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Report Ho. DC-31

Introduction

the author visited the Oyster Creek Feactor site near Toms River, New Jersey

on February 12, 1969. The purpose of the visit was to review the evaluation

and appraise the repair schedule of linear defects ouserved in cast valve
bodies which were a part of the primary and safeguards service system of the
reactor.

The author was accompanied by:

Mp. R. Carlson, Senior Reactor Inspector - Region I,
Newark Office-Division of Compliance
USAEC
Mr. W. J. Collins-Division of Compliance-Headquarters
USAEC-Washington, D.C.
USACC-Washington, D.C.

During the visit the following persons were contacted:

. Mp. R. M. Gustafson-Division of Reactor Standards,
L. Loeb - GL - APED
J. W. Cherle - General Electric Company
Bob Huggins - Principle Project Engineer - Oyster Creek-GE
\
\

Nel Strand - Site Construction Mgr. - Oyster Creek

Plant Superintendent - Jersey Central Power and
Light Company (Utility)

Tom McClukey
Thomas . McSpadden - MPR Associates, Inc. |

The prime contractor is the General Llectri. Company and their Atomic
Power Equipment Department (APED) is involved. The utility is the Jersey

. Central Power and Lipht Company, and their consulting engineers are MPR
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Associates, Inc. of Washington, D. C.; Burns and Roe are the architectural
engineers.
The valve bodies in question are cast austenitic st/ : less steel,

Crade CF8M, which corresponds to wrought stainless type 316. They range
in size from 4-in. to 16-in. in diameter and are distributed in the follow-
ing system:

l. Core Spray

2. Channel Cooling

3. Clean-up Demineralizer
4, Control Rod Return.

There are a total of 43 valves involved.

Forty (40) of the subject valves were purchased by the architectural

engineers, Burns and Roe, from the Anchor Equipment Company to a specifica-
' tion which required that the valves be 100% inspected by radiography to

class 2 of ASTM E-71. Two separate foundries, each with their own separate
inspection contractors, were employed by Anchor to furnish the valve castings.

A routine visual inspection of a valve revealed that a casting defect
had been uncovered during the pre-installation machining of the cast part.
This prompted the review of all valves above 4-in. in size in the class one
systems of the reactor. These inspections revealed that seventeen (17), of
a total of forty-three (43) involved, required repairs of defects to one degree
or another. It should be remembered that this review was performed on in-
stalled valves which had already heen hydro-tested. Three (3) of these
seventeen valves were found defective to such an extent that replacement of
the valve was necessary. Three (3) other valves from this group of seventeen
required weld repairs. The remaining eleven valves coulld be satisfactorily

repaired by only surface grinding. vVisual and dye penetrant inspection tech-

niques were used to establish the integrity of all valves being roviewed,
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Radiograpbhy was used to establish the as-repaired integrity.

The extent of the casting defects found and the fact that all defective
valves were purchased from the same vendor (Anchor supplied forty out of
the forty-three valves in question - APED supplied three) prompted a review
of the original, specification radiographs submitted by this vendor. The
contractor,the General Electric Company, elected to review the radiographs
of only 21 Anchor valves; their selection was based on service requirements
and part size. The results of these studies confirmed and supplemented the
visual and dye penetrant inspections performed at the reactor site and out-

lined above. The valves which were, or will be, replaced were identified

as:
flo, V=-20-41
No. V-14-34
No., V-16-2

Those valves requiring weld repair were:

No, V-20-17

No. V-17-19

No. V-17-54

A summary of the radiographic review by the General Electric personnel

is attached as Exhibit A, and is the reviewer's initial statements prior to
repair initiation (the replacement and weld repair outlined above was deter-
mined at a date later than this memo). A preliminary statement of initial
impressions relating to the Oyster Creek site visit on Februarr 12, 1969 was

prepared by the author, and it is attached as Exhibit B.
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Discussion

The valve originally detected as being defective, No. V-20-41
located in the Core Snray system, was finally replaced. Sections were
taken from the defective valve and submitted for metallurgical examin-
ation. The author »xamined these microsections at the RE-APED labor-
atories in San Jose, California on February 20, 1969, Mr. Robert Dodds
of the Division of Compliance - Repion V - USAEC was present as we met
with Mr. Loeb and Mr. John L. Leatherman of APED-GE and Mr. William R.
Schmidt of MPR Associates,

A close examination of the metazllographic specimens taken from the
top surface of the rim was perfcrmed by the author. These se-tions were
taken from the area of the visually observed defects and were located in
both longitudinal and transverse orientations. The valve had received,
prior to machining, a homogenizing treatment of approximately one-half
hour at 2000°F, followed by a water quench

An example of the defects observed in these micresections is shown
in Exhibit C. This micrograph shows that these indications are a com-
bination of microshrinkage voids and hot tears. More specifically, it
appears that the microvoids (shrinkage) are essentially linked by hot
tears, These defects were metallographically observed, in some cases,
to be greater than one-inch in length. No evidence of excessive mold-
metal reaction was metallographically ohserved,

A preliminary statement relating to these metallographic examina-

tions was prepared by the author, and it is attached as Exhibit D.

No.

DC-31
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A properly designed casting, a properly prepared mold, and correctly
melted metal should result in a casting having no defects. However, the
combination of perfectly executed events such as these cannot consistently
be expected, even with the utmost in dezign. Thus it is not unusual for
casting to have defects and particularily those which form during the
solidification process. It was these types of imperfections which were
observed in this case.

