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March 1, 1994

Dennis Rathbun

Director, Office of Congressional Affairs

Nuclear Regulatory Commission

Washington ’
DC 20555

I am contacting you on bekhalf of my constituent, Ms. Mary Ott.
Please see enclosed correspondence.

I would appreciate your attention to Ms. Ott's concerns,

specifically the discrepancies between the attached memo and your

response to my earlier inquiry on this matter. Please respond to

me at: 1212 Hancock St, Quincy, MA 02169, Att Mary Lou Butler.
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Citizens Urging Responsible Energy

February 17, 1994

The Honorable Gerry E. Studds

United States House of Representatives
Washington, DC 20515-2110

Dear Congressman Studds:

In his February 1, 1994 letter to you on behalf of the Union of
Concerned Scientists (UCS), nuclear safety expert Robert Pollard cites
compelling new evidence that raises questions about the justification

for continued operation of the Pilgrim Nuclear Power Station (PILGRIM)
in Plymouth.

UCS cautions that a turbine failure at PILGRIM is not merely an economic
concern for the Boston Edison Company, as the Nuclear Regulatory
Comnission (NRC) suggests, but "could result in a serious nuclear
accident with significant radiological consequences for the public.”

These are sobering considerations for your constituents in Massachusetts
and all New England as well.

We are writing to support UCS's request for additional analysis of the

risks posed by PILGRIM's cracked turbine, to provide information
refuting claims by Boston Edison, and to r st an investigation to

determine whether the NRC attempted to deceive you about the risks posed
by continued operation of the PILGRIM plant.

The Christmas daﬁkturbine fatlure at th Fgrmi 2 nuclear plant, and
recently issued NRC Information Notice 94-01, "Turbine Blade Failures

Caused by Torsional Excitation (i.e., vibration) From Electrical System
Disturbance,” offer insights into UCS's concerns with the potential
dangers of PILGRIM's cracked main turbine.

Boston Edison dismisses the lessons to be learned from the turbine
failure at the Fermi plant by stating that the Fermi turbine was made by
a different manufacturer than the PILGRIM turbine. However, UCS cited
the Fermi turbine failure as evidence that a failure of %gx

turbine can cause large vibrations. In the case of PILGRIM, the
Vibrations could increase the force on the existing cracks, but the NRC
analysis of PILGRIM did not consider this.

Similarly, UCS cited NRC Information Notice 94-01,which qescribes how
routine electrical disturbances can cause turbine vibrations that would
gsignificantly increase the force on the cracks in PILGRIM'S turbine.

®
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Boston Edison has denied that PILGRIM is gubject to the electrical
disturbances the NRC wvarned against. lowever, our research of NRC
reports contradicts Edison's claim. By 1987, the NRC had documented

20 events which caused loss of 345KV offsite power at PILGRIM. In the
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as having the potential to perturb the existing cracks.

Finally, Congressman Studds, something else {ie seriously wrong here. we

have obtained a co%wof a June 17, 1993 NRC internal memo, »PILGRIM UNIT
1: ASSESSMENT OF PRESSURE TURBINE ANALYSIS," prepared for Project
Director, Walter Butler by Engineering Chief, Jack strosnider, which
was the basis for Chairman selin's August 4, 1993 response to you and
CURE, "Enclosure 2" (appended). A comparison of the internal memo and
the NRC response to you shows that the NRC is saying one thing on the
winside", and another on the voutside", about the danger of PILGRIM'S

cracked turbines.

The NRC's response to you is essentially a verbatim repetition of the
internal memo, but there are glaring changes and omiseions which, at
pest, could be viewed as an attempt by the NRC to downplay the safety
hazards of PILGRIM'S cracked turbine. At worst, they could represent 2

deliberate attempt to withhold vital safety information to deceive our

Congressional leaders about potential dangers of PILGRM's continued
operation.

