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Introduction and Scope of Inspection

At the request of the Division of Compliance (Mr,

W, C, Seidle, Senior Reactor Inspector Region II and
Mr, D, L, Pomeroy, Technical Support Branch, CO-Hq),
the writer attended a meeting held at Ebasco Services,
Inc, offices in New York on May 15 to review the
recent failure of a safety valve in the main stream
line of the H, B, Robinson No, 2 plant at Hartsville,
S. C, The writer accompanied Mr, W, C, Seidle, Senior
Reactor Inspector and Mr, U, Potapo’s, Metallurgical
Engineer, both of the Region II offices at Atlanta
representing the AEC in this review.

The Robinson-2 piant is a 663 MW(e) Pressurized Water
Reactor (PWR) generating station being built for
Carolina Power and Light Co. under a turnkey contract
by Westinghouse Electric Co. Ebasco Services, Irc,
is Designer and Constructor.

“he failure of the safety valve nozzle has been assumed
to be metallurgical and/or stress related and investie
gations have been pursued in these areas by Westinge
house and Ebasco respectively, A previous meeting
(not attended by the writer) had been held at Westinge
house Pittsburgh and was concerned with preliminary
metallurgical findings and planned investigative
effort, The prime purpose of this meeting was to
review further information on the metallurgical
results and to obtain the results of Ebasco's designe
analysis,

Mr, Potapovs is expected to report all metallurgical
aspects of the failure, In this report, the author
will document the meeting presentation related to
design and symmarize Parameter's evaluation of the
safety valve connection in terms of stress levels
presumed to occur at time of failure., In this later
respect, the basis will be an independent estimate of
stresses prepared by our Mr, W, J, Foley which is
appended as Attachment 4,
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Introductionu and Scope of Inspection = Continued

Ebasco Services, Inc,: continued

B, Mazo, Metallurgist
L. Labriola, Supervisor = Stress Analysis

S. Boone, Stress Analyst

U.S, Atomic Enerqy Commission, Division of Compliance:

W, C. Seidle, Scnior Reactor Inspector =
Region II, Atlanta

U, Potapovs, Metallurgical Cngincer =
Region II, Atlanta

R. A, Lofy, Consulting Engineer =
Parameter, Inc., Elm Grove, Wis.

The writer's comments on the description and various
dotails of +he failure incident are included with the
narrative report of the meeting in Section-III,
Discussion of Inspeciion Items, Significant conclu=-

sions are reported in the Summary of Findings, Scctione-
II following.

(Note: All notes made,.computer printouts and
calculations performed in connection with this
assignment are maintained on file by PARANMETER
and available for future reference as required,)
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II Summary of Findinags:

1.

The safety valve nozzle was not analyzed for the
load impoced by the jet rcaction of tlhe steam cduring
discharge of the valve, The stresses due to this
rcaction can be cxpected to comprise a large fraction
of the total maximum stress coccuring when the valve
"pop5", If the valve popped, the resulting moment-

reaciioreaction coupled with pressure end load and structe

2.

ural discontinuity stresses, can be considered a
major contributor to the failure.

If the valve did not pop, it is not possible to
explain the overload failure in terms of pressurey
weight, wind load and structural pressure disconte
inuity stresses, DBased on estimated temperature
gradients, thermal discontinuity stresses across
the failed area turned out to be nominal,

Please refer to Attachment #4 for a summary of
stresses calculated in the trail analysis performed
by Parameter, Inc,, and conclusions regarding the
probable stress related basis for the failure,

It has been determined that an axial tensile stress
on the order of 60,000 psi can exist in the nozzle
wall under the stcam discharging condi¢ion,
(Calculation of this stress requiried making
some assumptions regarding the reaction
forces as described in Attachment #4,)
This approximate stress level, without a stress
concentration factor is sufficiently high to be
a prime contributory cause of failure without
major metallurgical defects being present,

The Mill Test properties of the material hav: been
quoted at 48,500 psi Yield and 75,700 psi Ul:imate,
Specification minimums for this material are