A hot tear is an intergranular failure (along the grain boundaries)
that occurs while the casting is at a high temperature within a mold. A
hot tear may form in a larger section of a casting that is at a temperature
just above the solidus temperature and is subjected to tensile strains in-
duced by the solid contriaction of an adjacent, already-solidified thinner

. section. While the mass is just above the solidus temperature, it consists
of grains of metal that are surrounded by a thin film of liquid that cannot
support a tensile load. Thus, a parting of the metal grains at the grain
boundaries results, leaving closely spaced, or even linked, microvoids.

After the area completely solidifies,but is still near the solidus temperature,
the small spaces between the microvoids often fail or crack as a result of
solid contraction. Other microvoids can form from the natural contraction
during solidification and areas of liquid starvation.

Therefore, the point here is not that the castinps had defects in them,
but that these defects were not detected and repaired. A personal review,
with Mr. Collins, of the original vendor radiographs of selected valves re-

vealed that in all cases at lnast the major defects (those which ultimately

resulted !n valve replacement or weld repair) were clearly visible,
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Weld repair procedures and techniques being performea on the three
valves mentioned above were found to be most satisfactory. The good
practice of very low energy input, guaranteed by a low interpass tem-
perature and a stringer-head welding technique, was being closely main-
tained. The welding was being performed using the tungsten-inert gas

process with a bare, type 316 stainless steel filler rod.

Conclusions

Based on the above facts and observations made during the inspections
performed on 12 February and 20 February, 1969, the following conclusions
can be made.

1. The casting defects found in the valve bodies installed in the
‘ class one systems of the Oyster Creek reactor were metallographi-
cally determined to be the result of solidification shrinkage and

hot tearing and were manifested as linked microvoids.

2. The metallographic examination revealed no excessive mold-metal

surface reactions.

3. Pre- and post- heat treatment radiography indicated that these
defects were truly casting imperfections, and that the heat

treatment sequence did not propogate the defects.

4, The defects observed, both radiographically and metallopraphically,
are common to the casting process. Such defects are frequently
expected in designs such as these, and the fabricator usually tries
to reduce their occurance by gating and risering techniques and,

when required, weld repair.

5. The real point here lies in the breakdown in the control of the
review and analysis of non-destructive test results. Had this

. situation not existed, defective parts would not have gone undected,

2 5t e g’ T o -, ) T - . y? - 1 . A ~ » X - N “ig ¥ 1N
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This fault must be borne, in a major way, by the primary valve
contractor, the Anchor Equipment Company. However, it is felt
that the prime contractor, the General Electric Company, and its
architectural engineering firm, Burns and Roe, must jointly be
teld responsible for their neplipence in not maintaining, by con-
tinuous review, the quality assurance of their vendor. Had the
code-required procedures and specifications been properly adhered

to the current problem could no*t have existed.

The procedures and techniques of weld repair of the casting defect,
and subsequent nondestructive testing, are considered to be proper

and correct.

Finally, it is considered important, if not critical, that the re-
mainder of the Anchor valves in the primary system (totaling 19)
be reviewed similar to those already examined. This statement is
supported by the results of the re-examination of the other 21
Anchor valves, considering that this review caused major repairs
to be required on 25% of the parts in question, which had pre-

viously been termed as meeting Code requirements.

it is the author's opinion that the General Electric people are making

a reascnable effort to correct what is a bad situation, and that they have a

good understanding of the problem, have performed an adequate analysis, and

are aware of its cause.

DC-31



EXHIBIT A
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. . 175 CURTNLR AVL., SAN JOSE, CALIF. 93125 . . . AREA CODE 408, TEL. 297-3000 ATOMIC POWER EQUIPMENT DEPARTMENS
A . TWX MNO. 910-338-0i16

February 12, 1969

- REPORT OF RT-REVLIEW AND SITE-1NSPECTION OF ANCHOR STAINLESS VALVE BODY-CASTINGS
' FOR PRIMARY AND SAPEGUARDS SERVICE IN OYSTER-CREEK NUCLEAR POVER PLANT

' D. E. Tackett E. H. Franks
Field Applications Engincering, N.S.P.&P., GE-APED

Summar

At the request of 8. Naymark, Manager, DIP Projcct Engincering, we have com-
Fleted a review of radiographs for all stainless steel body-castings in primary
and critical safeguards service at the Oyster-Creek nuclear plant. The fellowing

valves required veplacement, major repair or re-radiography for the reasons noted:

. = Valve V-20-41 is being replaced duc to defects found during site inspoctieng
these defccts were such that a field repair was not practicable. We have

revicwed and accepted the radiographs for the replacenent body-casting.

= Valve V-14-34 js beiag replaced due to defvets found during exploratory griad-
ing of a surface indication found during site inepeerion; field repair woold have
cauced distortion of the seat riag. Radiographs for the replaceuent body-casting
will be revieved and accepted prior to shipuent of the valve body from Anchor.

= Valve V-20-17 requires repair of unacceprtable defects found during Rf-review
gof original-film in Sza Jose. Exploratory arilling inspection ot site con-
< 4 <o .
firmed that field repair hus very good chance of success. A replocement
casting has becn ordered. ‘ihis valve body will be either repaired wo an
o J e
acceptable condition or will be replaced.

= Valve V=14-37 lacked complete RT-coverapge duz to two filums that vere missing.
The portion lacking coverage connists of two arcas cach about 3-inchies by

i0-inches. There arcas will be re=radiographed by the site in accovdance
with a shooting skelch provided by D. E. Tackett. Tue retake fiins will be
reviewed by Tackett/Franks and will be filed wiih the original film. No
repair action is anticipated due to satisfactory quality shown in adjacent
radiographs.