The critical imgortance of turb}ne deck orientati 4s outlined in NRC
REGULATORY GUID: 1.115, Protection Against W—Trg?ectoxy Turbine

Missiles, provided to you by the UCS, It warns, »,..it is necessary to
eshow that the risk fram turbine missiles is acceptably small.” It
recites five principal means of safeguarding against such missiles and
concludes, "...The first of these, turbine ogigg%tgon and w&,
rovidis a high deg e of confidence that low-tra ecf.oi missiles
esulting fram turbine failures will not damage essentlal systems.’
(e.g., spent fuel storage pool, or impairment of vital contrel room

functions) emphasis added.

yet in response to you, the NRC removed Key language from the assesament
which reveals that PILGRM's “...turbine deck is orientated unfavorably
with respect to the reactor building." AlsO. in ite response to you,
the NRC says. w,..(it) desires that the turbine disk failure probability
be 1E-5 each year or lower for an unfavorably orientated turbine.
(emphasis added) But on the "inside", the NRC says. v,..(it) regquires
that che turbine missile failure probability be 1E-5 per year ©r lower
for an unfavorably orientated turbine.” (emphasis added)
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On behalf of the 1,600 members of CURE, we ask you to lend the full
support of your office to:

* geek an immediate commitment from the NRC to provide all
information and analyses requested by UCS

* request the Government Accounting Office, the NRC Inspector General

or other appropriate duct an inves tion to determine the
reasons whgpthg NRC's g?ﬁ%?’?nmmal memo ﬁ fers from the NRC's

8/4/93 response to you

In recent weeks, the media has extensively exposed the past abuses of
the atomic era. There is little comfort in this progress, when
contemporary abuses are flagrant. We believe that the NRC has abdicated

its role as a regulator, abused its authority and violated our trust.

ILGRIM's continued ration has hecome an ing “cost versus safet
gattle," and we are %r ng an unacceptable t?gk. " '

These are strong sentiments from a conservative safe energy group. But
i have fRund UL O T EnAaald ¥ R EE e SAE YA 1 Peit RE
atomic abuses of today be revisited 50 years from now, and it will

be too late.. Help us be a voice for change.

We greatly appreciate your involvement in our behalf on PILGRIM safety
{ssues and look forward to hearing from you at your earliest
convenience.

Sincerely yours,

Jeratt 0 Niskea G Fgrg €

Dr. Donald M. Muirhead Jr. Mary C. Ott
Co-Chairmen
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MEMORANDUN FOR: Walter R. Butler, Projsct Directer
mloct Directorats I-3
piviaion of Reactor proiects 1/11

puring the refuesling outage in April 1983, Genexal Hlectrie (GR)
{nspected the grotor in the low presgure turbine (LPA) ot Pilgrin
pnit 1 and sound flav indications in disk nuunbers 4, s, 6, and 7.

on the generator pide (7GA) oF FEa-vars the LPA rotor pafore
startup. subsequantly, the licansas ratained geructusal Intagrity
::::eu:n, inc. (9IA) te evaluate flav {ndications in the 1GA

on May 12, 1993, the licsnsee provided to the ¥RC project naAnsger
the SIA analysis (Refexeance 1). The project BANGGAL that
the Materials snd Chemical g Lneer iog Brancd (n%,portou 3
revisw of cha SIA analyeis te detazaine 1) whether

gross erIor in the SIA analysis end 2} the potentiasl impact o
plant safety. 2

pilgrim unit 1 haa two LoW prasgule rurbines, LPA and L¥FB, with

ghrunk-on disks. me_.MAM.L@W with

reapact to the reactor %1113 Zations of the 7GA

disk are Tocated in both |

stage disks have pors and lunr flewe than that in the 7GA disk,

aE Getsrained that the 7GA disk ,

opersting conditions, fracture goughness of tha disk, and potantisl
as of the dlisk failuxe. .’

g15 periorRed parematIio studies to dstarmine affects of tracturs

,,,,,,,,,,
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Por the 7GA disk, G » od ona indication of 0.14 inch

hub and an indicetion the wek whieh GE could not nca.-u::::?; \‘K
size. PYor that indication, GE assumed a crack size of 0.28 inch
bagsed on flav indications from othar power planta’ inspection data

and laberatory data. Tha etaff bali ~that--tha {nitial crack

aize of 0.3% inch is conservative bu staff could 1 -

the uncertainty aseociatad with the eise a‘: z: gnigu‘fy )V% ?
———— | gl S, s

@8 used a fracturv mechanics modsl of an -ln craex ‘ Py

fu“ having denstant loeding. Gi2's sodel 4&“‘3&:

¢t is nore compliant than actual gecmatry which (s s radial

crack smanating from the kaeyway. MWoreover, its o t loadinrg

dosa not consider the radial decrease in hoop etr

increasing distance from the bere. EIA’» model is iho.l.: 1:1::
intinite plate with attanuated loading along the crack. The staff
assused a model of a thick wall cylinder with attenuatad loading.

