSESSMENT OF THE. EFFECTS: OF: A« LET=DOWN- INCIDENT ON THE
INDIAN POINT:UNIT. 3: REACTOR--PRESSURE- VESSEL, BASED ON
STRESS ANALYSIS AND--FRACTURE MECHANICS

J. G.. Merkle Dy A. Canonico
Qak Ridge National Laboratory

.Introduction

On January 12,. 1971, WEDCO-personnel were in- the process of lifting
the Indian PointuUﬁit«B»ReactorfVesselﬁinside'the"Containment Building in
preparation for removing:the:-vesselrshipping~skid. -During this operation,
failure opcurredsin:thgvliﬁting”equipment'causing:the"reactor vessel to
roll from a vertiéal<or«nearfvertical“position to a horizontal position.
Since the lifting process:was:-interrupted by the let~down incident, the
vessel shipping skiduwas-stillwfirmiy”attached'to the vessel. The
eccentricity of the shipping skidﬂcauéed"the‘vessel to roll back down onto
the skid rails, and.the&skidvpreventedmﬁhe“vessel'from'receiving any
impact loads directly  from:the: temporary supporting floor. All of the
impact forces received by the vessel-were-therefore transmitted to it
through the shipping skid. The vessel came to rest in a positibn partly
overhanging the édge'of»the temporary-supporting floor. The temporary
supporting floor was constfﬁcted:of*2h;in;+deep'wide'flange steel beams
laid side by side over:the. reactor well-between two: concrete shield walls
and was then covered with a steel deck~plate.- -Additional steel plate and
channels had been:placed-on:the:-deck+ directly beneath the shipping skid
rails. Web=buckling:occurrediatnthe#endsvof“six*of“the floor beams
located nearest the-point:where=the“left*raii’of the- shipping skid ex-
tended off the: edge. of: the: floor.  ~Except: for - one- broken- and somé other
loose bolts-in the;Shipping-skidvno?otherfstructural‘damage was visible

in the floor, skid, or vessel.

Stress Analysis.and Critical Flaw Size Calculations.

The objective of a stress analysis, in this case, is to provide data

with which td make a calculation of the smallest flaw that éould have



become critical (i.e.,that.could have-caused -an extension of the flaw).
during the incident.. If thiSvfiawris‘sufficiently‘greater'in size than
some lower limit of detectability*that“can?be‘agreéd upon, and no evidence
of flaws this large is found.. then-the - vessel can be presﬁmed to have

been unaffected by the-incident3»~Sincejthe"maximum force‘acting on the
vessel and its distribution must be estimated;'the overall series of
calculations must be.madeuwithnconservatism:"'One'approach_is to rely. on
the results of the-Visual,gdimensionalg"and*functional'inspecﬁions per-
formed after the incident:;.which:revealed no evidence of gross distortion,
and to assume‘that.theﬂmaximum“stfesseSWin“the‘Vessel'could_have reached,
but not ékceeded3rthe=yieldrstress:**This‘approéch“avoidé'the problem of
estimating the load on: the: vessel and its distribution and, coupled ﬁith
the assumption that regioné of local embrittlement are either of limited
size or 4o not exist at all, allow55fhe'calculation"of'critical flaw

sizes based on the static (or at least not the minimum dynamic) fracture
toughness. The high fracture toughriess existing near the surfaces due to
quenchihg and tempering is considered in this approach. Here the stress'
analyéié conditions are meanﬁ to be éonservgtives'and the metallurgicél'
conditions are meant to be realistic. .

Another approach is to make-the-streSS'analysiS'condiﬁions more
realistic, by estimating the load, and to-evaluate the fracture toughness
more conservatively by using the minimum:dynamic (i.e., the crack arrést)
fracture toughﬁeéé. Both approaches*have*been"faken, and they are des-

cribed below.