35,000 psi and 60,000 psi respectively, The margin
in material strength available and the uncertaine
ties of assumptions made in the trial analysis do
not preclude the possibility that a minor metallure
gical defect could have been a contributory factor =
assuming the steam discharge mode,
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o
FN I, Summary of Findinas: continued

3. Although the Power Piping Code (B31,1,0-1967 assumed
to apply) doecs not appear to trecat safety valve dice
charge forces directly, it is the opinion of the
writers that omission of this force in establiching
the design is a violation of the general criteria
of this code,

(Para, 101,5 covers "Dynamic Effects" and para
101,5.,1 “"Impact'" specifically in stating that
"Impact forces caused by all external and inte
ernal conditions shall be considered in the
piping design."

The valve discharge would mc¢st certainly be consilede
ed a dynamic effect and can be classified as an
impact force.
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III.

Discussion of Inspection Items: continued

The writer asked whether an estimate of the temperae
ture of the valve was available, Ebasco personnel
indicated that one could put his hand on the valve

in the upper area, but they had no data on the ovezrall
temperature.profile or the speecific temperatures in
the transition area adjacent to the nozzle. It was
peinted out that actual inescrvice surface temperae
tures of these valves would be relatively easy to
obtain by “"Tempil” stick or thermocouple,

Valve bedy temperature could be an important
consideration in analysis of the failure area,
Foz our trial analysis of Attachment #4, we
have cstimated a number of temperature profiles
to establich a trend of thermal stress versus
temperature gradient and to determine its
significance,

The main steanm header was described as being lagged
with canned Unibestos type insulation, Study of
phiotos of the installation showed the insulation as
terminating near the top of the taper at the lower
end of the valve body, The fabrication design of the
valve to header joint was deseribed by a layout dise
played during the meeting, On the basis of notes and
cketches macde during the meeting, this design has been

dravn appre:ximately as dicplayed in our Sketch-2,
Attachnent-2,

The weight of the valve was given as 950 1b, without
the stack and 1300 1b, with the stack, Its general
arrangement with respect to the stean line is shown
on Sketch-1l, Attachmentel, There is no external

support to either the valve bofy or the elbowestack
assembly,

The header and valve assembly was hydroe-tested at
1356 psi during a 4% hour pressurization cycle
according to Mr, R, Pulito of Ebasco. This particular

valve did not weep during hydro. (Valve presumably
blocked shut at test pressure,)
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Discussion of Inspection Items: continued

The header and transition picce (nozzle) were designed
by LEbasco Services and fabricated by B, F, Shaw Co,
The nozzle was made from Al06 Cr, B Schedule €0
scamless pipe. The weld between the valve body and
the nozzle in the reduced scction (Schedule #40) was
made with the aid of a backing ring left in place,
This weld was made by field personnel under Ebasco's
construction contract, The fiecld weld was not stress
relicved,

Note: While Ref., 1 reports stress relieving in
accordance with code requirements, this scction,
being under 3/4" wall thickness, would not
require stress relief,

It is difficult to predict the magnitude of
residual stiresses due to welding in a case like
this, An cbservation can be made however that
the hoop restraint or pinching effect of the
residual stresses in the weld tends to add to
the pressure and thermal discontinuity stresses
already present at severs changes in section in
the failure areca, The backing ring, which is
assumed fused to the weld provides even further
restraint under pressure and temperature,

Mr, Cunningham of Westinghouse went on to report the
results of their metallurgical investigation to date,
He explained that b2 had been called in from the
Westinghouse Research organization to work with the
project group as a more or less independent consultant,
The character of the failure was described by

Mr, Cunnincham at the board essentially as reconstruce
ted on our Sketche3, Attachment-3, From a designe
analysis point of view, it suffices to say that he
described the failure as a typically tensile break.
and reported that no abnormalities were yet found in
the physical properties of the material,
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Discussion of Inspection Items: continued

They believe that a crack started from the inside
(not confirmed) at initiation of failure from the west
edge which progressed symetrically about the E-W
center line {o the cast edge., (See Attachmente3),
The inner cdge of the break followed the transition
line between the Schedule #40 diameter and the
tapered scction, and thus there was no opportunity to
establish the tool radius of this corner. However,
Westinghouse plans to measure a tool radius for the
adjacent machined surfaces which might be an indicae
tor to that which existed at the transition line,
Some necking-down of the failcd section was obsecrved,

Westinghcuse reported that single wall radiographs
showed no rejectable defects., DMetallographic examinae-
tion showed only some normal longitudinal stringers

in the pipe,

The preliminary conclusion by Westinghouse is that
there are no materials problems and that an overload
type of failure is indicated, The final metallurgie
cal report was cxpected to be issued within a few
weeks of the meeting date.