{6 used 0.0€¢ ineh per year for the crack growth rate which was the
‘ median valus Taken from a statistical nu-{’:: the sverage erack
Tgrowth ratd ve. vwhsal operating tempsrature turbing ion
data of both BWR and PER plants. 6IA used 0.0164, opa, and 0.08
inch par year in its =» es. The stalf caloulated & crack ’ -
rate of 0.03 Ansh par year from previous inspection data of % T
rotor. The staff balieves that the actusl &rack growsh rats nay her
l1is betwsen 0.0J and 0.06 inch par ysar. Rowever, sco

GE'n data, the upper bound growth rate (2 standard

an operating temperature of 172°F could be as bigh as 0.
year. |

The critical styess intansity (Ky) is an uluuf.orijot fragture

# of tha disk matarial. 'The lower the Ex used in the
fracture mechanics anaslysis the mere conservative t.n:&émlu will
ba. GE'S analysis used a lower bound value of 108 keiVin which vas
takan from the graph of ariticsl stress intsneity ve. excess
tenperaturs (Test Temperatute - PATT). The staft 3 that the
value of 103 ksi¥in is conservative. ——

|
GE and S1A ecaleulated a critical crack size (depth) pf 0.34 ineh
and 0,54 inch, respectively. OIA conssrvatively assumasd thaf the
crack length h tha of the ksyway bore. 8IA indicated that
i the crack aspect ratioc is Xnown, the critical grach sise say Be
larger than 0,84 inch, Based on 8IA‘s calculation, the critical
crack 8ize for the thick wall cylinder model is about 0.48 ineh.

i
Basad on the above parsmetears, the Staff estimeted a factor of
\'i’i’iﬂy on flaw sise rmm.:h‘z.zt to 3.6 bassd Bn the Fetic
petwasn the cragk length at 8 4
1994 to that of the eritical gi3e of the eyun‘aindd. T™e
/ﬂvar of safety on strsss intsngity (E;) ranges from 1.1 6 1.8%
wtwmmmmwmmm.nmtotmutgytmm
flaw size. i
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The NRC reguires that the (urbine wiseile failure probability be
1E~6 par year or lowar for an unfavorably orisntated turbins. GR's
annlyeis is based on & turbine missile generation probabi of
128 failure pex year. BIA @

iz'autmm“ﬂw on anginearing Judgemsnt, the
| 3= s o T A8 ssile failure promability for the LPA
tortire .8 butween 18-85 and 1E-4 par year. Por thi.-“q:dttien, the

MRC ite the turbine to be kept in service til the next
scheduled cutage, at which time the liceansesa ghould a action to
reduce the failurs probability to the 1E-5 pér yeAr criterion (Re?.
2). ™hae licsnsae has indicatad that are cohsidering the
replacsment of both LPA and LPB rotors during the naxt scheduled
refusling outage, which is expected te be April 1995,

concludss that there is no safety concern for normal gpsration of
rthe LPA turbine te the end of the current fuel cydle. The SIA
('amlyou agp_c_%g_l to reducs soma of the cbvious conssrvatisms used

in the GE analysis.

Jack R. Strosnider, Chief
Materiale and Chemical Enginsering Branch
Division of Engineering

(Buod on an asJesgmant of the intomtion/(ﬁlltbi‘i\, the stafy

Enclosulre:
Attachmani 1: Pilgrim Turbine Evaluation
Attachment 2! Rafersnces

cc: B, D. Liaw
R. Beon
$. 8hung
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Enclosure 2

PRESSURE TURBINE ANALYSIS

iring the refueling outage in April 1993, General Electric (GE) inspected the
rotor in low pressure turbine "A" (LPA) at Pilgrim Unit 1 and found flaw
naications in disks 4, 5, 6, and 7. GE recommended that the licensee either
remove the seventh stage disk on the generator side (disk 7GA) or warm the LPA
) fore starting the turbine The l1icensee later retained Structural
A I SIA) to evaluate flaw indications in disk 7CA

\ ~ 4 *ae - [ S
1$50C148es, InC. (%
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on May 12, 1993, the licensee submitted the SIA analysis (Reference 1) to the
NRL project manager, who requested that the NRC Materials and Chemical
engineering Branch (EMCB) review the SIA analysis to determine: whether there
wére any gross error in the SIA analysis and whether the f)aws indications in
the turbine disks would have any effect on plant safety.

lgrim Unit 1 has two low pressure turbines, LPA and LPB, with shrunk-on
disks. The flaw cations of the 7GA disk are located in both the hub and
web. Although the fourth and fifth stage disks have more and larger flaws
than the 7GA disk has, GE determined that the 7GA disk is the limiting disk

3

d
based on operating conditions, the fract

: .ture toughness of the disk, and the
consequences of a disk fatlure

A

SIA performed parametric studies to determine effects of the fracture
appearance transition temperature (FATT), fracture toughness variability, pre-
warming, crack growth rate, and stress intensity factors. The EMCB staff
compared key parameters used in both the GE and SIA analyses to our estimates
(see Attachment 1). Parameters used in the Gf analysis were extracted from
the SIA analysis because GE’s analysis was not available at the time of this
jssessment.