Valve V-16-2 had an area of unacceptable inclusions that was marked for
repair on the original films., RT-veview of original/repair films in San
Jose failed to confirm that the repair had removed cnough of the inclusion-
ared to result in an acceptable condition. Also, in another arca of the
saue valve body, original films showed liot-tear indicatione for which retake
is required to evaluate as-installed condition of the casting. The affected
areas of the body-casting will be re-radiographed by the site in accordance
with @ shootiug sketch provided by D. E. Tackett. The retake films will

be reviewed by Tackett/Franks and will be filed with the original film. If
repair is requirved (either or both arcas), field repair should have a good
chauce of suecess. Based on review of partial-coverage retake-films from
the site, it appears that repair of the inclusion-area will probabiy be
required; final reconmendation must await review of full coverage retales

of the questionable areas.

Valve V-17-19 had a borderline-acceptance hot-tear indication in the original
film that could noi be corrclated with any of the reported surface-defect
repair-arcas at the site. The size and location of this indication is such
that an as-installed retake radiograph is required to evaluate the adverse
effect of the defect on service integrity of the valve. A retake of the
questionable area is being made by the site in accord with a shooting sketch
provided by D. E. Tackett in telecon to K. Haynes (2/10/69). Final recom=
mendation must avait reviev by Tackeit/Franks of site retaes.
.
Based on the Tackett/Franks RT-review in San Jose, all remaining body-castiros
were found to be acceptable by the standards of AST: E=71, Class 2. All recuining
body-castings were also found to be acceptable by liquid-penetrant inspection
of the outside surface at the sitej some valves required grinding or minor repair
velding to remove shallow surface defeets. Upon completion of the above-noied
rcpair/rc-in;prctfou/rLylacrnrn:, based on the RT-review in San Jose and on ihe
satisfactory results of liquid-penetrant inspection performed at the site, we
(Tackett/iranks) comnsider that the subject valves hove more than adequate structural
soundress to fulfill all design requircments of the primary and engineered safe-

:

guards service-applications where these valves are installed.

Packground

All of the cubjeet vaives were purciiased by Burns and Roe from Anchor on BER

purchase order B1-2299-92 to meet the requirements of B&R specification §-2299-61.

Paragraph 5.b of the latter required that body-castings for the subject valves

be 100Z inspected by radiography to Class 2 of ASTM E~71. The "valve No." listed

in the accumpanying table is the systen identification as shown on the P&liD

draving. The "ltem No." listed in the cable correspeonds to the item nusber in

the purchase order (Bit-2299-92) and specification (5-2299-61) for the subject

valves. Al]l of the subleet valve bodies are cast aunstenitic stainless steel,

Grade CFE&M, whieh covresponds to wrought stalnless type 6. Castings for those

valve bodies were obtained by Anchor from one of two foundries: Roeactr of Valcan.

Cantings pourcd by Rocmes were radiographed aud 1iquid-penetraat inspected by

Conam. Castings poured by Vulcin were vadiographed and liquid-penetrant inspected

by X-Ray Engiuneering. Weld-repair of castings (when required as a result of original
\

]
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radiography) was perfori =d by the foundry that pourcd the casting. The fovrndry

responsible for each valve body-canting is listed under "Foundry" in the table.
“he foundry stamped each body=casting with the “Heat No." and "Body No." as
listed in the table, which combination constitutes a serialization of each
casting. Radiographs are identified to the casting by the heat/body combina=
tion. To ensure that the radiographic film reviewed was of the body-casting

for the listed valve, the heat/body identificarion was obtained directly from
the stamping on the installed valve; it is this identification which is listed
under "Heat No." and "Body No." in the table. 7The heat/body identification

so obtaincd cxactly agreed with the radiographic film identification except

for vialve V-16-2 (sce Note 12 of the table). 1In the case of valve V-16-2, the
body-casting was stanped heat "4-8" body "1" by Roemer, whereas the radiographs,
inspection reports, and material test reports are identified to heat "4-48" body
"1"; Auchor will transmit to us a letter certifying that the body-casting
stamped heat "4-8" body "1" is, in reality, heat "4-48" body "1". In addition,
comparison of defects in the site-retake films with defects in the original films
positively identifies the installed casting to Le the same casting originally
radiograplhied as heat "4-48" body "1".

Site Inspection

A suspicious surface-defect was noted during visual inspection of valve V-20-11
ofter installation at the site. Liquid-penctrant inspection of the afiected area
(near bonnet rin) revealed radial crack-like dclects across the top surface of
the rim; soie of these indications continued down both inside and outside wachined
surfaces, Carcful exanination of original filus in thic arca of the casting
reveals a hot-tear into the top of the rim. Careful visual examination (ot 8X)
of these defeets by D, E. Tackett (duriag site-viedt on 1/31/69) shoved these
defects to be hot teavs) such defects oceur on initial cool-down of the casting
just below the freezing temperature. These defects should have been detected

by the original liquid-penctrant inspection and rejected at that time (see below
under Conclusions). The hot tear indication shown by radiography in the original
film ic considercd to be a Class 2 borderline-acceptable condition. Due to the
number tnd location of defects in V-20-41, field vepair was not practical and a
replaceucnt body—casting was ordered., Liquid-penetraant inspectimof the outside
surfaces of all stainless=-steel body-castings of Anchor valves in primary and
safeguards applications wus performed at the site. Indications which required
grinding to obtain acceptable liquid-pencirant test results are reporied for each
valve vuder the colwrm headed "No. Surface Indications Explored" in the table.
Excopt for valve V-14-34, either no repair welding wvas required or ouly minov
repairv welding was needed. In the case of V-=14-34, grinding and liquid-pencirsat
inspection revealed defects near the seat-ring weld to an extent that ficld repair
welding would have resulted in excessive seat distortion and would have required
access from inszide surlace; thervefore, it was decided to replace the body-ccsting
instead of attempting field repair. Three valves, V-20-12, V-20-18 and V-17-54
were sclected at random from the subject valves for re-radiography at the site.
These site-retake films have been reviewed by Tackett/Franks and show tha sime
identical defects that were recvealed by the criginal films; all defects in both
original films and site-retake films for V-20-12, V-20-18 and V-17-54 are acceptable
to Class 2 of ASTM F-71 (except see Note 17 regarding rejectable hot-tear in
V=17=54 which was repaired prior to site retakes). ,
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Radiography Review