Questions and answers during the discussion of
the failure revealed a consensus that the nozzles
cr transition pieces were machined as detail
parts in a lathe (vs. boring after assembly to
the header) and that the Schedule #40 counter=
bore and transition taper were made in the came
setup, If this is the case, as would be expected,
we should not find any offset or eccentricity
between the counterbore and taper which could act
as an additional stress condentration factox

and discontinuity, It was asked whether other
nozzles could be inspected to verify this fact.
Mr, Banls (C, P, & L,) said it was not possible
to view this area adequately with the valves
welded in place, However, it does seem possible
to the writer that some ine-situ inspection could
be performed by removing the valve mechanisms and
viewing with a boroscope or similar device. If
it is decided to leave the other valves in place,
such an inspection to reveal any incipient flaw
might be well warranted,
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Piscussion of Inspection Items: continued

During the afternoon session, Ebasce stress analysis
perconnel presented the results of their designe-analysis
as recorded on ExhibiteA attached, The stresses as
dicplayed initially on the board by Mz, S. Boone are
chown in the original columns, Revisions to these
numbers, as cvolved from modification of the assumpe
tions upon which the analysis was based by Mr, Pulito
and Mr, Labriola are offsct and shown in parentheses,
The meaning and applicability of both the original
and reviged numbers can best be explained by summarie
zing the results of somewhat probing inquires by the
writer and responses obtained as follows,

As the mode of failure appeared to be related to
longitudinal loadings, Ebasco tabulated only longitue-
dinal stresses at 900 psig, 1140 psig and 1356 psig.
The 900 psig valve was the approximate pressure at
the time of failure, 1140 psig was relief setting of
the valve and 1356 psig the previous hydro=test
terperature, The stresses at 900 psig and 532°%F
operating pressure are of greatest interest to us in
this evaluation, The primary longitudinal stresses
were due to internal pressure, weight of the valve,
and a wind loading of 30 mph. estimated at the time
of failure, The primary axial stress is tensile and
its constituents self explanatory., Two secondary
e€tresses (bending through the wall thickness) were
calculated:

1) "Bending Stress Due to Eccentricity"
(offset of mean diameters of walls at change
in section)

and 2) "Bending Stress Due to Step in Thickness"
(this is a pressure discontinuity stress at
the change in section of t*e wall),

The mathematical model for the "original" stresses is
chown on Exhibit-A and depicts an abrupt change from
the Schedule #40 (,.28") wall section of the 6" diamoter
nozzle *o a wall section of approximately 1%" in the
valve. This treatment with a 90° step at the change
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Discussion of Inspection Items: continued

He said they were looking at all reduced sections to
determine if theyr meet design criteria, Mr, Pulito
stated that they were not in a position to discuss
other plants at this time.

The writer would like to point out the cvaluae
tion of pipe or valve conncctions to meet Cod2
pressure and temperature criteria might not be
good ersugh to establish reliability. The failed
safety valve connection is an excellent case in
noint. The joint was apparently sized for obvious
pressure and weight, and possibly seismic and -
wind loadings, but the post ccvere loading condie
tion of valve popping was not considered in the
total analysis, The codes, while providing
specific rules and formulae for pressure cesign,
generally lecave the cvaluaticn of imposed loads
t2 the designer and define the requirements for
their cvaluation only in general terms, It is
encumbent upon the designer to evaluatz each

case individually and provide assurance thLat the
design meets its functional requirements whether
the criteria thereford are cpecifically provided e
by the applicable codes or note A further review
of Ebasco's work in their evaluation of othex
connectic s should provide the AEC~Compliance
with the type of information nccessary to cStabe
lish a fcvel of confidence in the critical plant
Ssystems,