Conservative StressAAnalysis,;Realistic*Metailurgical Conditions

(D. A. Canonico)

_ Current thick—walledunuclearrpressure”vesseIS'are'fabricated from

low alloy-high: strength-steel plate:which has been quenched in water and
tempered to achieve its- optimum: mechanical properties. - Such heat treat-
ments in thick (five inches- and sbove) plate’ result in'a through-the~thick—
ness variation in cooliné rate.-- These cooling rate differences result

in a variation in mechanical properties—from the surface to a depth of

about 1 1/2 in. in ASTM A 533 grade'B“claSS'l'steel. (This is the steel



employed in the fabrication of most light=water-nuclear pressure vessels.)
Studiesl in the Heavy—SectionfSteelvTechnology"(HSST) program at Oak'
Ridge. National Laboratory have-reported-that-the yield strength for 1l2-
in.-thick steel plate varies from about—85,;000 psi at the surface to about
69,000 psi at the 1/4-thickness: to- 3/4=thickness locations. (The ASTM
.specification for this:steel:rrequires: 50,000 psi - minimum yield strength
for class 1 steel and T70,000-psi-minimum-yieid- strength for class 2 steel.)
Further, the toughness,: as-measured:-by-the- 30 ft=1b Charpy V notch impact
energy criterion:Variesvfrbmwaboutr~1509F“at‘thejsﬁrfaCe:to about +10°F
at the 1/L-thickness to 3/h-thickneés:locations; The variation in proper-
ties 1s true for all quenched and-tempered"pressure“vessels and should be
considered in the evaluation- of:an-upending  accident such as was suffered
by the Indian Point 3 reactor vessel. The- above reasoning regarding the
variation in properties- due to metallurgical variations in the sﬁrface
material has been consideredvin-thé‘applicationvof fracture mechanics to
the determination of the critical flaw size to  cause failure.

Work done by Westinghouse Eleetric COrporation2 in connection with

the HSST Program has provided us with the fracture toughness, K. , as a

Ic
function of temperature- for a steel-whose-specification is identical to
that employed in the IndianOPoint“3 pressure-vessel, Further, their work

and others have shown that:EX— V1 at-the nil-ductiiity transition tempera-

ture (NDTT). Based on~this—ggsumption'we'have determined K  versus
temperature curves for surface and 1/8~thickness locations for these
steels. These curves:are presented-in Fig.~1: -This" figure provides
static fracture: toughness values whirch~can be assumed to be applicable
to the surface, l/6—thickness:and:l/BathickneSS'locations=for the Indian
Point 3 reactor Vessel;--The:dynamiCPfracture“toughneSS"for these same
locations: is also presented: in:-Fig.+lvv These  dynamic- values are also
based on work reported: by Westinghouse:-Electric Corporation. The K

Ia

curve is~displacedvabout.9OQF:highervin“temperature'than"the KIc' This

90o value is assumed-to be true: for-the-surface and 1/6-thickness loca-"

tions.
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The«upending.accident;resultedﬁinﬁthevvessel"being“stresséd at a
rate somewhere-between:the-static:-andsdynamic-conditions- considered in
Fig. 1. A-reasonablevva&uewcanrprobabiy“be“obtained'by‘assuming a frac-
ture toughness value somewhere-between-these two' extremes. -An average,
such as that obtained with the: followingreguation;, will-probably provide

 reasonably accurate values..for the~fraeture  toughness of the vessel at

‘the time of the accident.

) + K
K = K1 " e (1)

I(Ave) ) 2

If the KIC and KId values areftakenvat-+32°F“(the*temperature,at the

time of the: accident) then the:-fracture toughness-is as follows:

Ko 14 ‘ I (ave)
_ Location ksi vin.- ksi vin. - ' ksi vin.
Surface >200 125 - 200
1/6T >200..- 80 140
1/3T . 103 55 : 79

The above KI values permit the  calculation of & critical flaw sigze
(if a stress is assumed) or a critical stress' (if a flaw size is assumed).
A conservative estimate, made by the ORNL inspection team, of the size
of the largest flaw that could have beenrmissed‘by the reinspection was
conservatively set at 2 in. Moreover, the dimensional check determined
that the vessel did not undérgo»plastic deformation due to the let-down
accident. Hence a maximum outer fiber: stress-of about 85,000 psi is also’
established.’ This information provides two extremely important points
which permit an assessment of: damage to-the Indian Point 3 reactor vessel
based on fracture mechanics. A