Radiography films made by Conan and X=Ray Engincering of the as cast body-
castings for the subjeet valves were obtaived from Anchor for revicw by Tackett/
Franks in San Jose. The total film-record for the subject valves consists of
several thousand filus (including body castings, bonnet castings, cast stems,
and discs); out of several thousand film only two film (Sand F on valve V=14-37)
could not be Jocated, requiring partial-retake of that valve at the site (sce

Sunmary above and see Note 10 of the table). Of the film provided, all films

of the body-castings were reviewed except for radiographs of the ins ide throat
(the inside throat of these valves does not constitute a pressure boundary and
doecs not coutribute to body strength; its function is merely to support the seat
ring). Radiographs of bonnet-covers, discs, and stems were not reviewved.. All
indicaticns in each film (including acceptable defects, artifacts, and surface=
contour shadows) were recorded and evaluated as to relevancy, acceptability to
Class 2 of ASTM E-7], and effect on the structural soundness of the casting.
Each set of film for cach body-casting was checked for appropriate jdentification
(heat/body numbers) to the system valve and for overlap of adjacent exposures

to eunsure that full RT-coverage was obtained. The following definitions apply
to the significant defects noted in the subjeect valve body-castings:

= Shrink. This defect consists of an irregular-shaped multiple-branched volid

.

iu the metal caused by local liquid starvation during frcezing of the casting.
Shrink is common in and near rims, ribs and other o«tjou-~‘an*“‘ vhere there
is a possibility of thinmer sections freczing solid while thicker sectioas

arc still partly wolten; the result is blockage of flow of liguid metal from
the riscers into the thick section to compensate for the volumetric contraction
that occurs at freczing., Since the mctal freezes imaediately at all surfaces
of contact with the mold (due to the chill effect of the cold mold) forming

a continuous skin from which the solid-metal grains grow toward the ceuter

of the thickness, shrink tends to be near the center of the section thickness
and is rarely open te an as-cast surface.

= GCus. YUhis defect consists of empty voids in the metal due to trapping of
gas when the rc(ul freezes. Gas-voids are globular (blow-holes) or elongated=
round (wore~holes) in shupe and are not branched. The liquid metal hav a
higher su]uuxlx'“ for gos than the solid metal; therefore, considerable £Aas
is rveleased during freezing. 1f there is not an open path for this gas to
escape through liquid metal out of or into a riser, the gas will remain trapped
and form a gas-void in the solid metal. The same factors which promote shrink
also prouwote gas entrapment; therefore, these two types of defects are fre-
quently encountered together. For the same reasons as for shrink, gas voids
are rarely open to an as-cast surface.

= Inclusions. This defect consists of filled voids in the metal due to trapping
of mold-sand. The hot liquid metal is very erosive to the surface uf the sand
mold. Tf the vetal is poured at just the right temperature and rate of {iow

through the mold-channels, and if the mold-sand hias been properly packed, a
thin glass will form on the mold surface and prevent entry of significant
send into the molten metal. Pouring of the wetal either too cold or too hot,



or pour’ry at too fast a flow vate through the neld (too slov a pour will
result in internal chills), results in washing away of the surface of the sand
mold; the sand thus washed away is trapped in the metal (normally in the form
of a glassy inclusion or partly fused sand). ‘Trapped sand is frequently
ascociated with small shrinks (tails on the inclusions). Sand trapped at
the metal surface results in a sand-hole.

= Hot tears. This defect consists of an intergranular separation when the
metal is stressed as the casting cools down from the freczing tcaperature.
Hot tears occur near the freezing/melting temperature. Due to composition
unbalance, and also due to local composition-variation due to frecezing process,
all the wmolten metal does not frecze at the same temperature; the last retal
to freeze is in the grain Loundaries and freezes at the lowest temperaturé.
1f the wetal is stressed during this critical temperature raonge (about a
bhundred degrees below freczing temperaturce), the grain boundaries will separate
vhere still liquid, resulting in het tears. Hot tears may or may not break
thirough one of the skins of the cas' ing, depending on severity and location.
Hot tears are frequently found as radial cracks into rims duc to the circum=
ferential stress that results from the restraint of the mold-corc; hot tears
are also found in thin sections between thick sections parallel to the change
in scction.

= bordorline-dAcceptable. This is a classiiication of defect-scverity according
to ASTI1 E-71 radiography standards for castings. The term in no way implies
warginal streoapth or cucestionahle soundness of the casting. *bordevline

acceptable s wmercly the wavner of defining the linits of aceeptability of

vairious types of defects. Any defect or cosbination of defects that constituted

a coadition approaching the linits of acceptability of ASIM E-71 was reported

as "borderline-acceptable" during this review and was carefully evaluated

regarding elfect on the structural souuducss of the casting. Any Lot tear,

regardiess of size or location, was considered "borderline-acceptable" and

carcfully studied as noted above; an explanation ig givea in the table notes

for all hot-tear indications accepted during the RT-review. Site retalics

were requested for all hot tears that could bave an adverse effeet on service

integrity ol the valves. 1In the accowpanying table, the nuvmber of borderline-

accepiable conditions in each casting is reported under the coluuns headed

"Borderline-Aecoptiable RY Indications™. Inclusions and gas holes are com-
bincd in reporting the nober of borderline-aceepiable & foects since such
defoects have a minor effect on the basie structural strength of the casting.