For the 7GA disk, GE reported one indication of 3.556 mm [0.14 in) in the hub

a ,
and an indication in the web which GE could not accurately size. For that
indication, GE assumed a crack size of 6.35 mm [0.25 in] based on flaw
Iinspe

ndications from other power plants’ inspection data and )aboratory data. The
staff believes that the initial crack size of 6.35 mm {0.25 in] is
conservative but could not quantify the uncertainty associated with the
assumeq size

ot used a fracture mechanics model of an edge crack in an infinite plate
having constant loading. GE’'s model is conservative because it is more
compliant than the actual geometry, which is a radial crack emanating from the

Keyway
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Moreover, its constant loading does not consider the radial decrease in hoop
stress with increasing distance from the bore. SIA’s model is a hole in an
infinite plate with attenvateg loading along the crack. The staff assumed a
model of a thick wal) cylinder with attenuated loading.

GE used a crack growth rate of 1.52 mm [0.06] inch each year, which was the
median value from a statistical study correlating the dverage crack growth
rate with the wheei operating temperature from turbine inspection data of both
BWR and PWR plants. SIA used 0.416 mm [0.0164 in}, 0.51 mm {0.02 in], and
1.52 mm [0.06 in] each year in its studies. The staff calculated a crack
growth rate of 0.5] mm £0.02 inch] each year from previous inspection data of
the LPA rotor. The staff believes that the actual crack growth rate may be
between 0.51mm (0.02 in] ang 1.52 mm [0.08 in] each year. However, GE’s data
Indicate the upper bound growth rate (2 standard deviations) at an operating
temperature of 78 *( (172 °F] could be as high as 2.03 mm (0.08 in] each year.

The critical stress intensity (Kje) is an indicator of fracture toughress of
the disk material. The lower the K.. used in the fracture mechanics analysis
the more conservative the results will pe. GE used a )ower bound value »f
115 MPavm [105 ksivin] which was taken from the graph of critical stress

intensity vs, éxcess temperatyre (test temperature - FATT). The staff finds
that the value of 1315 MPavm (105 ksivin] is conservative.

GE and SIA calculated the critical crack sizes (depths) of 8.4 mm [0.34 in)
and 13.72 mm [0.54 in], respectively, siA conservatively assumed that the
crack length is the length of the keyway bore. SIA indicated that if the
crack aspect ratio 1s known, the critical crack size may be larger than
13.72 mm [0.54 in). S]A’s calculation results in a critical crack size of
about 11.43 mm [0.45 in] for the thick wall cylinder model.

Using the above parameters, the staff estimated a factor of safety for flaw
size ranging from 1.2] to 3.6 based on the ratio between the crack length at
end of the current fyel cycle in April 1995 to that of the critica) crack size
of the cyliinder mode) (see attachment). The factor of safety for stress

intensity (K,) ranges from 1.1 to 1.89, which was estimated by taking square
root of the safety factor for flaw size.

The NRC desires that the turbine disk failure probability be 1£-5 each year or
lower for an unfavarably orientated turbine. GE’s analysis is based on a
turbine disk failure probability of 1E-5 failyre per year. SIA did not
perform a probabi)istic fracture mechanice analysis. Using engineering
Judgment, the staff estimated that the turbine disk failure probability for
the LPA turbine is between 1E-5 and 1£-4 per year. The NRC would permit a
turbine in this condition to remain in service until the next scheduled .
outage, at which time the licensee should ensure they meet the turbine disk
failure probability to the 1E-5 per year criterion (Attachment 2, Ref. 2).



Upon assessing the information avai

for normal operation of the LPA turbine to the end of the current fuel cycle,
although the SIA analysis is less

conservative than the GE anal
staff intends to perform a confirmatory r

y$is. The
methodelogy.

eview of the GE analysis and its

The Boston Edison Company has informed the

low pressure turbines during the next refue

NRC that it wil) pe replacing both
be in April 1995,

ling outage, which is expected to