The fracture toughness of a material can be determined by the

following equation:



KIc = Cchﬂa‘ . _ (?)

where C is the shape factor for the flaw, 0_ is the fracture stress, and

a is the flaw size. For the flaws considerid in this evaluation a shape
factor of 0.9 is appropriate. Equation (2) provides the basis for
assessing the damage that could have been impoéed in fhe reactor- vessel
due to the upending accident. Calculations have been made based on an
average fracture toughness value for the material‘at the temperature of
the accident. Stress values of 85,000 psi and 50,000 psi-(the minimum‘
yield strength for ASTM A 533 grade B class 1 steel) have been employed
in these calculations. Critical flaw sizes to produce failure havé been
determined. These results are listed in Table I. It 'is evident that the
critical flaw size is greater than 2 in. regardless of the location

considered. This is true even for the extremely high 85,000 psi outer

fiber stress value.

Table 1. Critical Flaw Sizes Based on
Average Fracture Toughness Value for
ASTM A533 Grade B Class 1 Steel

Location, Fracture Critical
Distance , . Flaw
Stress Toughness .
(ksi ) Below (ksi in.) Size
Surface-in. (in.)
85> Surface , 200 - —_— 2.16
752 1/2 180 S 2.25
60> 1 160 - 2.37
55% 11/2 140 - 2.52
28% 3 79 . 3.12
50, Surface 200 - o 6.25
33b 11/2 - 1ko - T.02¢
16 3 19 - 9.5

®pssumes stress of 85 ksi to outer fibers.

bAssumes stress of 50 ksi to outer fibers.



Perhaps, however, one could be accused of unconservatism for using
the stress value at the crack tip because it is indeed a lower value
than the total integrated stress that would be operable over the entire
flaw.. To avoid this criticism we have made a calculation based on an

average stress and an average fracture toughness over the entire area

considered.
outer fiber stress + stress at depth of interest
Average stress = 5 (3)
Average fracture toughness =
K at surface + K at depth of interest
I I .
Ave Ave (L)
2

Calculations based on these assumptidns resulted in the critical flaw
sizes reported in Table II. The flaw sizes are quite similar; no flaw

of the maximum undetected size, 2 in., would case failure under the stress
levels considered. Figure 2 shows the distribution of the critical flaw
size to cause failure at the various depth locations in the Indian Point

3 reactor pressure vessel.

As further assurance that this interpretation of the effects of the
upending accident is reasonable, we calculated the stress necessary to
cause failure if the maximum size undetected flaw were present. These
results are presented in Table III, It is evident that, based on a flaw
size of 2 in., the stress levels required to cause failure are quite high.

The above assessment, based on a coﬁbined metallurgical and fracture
mechanics approach to possible damage to the Indian Point 3 reactor pres-
sure vessel due to the upending accident, is reassuring. This analysis
indicates that the maximum possible flaw size present in the regions of
highest impact due to the upending accident could not have caused damage
to the vessel. Therefore, based on this analysis, my conclusion would
be that the vessel was not damaged due to the upending accident aﬁ the

Indian Point 3 site on January 12, 1971.
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FPigure 2

Flaw Size to Cause Failure at Various Dépth Locations
in the Indien Point III Reactor Pressure Vessel
Upending Accident
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Table II. Critical Flaw Sizes Based on an Average

Stress and Average Fracture Toughness Over

the Area Under Consideration

-Location, Critical
: Fracture .

a Distance b Flaw
Stress: Toughness .
(ksi) Below (ksi in.) Size

. Surface-in.. (in.)
85 Surface ' . 200 2.16
80 1/2 190 2.20
75 - 1 180 ‘ 2.25
TO 11/2 170 ' 2.30
56.5 '3 10 2.40

#Stress on Outer Fibers-+=Stneés:at Depthnof'Intereét/Q.

bAverage.Fracture Toughness at Surface + Average F.T. at

Depth of Interest/2.