To the maximum exteat possibie, the Ri-review was correlated with the results

of the surface inspections performed at the site. Many of the significant defects
found during the RT-review were corrected and eliminated during the site inspec-
tion; where positive corrclation of RT/PT indications has becn made, this is
reported in the appropriate note of the table. The net result is a considercble
reduction in the overall number of "borderline-acceptable" conditions remaining

in the ac-installed valve bodies. In addition, some re-radiography was performed
at the site and the site retake=filus were carefully compared to the original

N
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films to deterwine whoether there was any sigaificant change ia the defects.

Since thie original filws were made prinr to solution heat=treatmont of the
castings, this conparison of site-rectales to original films constituted o conpari~
son of dofects before and after heat treatment. Radiographis of the following
valves were comparcd (o determine changes in defects that might have occurred
during heat=treatmcont:

= Volve V-20-17: Revicw of original films revealed a severe shrink near the
bonnet rim (this shrink was rejected by the reviewers, sce Sumuary above);
site retake filws of the same area also showed severe shrink. The total
sength of this defect was about six-inches, including a network of multiple
branches. Careful conparison of the original and site-retake filme showed
that the defect had not changed during heat treatwent of the casting. ‘A
questionable shrinl near the guide-rib in the center of the body (this indica=-
tion was also rejccted by the reviewers, see Note 3 of the table) showed on
oviginal filws; compuricon with site-retakes shiowed no change during heat-
treatucnt. Theve vere no defect indications in the retake filws that did
not show as identical defects in the original films.

= Valve V-16-2: Review of original filus revealed an area about siz=iuches in
diaueter, near the center of the body on one side, having a high density of
sand inclusions and small shrinks (this area was rejected by the revicuwers,
sce Swumary above). The same indications would have been border ine-acceptable
in a thickor casting; however, as located in this easiing, the acevnunlationa
of defects vas econsidercd unscceptable for the thin seetion between the soat-

vings. Couparison of site-retakes with original filis showed no chanse in

thie lincar defects in this arca and shouwcd no developnent of additional

defects Site retales of borderline-acceptable hot tear indications in original
[i]ns are being made but are not available as of this writing (sece Incorplete

Vork below).

= Valve V-20-18: Review of original films revealed several gas holes of moderate
size, with branching smwall-shrinks orizinating from cach gas hole (the conbination

f Gefects was considercd by the revicwere to be borderliinc-acceptable to Class 2

of ASTi E~71 and are reported ia the table as borderline-aceceptable under

"Gas Holes", even though the gas or Lﬂrink, taken separately, would not have

constituted a significant defect). These defects were located near thoe bonnet=-

rim of the body-casting. Careful COngTiSOA of site-retakes with original

filus showed nwo change and no develeopnent of additional defects.

= Yalve V-20-12: The single hot tear shown on original films was at top of rim

and did not show on site retales; this tear was probably removed in excess
naterial wachined from top rim during finishing of the casting. The single

~

large inclusion shown on original films also showed identically eon site retakes.
Careful compavison of site-retakes with original films showed no chan*e and
no developuent of additional defects.
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= Valve V-14-34: A ninor surface indication led to excavation into the
tiiick scetion bolidnd scat ring; this excavatior uncovered shrinks/tears
extending to inside surface (this valve-body is to be replaced; sece Sunna
above aml sec Note 7 of table). Site-reiake radiographs of the excavated
arca shoved exactly the sase indications as weve shown at this location en
the original film; therefore, it is certain that the defects were due to
the casting process and not due to heat treatuent.

= Valve V=17-54: A full set of site retake films was compared to corresponding
locations on the original filws. Also, sketehies of defects rcuoved by
grinding or repair-welding were compared to matching indications in original
filns. A shallow Lot tear indication about 6-inches long (this should have
been rejected on the original film) exactly matched the surface defect which
was ecxcavated/repair-welded at site; retake-film now show this area clear.
Similarly, all other ground or repaired surface-defects found during site
inspection were matclied to covresponding indications on the original film.
Also, minor buried defects in ¢ e retake films were carefully comparce to
sane defects in original films; no change was noted nmor did ary additional
defects develop. All of the foregoing provides strong evidence that there
was no growih or addition of defects during the heat treatnent process.

= Valve V-17-19: A significant hot-tear indication (borderline-acceptable) iun
the oviginal film corresponds identically to a surface defect which was
excavated/repair-velded at the site; the affected area is clear on site
repair-retakes. This is evidence that the surface-defect originated during
casting and not during heat treatment. Site retakes of another borderline-
acceptalle hot=tear in this valve-body ave being made but are not available
as of this writing (svc-j}ujplﬁjq}j}gg}: below).