Some discussion was centerced about the fact that no
oriz in the group, particularly the Ebasco perconnel
with both nuclear and fossil steam plant background, .
had experienced or knowledge of a similar plant
failure, Mr, Siedle asked whether safety valves in
fossil fueldd plants were similar, Ebasco personnel -
explained that, while generally similar in mounting
arrangement on stcanm drums or lines, because the
fossil plants operate at a higher temperature and
pressure the pipe connections were generally of heavier
wall and/or in higher strength alloy materials, Fron
the discussion, it could b2 concluded that thict2 partie
cular parameters of this design and its configuraticn
were probably unique to a nuclear plant,

-
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Discussion of Inspection Items: continued

The above comments are important in categorizing
the failure or assessing its probability of
occurrence on basis of other plant experience.

a nozzle connection designed for higher steam
pressures and temperatures would have a greater
wall thickness, and/or use higher strength alloyv
materials, Thus, it would inherently possess
greater margin of strength to resist externally
imposed loads - such as the steam discharge
reaction,

Conversely, when designing for comparatively low
steam saturated steam pressures and temperatures
in nuclear plants, relatively thin walls can be
used in low alloy materials., Therefore, cone
parably high reaction loads will cause a much
higher stress and larger percentage of the total
stress in the lighter sections, We think that
this relationship might have been an important
factor which resulted in the subject design being
marginal for large discharcge loads. The analyses
of Attachment #4 show how the discharge forces
are predominant in the total stress picture.

As the last agenda item of the meeting, Mr, Erion of
Westinghouse explained their appreoach to reviewing
the effect of the transient which resulted from the
valve nozzle failure on the primary system,

He expai...d that the pressure and temperature history
during the transient were very well documented by
facility recorder charts and data taking which was
started by operating personnel soon after the start

of the transient. The primary system experienced a
213°F temperature drop during a period of 63 minutes.
The writer asked whcther this was the actual transient
experienced by all primary system components or an
average coolant temperature change, Mr, Erion said
that for all practical purposes this temperature cycle
was representative of all parts of the system, He
said they had good natural circulation after the pumps
were stopped = better than expected, He stated
further that the temperature response of the systenm
correlated well with that predicted in earlier theore-
tical computer analyses,
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Discussion of Inspection Items: continued

Trey had initiated a program to determine the effect

of the transient on all major components, Designers

of the vessel, pressurizer, citcanm generators, pumps,
ctec. wera given the itransient data and asked to respond
as to its effect on their components. Mr. Erion
reported that most of the groups contacted had respon=-
ded and no problems were identified.

The report of the transient effect on the primary
system referred to above was brief and more in
the form of a progress report than a technical
account,

It is of course undesircable to experience transie-
ents in components which will reduce their
remaining usage, particularly early in the life

of a plant., The effect of the transient on usage
is not obvious nor can one categorically define
its effcct on all system components, Each area

of hich stress and thermal related usage must be
looked at individually, It is understood that

the AEC=Division of Reactor Licensing will be
reviewing the applicants evaluation of the
transient effect on the entire primary system,

The writer wishes here nmerely to endorse the AEC
position in assuring that the system has not
suffered severe damage by making a thorough review
cf the reporied transient effects.
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4 ' " "nooon " " n with SC=* ' i
5 " .o non ". ® Temp 2 without SC7
6 " " n " " " " ‘."ith SC‘
)
7 5-22-70 “ wm w  w.  w Temp 3 witheut SCT
8 " = " " " " " " t'lith sCr
2 & " " W w " Temp 4 thhcut(SC?
10 n " " " " "n " “Vith SCF
o . -
\
Not2: 1. Computer input cheats and printouts are . .
maintained in filo Ly Paramoter, Inc. { ) iy
' 2. Temperature conditiens "Temp 1" through
1 ! "Temp 4" aro described on Pages 7 through IQ.
¢ =4 3. Stress concentration factors are described
ﬁ RS, NI WY cn Page (0.
‘ 4. The computer progranm is described on the
A following page. = :
4 : _
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