Table' ITI. Stress Required to Cause Failure. In

ASTM A533 Grade B Class 1 Steel When
Flaw Size of 2 in. is Present

Assumed Depth, Location .
. Fracture
Fracture Represented
- T ‘ Stress
Toughness by Fracture (ksi)
(ksi in.) ‘Toughness Value
200 Surface ' 88.0
1ko -1 1/2 in. 61.5
125 2.in. 55.0
100 2 i/2 in. , 44,0
80a 3 in. 35.2
55 : : - 2k.2

®Dynamic. fracture toughness values for 1/3 T to 2/3 T

- locations through the plate.
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Realistic Stress Analysis, Conservative Metallurgical Conditions
(5. G. Merkle) )

a) Load estimate. In this approach the intent is to determine from

extermal evidence the magnitude of the vessel stresses dﬁring its impact.
An estimate of the peak reaction force acting between the temporary sup-
porting floor and the reactor vessel is reqﬁired before such a stress
analysis can be performed. Such an estimate might be obtained from a'
dynamic analysis of the vessel, skid, and floor; but such an analysis
would be complicated and would be subject to inaccuracies because of’
lack of knowledge of the time variation of the crane force during the
let-down incident. However, advantagevcah be taken of the fact that the
vessel came to rest near one side of the temporary sdpporting floor and
that buckling occﬁrred in the webs of six of the floor beams located
directly beneath the vessel. Since buckling occﬁrs at nearly constant
stress, and compression members of mild steel require very closely spaced
lateral bracing to raise the buckling stress above the yield stress, it
is conservative to estimate‘the web buckling stress as the yield stress.
Multiplying the total thickness of the buckled webs (6 x 1/2") by the
bearing distance on the concrete shield wall (~2.5') by an assumed yield
stress of 40 ksi gives an estimated force of 1800 tons. The total weight
of the lift was L4l tons (see Dadson's memo of 1/13/71). Therefore, the
estimated reaétion force is 4.08 times the weight of the 1lift. The
average vertical deflection of the buckled beam webs is about 1/2 in.
Equating the work done in buckling to the potential energy of the lift
gives an effective free drop height of only 1 l/2.in.

It has been assumed for the following stress analysis calculations
that the reaction fofce applied to the vessel was 1800 tons. This amounts
to ignoring the addltlonal load transmitted to the vessel from the other
end of the floor beams, but this basis also implies a probable overesti-
mation of the buckling stress in the floor beam webs. Calculations in-
dicate that considering the second beam reaction could raise the force
applied to the vessel by about 20%; but considering the rotation imposed
upon the top flanges of the beams that buckled,. by the deflection of the
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deck plate, could lower the buckling stress. by as much as 60%. Thus,
the original load estimate of 1800 tons is still considered conservative.

b) Load distribution. The load distribution on the vessel is not

known exactly. It is probable that most of the peak load was transmitted
to the vessel through the forward pair of skid supports, because of the

vessel's rotational momentum, and that the forces acting through these

. two skid supports may not have remained exactly equal, because of leaning

of the skid and vessel. - However, the bending stiffness of the top flange
and the nozzle coﬁrse should be greater than that of main cylindrical
region below the nozzle course, because of greater wall thickness. Theré-
fore, the analytical model chosen is a plain cylinder having the inside
diameter (173.4") and the thickness (8.84") of the main cylindrical region,
and an axial length of 1h2 in., which is the distance between the middle
and the rear skid supports. The support reactions are assumed to be equal,
and are applied as point loads at anglés of 55.59 from the lower'part of -
the vertical centerline of the vessel. The skid supports actually each
have a bearing area of 768 square in., so that the béaring stresses on

the vessel wall are 2340 psi, aéting through sheets of compressible
plywood. Considering the reactions on the vessel as point loads should
help to compensate for the fact that the skid supports are not continuous
in the axial direction. The inertia forces acting on the vessel are
considered as a uniformly distributed vertical load of 4.3 psi. The
solution to the model chosen is found in Roark, "Formulas for Stress and

Strain," Third Edition, McGraw Hill, 1954, case no. 19, p. 160.

c) Stress analysis. The stresses calculated are due to bending only.