In all of the above, a considerable nuwber of lincar defects were compared
between original-{filu indicatious (as-cast) and as-installed indications (either
ligquid-penctirant or site-retake~{ilu indications). 7There was absolutely o
evidence of development or growth of defects as a result of solution-anncvaling
hcat-treatment which vas done after original radiography. Therefore, we
(Tackett/Frauks) coasider that the original as-cast radiographs are fully
representative of thie as-installed condition of the subject valve body castings
with respect to evaluating structural soundness and effects of defects on
sevvice intogrity,

Incorplete Work

The following work romains to be completed on the subject valves zo that the
body-cantings will have unquestionable structural-soundness for the intended
service: -

= Valve V-14-34: The radiograplis of the replacerment body-casting have not yet
been reviewed by Tackett/Franks.,



Valve-20-17: The repair/reinspection/refurbishing of the rejected/questionable

arcas of the body-casting arc in progress; the fimal post-repair radiographs
have not yet heen revieved by Tackett/Franks.,
.

Valves V=14-37 and V-17-19: The required site-retake radiographs have not
yet been revicwed by ﬂLruLl/tTdnuSo

—i@ig: The required site-retake radiographs providing full-coverage

onable areas have not yet been revicwed by Tackett/Franks;

r*paxr V;Jl pro%."y be required.

Lonclusions

Some discussion of the original iwepection of the subject valves

needed. If, as we m.fnxdld, the surface defeets found at the

the valve bodies from the time ticy vere cast, why were

detected and corrected at the original liquid-penctrant inspection? Also, how
was it possible for radiographs to be accepted when the filws showed obvious
indications of clearly unacceptable defects? We feel that the following .
factors in the origival inspection satisfactorily snswer the ebove questions:

A

Liquid penetrant inspection of castings roequires carefully controlled tech-
niques to ensure effective detection of defects. The inherent rough surface
of the casting presents special problems in removal of excess penetrant prior
Lo upgl,CULAOA of developer. 7The wost frequent cause of 1dss of cxfc tiveness
for liquid-peneiranut inspection of castings is over-reroval of excess penet
1-'1.c1«~ water-washable penctrant-dye is used, exccss is frequently reucved b
high=velocity water-jety vhere solvent=dye is uced, excess is frequently
rewoved by sproyiog or {lushing the swmface with liquid solveats both of
the above methods are very clfective ia rewoving excess peaetrant fram the
rough casling surflace; bowever, they are also very effective in rcuoving
the penetrant from surface defleccis. Such abuses are coinon pr ice wuere
liquid pencirant inspection is perforicd on & sub-contract basis with wo
witnessing or process control by the pu!'u\.x.'-r. Also, the fina) liquid-
penetranl inspection was perforand on the raw casting; nachined arcas of the
casting were not reinspected Since linear defeets such as shrink, bhuried
tears, <te., are likely to be uncovered wien the skin of a casting is removed
by machining, liquid-penetrant inspection should be done after final wachining.

|
i
,j
|
i
:
}
!

Radicgraphy of critical cast ings or weldieents vequires independent rovicy

of the fils by at least two qualifigd interpreters. No matter how couscientious
and carveful en iaterpreter is, it is inevitable that a few serious dofects

will be missed or misjudged in thie erurse of Jlooking at scveroel thousand
film, Tt is very casy for an interpreter to loze his place in a stack o
film, due to an interruption, and to miss one or wmore filus entirvely. Al
errovs of judgement can occur since the standards are, at best, a vague gulda

to acceptance. Vhere films are reviewed by more tham one person, the probability
of missing a sipgnificant defect due to h nan cerrors is reduced to essentially
zero. Ic¢ ds not at all surprising that the original acceptance of the .subject
valves' radiographs, solely by the inspection sub-coutractor's interpieter,
resulted in overlooking or wisjudging a few serinus defect indications.
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in band B had borderline coverage in the thick section, nissing
approximately 1/4" at the edge with the next band being single fiim.
llowever, the general quality adjacent to the missing area together
with the section thickness are sufficient to assure adequate structurval
soundness.

Reported surfiace deflect has been repaired. Review of a full set of
site rctakes rhowed no chauge in original defects and no development
of additional defects. The hot tear reported on original films was

a short tear jnto top of bonnet rim; it is presumed that all or most
of this tear was removed during final machining of bomnet rim.

Review of V-20-17 body casting RT ingicated that in addition to two
(2) borderline acceptable shrinks and one (1) borderline acceptable
inclusion noted in results, a large unacceptable shrink was located

in the bonnet seat ring area. This indication was confirmed by RT

of the disassenbled valve in its installed location at the site. The
unacceptable defect will be repaired to an acceptable condition or
valve body will be replaced. A questionable indication (possibly
surface-pattern) requires retake in another part of same body-casting.

Reported surface defects have been repaired. The borderline-acceptable
condition consisted of a combination of gas-holes and small shrinks,
such that the combined defects constitute a borderlithe-acceptat:le
condition. A full sct of site retakes werc reviewed and showed the
same identical defecis as the original films; there was no change in
the defects and no development of additional defects.

¢
The hot tear reported on original films was short tear into the top
of the bonact rim; it is presumed that all or mest of this tear was
repoved ducing Fina) machining of v bonnet 1im.
The KT review of these body castings was conducted in October 1968
and reported to W. M. Scott on October 17, 1968. The casting quality
was acceptable to Class 2 standards of ASTM E71. The surface indica-
tions have been ground and/or repair wvelded as required to obtain an
acceptable condition.

Excavation of a surface defect uncovered an area of shrink/tears that

would have required repair welding wore extensive that would be practicable
in field; therefore, this valve body will be replaced with a new casting.
Radicgraphs of the replacement castiug are not yet available for review.
ihe defects showed on the original fiim of the affected arca, but the
RT-indication was acceptable to Class 2 standards.
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The single hot tear rermoarted was in an area rejected for hot tears
by original rvadiography aud repair welded by the foundry. A small
residuc of one of the original hot tears was not removed. 135
tear remamant is cousidered to be buried in the wetal thickn
the repair weld deposit.

D»’

~

Oiie of the reported Lot tears is a short tear iuts the top of the
bonnet rim; it is prosuwcd that all or nost of this tear was removaed
curing final amuachining of the bonnet rim. The other reporied hot

tear was in @n area rejected for het tears by original radiogrephy

and repair welded by the foundry. A small residue of one of the
original hot tears was not rewoved. This hot tear remamant is considered
to be buried iu the metal thickness under the repair weld deposit,

ihie single het tear reporied is a short tear into the top of the honnet
rim; it is presuned that all or most of this tear was removed duriug
final macli'ning of the bonnet rim. Two exposure locations of original
[ilm could not be found; retake at site is ‘required to provide full
RT=coverage for this valve body.

The single surface indication explorod on valve V=16-1 wes faired by
grinding and found satisfactory by 7 withoat repair,

The valve casting heat number reported by the site for the installed

valve V=16-2 was "4~8 Body 1", The fila reviewed by, Tackett and Franks

was marked as leat 4-48 Body 1,Verification that body marked 4-8 Body 1

corresponds to filuw marked 4-48 Body 1 has been made throush Anchor

Valve Coupany aud will be confirwed in weiting by Anclior. In addition

to the four (4) borderline acceptable inclusions noted in the results,

a large cluster of unacceptalile inclusious were Jocated in thie body

wall betveen the seats awd up along the guide. This area may have

been vepaired, but repair il coverage of :djacent aroas is ‘UL adequate

to verify removal of the uvuaccepiable coodition. The questiona
!

X I
arca will be re-radiograplied, evaluanted and repaired Lo an accepts
condition, if required. The reported area of hot tears cox:tnta 2
two short, parallel hot tears in the thin section between the seat
ard adjacent to the thick section into which seat ring is installed.
These tears may be open to th inside surface; thercfore, site retake
and inside-surface exauination is required to evaluate tiue necd for
repalr.  1f these tears are found to be buried in the wall, they would
be borderline-acceptable to Class 2.

o I N s}

ingle surfore indication found at site has been repaired to a

satisfactory condition.

The sinple hot tear reported was in an arca rejected for hot tears

7 original radicgraphy and repair welded by the foundry. A small

r;-Adu- o( one of the original hot tears was not removed. This hot
is considered to be buried in the metal thickness under

the repair weld deposit.
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Note 15 = The single hot tear reported was in an area rejected for hot tears
by original radiography and repair welded by the foundry. A emall
residue of one of the original hot tears was not removed., This hot
tear resnant is considered to be buried in the metal thickness under
the repair weld deposit. J

Note 16 = Onc of the three reported Lot tears was decected as a surface indica-
tion during site inspection, excavated, repair welded, and the arvea
re=inspacted by radiograplive Auother of the three veported hot tears
was in an avea rejected for Lot teavs by original radiography and
repair welded by the foundry. A small residue of one of the original
hot tears was not removed. This hot tear rempant is considered to
be buried in the metal thickness under the repair weld deposit. The
third bot tear rcported is adjocent to an arca repair-welded by the
fouudry and apparently opened as a result of that repalr; site retake
is requived to econfirim that this defect was removed or to confirm
(with insidc/outside surface inspections) that the defcct is buried
in the surface (in the latter case, the condition would be considered
borderline-acceptable to Class 2). ,

Note 17 = & full sct of s7te reotakes (n:;}\'u“ af
were reviewed and compared to the original files. The three arcas
of borderline-aceeptable shvink Ri-indications were found to hiave
been due to a surface pattern which was rewmoved during eriginal finishing
of the body casting by Anchior. 7The single borderlivt=acceptable hot-
tear indication reported in the original film was a short tear into
the top ol the bonnel rlmy it is presuncd that all or most of this
hot tear was removed during final wachining of the bonact rim. In

ondftions reported, the orizinal

e

.

er site repairs were cowmpleted)

-
'
1
.

=134 . e PRy, TR, S
addition to the borderline-ac \.(,'r-l‘

- 1 3 . . 3 » > - ’ oo » o TP " N
filas showed a six-inch long hot-iear indication, marked “suriace .
This Ri=-indication vas eclearly rejectable. This hot tear was detected

¢

dnring surflece ipspeetion at the was excavated, repair=welided,

-
-~
-

and the aren re-inspected by radiograyhy. Thorough review of site-
retakes showed no change in oripginal defeets (except for site repairs)

and no development of additional defects.

erline-acceptable hot-tears which were accepted by the 1:viewers
/Franks) as noted above were of two types:

- Short hot tears into the top rim of the as-cast bonnet-areca of the body-casting.
Much of this arca is rcewoved in final wachining. Small tears that renain
in this arca are not considered injurious to the structural sowndness and
scrvice integrity of the valve due to their location outside the bonnet-seal

arcei.
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Exhibit B

TO: R. Carlson - Pegion I, Newark Office
Division of Compliance - AEC

FP™: R, G. Gilliland - Assistant Professor of Materials Engineering
College of Applied Science and Engineering
University of Wisconsin-Milwaukee

THROUGH : Parameter, Inec,
Consulting Engineers
Elm Grove, Wisconsin

Subject: Metallurgical Examination of Casting Defects in the St inless
Steel Valve Bodies of the Primary Circulating System of the

Oyster Creek Resctor - Preliminary Statement

Dated: February 13, 1969

Introduction

At the request of Region I, Newark Office - Division of
Compliance, the author visited the Oyster Creek Peactor zite
near Toms River, MNew Jersey on Februarv 12, 1969. The follow-
ing is a EEEliEiPEEZ Statement briefly outlining the initial
conclusions of the metallurgical analysis of Casting Defects
found in stainless steel valve hodies In the primary circulat-
ing system. All the valves in question are CF-8M (similar to type

316) stainless steel cast material and range in size to 16-in.

in diameter.