Some through thickness stresses do exist, but they are small compared to

' the bending stresses. A polar plot of the maximum bending stresses is

shown in Fig. 3, with the direction of plotting from the zero line indi-
cating the surface of the vessel at which the bending stress 1s tensile.
The maximum calculated bending stress is 11,600 psi, and it occurs on‘the
outside surface of the vessel, at an angle of 84.L4° from the lower part
of the vertiéal centerline. The.maximum bending stress directly beneath
the skid supports is almost the same in magnitude, 11,000 psi, and it is

tensile on the inside surface.
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d) Fracture toughness. - The basic equation of fracture mechanics is

K = co/TE , (5)

where KI is the elastic tip stress intensity factor in ksi /i:., C is

" a non-dimensional shape factor that depends on geometry and the shape

of the stress distribution over the area of the flaw, ¢ is the nominal
streés at the location of the flaw in ksi, and a is the flaw size in
inches. At fracture, O equals o

the..fracture stress, and K_ equals

f 1
its critical value at fracture KIC’ which is in effect a material
property.

Equation (5) can be solved for the flaw size that would be critical

at. a given .stress leVel° The reéult is

(2‘-0.)2, ®

A

cr

where a_ is the critical flaw size. The c%itical flaw size is propor-
tional to the square of the fracture toughness, KIc’ and is inversely .
proportional to the square of the applied stress, o.

Research sponsored by the HSST Program'has shown that a lower bound
to the minimum dynamic fracture toughness can be calculated from the
equation

_ 125
K1 = Oys 207 =T : (1)

where KId is the dynamic fracture toughness in ksi /in., gys is the actual

static yield stress in ksi, and T is the ﬁemperatufe in“OF. Uéing the
minimum specified yield stress of 50 ksi pfovides additional conservatism,

and results in a calculated value of K of 35.7 ksi /in. The actual

Id
o)
Td at +32 F exceeds 50 ksi,/in.

d) Critical flaw size calculation. Equation (6) was used to calcu-

value of K

late a critical flaw size, on the assumption that the maximum bending



1k
stress acted over the entire area of the flaw, which is conservative. The
value of C was taken as 0.9, which is accurate for relatively deep sur-
face cracks and conservative for shallow cracks. &,y is determined by

the following calculation.

No surface flaw with a depth less than acr wouid'have extended during
the incident. . The critical size of embedded flaws would be greater.
Since there is general agreement that the inspection following the inci-
dént would have detected cracks of this size, but none were detected, it
can be concluded that crack extension did not occur during the let-down

incident.

Conclusions

Two types of fracture analyses, both believed to be conservative,
have been made for the purpose of estimating the critical size of a flaw
that would have been extended By the stresses induced in the incident.
In one analysis the induced stress at éhe vessel surface was simply and
conservatively assumed to be the yield stress, and realistic values of
fracture toughness were used. The smallest flaw depthvcalculated by
this method is 2.16 in. In the other analysis the load on the vessel
was first calculated on the basis of observed damage (and lack thereof)
in supporting structures. Stresses thus determined were combined with
conservative d&namic fracture toughness values with the conclusion that
a flaw of depth less than 3.72 in. would not have propagated;

The critical size of a flaw would vary according to a location and
orientation in the vessel, and in both analyses these values represent
the smallest sizes with respect to this factor. It should also be noted
that the yield stress levels assumed in one analysis (Canonico) are much
higher than the maximum stress calculated in the other analysis.

We conclude, conservatively, that since the second on-site non-

destructive examination would have revealed any flaws larger than 2 in.
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in size, but none were detected, that any existing flaws would not have

been extended as a consequence of the incident.
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