Discussion

Of the forty-three (43) valves involved, sixteen (16) valves

L -



required repairs of defects which were discovered after installa-
tion in the reactor svstem. Two (2) of these sixteen valves were
found defective to such an extent that replacement of (i.e valve
was necessary. Three (3) other valves from this group of sixteen
required weld repairs. The remaining eleven valves could be sat-
isfactorily repaired by only surface grinding. Visual and dye
penetrant inspection techniques were used to establish the in-
tegrity of all valves being reviewed. Radiography was used to
establish the as-repaired integrity.

The extent of the casting defects found and the fact that
all defective ralves were purchased from the same vendor (Anchor
Equipment Company) prompted a review of the original, specifica-
tloi radiographs submitted by this vendor (Anchor supplied 40 of
the 43 valves in question). The contractor, General Llectric
Company, elected to review only 21 Anchor valves; their selection
was based on service requirements and part size. In all cases,
at le2ast the major defects (those which resulted in valve replace-
ment or weld repair) were clearly visible in the original radio-

graphs.

Conclusions
sed on the above facts and observations made durinz the
visit on Feoraary 12, 1969, the following preliminary conclusions

can be stated.

1. The casting defects found after installation, which



resulted in necessary repairs (grinding, welding, or
replacement), should have been observed by the vendor
during their nondestructive testing program . Thus,

the quality control cf the valve supplier was greatly
lacking. In addition, it is felt that the contractor,
General Electric, must be held responsible for their
negligence in not maintaining by continuous review the
quality assurance of their vendor, the Anchor Equipment
Company. Had the code-required procedures and specifi-
cations been properly adhered to the current prcblem
could not have existed.

2. The procedures and techniques of weld repair of the

. casting defects, and subsequent nondestructive testing,
are considered to be proper and correct. The good
practice of low iaterpass temperature (200°F max.) and
stringer-head technique was being employed.

3. The cause of the casting defects is suspected to be a
result of solidification shrinkage, hot tearing, and/or
nold-metal reactions. These very preliminary and gen-
eral conclusions can only be specified as tentative until
an analysis of the proposed metallurgical investigation
can be made.

4, It is considered important, if not critical, that the

remainder of the Anchor valves (totaling 19) be reviewed,




similar to those already examined. This statement is
supported by the results of the re-examination of the
other 21 Anchor valves, considering that this review
caused major repairs to be required on 25% of the parts
in question which had previously been termed as meeting

Code requirements.

This "preliminary statement" report is made subject to revision by
a more detailed document to be prepared by the author in the verynear

future.
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The University of Wisconsin = Milwaukee

MILWAUKEE, WISCONSIN S321

COLLEGE OF APPLIED SCIENCE AND ENGINEERING February 25, 1969

Mr. Robert Carlson, Sr. Reactor Inspector
USAEC - Division of Cempliance

Pegion I - Newark Office

370 Broad Sticet

Newark, New Jersey

Subject: Preliminary Conclusions Pertaining to the Metallurgical
Analysis Performed by APED-GL on a Cast Stainless utPel

Valve Body from the Oyster Creek Safety System.

Dear Bob:

As requested I visited the Atomic Power Fquipment Division (APED),
General Electric Company in San Jose, California on February 20, 1969,
. The following is my preliminary conclusions of the metallurpical anal-
ysis performed by APED-GE on a cast stainless steel valve (V-20-u4])
from the Oyster Creek Safety System. This valve was the first of a total
of three valves to be rejected in the current reevaluation of the safety
circuit valve system.

1. Three sections, taken from the top, vertical portion of
valve lo. V-20-41, indicated considerable micro- and macro-
shrinkage voids. Some of these shrinkage voids were ob-
served metallographically to link-up, forming what is com-
monly called 'shrinkape cracks'". These shrinkace cracks
were observed, in some cases, to he greater than one-inch
in length.

2. These shrinkage cracks were observed to possess bLlunt tips,
further verifying the fact that these were shrinkape cracks
rather than hot tears. In addition, this observation sup-
ported the carlier conclusion that the cracks did not pro-

prograte during heat treatment and water auenching.

{ e



3.

RGG:j1lm

cc: Mr. Richard A. Lofy - Parameter, Inc.
Mr. G. W. Reinmuth - AEC - Washington, M. C.

The defects metallographically observed are believed to he casting

»defects, common to the castinn process. (The fact that these in-

dications were observed in the as-cast radiographs of this valve,
and other similar parts, supports the statement that these were
casting defects.) Suych defects are often expected in designs
such as these, and ths fabricator usually tries to reduce their

occurpance by gating and risering techniques and, when required

weld repair.

The breakdown in the control of the review and analysis of non-
destructive test results is the principle reason for defective
[ irts such as these being undected. This fault must be borne,
in a major way, by the primary valve contractor, Anchor Equip-
ment Company; however, the absence of backup review by the General
Electric Company must be considered, and at least a portion of the
responsibility be placed with reactor ccntractor.
Finally, it is my judgement that the G.E. people have a good unfier-
standing of *he problem, have performed an adequate analysis, and

are quite aware of its cause.

Best personal regards.

Very truly yours,

K. G. Gilliland
Assistant Profe:sor

Materials Department




